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Overview of Invited Talks and Sessions

(Lecture halls P 2, P 3, P 4, P 5, P 7, P 10, and P 11; Poster Philo 1. OG and 2. OG)

Invited Talks

Q81 Mon 17:00-17:30
Q 11.3 Mon 17:30-18:00
Q121 Mon 17:00-17:30
Q 20.1 Tue 11:00-11:30
Q21.1 Tue 11:00-11:30
Q221 Tue 11:00-11:30
Q30.1 Wed 14:30-15:00
Q341 Wed 14:30-15:00
Q351 Wed 14:30-15:00
Q45.1 Thu 11:00-11:30
Q46.1 Thu 11:00-11:30
Q48.1 Thu 11:00-11:30
Q56.1 Thu 14:30-15:00
Q59.1 Thu 14:30-15:00
Q59.6 Thu 16:00-16:30
Q 60.1 Thu 14:30-15:00
Q 70.1 Fri 11:00-11:30
Q73.1 Fri 11:00-11:30

P3

|

P 10
P

P 10

P11
P1

P5

P 10
P3

P4

P

P3

P7

P

P 10
P3

|

Heterogeneous Quantum Photonics: A Platform for Quantum Sensing,
Networking, and Transduction — eSAMUEL GYGER

Quantum radiometry metrology for quantum photonics technologies —
e ANGELA GAMOURAS

Topological pumping and quantum information — eKKONRAD VIEBAHN
Entangled photons from GaAs quantum dots in tunable circular Bragg
resonators — ¢ ARMANDO RASTELLI

Interfacing with Quantum Information Processors—From Readout to
Control — eBENJAMIN LIENHARD

Exploring nonlinear optics with x-rays — eDIETRICH KREBS

Shedding light on nuclear spins: from collective states to a quantum
memory — eMETE ATATURE

Spectral Peaked Optical Frequency Comb for Highly Sensitive Cavity
Ring-down Spectroscopy — eHIDEKI TOMITA

Quantum field simulation on bosonic platforms — eTo0BIAS HAAS
Quantum geometry in plasmonic metasurfaces and signatures of collec-
tive quantum phenomena — eJAVIER CUERDA

Squeezed Light and Optimal Phase Estimation for Quantum Metrology
— oMOJDEH SHIKHALI NAJAFABADI

Quantum teleportation with remote quantum dots in a metropolitan
hybrid quantum network — eM. B. RoTA

Quantum logic control of transition metal and molecular ions — eFABIAN
WoLr

High-Speed Quantum Key Distribution using Single Photons from De-
fects in Hexagonal Boron Nitride — eSERKAN ATES

Metropolitan Quantum Key Distribution based on Room Temperature
Single Photon Source — eHAORAN ZHANG

Towards entangling distributed registers of atoms — eBEN LANYON
Totally destructive many-body interference beyond bosons and fermions
— oGABRIEL DUFOUR

Microwave quantum communication with rare-earth spin ensembles —
eNADEZHDA KUKHARCHYK

Invited Talks of the joint Symposium SAMOP Dissertation Prize 2026 (SYAD)
See SYAD for the full program of the symposium.

SYAD 1.1

SYAD 1.2

SYAD 1.3 Mon

Mon

Mon

14:30-15:00

15:00-15:30

15:30-16:00

RW 1 What graphs can tell us about quantum information — eKIARA
HANSENNE

RW 1 Realization of alkaline-earth circular Rydberg qubits in optical
tweezer arrays — eCHRISTIAN HOLZL

RW 1 Pattern Formation and Supersolid-like Sound Modes in a Driven Su-

perfluid — eNIKOLAS LIEBSTER
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SYAD 1.4 Mon 16:00-16:30 RW 1 Harnessing time-frequency qudits using integrated nonlinear pro-
cesses — oLAURA SERINO

Invited Talks of the joint Symposium Classical and Quantum Structured Light (SYSL)
See SYSL for the full program of the symposium.

SYSL 1.1 Mon 17:00-17:30 P 1 Structured-light-matter interaction for quantum cryptography and
nanoscale modal control — eEILEEN OTTE, ASMA FALLAH, WILLIAM A. JAR-
RETT, ALEXANDER D. WHITE, GIOVANNI SCURI, SEUNGJUN EUN, NICHOLAS A.
GUESKEN, HOSSEIN TAGHINEJAD, JELENA VUCKOVIC, MARK L. BRONGERSMA

SYSL 1.2 Mon 17:30-18:00 P 1 Attosecond Structured Light Pulses with Topology and Polarization
Textures — e CARLOS HERNANDEZ-GARCIA

SYSL 1.3 Mon 18:00-18:30 P 1 Structured light for the creation of squeezed multiplets to encode quan-
tum information in trapped ions — eCORINA REVORA, CHRISTIAN TOMAS
SCHMIEGELOW, JUAN PABLO PAz

SYSL 1.4 Mon 18:30-19:00 P 1 Atomic Magnetometry Employing Vector Light Beams — eRIAAN
PuiLipp SCHMIDT, RICHARD AGUIAR MADURO, ANTON PESHKOV, SONJA
FRANKE-ARNOLD, ANDREY SURZHYKOV

Invited Talks of the joint Symposium Spin-Boson Models (SYSB)
See SYSB for the full program of the symposium.

SYSB 1.1 Tue 11:00-11:30 RW 1 Tailoring the quantum dynamics of spins with bosonic baths —
¢GIOVANNA MORIGI

SYSB 1.2 Tue 11:30-12:00 RW 1 Spins, Qubits, and Bosons — ¢GUIDO BURKARD

SYSB 1.3 Tue 12:00-12:30 RW 1 Spin-boson models under strong ac-driving — eMILENA GRIFONI

SYSB 1.4 Tue 12:30-13:00 RW 1 Kibble-Zurek scenario for melting of discrete time crystals —
ePHATTHAMON KONGKHAMBUT, HANS KESSLER, ROY D. JARA JR., JAYSON
G. COSME, ANDREAS HEMMERICH

Invited Talks of the joint Symposium Selected Highlights of AMOP in Austria (SYAU)
See SYAU for the full program of the symposium.

SYAU 1.2 Wed 11:15-11:45 RW 1 Supersolidity: When Superfluid Flow Meets Crystalline Order —
oF'RANCESCA FERLAINO

SYAU 1.3 Wed 11:45-12:15 RW 1 Charged Helium Nanodroplets: A Cold Laboratory for Molecular
Ions — eELISABETH GRUBER

SYAU 1.4 Wed 12:15-12:45 RW 1 Advances in Broadband Saturation Spectroscopy: Towards Probing
New Physics in the Mid-Infrared — ¢OLIVER HECKL

SYAU 1.5 Wed 12:45-13:15 RW 1 Precision laser spectroscopy of the Thorium-229 nuclear transition
— o T'HORSTEN SCHUMM

Invited Talks of the joint Symposium Light and Chirality: From Fundamentals to Applications

(SYLC)
See SYLC for the full program of the symposium.

SYLC 1.1 Wed 14:30-15:00 RW 1 Enantio-sensitive molecular compass — P. M. FLORES, S. CARLSTROEM,
S. PATrcHKOVSKII, M. IvaNOv, V. MuJicA, A. F. ORDONEZ, ¢O. SMIRNOVA

SYLC 1.2 Wed 15:00-15:30 RW 1 Conjugation, chirality and optical activity — eMATTHEW FUCHTER

SYLC 1.3 Wed 15:30-16:00 RW 1 Gas-phase spectroscopy of chiral molecules — e ANNE ZEHNACKER, ETI-
ENNE ROUQUET, VALERIA LEPERE, GUSTAVO GARCIA, LAURENT NAHON

SYLC 1.4 Wed 16:00-16:30 RW 1 Toward a low-energy test of the parity symmetry via precise mid-
IR spectroscopy of cold chiral molecules — AGATHE BONIFACIO, SAHIL
VIEL, RAPHAEL HAHN, MINH NHUT NGO, MARYLISE SAFFRE, YUHAO LIU,
WENLING DoNG, ETIENNE CANTIN, OLIVIER LOPEZ, ANNE AMY-KLEIN,
MATHIEU MANCEAU, e¢BENOIT DARQUIE
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Invited Talks of the joint Symposium One-Dimensional Quantum Many-Body Systems between

Bose and Fermi Statistics (SYMB)
See SYMB for the full program of the symposium.

SYMB 1.1

SYMB 1.2

SYMB 1.3

SYMB 1.4

Thu

Thu

Thu

Thu

14:30-15:00

15:00-15:30

15:30-16:00

16:00-16:30

P1

P1

P1

P1

Exploring gauge theories for 1D anyons in Raman-coupled Bose gases
— oLETICIA TARRUELL

Non trivial particle exchange in one dimension: The anyon Hubbard
model and beyond — e ANDRE ECKARDT

Exotic Quantum Statistics in Strongly Interacting 1D Bose Gases —
oHANNS-CHRISTOPH NAGERL

Dipolar gases in triangular ladders — eL.UIS SANTOS

Invited Talks of the joint Symposium Tests of Fundamental Physics with AMO Systems (SYFP)
See SYFP for the full program of the symposium.

SYFP 1.1

SYFP 1.2
SYFP 1.3

SYFP 1.4

Fri

Fri

Fri

Fri

11:00-11:30 RW 1  Searches for new bosons with isotope shift spectroscopy and the tho-
rium nuclear transition — eELINA FUCHS

11:30-12:00 RW 1  Precision spectroscopy of muonic atoms — eRANDOLF POHL

12:00-12:30 RW 1 Quantum-Controlled Molecules for Fundamental Physics and Quan-
tum Science — eNICHOLAS HUTZLER

12:30-13:00 RW 1 Testing Baryon Asymmetry with Antiprotons — ¢STEFAN ULMER

Invited Talks of the joint Symposium Laser Driven X-Rays: Generation and Application (SYLX)
See SYLX for the full program of the symposium.

SYLX 1.1

SYLX 1.2

SYLX 1.3

SYLX 1.4

Sessions

Q1.1-15
Q2125
Q 3.1-3.5
Q4.1-45
Q5.1-5.5
Q 6.1-6.3

Q7.1-78
Q8.1-8.7
Q9.1-9.7
Q 10.1-10.8
Q11.1-11.7
Q 12.1-12.6
Q 13.1-13.8

Fri

Fri

Fri

Fri

14:30-15:00 RW 1 Laserstrahlquellen als Treiber fiir Sekundérstrahlquellen — ¢TORSTEN
MANS, DOMINIK BAUER, THOMAS METZGER, DOMINIK ERTEL, CLAUS
SCHNITZLER, TINO EIDAM
15:00-15:30 RW 1 Development and Integration of Novel LPP Radiation Sources for En-
hanced Characterization and Industrial Application — LION GUNSTER,
LukA PETERSEN, PHILIP MOSEL, PEER BIESTERFELD, SVEN FROHLICH, JOSE
MAPA, GRETA PARUSCHKE, P1A KOOPMANN, BIANCA IWAN, UWE MORGNER,
oMILUTIN KOVACEV
15:30-16:00 RW 1 Near-relativistic ytterbium fiberlaser plasma source for high-flux hard
X-ray generation from a liquid-metal jet — eROBERT KLAS, MAXIMIL-
IAN BENNER, MOHAMMED ALMASSARANI, MAXIMILIAN KARST, LUCAS EISEN-
BACH, PHILIPP GIERSCHKE, WARUNYA RODER, ARNO KLENKE, JAN ROTH-
HARDT, JENS LIMPERT
16:00-16:30 RW 1 Laser-driven X-ray generation for industrial applications — e¢JOHANNES
MAXIMILIAN EBERT, KrLAUs BERGMANN, SARAH KLEIN, MARTIN TRAUB,
JOCHEN VIEKER, STEPHAN HERMAN WISSENBERG, HANS-DIETER HOFFMANN
Mon 11:45-13:00 P 2 Ultracold Matter I — Fermions (joint session Q/A)
Mon 11:45-13:00 P 3 Nanophotonics and Integrated Photonics 1
Mon 11:45-13:00 P 5 Quantum Technologies — Enabling Technologies
Mon 11:45-13:00 P 10 Quantum Computing and Simulation I
Mon 11:45-13:00 P 11 Laser Cooling and Trapping
Mon 11:45-12:45 N1 Ultra-cold Plasmas and Rydberg Systems I (joint session
A/Q)
Mon 17:00-19:00 P 2 Ultracold Matter II — Bosons (joint session Q/A)
Mon 17:00-19:00 P 3 Nanophotonics and Integrated Photonics 11
Mon 17:00-18:45 P 4 Open Quantum Systems and Spin-Boson Systems I
Mon 17:00-19:00 P 5 Quantum Technologies — Photon Detectors and Sources
Mon 17:00-19:00 P 7 QuanTour I — Single Photons & Foundations
Mon 17:00-18:45 P 10 Quantum Computing and Simulation II
Mon 17:00-19:00 P 11 Nuclear Clocks
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Q 14.1-14.7

Q 15.1-15.7
Q 16.1-16.8
Q17.1-17.8
Q 18.1-18.8
Q 19.1-19.8
Q 20.1-20.7
Q 21.1-21.7
Q 22.1-22.7
Q 23.1-23.8
Q 24.1-24.8
Q 25.1-25.7

Q 26.1-26.19
Q 27.1-27.29

Q 28.1-28.35
Q 29.1-29.39
Q 30.1-30.7
Q 31.1-31.8

Q 32.1-32.8
Q 33.1-33.8
Q 34.1-34.7
Q 35.1-35.7
Q 36.1-36.8
Q 37.1-37.7
Q 38.1-38.7

Q 39.1-39.5
Q 40.1-40.23
Q 41.1-41.28
Q 42.1-42.32
Q 43.1-43.16
Q 44.1-44.8
Q 45.1-45.7
Q 46.1-46.7
Q 47.1-47.8
Q 48.1-48.7
Q 49.1-49.8
Q 50.1-50.8
Q 51.1-51.7
Q 52.1-52.6

Q 53.1-53.7

Q 54

Q 55.1-55.8
Q 56.1-56.7
Q 57.1-57.8
Q 58.1-58.8
Q 59.1-59.6
Q 60.1-60.7
Q 61.1-61.8
Q 62.1-62.8
Q 63.1-63.8

Q 64.1-64.42

Mon

Mon
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue

Tue

Tue

Tue
Tue
Wed
Wed

Wed
Wed
Wed
Wed
Wed
Wed
Wed

Wed
Wed
Wed
Wed
Wed
Thu
Thu
Thu
Thu
Thu
Thu
Thu
Thu
Thu

Thu

Thu
Thu
Thu
Thu
Thu
Thu
Thu
Thu
Thu
Thu

Thu

17:00-19:00

17:00-19:00
11:00-13:00
11:00-13:00
11:00-13:00
11:00-13:00
11:00-13:00
11:00-13:00
11:00-13:00
11:00-13:15
11:00-13:00
11:00-13:00

17:00-19:00

17:00-19:00

17:00-19:00
17:00-19:00
14:30-16:30
14:30-16:30

14:30-16:30
14:30-16:30
14:30-16:30
14:30-16:30
14:30-16:30
14:30-16:30
14:30-16:30

17:00-19:00
17:00-19:00
17:00-19:00
17:00-19:00
17:00-19:00
11:00-13:00
11:00-13:00
11:00-13:00
11:00-13:00
11:00-13:00
11:00-13:00
11:00-13:00
11:00-13:00
11:00-13:00

11:00-13:00

13:15-14:15
14:30-16:30
14:30-16:30
14:30-16:30
14:30-16:30
14:30-16:30
14:30-16:30
14:30-16:30
14:30-16:30
14:30-16:30

17:00-19:00

N3

N6
P2
P3
P4
P5
P77
P 10
P11
P 105
N1
N3

Philo 1. OG

Philo 1. OG
Philo 2.
Philo 2.
P1
P2

oG
OG

P3
P4
P5
P 10
P11
N1
N3

Philo 1.
Philo 1.
Philo 2.
Philo 2.
Philo 2.
P2
P3
P4
P5
P7

P 10
P11
N1

N 2

0G
oG
oG
oG
oG

N3

P 10
P2
P3
P4
P5
P
P 10
P11
N1
N3

Philo 1. OG

Precision Spectroscopy of Atoms and Ions I (joint session
A/Q)

Precision Mass Spectrometry (joint session MS/Q)
Ultracold Matter III — Fermions (joint session Q/A)
Photonics and Biophotonics 1

Photon BEC

Quantum Technologies — Ion Traps

QuanTour II — Multi-photon Effects & Entanglement
Quantum Computing and Simulation ITI

Nuclear and X-Ray Quantum Optics

Cold Molecules (joint session MO/Q)

Ultra-cold Atoms, Ions and BEC I (joint session A/Q)
Precision Spectroscopy of Atoms and Ions II (joint session

A/Q)

Poster — Ultrashort Pulses and Strong Fields (joint session
K/Q)

Poster — Precision Spectroscopy of Atoms and Ions (joint
session A /Q)

Poster — Quantum Optics

Poster — Quantum Technologies I

QuanTour IIT — Spin Physics & Coherence

Ultracold Matter IV — Bosons, Rydberg Systems, and Oth-
ers (joint session Q/A)

Photonics and Biophotonics II

Cavity QED, QED, and Spin-Boson Systems I

Quantum Technologies — Sensing I

Quantum Computing and Simulation IV

Matter Wave Interferometry and Metrology I

Ultra-cold Atoms, Ions and BEC II (joint session A/Q)
Precision Spectroscopy of Atoms and Ions III (joint session
A/Q)

Poster — Cold Molecules (joint session MO/Q)

Poster — Photonics

Poster — Quantum Technologies IT & Laser Technology
Poster — Ultracold Matter (joint session Q/A)

Poster — Quantum Systems

Laser Technology and Applications

Plasmonics and Metasurfaces

Open Quantum Systems 11

Quantum Technologies — Sensing II

QuanTour IV — Building Blocks

Quantum Communication, Networks, Repeaters, & QKD I
Matter Wave Interferometry and Metrology II

Ultra-cold Atoms, Ions and BEC III (joint session A/Q)
Ultra-cold Plasmas and Rydberg Systems II (joint session
A/Q)

Precision Spectroscopy of Atoms and Ions IV (joint session
A/Q)

Members’ Assembly

Optomechanics

Quantum Optics and Control I

Open Quantum Systems II1

Quantum Technologies — Color Centers I

QuanTour V — Protocols

Quantum Communication, Networks, Repeaters, & QKD II
Matter Wave Interferometry and Metrology II1

Ultra-cold Atoms, Ions and BEC IV (joint session A/Q)
Precision Spectroscopy of Atoms and Ions V (joint session
A/Q)

Poster — Ultra-cold atoms, ions and BEC (joint session A/Q)
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Q 65.1-65.9

Q 66.1-66.33
Q 67.1-67.31
Q 68.1-68.15
Q 69.1-69.7
Q 70.1-70.7
Q 71.1-71.8
Q 72.1-72.7
Q 73.1-73.7
Q 74.1-74.8
Q 75.1-75.6
Q 76.1-76.7
Q 77.1-77.7
Q 78.1-78.7
Q 79.1-79.8
Q 80.1-80.7
Q 81.1-81.8
Q 82.1-82.8

Q 83.1-83.6
Q 84.1-84.4

Thu

Thu
Thu
Thu
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri

Fri
Fri

17:00-19:00

17:00-19:00
17:00-19:00
17:00-19:00
11:00-12:45
11:00-13:00
11:00-13:00
11:00-12:45
11:00-13:00
11:00-13:00
11:00-12:30
11:00-13:00
14:30-16:15
14:30-16:15
14:30-16:30
14:30-16:15
14:30-16:30
14:30-16:30

14:30-16:00
14:30-15:30

Philo 1.

Philo 2.
Philo 2.
Philo 2.

P2
P3
P4
P5
P
P 10
P11
N1
P2
P3
P4
P5
P 10
P11

N1
N3

0G

oG
oG
oG

Poster — Ultra-cold plasmas and Rydberg systems (joint ses-
sion A/Q)

Poster — Quantum Technologies IT1

Poster — Quantum Information

Poster — Precision Measurement (joint session Q/A)
Collective Effects and Disordered Systems

Quantum Optics and Control II

Cavity QED and QED II

Quantum Technologies — Color Centers II

Quantum Technologies — Solid State Systems

Quantum Information — Concepts and Methods

Quantum Systems between Bose and Fermi Statistics
Ultra-cold Atoms, Ions and BEC V (joint session A/Q)
Photonics — 3D Printing

Quantum Optics and Control IT1

Cavity QED and QED III

Quantum Technologies — Color Centers III

Quantum Communication, Networks, Repeaters, & QKD III
Matter Wave Interferometry, Metrology, and Fundamental
Physics IV

Ultra-cold Atoms, Ions and BEC VI (joint session A/Q)
Precision Spectroscopy of Atoms and Ions VI (joint session

A/Q)

Members' Assembly of the Quantum Optics and Photonics Division

Thursday 13:15-14:15 P 10
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Monday

Q 1: Ultracold Matter | — Fermions (joint session Q/A)

Time: Monday 11:45-13:00

Q1.1 Mon 11:45 P 2
Reduction of pair correlations below the background value

in ultracold Fermi gases — eNikoLal KascHeEwski!, AXEL
PeLsTER!, and CarLos A. R. SA pe MEgLo? — !University of
Kaiserslautern-Landau, Kaiserslautern, Germany — 2Georgia Insti-

tute of Technology, Atlanta, Georgia, USA

For cold atomic gases in the superfluid state, Quantum Monte Carlos
(QMC) methods predicted already two decades ago that the anoma-
lous pair correlation function in 3D drops below the uncorrelated back-
ground value of one for intermediate distances [1]. Recent progress in
developing continuous quantum gas microscopes [2-4] allowed to di-
rectly measure pair correlations in 2D [5], confirming this prediction.
Although this has sparked new interest into this phenomenon, it lacks
until now an analytic explanation.

Against this background, we study two-particle correlation functions
in two-dimensional Fermi gases at zero temperature. By allowing the
order parameter to adjust to local perturbations, we self-consistently
predict a drop of pair correlations below unity, agreeing well with QMC
calculations [1] and measurements [5| for weak interactions. The re-
sults provide an analytic explanation for the experimentally observed
dip based on coupling the density response to induced collective modes,
mediating interactions between Cooper pairs. [1] C. Lobo et al., Phys.
Rev. Lett. 97, 100405 (2006) [2] J. Xiang et al., Phys. Rev. Lett. 134,
183401 (2025) [3] R. Yao et al., Phys. Rev. Lett. 134, 183402 (2025)
[4] T. de Jong et al., Phys. Rev. Lett. 134, 183403 (2025) [5] C. Daix
et al., arXiv:2504.01886 (2025)

Q1.2 Mon 12:00 P 2
Developing a programmable quantum gas microscope —
eSARAH WabpbpINGTONY2, Saumya SHAED2, ISABELLE Saral:2,
Constanze VoceL!"2, Robrico Rosa-MepiNnal»2, and JuLian
LEonarp!? — llnstitute of Science and Technology Austria (ISTA),
Am Campus 1, 3400 Klosterneuburg, Austria — 2Atominstitut TU
Wien, Stadionallee 2, 1020 Wien, Austria

Ultracold atoms in optical lattices offer a versatile platform for simu-
lating and probing strongly correlated quantum matter. While quan-
tum gas microscopy techniques have enabled single-site resolution, key
remaining challenges of the field are still posed by rigid lattice con-
figurations and slow cycle times. Here, we present an update on the
development of our new quantum gas microscope for fermionic and
bosonic lithium atoms. Our approach relies on atom-by-atom assem-
bly in small lattice systems by means of auxiliary optical tweezers,
combined with all-optical cooling techniques to facilitate sub-second
experimental cycles. The holographic projection of a blue-detuned,
short-spacing lattice will provide reconfigurability and fast tunneling
dynamics, leading to diverse research avenues for our new project,
from the simulation of Bose- and Fermi-Hubbard models with uncon-
ventional geometries to strongly correlated topological phases.

Q1.3 Mon 12:15 P 2

Nonequilibrium correlations in the transverse field Ising

model under resonant periodic driving — eLARIssA ScHWARz!,

SiMON BALTHASAR JAGER?, IMKE ScCHNEIDER!, and SEBASTIAN
Eccerr! — 1University of Kaiserslautern-Landau — 2University of
Bonn

We study the non-equilibrium dynamics of the one-dimensional trans-
verse field Ising model under periodic driving. Using Floquet theory,
we derive the steady states of the driven model for a fixed driving am-

Q 2: Nanophotonics and

Time: Monday 11:45-13:00

Q2.1 Mon 11:45 P 3
Adaptive Molecular Systems in Coherent Nanophotonic Neu-
ral Networks — ePreTER Lazarowicz!'23, OLe Kornerb?23,
RoBIN Conrapb23, and CARSTEN ScHuck!:2:3 1University
Of Miinster, Schlossplatz 2, 48149 Miinster — 2CeNTech, Heisen-
bergstrafe 11, 48149 Miinster — 3Center for Soft Nanoscience, Busso-
Peus-Strafe 10, 48149 Miinster

Location: P 2

plitude and identify Floquet modes that emerge from strong resonant
dressing of the eigenstates of the undriven system. Studying the real
time evolution and comparing it with Floquet theory, we find that the
system evolves into superpositions of Floquet states, where the ramp-
ing rate of the driving amplitude influences the occupation of higher
Floquet bands. This behaviour is compared to analytical predictions
from a modified Landau-Zener theory. We also compute the two-point
correlation functions, which show oscillations in position space that
can be tuned with the driving frequency. Our results highlight how
periodic driving can be used to create exotic non-equilibrium states.

Q1.4 Mon 12:30 P2
Programmable Assembly of Ground State Fermionic Tweezer
Arrays — eMarcus CuLEMANN!, FrRaNCESco TEsTi!, JIN ZHANG!,
Naman Jain!, and PriLipp Prerss?2 — Max-Planck Institute of
Quantum Optics, Garching, Germany — 2Munich Center for Quan-
tum Science and Technology, Munich, Germany

Quantum simulation with ultracold fermions in optical lattices pro-
vides unique insights into the microscopic details of strongly interact-
ing quantum many-body systems. For non-equilibrium experiments,
the choice of the initial atomic configuration is usually limited to a
small set of accessible states such as Mott-insulators or charge den-
sity waves. Arrays of optical tweezers offer a capable extension to this
toolbox by using their dynamic reconfigurability to assemble quantum
systems in an optical lattice atom-by-atom.

We demonstrate the preparation of arbitrary spin- and density-
resolved product states of single atoms within an 8x8 optical tweezer
array. Specifically, we showcase preparation of anti-ferromagnets with
engineered defects like domain-walls in the tweezer array and report
on recent progress on the state assembly in the lattice. Combined
with fast single-exposure spin- and site-resolved imaging, these ad-
vancements enable new directions in out-of-equilibrium physics within
the Fermi-Hubbard model as well as fermionic quantum information
processing.

Q1.5 Mon 12:45 P 2

Probing Choi superconductivity in a fermionic quantum

simulator — eMaRrNIXx BarenprecT! 2, S1 Wanc!2, PETAR
Bojsovich?, Jouannes OBERMEYERDZ2, DoroTHEE TEeLLDZ, Im-
MANUEL Brocu!2:3 and Titus Franz!:2 — Max Planck Institute

of Quantum Optics, Garching, Germany — 2Munich Center for Quan-
tum Science and Technology, Munich, Germany — 3Ludwig Maximil-
ian University of Munich, Munich, Germany

Ultracold fermionic atoms in optical lattices have become a powerful
platform for exploring the Fermi-Hubbard model with site-resolved res-
olution. Many strongly correlated phases exhibit spontaneous strong-
to-weak symmetry breaking, but detecting this experimentally is chal-
lenging because its signature depends quadratically on the system’s
density matrix, requiring two identical copies of the state. Here, we
introduce an alternative approach based on the Choi doubled Hilbert
space representation, where the second copy is generated numerically
on a classical computer. In this framework, the Rényi-2 correlator
maps onto a superconducting pairing correlator. We probe this ”Choi
superconductivity” by measuring site-resolved occupation numbers in
a lithium-6 quantum gas microscope. These measurements open new
avenues for using quantum gas microscopes to identify strongly cor-
related phases such as Dirac spin liquids and 1+1D conformal field-
theory states.

Integrated Photonics |

Location: P 3

Neuromorphic computing is a field that has seen both rapid popu-
larisation and development in recent years, with nanophotonic neural
networks showing promise in bypassing the Von Neumann bottleneck
and vastly improving computational efficiency.

We investigate adaptive molecular systems as a basis for optical
neural network architectures, exploiting photoisomerisation and sat-
urable absorption mechanisms to induce the nonlinear responses that



Mainz 2026 — Q

Monday

are necessary for deep learning approaches. We demonstrate integra-
tion of azobenzene photoswitches and doped phthalocyanine complexes
in photonic circuits enabling fast, parallelisable photonic processing.

Q2.2 Mon 12:00 P 3
Fabrication of LNOI Nanostructures For High Quality Quan-
tum PICs — eGeorcn GreEcHKO!, Tobias FEUERBACH!, JUNYU
Guan'?2, RomaNn Koresov!, and Joerc WracuTrUPL3 — 13rd
Institute of Physics, University of Stuttgart, Stuttgart, Germany
— 2University of Science and Technology of China, Hefei 230026,
PR.China — 3MPI for Solid State Research, Stuttgart, Germany

Lithium Niobate on Insulator (LNOI) is well established wafer-scale
nanophotonic platform. Owning a unique set of properties, the ma-
terial exhibits electro-optical tunability and second-order optical non-
linearity. Overall LNOI is a strong contender in the race for becom-
ing the main platform for large-scale quantum nanophotonics, on par
with silicon-on-insulator and silicon nitride. This research further en-
riches the technological toolkit for LNOI platform by introducing a
novel nanofabrication framework based on metal hard-mask formation
via lift-off and CF4 based RIE-ICP dry etching. We addressed and
eliminated the key drawbacks of CF4 plasma etching that originally
motivated the shift toward alternative etching methods. Key process
advantages include a mask-edge smoothing effect resulting in excep-
tionally smooth sidewalls of fabricated structures, etch rates exceeding
60 nm/min with selectivity of 7-10 over hard mask Showcasing our
fabrication approach, we demonstrate high-Q photonic crystal and
Fabry-Perot cavities, manufactured using the reported method, fea-
turing native second-harmonic generation (SHG). At submission, the
highest Q-factor reached 500,000; higher values may be achieved by
the time of presentation.

Q23 Mon 12:15 P 3
Integrated photonics for communications on
a CubeSat — eJonas PUDELKO OMER BAYRAKTARDZ,
Luca Vb2, Marnias Koan!2, Joost VERMEER!:2, WINFRIED
BoxXLEITNER?, STEFAN PETSCHARNIG3, CHRISTOPH PACHER3, GERD
Lrucus’?, and CuristoPn MARQUARDT!H2 — 1 Max Planck Institute
for the Science of Light, Erlangen — 2Chair of Optical Quantum Tech-
nologies, Friedrich-Alexander-Universitat Erlangen-Niirnberg, Staudt-
str. 7 / A3, Erlangen — 3AIT Austrian Institute of Technology GmbH,
Center for Digital Safety & Security, Vienna, Austria

quantum
1,2
b

Satellite based quantum key distribution enables worldwide secure
communication with distinct advantages over fiber links. The prof-
itability of commercial systems highly depends on the size, weight and
power demands of the required payloads.

Our CubeSat payload demonstrates a source for weak modulated
coherent states as well as a quantum random number generator based
on homodyne measurements of the quantum mechanical vacuum state
on a single 10 cm x 10 cm PCB with a power consumption of 4 W. The
high level of integration is enabled by two Indium-Phosphide photonic
integrated circuits and custom designed electronic driving circuits.

The payload was launched in 2024 as part of the QUBE mission.

Here, we will present our in-orbit characterization measurements and
the findings from the ongoing optical downlink campaign.

Q24 Mon12:30 P 3
Characterisation of a photonic integrated circuit-based QKD
transmitter — eJoosT VERMEERD 2, OMER BAvRakTARD2, JoNas
PupeLko!?2, KeviN GUNTHNER!2, and CHRISTOPH MARQUARDT!:2
— 1Chair of Optical Quantum Technologies, Friedrich-Alexander-
Universitit Erlangen-Niirnberg, Staudtstr. 7 / A3, Erlangen — 2Max
Planck Institute for the Science of Light (MPL), Staudtstr. 2, Erlangen

Quantum key distribution (QKD) offers a new way to provide secure
communication. Miniaturising the required optical components allows
us to implement it in many more situations, including satellites. This
would allow us to overcome the range limitation of fiber-based systems
and lead to worldwide secure communication.

One method of miniaturising optical systems is using photonic inte-
grated circuits (PIC), where many optical components are integrated
on a single chip. We have designed a 4 x 8 mm? indium-phosphide
PIC, which can act as a transmitter for phase-based BB-84 QKD. It
consists of a pulsed laser, an IQ modulator to turn each laser pulse into
a pair of pulses with a phase difference determined by a quantum ran-
dom number generator, and an intensity modulator containing multiple
semiconductor optical amplifiers to set the required output intensity.

Integrating all of these components close together can increase the
strength of unwanted interactions between them. Using both external
measurement devices and detectors integrated in the PIC, we charac-
terise the PIC to investigate how strong these effects are.

Q25 Mon 12:45 P 3
Photoluminescence excitation spectroscopy of color-centers
in diamond waveguides integrated in Al1GaN/AIN nanopho-
tonic circuits — eGRriGory KorniLov!, ALok GOKHALE!,
Lea REekToOrscHEk!, DomENIcA BErRMEO2, Marco Stuckil:Z,
Francesco INTrRavaial, Kurr Buscu!, SinaN GUNDOEDUN2, ToMm-
Maso Preenoratol?, and TiM ScHRODER!:? 1Department
of Physics, Humboldt-Universitdt zu Berlin, Berlin, Germany —
2Ferdinand-Braun-Institut (FBH), Berlin, Germany

Hybrid photonic integrated circuits (PICs) with embedded solid-state
quantum emitters enable compact and scalable quantum devices. We
have recently proposed a novel platform for integrated photonics based
on AlGaN grown on AIN on sapphire. By incorporating air gaps in
the structure of the circuits, diamond nanophotonic devices can subse-
quently be suspended across them, creating hetero-integrated waveg-
uides which enable efficient in- and out-coupling of light. Manufactur-
ing the nanophotonic circuits in a “racetrack” geometry allows trans-
mission experiments to be performed in a single confocal setup. Using
this approach, the coupling efficiency of diamond waveguides to the
underlying AlGaN/AIN structures is investigated. In addition, pho-
toluminescence excitation measurements are conducted to study the
optical properties of individual nitrogen-vacancy centers embedded in
the diamond.

Q 3: Quantum Technologies — Enabling Technologies

Time: Monday 11:45-13:00

Q3.1 Monlli45 P35

Compact and fully-integrated ZERODUR vacuum system for
quantum sensing applications — eDaviD LATORRE BasTipas!,
SOREN BoLges-HERRESTHAL!, Nora Bipzinski?, BojaN HANSENZ,
ANDRE WENzLAWSKI!, ORTWIN HELLMIG?, KLAUS SENGSTOCK?, and
Parrick WINDPASSINGER! — !Institute of Physics, Johannes Guten-
berg University Mainz — 2Institute for Quantum Physics, University

of Hamburg

In the context of advancing quantum sensing technologies for real-life
applications, we propose a compact, fully integrated, passively pumped
ultra-high vacuum chamber based on ZERODUR. This glass-ceramic
has a negligible coefficient of thermal expansion (CTE) and ultra-low
helium permeability, making it an ideal candidate for vacuum cham-
bers.

This contribution presents the demonstration of a Rubidium-87
magneto-optical trap inside a compact home-built ZERODUR vacuum
chamber, using a nanostructured diffraction grating chip (gMOT) and

Location: P 5

a PCB for the generation of the quadrupole magnetic field. The cham-
ber integrates UV-activated alkali metal dispensers and non-evaporable
getters, eliminating the need for electrical feedthroughs. Results are
presented on the characterization of the vacuum chamber, where the
MOT is used as a pressure sensor, as well as on the MOT perfor-
mance. This system approach sets the foundation for future compact
quantum sensors, offering significant potential for practical, real-world
applications.

Q 3.2 Mon 12:00 P 5
Topology-Optimized Two-Port Beam Splitters for Quan-
tum Photonic Integrated Circuits — SuiaNe-YU Huang?,
eALESSANDRO CIoRRA', Jonas Hopker!, JeLprRik HuUsTER!,
YANNICK AUGENSTEIN23, CARSTEN RocCksTUHL?3, and STEFANIE
Barz!* — lInstitute for Functional Matter and Quantum Technolo-
gies, University of Stuttgart, 70569 Stuttgart, Germany — 2Institute
of Theoretical Solid State Physics, Karlsruhe Institute of Technology,

76131 Karlsruhe, Germany — Institute of Nanotechnology, Karlsruhe
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Institute of Technology, 76021 Karlsruhe, Germany — “*Center for
Integrated Quantum Science and Technology (IQST), University of
Stuttgart, 70569 Stuttgart, Germany

In quantum information processing, two-port beam splitters serve as
the essential elements where multiphoton interference occurs, which en-
ables the generation of photonic quantum states. Meanwhile, topology
optimization has recently advanced integrated photonics by enabling
ultracompact, high-performance devices through efficient exploration
of large design spaces and the discovery of non-intuitive geometries.
In this work, we explore how different constraints in the topology op-
timization, such as device footprint, minimum feature size, etc., affect
the performance of the beam splitter designs. We characterize the
beam splitters using single-photon and two-photon measurements. We
also reconstruct each devices transfer matrix and analyze the linear
transformations they implement. Our results provide insight into how
the inverse-designed beam splitters operate and highlight their poten-
tial for scalable and densely integrated quantum photonic systems.

Q3.3 Mon 12:15 P5
Microwave Generation for the Manipulation of Rubidium En-
sembles — eVALERIA CAMACHO MoLINA, MAIKE DIANA LACHMANN,
and ToBias BarruscH — Airbus Defence and Space GmbH , Willy-
Messerschmitt-Strasse 1, 82024 ,Taufkirchen , Germany

Ultra-cold atomic ensembles, with their microscopic coherence times,
narrow momentum distributions, and highly controllable quantum
states, are essential for high-precision measurements and advanced
quantum technologies. Precise control of both the internal and mo-
tional states of the atoms is critical for reproducible and accurate per-
formance.

In this work, a microwave subsystem is implemented to drive evap-
orative cooling of a Rubidium-87 atomic ensemble in a magnetic trap
to achieve Bose*Einstein condensation. Additionally, after condensa-
tion, the system is used for state preparation, transferring the atoms
in well-defined internal states to ensure reproducible and controlled
experimental conditions. The subsystem integrates low-phase-noise
frequency generation, agile frequency control, and thermally stable
electronics to achieve consistent and reproducible performance. Its
compact, robust, and low-power design makes it well suited for space-
deployable quantum sensors, where reliability and environmental ro-
bustness are critical.

Q34 Mon12:30 P 5
Entropy-Based Complexity Characterization of Integrated
Photonic Physical Unclonable Functions — eHIMADRI SAHOO,
Rick BEVERs, DaaN J. DE RUITER, LARS vaN DER HOEVEN, DaaN

P. STELLINGA, MATTHIAS C. VELSINK, and PEPUN W. H. PINKSE
— MESA+ Institute for Nanotechnology, University of Twente, P.O.
Box 217, 7500 AE Enschede, the Netherlands

Integrated photonic Physical Unclonable Functions (PUFs) offer high
intrinsic complexity due to fabrication-induced disorder and multi-
mode interference. We present an entropy-based framework to quan-
tify their information content using repeated time-domain optical
responses. From current amplitude-only spectra, we extract lower
bounds on effective entropy and identify correlations limiting inde-
pendent degrees of freedom. Numerical simulations based on these ex-
perimental spectra are employed to visualize response variations and
support the evaluation of different entropy estimators. To achieve a
more complete complexity assessment, we propose complementary vec-
tor network analyzer measurements providing phase-resolved transfer
functions with higher spectral resolution. This combined experimental-
numerical approach advances complexity determination in photonic
hardware security primitives.

Q3.5 Mon 12:45 P 5
Verification of Electron-Photon Entanglement — ePHILA
ReMBOLD!, ALEXANDER PREIMESBERGERD?, SERGEI BoapaNov!2,
SANTIAGO BELTRAN-ROMEROY:2, DENNIs RATzELD'2:3, IsoBeL C
Bicker!?, ErLizaBeTH AcupeLo!, Nicorar Frus!, and PHuiLipp
HasringeErRD2 — 1 Atominstitut, TU Wien, Stadionallee 2, 1020 Vi-
enna, Austria — 2University Service Centre for Transmission Electron
Microscopy, TU Wien, Wiedner Hauptstrafe 8-10/E057-02, 1040 Vi-
enna, Austria — 3ZARM, University of Bremen, 28359 Bremen, Ger-
many

Entanglement, a central concept in quantum physics, describes corre-
lations between particles that cannot be explained classically. While
routinely verified in photonic and atomic systems, direct experimental
evidence in transmission electron microscopy (TEM) has been missing.
We report the detection of position*momentum entanglement between
single free electrons and photons generated via coherent cathodolumi-
nescence in a TEM. The method relies on a general separability bound:
for classically correlated particles, the product of the conditional vari-
ances in relative position and total momentum cannot fall below a fixed
limit. Using coincidence-based ghost imaging, adapted from quan-
tum optics, we measure both spatial and momentum correlations of
electron-photon pairs. The observed variance product is significantly
below the classical limit, confirming entanglement. This result links
the well-developed tools of photonic quantum optics with the capabili-
ties of electron microscopy, offering a route toward quantum-enhanced
imaging at the atomic scale.

Q 4: Quantum Computing and Simulation |

Time: Monday 11:45-13:00

Mon 11:45 P 10
Shifts — eERIN

Q41
Mglmer-Sgrensen Gates Robust to AC
FELDKEMPER!, VIcTOR MARTINEZ LAHUERTA!,  CHRISTIAN
OspPELKAUS!, NACEUR GaaLouL!, and KLEMENS HAMMERER?:3:4
Hnstitut fiir Quantenoptik, Leibniz Universitit Hannover — 2Institut
fiir Theoretische Physik, Universitéit Innsbruck — 3Institut fiir The-
oretische Physik, Leibniz Universitit Hannover — 4IQOQI Osterre-
ichische Akademie der Wissenschaft

Fast and high-fidelity quantum gates are essential for scaling trapped-
ion quantum computing, and their optimization has become increas-
ingly important. One of the key challenges is mitigating the AC shift,
which can arise in both laser-driven and microwave-driven gates, in-
troducing errors that degrade the performance. In this theory work,
we focus on microwave-driven Mglmer-Sgrensen gates and specifically
the impact of the AC Zeeman shift on the gate performance. To this
end, we derived an effective Hamiltonian including leading-order AC
corrections. In order to reduce the noise, we focus on two methods.
The first consists in using spin echoes, which exploits the fact that
the shift is linear with the S, spin component. The other method is
to time-dependently control the parameters of the gate and optimize
them using optimal control theory. To evaluate the fidelity of the pro-
tocols, we use Kraus operators as a figure of merit for a good quantum
channel. Both of these methods are exploited, compared to each other,
and would ultimately be combined to improve the gate precision.

Location: P 10

Q4.2 Mon 12:00 P 10
Tailoring spin—spin coupling of trapped ions by electrode
shape optimization — eKais RejaiBi, PaTrrick H. HUBER, and
CHRIsSTOF WUNDERLICH — Universitat Siegen, Walter-Flex-Strafte 3,
57072 Siegen

Trapped ions are a leading physical platform for quantum information
processing. When scaling up such quantum processors, it is advanta-
geous to control the qubit’s coherent dynamics by directly using elec-
tronic signals in the (quasi-)direct current (DC) and radio frequency
(RF) regime, without conversion of these signals into the optical do-
main. N-qubit gates (N > 2) controlled by electronic signals are pos-
sible when applying a static or RF magnetic gradient field in a Paul
trap. The matrix characterizing the interaction between N qubits can
be tailored, for instance, by modifying the trapping potential confining
the ions. We developed a numerical method to design and optimize
electrode shapes that determine the trapping potential in 2D ion traps.
From this we obtain the ion positions, mode structure, and effective
interaction matrix. These results enter a cost function that measures
how well a given design reproduces the desired interaction pattern un-
der constraints such as maximum voltage and trap depth. By minimiz-
ing this cost function we obtain electrode geometries that favour the
chosen interaction with low control-voltage requirements. While we
focus on linear trap segments, the same approach can also be applied
to more elements such as junctions in scalable ion-trap chips.
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Q4.3 Mon 12:15 P 10

Scaling-up a trapped-ion quantum computer using MAGIC
— eSapTARsHI Biswas!, Ivan Borpin!, BenjamiN BURGER!,
FrIEDERIKE J. GCieBer®?, Rapmika Govar?, Parrick H.
Huser!, Eike Isexke®?, Lukas KiLzer?, NiLa KRISHNAKUMARS#,
RopoLro M. Robricuez!, Tosias Poorz2, Kars Rejaisil, Davip
STUHRMANNZ, Nora D. Stanr2?4, Jacos Stupp?4, KONSTANTIN
THRONBERENS®?, CELESTE TORKZABANZ?, PEDRAM YAGHOUBI!,
CHrisTIAN OspeELkAUs?34  and CurisToF WUNDERLICH! —
IDepartment of Physics, School of Science and Technology, Univer-
sity of Siegen, 57068 Siegen, Germany — 2Gottfried Wilhelm Leib-
niz Universitit, Hannover, Germany — 3Physikalisch-Technische Bun-
desanstalt, Braunschweig, Germany — *Laboratory of Nano and

Quantum-Engineering, Hannover, Germany

We present the status of a cryogenic (4K) experimental set-up for quan-
tum computing with radio frequency (RF)-controlled trapped ions. It
incorporates a novel micro-structured planar Paul trap with integrated
micromagnets, and we report on the characterization of such a trap.
Also, progress in developing laser cooling techniques for mixed Yb™-
Bat crystals is reported.

Q4.4 Mon 12:30 P 10

Towards a cryogenic trapped ion quantum processor
1

with cryogenic control electronic — eDoRrRNA NIROOMAND-,
DaNEL BuscH!, Eike Iseke?3, NiLa KRISHNAKUMARZ3, Max
GLANTSCHNIG®, LeoN Dixius?, ALEXANDER MEYER®, Garima
SARASWAT’, MaTTHIAS BRANDL?, FRIEDERIKE J. GIEBEL23, VADIM
Issakov®, MicHAEL JoHANNING?, and CHRISTOF WUNDERLICH! for
the ATIQ SIEGEN-Collaboration — !Department of Physics, School
of Science and Technology, University of Siegen, 57068 Siegen, Ger-
many — 2Physikalisch-Technische Bundesanstalt, Braunschweig, Ger-
many — SLaboratory of Nano and Quantum-Engineering, Hannover,
Germany — “Infineon Technologies AG, Neubiberg, Germany —
5Infineon Technologies Austria AG, Villach, Austria — SInstitut

fir CMOS Design,TU Braunschweig, Braunschweig, Germany —
“eleQtron GmbH, Siegen, Germany

Trapped ion quantum computing platforms in cryogenic vacuum have
the advantage of providing extreme high vacuum (XHV) allowing for
long ion storage times, even in the relatively shallow trapping poten-
tial of surface-electrode Paul traps. Furthermore, anomalous heating of
trapped ions is strongly suppressed. Here, we will discuss the progress
towards building and operating a cryogenic quantum demonstrator
that includes low-noise cryogenic electronics to precisely control trap-
ping potentials and enable shuttling of ions. En route towards scalable
trapped ion quantum processors, multiple generations of microfabri-
cated surface-electrode traps with integrated magnets and cryogenic
control electronics are investigated in this platform.

Q4.5 Mon 12:45 P 10
Experimental characterization of all-to-all-coupled trapped-
ion quantum registers — eMarkUs NUNNERICH, PATrick H. Hu-
BER, DORNA NIrooMAND, and CHRISTOF WUNDERLICH — Dept. of
Physics, School of Science and Technology, University of Siegen, 57068
Siegen, Germany

For quantum computing and -simulation, high connectivity between
qubits mediated by long-range interactions can be beneficial to speed
up running times of algorithms and to enable efficient error correction.
Here, we experimentally characterize computational quantum registers
of varying size with all-to-all interaction between qubits. The qubits
are encoded into hyperfine states of laser-cooled trapped 171 Yb™ ions.
The ions interact via magnetic gradient induced coupling (MAGIC)
and all coherent operations on qubits are performed using RF radia-
tion. We carry out measurements on individual addressing of interact-
ing qubits within a computational register (crosstalk), qubit read-out,
and the all-to-all interaction between qubits. Furthermore, we entan-
gle subsets of the qubit register using bare-state qubits or dressed-state
qubits. In addition, we describe how fluctuations of the trapping po-
tential affect the interaction between qubits.

Q 5: Laser Cooling and Trapping

Time: Monday 11:45-13:00

Q5.1 Mon 11:45 P 11
A tweezer system for trapping and addressing single atoms in
an optical cavity — eMicua KapPPEL, RAPHAEL BENZ, SEBASTIAN
ALEJANDRO MORALES RAMIREZ, DANIEL REIGEL, MAURIZIO TRIG-
1L1A, Luis WEiss, VINCENT BecuiN, LEoN LAYER, VIOLET RUF, and
STEPHAN WELTE — 5. Physikalisches Institut, Universitat Stuttgart,
Pfaffenwaldring 57, 70569 Stuttgart, Germany

A key building block for a quantum internet is a versatile multi-qubit
quantum network node that can process and distribute quantum in-
formation. An array of neutral atoms, coupled to an optical cavity, is
a promising hardware platform for implementing such a node. In this
architecture, the cavity serves as the interface between the station-
ary atomic qubits and the flying photonic qubits. Leveraging optical
tweezers, the atoms in the array are positioned and addressed within
the cavity mode.

We present a setup featuring two acousto-optical deflectors that gen-
erates multiple optical tweezers for trapping and addressing arrays of
87TRb atoms. Using this setup, we plan to trap atoms both within the
cavity mode and next to it. This way, we can counteract the inevitable
intra-cavity atom losses by reloading atoms from an atom reservoir out-
side the cavity. We discuss the experimental techniques and challenges
associated with our optical setup, and describe the software developed
for the project.

Q5.2 Mon 12:00 P 11
Hybrid Trapping of Cold Atoms with Surface Forces and
Blue-Detuned Evanescent Light on a Nanophotonic Waveg-
uide — eRiccArRDO PENNETTA, ANTOINE GLICENSTEIN, PHILIPP
SCHNEEWEISS, JURGEN VoLz, and ARNO RAUSCHENBEUTEL — De-
partment of Physics, Humboldt Universitaet zu Berlin, 12489 Berlin,
Germany

We demonstrate a novel hybrid nanophotonic trap for cold neu-
tral atoms, leveraging surface forces for attraction and blue-detuned
evanescent light for repulsion. We attribute the attractive potential to
a combination of Casimir-Polder interactions and electrostatic charges

Location: P 11

distributed on the waveguide surface. Despite the trap’s shallow depth,
we efficiently load atoms into it via adiabatic transfer from a conven-
tional two-color dipole trap. Remarkably, the hybrid trap supports a
long atomic storage time of 140(9) ms and exhibits a Ramsey coherence
time of 16.8(2) ms, the latter exceeding significantly previous reports
for nanophotonic systems. Our results pave the way for further explo-
ration of atom-surface interactions at the nanoscale and illustrate the
potential of harnessing surface forces to enhance storage and coherence
times for atoms coupled to nanophotonic waveguides. This advance-
ment offers new opportunities for neutral-atom quantum technologies.

Q5.3 Mon 12:15 P 11
Rotational cooling of trapped molecular ions — eMonNika LEIB-
SCHER, ALEXANDER BLEcH, and CHRISTIANE P. Kocn — Dahlem
Center for Complex Quantum Systems and Fachbereich Physik, Freie
Universitat Berlin, Germany

Polyatomic molecules are a promising new platform for fundamental
physics and quantum information processing due to their rich inter-
nal structure. In particular, their rotational degrees of freedom span a
large, well-isolated Hilbert space with strong anharmonicities, enabling
precise control. Utilizing these features requires trapping and rota-
tional cooling of molecules. We consider polar molecular ions which are
co-trapped with atomic ions in a linear Paul trap. Dipole interaction
couples molecular rotation to the collective vibration of the particles in
the trap [1, 2]. We demonstrate that the complex rotational spectrum
of asymmetric top molecules enables strong dipolar coupling that can
be utilized for sympathetic sideband cooling of the rotational degrees
of freedom [3]. Furthermore, by combining sideband cooling with co-
herent microwave control [4], we show that it is possible to tailor the
rotational state distribution - either depleting arbitrary subspaces or
cooling the entire manifold into a single rotational state.

[1] W. C. Campbell, E. R. Hudson, Phys. Rev. Lett. 125,
120501 (2020). [2] M. Leibscher, F. Schmidt-Kaler, Ch. P.
Koch, arXiv:2504.00590 (2025). [3] M. Leibscher, Ch. P. Koch,
arXiv:2506.20846 (2025). [4] M. Leibscher, E. Pozzoli, C. Perez, M.
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Schnell, M. Sigalotti, U. Boscain and Ch . P. Koch, Commun. Phys.
5, 110 (2022).

Q54 Mon 12:30 P 11
A-enhanced gray-molasses loading and EIT cooling of neutral
atoms in nanophotonic traps — Lukas PacHE, ANTOINE GLI-
CENSTEIN, ARNO RAUSCHENBEUTEL, ®PHILIPP SCHNEEWEISS, JUR-
GEN VoLz, and Riccarpo PENNETTA — Department of Physics,
Humboldt-Universitat zu Berlin, 12489 Berlin, Germany

Nanophotonic waveguides enable the observation of strong interactions
between guided photons and ensembles of laser-cooled atoms. How-
ever, nanophotonic traps for cold atoms typically have mode volumes
< A3, far smaller than for free-space optical tweezers. This makes
efficient loading of these traps challenging, thereby limiting the total
number of waveguide-coupled atoms. Here, we implement A-enhanced
gray-molasses (GM) in a nanofiber-based cold-atom setup and observe
a 7-fold increase in the trap loading efficiency. We operate in an un-
conventional regime for GM cooling, given that our optical traps have
a depth of only 22 uK. Despite this, we load more than 2000 atoms,
achieving optical depths exceeding 100. After loading, using the GM
beams, we perform efficient EIT-assisted cooling that is found to in-
crease the trap storage time to 400(9) ms. This is a 5-fold improvement
over the passive storage time. Remarkably, EIT-cooling also works
with a single nanofiber-guided beam, requiring only about 100 pW of
optical power. Our results provide an effective method to boost both

the loading rate and the storage time of nanophotonic atom traps.
Since GM employs blue-detuned light, they also offer a pathway to
surpass the collisional blockade in nanophotonic traps and explore col-
lective radiative phenomena such as selective radiance.

Q5.5 Mon 12:45 P 11
Grey molasses cooling with grating magneto-optical traps
— oKAI1-CHrisTIAN BrUNS, JuLiAN LEMBURG, JosepH MucHOVO,
Vivek CHANDRA, SAM ONDRACEK, HENDRIK HEINE, and ErNsT M.
RaASEL — Leibniz Universitdt Hannover, Institut fiir Quantenoptik

In the field of quantum sensing, cold atomic clouds are utilized as test
masses in high-precision matter wave interferometers. They can be cre-
ated using grating atom chips, which simplify and miniaturize quantum
sensors by enabling the trapping of atoms in a grating magneto-optical
trap with a single incident beam. This enhances the scalability and
portability of quantum sensing devices and holds promise for a wide
array of applications, from fundamental research to practical imple-
mentations in earth observation.

In this talk, we show sub-Doppler cooling results on the Dy line of
87Rb utilizing gray molasses cooling. We manage to cool the atoms
to (830£100)nK and increase the phase-space density by a facor of
three compared to conventional molasses cooling. The cooling perfor-
mance surpasses state of the art gray molasses cooling experiments
with ordinary six beam MOTs.

Q 6: Ultra-cold Plasmas and Rydberg Systems | (joint session A/Q)

Time: Monday 11:45-12:45

Invited Talk Q6.1 Mon 11:45 N1
Experimental investigation of strongly interacting quantum
fluids of light in rydberg atoms — eAMAR BELLAHSENE, Towm
BienamME, and SuaNnNoN WHITLOCK — Université de Strasbourg,
CESQ-ISIS, Strasbourg, France

Photons are ideal quantum systems - easy to generate, manipulate,
and detect - but their absence of mutual interactions limits their use
for many-body physics and quantum simulation. A powerful approach
to engineer strong and tunable photon-photon interactions is to prop-
agate light through an ultracold atomic gas coupled to Rydberg states
under electromagnetically induced transparency (EIT). This medium
provides strong light-matter coupling and collectively enhanced non-
linearities, allowing photons to acquire an effective mass and interact,
forming a platform for quantum fluids of light. My PhD work explores
this regime using ultracold potassium 39 atoms in a Magneto-optical
trap. We characterize how atomic nonlinear media mediate interac-
tions between photons by measuring the Kerr nonlinearity in a two-
level system and comparing it to the large enhancement achieved in a
three-level Rydberg-EIT configuration. The nonlinear phase shifts are
extracted with a Mach-Zehnder interferometer, providing a sensitive
probe of interaction-induced optical response. By combining spatial
structuring of the light field, strong Rydberg interactions, and inter-
ferometric detection, the goal is to demonstrate a quantum nonlinear
medium where photons behave as interacting quasiparticles - opening
the way toward the realization of a quantum fluid of light.

Q6.2 Mon12:15 N1
Orientation of Trilobite Rydberg Molecules in Electric Fields
— eoRICHARD BLATTNER, MARKUs ExXNER, and Herwic OTT —
RPTU Kaiserslautern-Landau
Rydberg molecules consist of a Rydberg atom bound to a ground state
atom. The binding mechanism is based on the scattering interaction

Location: N 1

between the Rydberg electron and the ground state atom. Trilobite
molecules are a subclass of high-I Rydberg molecules that exhibit a
huge permanent electric dipole moment and are therefore highly sensi-
ble to electric fields. We report on the observation of trilobite molecules
oriented by an electric field. We excite these molecules within a cloud
of ultracold 87Rb atoms using a three-photon excitation scheme. We
make the molecules orientation visible on the 2D detector of a reaction
microscope taking advantage of state changing collisions.

Q6.3 Mon 12:30 N1
Signatures of emerging kinetic constraints in a weakly inter-
acting dissipative Rydberg gas — eVikToria NoteL! and Icor
LesaNovsky!?2 — lInstitut fiir Theoretische Physik and Center for
Integrated Quantum Science and Technology, Eberhard Karls Univer-
sitdt Tibingen, Auf der Morgenstelle 14, 72076 Tiibingen, Germany
— 28chool of Physics and Astronomy and center for the Mathematics
and Theoretical Physics of Quantum Non-Equilibrium Systems, The
University of Nottingham, Nottingham, NG7 2RD, United Kingdom

We investigate the relaxation dynamics of a weakly interacting, dis-
sipative Rydberg gas, and identify subtle signatures typically asso-
ciated with kinetic constraints in more strongly interacting settings.
We access mesoscopic one- and two-dimensional systems and resolve
the dynamical features underlying this behaviour using the truncated
Wigner approximation, also supported by exact benchmarks on smaller
systems. We observe a weak slowdown in temporal correlations rela-
tive to a simple relaxation, while spacetime snapshots show prolonged
excitation patches signalling dynamical heterogeneity. We trace these
features to the interplay of coherent driving, interactions, and dissipa-
tion, which in part restricts relaxation pathways. Our results highlight
that the onset of kinetic constraints may occur before the strongly in-
teracting regime is reached, establishing weakly interacting Rydberg
arrays as a promising platform for studying emergent slowed dynamics
out of equilibrium.

Q 7: Ultracold Matter Il — Bosons (joint session Q/A)

Time: Monday 17:00-19:00

Q7.1 Mon 17:00 P 2
In-situ cooling of bosonic Mott insulators via reservoir engi-
neering — eMicHELE MioTTo, FrRANCEscO PETizioL, and ANDRE
EckArRDT — Institut fiir Physik und Astronomie, Technische Univer-
sitdt Berlin
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The preparation of pristine Mott insulator (MI) states of ultracold
atoms in optical lattices is a crucial resource for a wide range of quan-
tum simulation experiments. Although these systems offer remarkable
controllability, small fractions of excitations inevitably emerge dur-
ing lattice loading, which can significantly affect experimental qual-
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ity. This limitation highlights the need for new in-situ cooling tech-
niques to purify imperfect MIs. In this work, we theoretically propose
and analyze a reservoir-engineering scheme aimed at mitigating such
excitations. Specifically, we investigate whether a portion of a two-
dimensional lattice can act as an engineered bath for a smaller sub-
system hosting the MI. Focusing on a bosonic MI at unit density, con-
fined to a one-dimensional strip and characterized by doublon-holon
impurities, we use numerical simulations to test whether tuning the
bath parameters can induce irreversible absorption of these excitations,
thereby stabilizing the MI toward a uniform density profile.

Q7.2 Mon17:15 P2
Weakly interacting Bose gases in the canonical ensemble —
eJonaTA SanTOs!, AxXEL PEeLsTER?, and ArRNALDO GammaLl —
Universidade de Sdo Paulo, Brazil — 2University of Kaiserslautern-

Landau, Germany

Based on the canonical description of a non-interacting Bose gas [1] we
work out how both thermodynamic and statistical properties change
perturbatively with respect to weak two-particle interactions. Up to
first order we obtain a recursion formula for the canonical partition
function, which consists of the same Feynman diagrams as the grand-
canonical description [2] but with different Feynman rules. Resumming
this recursion formula for the canonical partition function allows then
to characterize the statistics of the ground-state occupancy by its re-
spective cumulants. We demonstrate the applicability of this approach
by analyzing a dilute Bose gas with contact interaction in a box trap.
And we compare the results obtained by both periodic and Dirichlet
boundary conditions in view of their relevance for current experiments
with atomic gases, where the box trap is implemented, for instance,
with digital mirror devices. [1] K. Glaum, H. Kleinert, and A. Pelster,
Phys. Rev. A 06304 (2007). [2] A. Pelster and K. Glaum, Phys. Stat.
Sol. B 237, 72 (2003).

Q7.3 Monl7:30 P2
Dipolar supersolids in toroidal traps — ePaurL UErrrings!,
Fiona HeLusTeErn!, KeviN Ng!, MicHaeEL WiscHERT!, TiMm

JergroTz!, KousHik MUKERJEE?, MALTE SCHUBERT?, STEPHAN

WEeLTE}3, RALF KLEMT!, STEPHANIE REIMANNZ, and TILMAN
Praul3 — 15, Physikalisches Institut and Center for Integrated Quan-
tum Science and Technology IQST, Universitét Stuttgart — 2Division
of Mathematical Physics and NanoLund, LTH, Lund University —

3CZS Center QPhoton

Supersolids formed from a dipolar BEC exhibit a spontaneous, periodic
density modulation while maintaining the frictionless flow of a super-
fluid. This unique behavior results from breaking both the global U(1)
gauge symmetry and the continuous translational symmetry, leading
to three types of collective excitations: the first- and second-sound
branches, along with amplitude (Higgs) modes. In harmonic traps,
these Higgs-like excitations hybridize with other modes, making them
difficult to observe experimentally. In this study, we theoretically in-
vestigate the excitation spectrum of a dipolar quantum gas of Dyspro-
sium atoms confined in a toroidal trap. Our results reveal decoupled
sound and amplitude-like modes. This allows us to study the time evo-
lution and dispersion of a localized Higgs-like quasiparticle excitation.
The quadratic dispersion of this quasiparticle, together with the peri-
odic density modulation, leads to (fractional) revivals, similar to those
observed in the optical Talbot effect. We also present our experimental
work towards observing these excitations in-situ.

Q7.4 Mon 17:45 P 2
Dynamic behaviour of density correlations across the chaotic
phase for interacting bosons — eOscar Duefas SAncHEz!2 and
ALBERTO RoODRicUEZ!'2 — lDepartamento de Fisica Fundamental,
Universidad de Salamanca, E-37008 Salamanca, Spain — Z2Instituto
Universitario de Fisica Fundamental y Matematicas (IUFFyM), Uni-
versidad de Salamanca, E-37008 Salamanca, Spain

We study the dynamical manifestation of the chaotic phase in the time-
dependent propagation of experimentally relevant two-particle corre-
lations for one-dimensional interacting bosons. In particular, we show
that the onset of chaos reshapes the correlation profiles, alters the
propagation front and velocity, and modifies both the decay of the
first correlation maximum and the long-time saturation values. These
observables provide a detailed characterization of correlation transport
beyond standard light-cone pictures. We further relate these findings
to the emergence of a diffusive regime in the correlation propagation
previously observed in Ref. [1], quantified through a suitably defined
correlation transport distance.

11

[1] O. Duenas, D. Pefia and A. Rodriguez, Phys. Rev. Research 7,
L012031 (2025)

Q7.5 Mon 18:00 P 2
How to seed ergodic dynamics of interacting bosons under
conditions of many-body quantum chaos — Lukas Pauscal2,
Epoarpo G. Carnio®#, ANDREAS BUCHLEITNER®#, and e ALBERTO
Ropricuez® 6 — lInstitut de Physique Nucléaire, Atomique et de
Spectroscopie, CESAM, Université de Liége, B-4000 Liége, Belgium
— 2Present address: German Aerospace Center, Institute of Quan-
tum Technologies, D-89081 Ulm, Germany — S5Physikalisches In-
stitut, Albert-Ludwigs-Universitdt Freiburg, Hermann-Herder-Strafe
3, D-79104 Freiburg, Germany — *EUCOR Centre for Quan-
tum Science and Quantum Computing, Albert-Ludwigs-Universitit
Freiburg, Hermann-Herder-Strafe 3, D-79104 Freiburg, Germany —
5Departamento de Fisica Fundamental, Universidad de Salamanca, E-
37008 Salamanca, Spain — SInstituto Universitario de Fisica Funda-
mental y Matematicas (IUFFyM), Universidad de Salamanca, E-37008
Salamanca, Spain

We demonstrate how the initial state of ultracold atoms in an optical
lattice controls the emergence of ergodic dynamics as the underlying
spectral structure is tuned into the quantum chaotic regime. Distinct
initial states’ chaos threshold values in terms of tunneling as compared
to interaction strength are identified, as well as dynamical signatures
of the chaos transition, on the level of experimentally accessible ob-
servables and time scales [1].

[1] L. Pausch, E. G. Carnio, A. Buchleitner,
Rep. Prog. Phys. 88(5), 057602 (2025).

A. Rodriguez,

Q7.6 Mon 18:15 P 2
Vortex nucleation studied through spatially-resolved veloc-
ity fields — eELiNorR KarH, JELTE DucHENE, HAaNYI JaNG, HEL-
MUT STROBEL, and MARrRkUs K. OBERTHALER — Kirchhoff-Institut
fir Physik, Universitat Heidelberg

We developed a method to measure spatially resolved superfluid veloc-
ity fields from a single experimental realisation. This technique grants
direct access to dynamical properties that remain hidden in density im-
ages, like phase gradients, transport mechanisms, and turbulent flow
patterns.

The nucleation of vortices is associated with a rise in incompressible
kinetic energy, drawn from the kinetic energy’s compressible, phononic
part. By extracting velocity fields we obtain the full kinetic energy
and separate its compressible (phononic) and incompressible (vortical)
components. This allows us to study the conversion of compressible to
incompressible energy during vortex nucleation.

We create a vortex gas by strongly distorting the condensate’s phase
and density. We track the appearance of vortices in time through
density depletions, the curl of the velocity field, and the evolving en-
ergy balance, making a first step towards the study of how quantized
vortices first form in quantum fluids, how turbulence initiates, how
different excitations redistribute energy.

Q7.7 Mon 18:30 P 2
Observation of sine-Gordon solitons in a spinor Bose-Einstein
condensate — YANNICK DELLER, ALEXANDER SCHMUTZ, RAPHAEL
SCHAFER, ®¢ALEXANDER FLAaMM, FLORIAN ScHwmiTT, IDO SIioviTz,
THoMAS GASENZER, HELMUT STROBEL, and MARKUS OBERTHALER
— Kirchhoff-Institut fiir Physik, Universitdat Heidelberg, Heidelberg,
Germany

Sine-Gordon solitons are a paradigmatic solution of the integrable sine-
Gordon model. Utilizing a robust and reproducible local spinor phase
imprinting scheme, we are able to produce sine-Gordon solitons in a
quasi one-dimensional spin-1 BEC. We report on their time evolution
while tuning their velocity by using the effective quadratic Zeeman
shift, and therefore observe the characteristic collision behavior of the
integrable sine-Gordon model. These results confirm that spinor BECs
are a highly controllable experimental platform for studying the dy-
namics of the sine-Gordon model and its generalizations.

Q7.8 Mon 18:45 P 2
Single Realization Spatially Resolved Velocity Reconstruc-
tion for a 2D BEC — eJeLTE DucHENE, ELINOR KaTH, HANYI
Jang, HELMuUT STROBEL, and MARKUsS OBERTHALER — Kirchhoff-
Institut fiir Physik, Universitdt Heidelberg

We present a method to extract both the velocity field and density of
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a 2D Bose-Einstein condensate (BEC) from single realizations. The
method is based on Bragg spectroscopy extended to two dimensions,
where two pairs counter propagating laser pulses with frequencies w
and w + J are incident on the atomic cloud and resonant with atoms
according to their initial velocity. By imaging the scattered atoms after
a short time of flight and modelling the Bragg beams as coupled two-
level systems, we can reconstruct the spatially resolved velocity along
the beam direction. A second pair of Bragg beams along a different

axis allows us to extract the full 2D velocity field. Short Bragg pulses
with a broad bandwidth address a broad band of velocities to enable
the reconstruction of the full velocity field from a single realization
of the BEC. We characterize the method by measuring the velocity
profile of a single vortex and collective excitation of the system. This
technique opens a path toward single-shot studies of 2D superfluid dy-
namics like the propagation of excitations, quantum turbulence, and
vortex dynamics.

Q 8: Nanophotonics and Integrated Photonics Il

Time: Monday 17:00-19:00

Invited Talk Q81 Mon 17:00 P 3
Heterogeneous Quantum Photonics: A Platform for Quan-
tum Sensing, Networking, and Transduction — eSAMUEL
GYGER — Saarland University, Saarbriicken, Germany — Stanford
University, Stanford, United States

Realizing quantum photonic technologies requires architectures beyond
commercial foundry processes. While they provide reliability and fa-
vorable cost reduction for high-volume production, their rigid processes
often conflict with the high-mix environment of quantum research,
and they typically lack integrated quantum hardware, such as single
photon detectors (SNSPDs) or quantum light sources. We propose a
"chiplet-based" approach using heterogeneous integration of optimized
submodules and robotic automation to bring industrial-grade consis-
tency to the research lab.

‘We show that robotic resist development reduces the inter-chip resis-
tance spread in superconducting devices from ~ 7% to =~ 2%. We also
demonstrate deterministic SNSPD integration onto arbitrary photonic
substrates via transfer printing. Finally, co-integrated lithium niobate
and silicon optomechanical crystals enable a platform for quantum
transduction. We improve thermal anchoring to achieve ground-state
operation with pulsed sideband asymmetry at repetition rates up to 3
MHz.

This automated, heterogeneous framework provides a scalable path
for next-generation quantum technology laboratories.

Q82 Monl17:30 P 3
On-chip wavefront shaping via transverse mode control in
integrated SizsN4s multimode waveguides — eSTEFAN ROTHE,
ExiNn B. Bospurmaz, LEoNIiE M. vaNn DErR HEIDE, REDLEF B. G.
BraaMHAAR, JEROEN P. KoRTERIK, and PEPIaN W. H. PINKSE —
MESA+ Institute, University of Twente, PO Box 217, 7500 AE En-
schede, The Netherlands

We demonstrate spatial mode control in integrated SizsN4 multimode
waveguides (MWGs), establishing a compact and robust platform for
wavefront shaping. We fabricate the Si3N4 MWGs on silicon wafers us-
ing standard low-loss nanophotonic processes in the MESA+ Nanolab
Cleanroom. By adjusting the relative phases of guided transverse
modes, we can generate arbitrary output fields like diffraction-limited
foci, or any other modal superposition, directly at the chip output
facet. One spatial light modulator placed in the conjugate plane of the
MWG input enables to coherently excite and control up to five trans-
verse modes. We apply a step-sequential optimization algorithm, and
concentrate 76% of the output intensity into a diffraction-limited fo-
cus, approaching the 7/4-limit for phase-only wavefront shaping. This
demonstrates, for the first time, reconfigurable multimode phase con-
trol within an integrated SigN4 platform. Our approach outlines the
way for fully integrated spatial light control. Future integration of
thermo-optic phase shifters will eliminate bulky free-space optics and
enable in-waveguide modulation for scalable multimode quantum net-
works and photonic computing architectures.

Q83 Mon 1745 P 3
Micro-structuring of electrically switchable PEDOT:PSS us-
ing one-photon polymerization — eJuLIAN BOLSINGER, DOMINIK
LUDESCHER, LEANDER SIEGLE, MoONIKA UBL, and HARALD GIESSEN
— 4th Physics Institute and Research Center SCoPE, University of
Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart, Germany

PEDOT:PSS is a conductive polymer with excellent electrical, optical,
and mechanical properties used for transparent electrodes, biocom-
patible electronics, and sensor technology. Fabrication often requires
precise structuring of a thin polymer film, typically achieved through
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inkjet printing, electron-beam lithography, or femtosecond direct laser
writing. However, these methods are costly or offer limited resolution.
We present two methods for structuring PEDOT:PSS based on one-
photon polymerization using incoherent ultraviolet or coherent near-
infrared light. In the first, a spin-coated PEDOT:PSS sample is ex-
posed to ultraviolet light through a photomask, inducing cross-linking
of polymer chains in the illuminated regions. Our method provides an
inexpensive way for patterning large areas. For the second technique, a
continuous-wave near-infrared laser beam is focused onto the polymer
layer while the sample is translated, offering great flexibility and cost
efficiency. We realize electrically switchable patterns with micrometer
spatial resolution while keeping the polymer stable and conductive. In
combination with 3D-printed micro-optics, PEDOT:PSS enables dy-
namic functionality. We are working towards integrating micro-optics
with electrically switchable structures such as apertures and diffraction
gratings.

Q84 Mon 18:00 P 3
Macroscopic monolayer WS2 for robust room-temperature
exciton-polaritons in open cavities — eSANDER SCHEEL!, SHIYU
Huang!, Jiane Qu?, Jonannes DORETH!, DoMiNiK HORNEBER!,
SimoN WipMann!, Monika EMMERLINGY, MARTIN Kampl, SimoN
BeTrzoLp!, SveEN HOFLING!, and SEBAsTIAN KLEMBT! — ! Technische
Physik, Wilhelm-Conrad-Réntgen-Research Center for Complex Ma-
terial Systems, and Wiirzburg-Dresden Cluster of Excellence ct.qmat,
University of Wiirzburg, Germany — 2?Leibniz-Institute for Solid State
and Materials Research Dresden

Combining two-dimensional materials with photonic lattices offers a
powerful route toward tunable exciton-polariton devices using engi-
neered band structures, yet progress has been limited by the poor
reproducibility of conventional exfoliation methods. Here, we demon-
strate large-area monolayer WSo with high optical uniformity using
Au-assisted exfoliation and 1-dodecanol encapsulation, providing a
scalable platform for exciton-polariton studies. Room-temperature
strong coupling with a Rabi splitting of 31 meV is achieved in open mi-
crocavities, yielding polaritonic spectra consistent with literature while
eliminating sample-to-sample variability. Implementing a kagome pho-
tonic lattice enables the realization of polariton band structures, in-
cluding Dirac cones and flat bands. These results establish large-area
monolayer semiconductors as a robust basis for controllable polaritonic
lattices at room-temperature.

Q85 Mon 18:15 P 3
Feibelman parameters from jellium models for a metal sur-
face — oCARsTEN HENKEL — Universitdt Potsdam, Institut fiir
Physik und Astronomie

In nano-photonics, we currently witness a revived interest in quantum
models for the surface of a metal, going beyond a sharp, macroscopic
interface between two media with local conductivities [1]. Multiple
physical features coexist: the atomic lattice structure (crystalline, re-
constructed or amorphous) [1], the smooth onset of the electron density
[2], the creation of electron-hole pairs [4] and of collective longitudinal
excitations like (surface) plasmons [5]. We revisit 100 years of jellium
models starting from hydrodynamics with simple exchange-correlation
potentials. The aim is to capture the optical response of the surface in
terms of few additional Feibelman parameters related to the oscillating
near-surface charge [6].

[1] C. Ciraci and F. Della Sala, Phys. Rev. B 93 (2016) 205405; N.
Asger Mortensen & al, Nanophotonics 10 (2021) 3647

[2] R. Smoluchowski, Phys. Rev. 60 (1941) 661

[3] J. Frenkel, Z. Physik 51 (1928) 232

[4] I. Tamm and S. Schubin, Z. Phys. 68 (1931) 97
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[5] D. Wagner, Z. Naturforsch. A 21 (1966) 634; G. Mukhopadhyay
and S. Lundqvist, Physica Scr. 17 (1978) 69

[6] J. Harris and A. Griffin Phys. Lett. A 34 (1971) 51; K. Kempa
and W. L. Schaich, Phys. Rev. B 34 (1986) 547; Peter J. Feibelman,
Phys. Rev. B 40 (1989) 2752

Q86 Mon18:30 P 3
Deep Learning Based Inverse Design of Nanophotonic De-
vices — eDavip LEmni»?3 Marco Butz!?:3, MARLON BECKER?,
BenJaMIN Risse?, and CarsTEN ScHUck!23 — lDepartment for
Quantum Technology, University of Miinster, Heisenbergstr. 11, 48149
Miinster, Germany — 2Center for Soft Nanoscience, Busso-Peus-Str.
10, 48149 Miinster, Germany — 3Center for Nanotechnology, Heisen-
bergstr. 11, 48149 Miinster, Germany — *Department for Geoinfor-
matics, University of Miinster, Heisenbergstr. 2, 48149 Miinster, Ger-
many

Photonic integrated circuits constitute a key platform for all areas of
quantum technology, driving the need for nanophotonic components
that achieve high optical performance while adhering to fabrication
constraints such as minimum feature sizes.

Topology optimization provides a powerful framework for designing
highly efficient, compact, and multifunctional photonic devices. Here,
we present Memory Metropolis (MeMe), a deep-learning enhanced
discrete topology optimization algorithm that employs deep template
networks, a novel neural network architecture for generating proposal

distributions in simulated annealing. By promoting the clustering of
individual pixels, MeMe produces device geometries compatible with
state-of-the-art lithographic processes. We experimentally validate the
performance of optimized devices on the emerging tantala-on-insulator
platform. Fabrication compatibility naturally emerges from MeMe’s
optimization process, representing a key algorithmic innovation in dis-
crete inverse design.

Q8.7 Mon 18:45 P 3
Imaging of Nanoholes with Digital Holography — eLukas
LiMMER!, ABHISHEK ANAND?, WLADIMIR ScHOCH?, ULRICH RADEL?,
JouanNes HeEcker DEeNscHLAG2, and HarRaLD Giessen! — l4th
Physics Institute, University of Stuttgart, Germany — 2Institute for
Quantum Matter, University of Ulm, Germany — 3Frauenhofer IOF,
Jena, Germany

‘We experimentally investigate a recently proposed low photon number
method for photographing nanohole grid patterns on a two-dimensional
opaque phase mask with digital holography. The experimental setup
back-illuminates the phase mask with a weak coherent light source and
imprints the phase information of the nanoholes diffraction pattern on
a strong coherent reference beam on a CCD-camera chip. First mea-
surements suggest that a reconstruction of the original hole pattern
is possible for less than 100 scattered photons per hole. This shows
potential for imaging ultra-cold atoms in optical lattices.

Q 9: Open Quantum Systems and Spin-Boson Systems |

Time: Monday 17:00-18:45

Q9.1 Mon 17:00 P4
Hierarchical time translational symmetry breaking — eJan
CARLO ScHUMANN!, IcoRr LesaNnovsky!:2, and PARVINDER SOLANKI!
— Mnstitute for Theoretical Physics, University of Tiibingen, Ger-
many — 2School of Physics and Astronomy, University of Nottingham,
United Kingdom

Spontaneous symmetry breaking is one of the central organizing prin-
ciples in physics. Recently, time crystals have emerged as a new phase
of matter, spontaneously breaking the time translational symmetry.
Depending on the nature of symmetry breaking, they are mainly cat-
egorized as discrete (DTC) or continuous (CTC) time crystals. While
CTCs and DTCs have been explored independently, the potential ef-
fects emerging from their mutual interaction remain unexplored. In
this work, we demonstrate that hierarchical time-translational sym-
metry breaking (HSB) stems from the interaction of a DTC and a
CTC, which we term hierarchical time crystals. The HSB phenomenon
unfolds in two steps. First, the CTC spontaneously breaks the continu-
ous time translational symmetry of the system’s dynamical generator.
The emerging time-periodicity of the CTC can then, in turn, be bro-
ken discretely by the DTC, manifesting in a sub-harmonic response
to the CTC phase. Interestingly, the DTC breaks a symmetry that
does not even exist for the generator of the dynamics, leading to a
convoluted non-equilibrium phase of matter in time. We demonstrate
that the novel HSB phenomenon is robust, emerging for fundamentally
different coupling schemes and persisting across wide ranges of system
parameters, thereby confirming the stable many-body phase.

Q9.2 Monl17:15 P4
Non-classical features in vibrational states under electronic
strong coupling — eREKA SCHWENGELBECK, MAXENCE PANDINI,
RuBeN DARABAN, and JOHANNES SCHACHENMAYER — CESQ/ISIS
(UMR 7006), CNRS and Université de Strasbourg, 67000 Strasbourg,
France

We analyze vibrational dynamics in a toy-model setup for polari-
tonic chemistry under collective electronic strong coupling with many
molecules. In a Holstein-Tavis-Cummings model, incoherently excited
by a photon, we show that disorder leads to non-Gaussian states of
vibrational modes on short time scales at the single-molecule level.
Using exact matrix product state simulations, we demonstrate that
this effect can remain robust for larger molecule numbers and cannot
be effectively described with thermal states. Furthermore, we com-
pare simulations of the exact quantum dynamics with semi-classical
approximations. We find that the Ehrenfest approximation can repro-
duce only ensemble-averaged observables in the thermodynamic limit.
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Simulations in the truncated Wigner approximation can qualitatively
produce some asymmetric features of vibrational Wigner functions,
but fail to capture the non-Gaussian effects quantitatively. Our work
highlights the importance of disorder and genuine quantum effects in
understanding cavity-modified nuclear dynamics in polaritonic chem-
istry at the microscopic level.

Q9.3 Mon 17:30 P 4
Interplay of collective radiance and particle statistics in quan-
tum degenerate gases — oJuLiaN LyNED2, Nico BassLEr3, Kal
PuiLLip ScamipT?, and Craupiu Genes®'! — 1Max Planck Institute
for the Science of Light, Staudtstrafe 2, 91058 Erlangen, Germany
— 2Friedrich-Alexander-Universitéit Erlangen-Niirnberg, Staudtstrake
7, 91058 Erlangen, Germany — 3Technische Universitit Darmstadt,
Hochschulstrafte 4, 64289 Darmstadt

We investigate the interplay of collective radiance and particle statis-
tics in a dual-species quantum degenerate gas in a harmonic trap,
where the two species correspond to the electronic ground and ex-
cited states of a bosonic or fermionic two-level system. The dissipative
dynamics are modeled by a Lindblad master equation quartic in the
field operators, which conserves the total particle number. We show
how Dicke superradiance and variants thereof emerge in this descrip-
tion. Further, we show how the effects of particle statistics diminish at
finite temperature and finite density, and the dynamics of distinguish-
able particles emerge.

Q94 Mon 1745 P4
Non-Equilibrium Dynamics and Metastable Behavior in
Strongly Coupled Atom-Light Systems — eSiMON BALTHASAR
JAGER!, AMENEH SHEIKHAN', CATALIN-Minalr HavraTi?, Luisa
TorLe!, and Corinna Korrata! — Physikalisches Institut, Uni-
versity of Bonn — ?Max Planck Institute for the Physics of Complex
Systems, Dresden

We investigate the open quantum dynamics of interacting bosonic
atoms described by the Bose-Hubbard model under strong light-matter
coupling. In the slow-tunneling regime, we derive an effective rate
equation for the bosonic Fock states that accurately captures the long-
time atomic dynamics. This framework enables numerically efficient
simulations and uncovers pronounced metastable behavior, including
long-lived transients and bistable atom-light configurations. By com-
paring the stationary state to thermal ensembles, we identify parallels
and deviations arising from interatomic interactions and dissipative
light-matter coupling. Our results reveal non-equilibrium phenomena
generated by the interplay of strong interactions and dissipation in
open quantum systems.
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Q9.5 Mon 18:00 P4
Identifying the limitations of the Born-Markov approxima-
tion in spin-phonon bath system — eMoHAMED BELHASSEN',
GREGOR PiepLow!, and TiMm ScHRODER!? — 'Humboldt-Universitét
zu Berlin, Berlin, Germany — 2Ferdinand-Braun-Institut, Berlin, Ger-

many

Diamond color centers are a promising platform for quantum infor-
mation processing. In particular, we focus on group-IV vacancies as
candidates for implementing long-lived quantum memories. To better
understand phonon-induced decoherence, we study the quantum mas-
ter equation of the system including spin-phonon interactions at finite
temperature. Due to the complexity of this problem, this equation
is typically derived under the Born-Markov approximation. However,
this approximation leads to a significant discrepancy between theo-
retically predicted and experimentally measured coherence times. In
this work, we aim to improve the theoretical prediction by analyzing
the validity of the Born-Markov approximation and comparing it with
non-Markovian approaches.

Q9.6 Mon 18:15 P4
Spontaneous emission dynamics in topological quantum emit-
ter chains — eJoNATHAN STURM and ADRIANA PALFFY — Julius-
Maximilians-Universitdt Wiirzburg

Quantum emitter arrays are a powerful platform enabling tailored con-
trol of quantum optical phenomena, like super- and subradiance or ef-
ficient photon storage. Since state-of-the-art experimental techniques
allow the realization of almost arbitrary lattice structures, a natural
question is what physical effects arise if the lattice has nontrivial topol-
ogy.

We theoretically study the spontaneous emission dynamics in quan-
tum emitter chains with Su-Schrieffer-Heeger geometry similar to the
ones studied in [1]. By solving the quantum master equation, we in-
vestigate how the presence of protected edge modes can be utilized to
enhance the properties of the emitted light. Our studies pave the way

Q 10: Quantum Technologies
Time: Monday 17:00-19:00

Q 10.1 Mon 17:00 P 5
Photon-number resolved characterization of a type-II SPDC
light source — eUmair A. Mir!2, Oskar Konout!?, CAR-
Los SeEviLLALZ, and FaBIAN STEINLECHNER!'2 — lInstitute of Ap-
plied Physics IAP, Friedrich Schiller University, Jena, Germany —
2Fraunhofer Institute of Applied Optics and Precision Engineering
IOF, Jena, Germany

Squeezed light sources have become important resources for applica-
tions in quantum information processing areas. Spontaneous paramet-
ric down conversion (SPDC) is the most widely used method to gen-
erate squeezed states of light. In a type-II SPDC process, the signal
and idler photons are orthogonally polarized, and when they are of the
same wavelength, the output state corresponds to a two-mode squeezed
vacuum (TMSV) state. The signal and idler modes are then perfectly
correlated and entangled in the photon-number basis, which can be
directly probed via joint photon statistics (JPS) measurements using
a photon-number-resolving (PNR) detector. In this work, we measure
JPS of type-II apktp and ppktp crystals serving as SPDC sources using
a commercially available PNR detector with up to four photon resolu-
tion. From the measured statistics, we estimate the overall squeezing
gain and transmission losses via a loss model that minimizes the de-
viation between simulated and experimental JPS, providing an alter-
native characterization method to conventional homodyne detection.
Furthermore, we discuss how JPS measurements can offer insights into
the spectral composition of more general SPDC-generated light, where
each spectral mode corresponds to an independent TMSV state.

Q 10.2 Mon 17:15 P 5
Spectro-Temporal Study of Photon Pairs from a Lithium
Niobate Waveguide Resonator — eSTEFAN KazMAIER and Kalsa
Laino — Deutsches Zentrum fiir Luft- und Raumfahrt (DLR), Institut
fiir Quantentechnologien, Wilhelm-Runge-Strafte 10, 89081 Ulm

Lithium niobate is one of the most widely used platforms for gen-
erating photon pairs, usually called signal and idler, via parametric

for optimized single-photon sources [2] and topologically protected
mirrorless lasing [3].

[1] J. Sturm and A. Palffy, Phys. Rev. Research 7, L032069 (2025)
[2] Y. Wang et al., npj Quantum Inf 10, 13 (2024)
[3] A. Bychek et al., Phys. Rev. Lett. 135, 143601 (2025)

Q9.7 Mon 18:30 P 4
Observing time-dependent energy level renormalization in
an ultrastrongly coupled open system — eFLORIAN HASSE,
FRrREDERIKE DOERR, ToB1As SPANKE, DEVIPRASATH PALANI, ULRICH
WARRING, ALESSANDRA CoLLA, HEINZ-PETER BREUER, and ToBIAS
ScHAETZ — Institute of Physics, University of Freiburg, Hermann-
Herder-Str. 3, 79104 Freiburg, Germany

Understanding how strong coupling and memory effects influence en-
ergy levels in open quantum systems is a fundamental challenge. Here,
we experimentally probe these effects in a two-level open system cou-
pled to a single-mode quantum environment, using Ramsey interfer-
ometry in a trapped ion. Operating in the strong coupling regime, we
observe both dissipative effects and time-dependent energy shifts of up
to 15% of the bare system frequency, with the total system effectively
isolated from external environments [1]. These dynamic shifts, likely
ubiquitous across quantum platforms, arise solely from ultra-strong
system-mode interactions and correlation build-up and are accurately
predicted by the minimal-dissipation Ansatz [2]. Our approach identi-
fies these as generalised Lamb shifts, matching conventional predictions
on time-average. We provide experimental fingerprints supporting the
Ansatz of minimal-dissipation, thereby suggesting it as a testable quan-
tum thermodynamics framework and establishing a foundation for fu-
ture benchmarks in strong-coupling quantum thermodynamics and re-
lated technologies.

[1] Colla, A., Hasse, F., et al., Nat. Commun. 16, 2502 (2025).

[2] Colla, A. and Breuer, H.-P., Phys. Rev. A 105, 052216 (2022)
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down-conversion (PDC). Here we characterize a commercially avail-
able type-II periodically-poled lithium niobate waveguide (PPLN-WG)
with highly reflecting end-facets forming a resonator at the PDC wave-
lengths. We measure conventional key figures of merit of our PDC
source, including the coincidence-to-accidentals ratio (CAR), Klyshko
efficiencies, and the temporal profile of signal and idler. Furthermore,
by independently measuring the optical path length difference of sig-
nal and idler, we additionally extract the phasematching bandwidth,
the group delay, and the resonators cluster spacing [1]. These results
provide a comprehensive performance assessment of the device and
support its use in quantum optics and integrated photonics applica-
tions.

[1] Kazmaier and Laiho, Phys. Scr. 100, 081502 (2025).

Q 10.3 Mon 17:30 P 5
Extracting pairs of time-bin entangled photons from reso-
nance fluorescence — e XINxIN Hu, GABRIELE MARON, LUKE MaAs-
TERS, ARNO RAUSCHENBEUTEL, and JURGEN VoLz — Department of
Physics, Humboldt Universitat zu Berlin, 10099 Berlin, Germany

Photon-photon entanglement and photon antibunching are fundamen-
tal manifestations of the quantum nature of optical light fields, but are
typically regarded as distinct phenomena. Here, we experimentally
demonstrate that pairs of narrow-band time-bin entangled photons
can be naturally extracted from resonance fluorescence. We split the
collected fluorescence of a single trapped atom on a 50:50 beamsplit-
ter, resulting in strong temporal correlations between photons at the
beamsplitter outputs. A time-bin coincidence between the two output
modes then projects their state onto a maximally entangled Bell state.
This entanglement is evidenced by violating the CHSH-Bell inequality
as well as by reconstructing the density matrix of the photon pair.
Importantly, we show that the entanglement persists both for weak
and strong excitation of the emitter. Our results establish resonance
fluorescence as an efficient source of time-bin entangled photon pairs,
i.e., a practical and scalable resource for quantum communication and
photonic quantum technologies.
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Q 10.4 Mon 1745 P 5
Deterministic single ion implantation of Er into thin film
lithium niobate — eMARANATHA ANDALIS, REINER SCHNEIDER, and
Kraus D. JoNs — Institute for Photonic Quantum Systems (PhoQS),
Center for Optoelectronics and Photonics Paderborn (CeOPP) and
Department of Physics, Paderborn University, 33098 Paderborn, Ger-
many

Incorporating rare-earth ions (REISs) into lithium niobate-on-insulator
(LNOI) is of great interest for scalable photonic integrated circuits
(PICs), as it enhances the functionality of LNOI with the unique prop-
erties offered by REIs. Erbium ions can be introduced into LNOI
through ion implantation, enabling device operation at telecom wave-
lengths. In our setup, the ion implanter achieves an 85% implanta-
tion efficiency using secondary electron emission detection for single
ion Er implantation into LNOI. The results presented here provide an
overview of the most recent advancements in this topic.

Q 10.5 Mon 18:00 P 5

Narrowband frequency-entangled photon source based on

a whispering gallery resonator — eYEN-Ju CHEN!2, SHENG-
Hsuan Huanc!?2, THomas DirMmEIERD?2, Kaisa Lamo®, DMITRY
V. STrREKALOVZ, ANDREA AIELLo?, Gerp Lrucus'?, and

CHRISTOPH MARQUARDT?'! — 1Chair of Optical Quantum Tech-
nologies, Friedrich-Alexander-Universitit Erlangen-Niirnberg, Staudt-
strasse 7/A3, 91058, Erlangen, Germany — ?Max Planck Institute for
the Science of Light, Staudtstrasse 2, 91058 Erlangen, Germany —
3German Aerospace Center (DLR e.V.), Institute of Quantum Tech-
nologies, Wihelm-Runge-Str. 10, 89081, Ulm, Germany

Frequency-entangled photons have emerged as a powerful tool for ad-
vancing quantum technologies, such as sensing. While the genera-
tion of highly-nondegenerate frequency-entangled photons have been
achieved using non-resonant parametric down-conversion (PDC), the
realization of narrowband frequency-entangled states remains an ex-
perimental challenge due to the complexity associated with the optical
cavity design and control. In this work, we report the realization of a
highly-nondegenerate frequency-entangled photon source based on res-
onant PDC in a whispering gallery resonator (WGR). This approach
overcomes existing limitations by leveraging total internal reflection
within spherical geometries. Moreover, this WGR device facilitates
the generation of a high-brightness photon source, further enhancing
its use for quantum applications.

Q 10.6 Mon 1815 P 5
Synchronizing the generation of SPDC photons with a
storage loop eXAVIER Barcons Pranasb2, HeLEN M.
CHRZANOWSKIZ2, S1avaAsH QODRATIPOURZ, Fuap HADDAD!'3, ZoORrRA
Kurz'3, and Janik Worrers!3%5 — 1German Aerospace Center,
Berlin, Germany — 2Humboldt-Universitiat zu Berlin, Berlin, Ger-
many — 3Technische Universitét Berlin, Berlin, Germany — *Einstein
Center Digital Future, Berlin, Germany — ®AQLS UG (haftungs-
beschréankt), Berlin, Germany

Heralded spontaneous parametric down-conversion (SPDC) is one of
the most mature techniques for producing pure single photons. De-
spite the probabilistic nature of SPDC photon-pair generation, par-
allelization of photon creation events through multiplexing can boost
the probability of photon generation [1]. In the temporal degree of
freedom, a switchable loop storage cavity has been studied [2,3]. Here,
we present a monolithic cavity heralded SPDC single-photon source
[4] and demonstrate time-multiplexed photon synchronization using
a fiber optical storage loop. The achieved low loop roundtrip loss

(<12%) and synchronization across 20 time bins result in substantial
enhancements in the n-photon synchronized rates, while the multipho-
ton contamination increases only slightly. This approach is therefore
promising for photonic quantum information processing.

[1] E. Meyer-Scott et al., Rev. Sci. Instrum. 91, 041101 (2020)

[2] T. Pittman et al., Phys. Rev. A 66, 042303 (2002)

[3] F. Kaneda et al., Optica 2, 1010 (2015)

[4] X. B. Planas et al., (in preparation)

Q 10.7 Mon 18:30 P 5
Reducing Dark Counts in SNSPDs through Optical
Shielding Designs and an On-Chip SiN Polarisation
Beam Splitter within the MultiQomm Project — oCEsar
BerTOoNT Ocampol2:3 ConNOoR A. GraHAM-ScorTh23 JANIS
AveErBECK!23 and CARSTEN ScHuck!23 — IDepartment for Quan-
tum Technology, University of Miinster — 2Center for NanoTechnology
- CeNTech, Miinster — 3Center for Soft Nanoscience - SoN, Miinster

Photonic integrated circuits (PIC) hold great potential for realizing
scalable architectures for future quantum networks, as they allow for
realizing single-photon counting, routing and state discrimination on
reproducible chips. However, low-noise detection and polarization
management present important practical challenges on otherwise well
established nanophotonic platforms, such as silicon nitride (SiN) on in-
sulator. Here we report on the integration of superconducting nanowire
single photon detectors (SNSPDs) with SiN-waveguides that approach
< 1 cps dark count rate through locally shielding dedicated areas of
a PIC. Moreover, we develop nanophotonic devices that allow for dis-
tinguishing transverse electric and magnetic polarization with > 15
dB extinction ratio and straightforwardly integrate with SNSPDs and
polarization-agnostic 3D-printed fiber-chip interfaces. Making polar-
ization sensitive nanophotonic functionalities and single photon de-
tectors with low dark count rate available on SiN-PICs enables novel
realizations of quantum key distribution receivers and quantum com-
munication systems.

Q 10.8 Mon 1845 P 5
Generation of polarization-entangled Bell states in mono-
lithic photonic waveguides by leveraging intrinsic crystal
properties — TREVOR VRokovNik!2, DENNIS ARSLAN', FaLk
EiLENBERGER!2, and eSEBAsTIAN ScHMITT!'2 — lFraunhofer In-
stitute for Applied Optics and Precision Engineering IOF, Albert-
Einstein-Str. 7, 07745 Jena, Germany — 2Institute of Applied Physics,
Abbe Center of Photonics, Friedrich Schiller University Jena, Albert-
Einstein-Str. 15, 07745 Jena, Germany

Advanced photonic quantum technologies-from quantum key distri-
bution to quantum computing-require on-chip sources of entangled
photons that are both efficient and scalable. This theoretical study
demonstrates the generation of polarization-entangled Bell states in
structurally simple waveguides by exploiting intrinsic nonlinear-crystal
properties, eliminating the need for elaborate phase-matching schemes
based on spatial modulation. We derive general criteria for the second-
order susceptibility tensor that enable cross-polarized photon-pair gen-
eration via spontaneous parametric down-conversion in single-material
waveguides and categorize all birefringent, non-centrosymmetric crys-
tal classes accordingly. Using coupled-mode theory, we numerically
analyze cuboid waveguides made from lithium niobate and barium
titanate. Barium titanate consistently outperforms lithium niobate,
offering higher nonlinear efficiency and high concurrence over a much
broader spectral range. These findings outline a practical path to-
ward efficient, fabrication-friendly, and scalable sources of polarization-
entangled photons for integrated quantum photonic circuits.

Q 11: QuanTour | — Single Photons & Foundations

Inspired by QuanTour, the traveling quantum-dot light source, the sessions QuanTour I-V focus on the
physics of quantum light generation in solid-state systems and applications in quantum networks.

Time: Monday 17:00-19:00

Q11.1 Mon 17:00 P 7
QuanTour - Combining excellence in Research and Science
Communication — eDoris REerter! and Tosias HErINDEL?
1Condensed Matter Theory, TU Dortmund University, Germany —
2Department of Quantum Technology, University of Miinster, Ger-
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QuanTour is the unique journey of a quantum emitter across Europe
and the World. Since April 2024, this globe-trotting quantum emitter
has been connecting researchers and the public through a collabora-
tive scientific and outreach initiative. At each stop, the single-photon
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purity of the same emitter was characterized via Hanbury Brown and
Twiss correlation measurements. We compare the results obtained in
the European labs and discuss its relevance for the standardization
of measurements in quantum technologies. In addition, we summa-
rize the outreach activities associated with QuanTour, discussing their
reach and impact. This collaborative effort demonstrates how scientific
networks can be leveraged for effective and innovative science commu-
nication.

Q11.2 Mon 17:15 P 7
QuanTour at PTB: a metrologist‘s perspective — eHRISTINA
GeorciEVAl, Lisa Quack!, Marco Lérez!, STEFAN Kiick!, Lucas
RickerT?, Doris REITER?, and Tosias HeinDEL? — !Physikalisch-
Technische Bundesanstalt, Braunschweig, Germany — 2Technische
Universitét Berlin, Berlin, Germany — 3Technische Universitéit Dort-
mund, Dortmund, Germany — 4Department fiir Quantentechnologie,
Universitdt Miinster, Miinster, Germany

QuanTour is an outreach project in which a quantum emitter is sent
to different universities and research institutions worldwide, enabling
comparative measurements on the same chip. We present the results
obtained at PTB. We measured the emission spectrum, the decay time
and the excitation-power-dependent 9(2)(0) value of the single-photon
emitter based on a quantum dot in a circular Bragg grating. The
core of our self-built confocal microscope is a set of high-transmission
spectral filters. In contrast to the common use of a monochroma-
tor for the spectral filtering, this approach provides high count rates
at the single-photon detector, while maintaining a low multiphoton
probability. Moreover, consistent with observations from other project
partners, we measured a tenfold improvement of the 9(2)(0) under
p-shell excitation compared with non-resonant excitation. This com-
bination of high photon flux and low g(2)(0) is particularly relevant
for the calibration of single-photon detectors. In addition, the demon-
strated robustness and durability of the quantum emitter throughout
the project is highly valuable for ensuring reliable and reproducible
measurements in the field of quantum metrology.

Invited Talk Q11.3 Mon 17:30 P 7
Quantum radiometry metrology for quantum photonics tech-
nologies — eANGELA GaMouras!, MarcoLm WHITEZ, NATHAN
TomLIN?, MICHELLE STEPHENS®, JOHN LEHMANS, PHILIP PooLE!,
DaN Daracul, and RoBiN WiLLiams! — INational Research Council
Canada, Ottawa, Canada — 2University of Colorado Boulder, Boul-
der, USA — 3National Institute of Standards and Technology, Boulder,
USA

Quantum photonics technologies are transitioning from research pro-
totypes to widely adopted tools in laboratories and industry. Quan-
tum photonic integrated circuits - devices that combine single-photon
sources, detectors, and other components on a single chip - are now
integral to quantum networking and computing hardware. Accurate
characterization of single-photon sources and single-photon detector ef-
ficiencies are essential for verifying and validating system performance.
However, these measurements remain a persistent challenge. Current
characterization methods typically rely on standard optical power me-
ters and attenuated laser sources to calibrate detector efficiency. In this
presentation, we introduce quantum radiometry techniques designed to
meet the demands of quantum photonics systems. We describe an ul-
tra sensitive radiometer chip capable of measuring the optical power
emitted by a quantum dot single-photon source. This approach en-
ables direct source characterization, which can be extended to assess
on chip components. Our measurement technique shows the feasibility
of implementing optical power metrology for quantum dot emitters,
enabling the validation and testing of quantum photonic technologies.

Q 11.4 Mon 18:00 P 7
Advances in Quantum Light Generation for Quantum Com-
munication at Telecom Wavelengths — eROBERT BEHRENDS!,
Lucas Rickert!, PratiM K. Sanal, Mareike Lacu!, MARTIN V.
HewerseN!, NiLs D. Kewrrz!, Davip Becker!, JocHEN Kaupp?,
Yorick Rreum?, Tosias Huser-LovorLa?, Sven HoOrLING?, AN-
DREAS PFENNINGZ, and Tosias HEINDEL? — lInstitute of Physics
and Astronomy, Technical University Berlin, Hardenbergstrafe 36,
10623 Berlin, Germany — 2Technische Physik, Physikalisches Insti-
tut and Wiirzburg-Dresden Cluster of Excellence ct.qmat, Universitat
Wiirzburg, Am Hubland, 97074 Wiirzburg, Germany — 3Department

for Quantum Technology, Univeristat Miinster, Germany

We present an ultra-fast quantum dot (QD) single-photon source in the
telecom C-band, based on InAs/InAlGaAs QD integrated in a circular
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Bragg grating cavitiy. We observe record-short biexciton decay time of
T1=68 ps under resonant two-photon-excitation (TPE), which allows
us to generate highly indistinguishable single photons at clock rates >
1 GHz. The two-photon interference visibility of photons emitted via
the biexciton-exciton transition was measured in a Hong-Ou-Mandel-
type experiment to be 92.4% and 82.6% at clock rates of 100 MHz
and 2.5 GHz, respectively. Applying stimulated TPE in the telecom
C-Band for the first time, we show that the photon indistinguishabil-
ity can be further enhanced for exciton photons. Our results show
promises to advance QD-based implementations of quantum cryptog-
raphy to unprecedentedly high clock rates at wavelengths suitable for
large-scale fiber-optic networks.

Q11.5 Mon 1815 P 7
Enhanced Exciton Dynamics in Free-Standing TMD Hetero-
bilayers — eMARAH ALQEDRA and IBRAHIM SARPKAYA — National
Nanotechnology Research Center, Bilkent University, Ankara, Turkey

Atomically thin transition-metal dichalcogenide (TMD) van der Waals
heterobilayers enable the formation of spatially indirect interlayer ex-
citons (IXs), with electrons and holes residing in different layers, offer-
ing long exciton lifetimes and a permanent electric dipole, promising
for valley/spin physics and quantum-optical applications. Substrate-
supported heterostructures, however, often experience substrate-
induced disorder and environmental coupling that degrade IX photo-
luminescence (PL) emission and reduce optical quality. To overcome
these limitations, we prepared suspended heterobilayers free from sub-
strate interaction. Low-temperature PL and time-resolved PL mea-
surements show a strong enhancement of IX emission in suspended
heterobilayers compared to conventional supported samples. This in-
dicates suppression of non-radiative losses and environmental dephas-
ing, improving excitonic optical performance, a step toward realizing
high-quality 2D-material emitters and quantum-optical devices.

Q11.6 Mon 1830 P 7
Wigner functions of pure photonic states emitted by quantum
dot sources — eHUBERT LaMm!, PETR STEINDL!, YANN PORTELLAL,
JuaN R. Awarez?, KIARN LAVERICK3, ANTON PisHcHAGINY, THI
Huonc Au?, SEBASTIAN BoissiEr?, ARISTIDE LEMAITRE!, ALEXIA
Avurrives®, Dario A. Fiorerrol?, and PASCALE SENELLART-
Marpon! — 1Centre de nanosciences et de nanotechnologies,
Palaiseau, France — 2Télécom Paris, Palaiseau, France — 3MajuLab,

Singapore — “Quandela, Massy, France

Semiconductor quantum dots are excellent on-demand single-photon
sources. Coupled to optical cavities, they emit pure, indistinguish-
able photons at high rates. While such sources have mainly been used
for discrete-variable photonic quantum information processing, their
ability to generate complex non-Gaussian states and provide strong
single-photon nonlinearity positions them as promising resources for
continuous-variable (CV) protocols as well.

We take a first step toward using cavity-coupled quantum dots as
CV resources. We measure the Wigner functions of single-photon and
photon-number superposition states from our emitter, achieving puri-
ties above 90 %. This is enabled by adapting homodyne-like displace-
ment techniques to the high-brightness regime of our source.

These results demonstrate that quantum-dot sources can be har-
nessed for the generation and engineering of non-Gaussian states and
pave the way for continuous-variable quantum information processing
with optical solid-state emitters.

Q11.7 Mon 1845 P 7
Pulsed to continuous wave microcavity-quantum dot
(in)coherent dynamics — eM1o PoorrvLIET and WOLFGANG LOF-
FLER — Leiden Institute of Physics, Leiden University, Leiden, The
Netherlands

Semiconductor quantum dots are a promising single photon source,
when excited correctly. We focus on resonant excitation, this allows
coherent control and is flexible to implement. The response from the
quantum dot is well understood for continuous wave excitation, where
a stream of single photons is produced without well-defined time-bins.
Using pulsed excitation light with a pulse length shorter than relevant
QD decoherence times is also well understood, population inversion
above 50% can produce one photon per time bin deterministically.

In this experiment, we study a charged InGaAs quantum dot in a
polarization-split monolithic micro-cavity and excite it using a custom
pulse generator enabling pulse lengths from 20 ps to many times the
QD lifetime. With this, we investigate how the cavity-quantum dot
system behaves under various excitation conditions, from pulsed to
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continuous-wave, and for different quantum dot and laser detunings.
We measure the characteristic chevron pattern of Rabi oscillations,
modified by cavity field enhancement and cavity-QD hybridization.
We are able to reproduce this data accurately by careful simulation.

By simultaneously measuring the second order correlation function we
observe how the photon statistics oscillate between anti-bunched and
bunched, and by chaning the detuning we measure significant bunching
likely from a single photon subtracted coherent state.

Q 12: Quantum Computing and Simulation Il

Time: Monday 17:00-18:45

Invited Talk Q 12.1 Mon 17:00 P 10
Topological pumping and quantum information — eKoNRAD
VieBAHN, YANN KIEFER, ZuE Zuu, Lars FiIScHER, MARIUS
GACHTER, GiacoMmo Bisson, SamueL JeLE, Lisa PETERs, and
TiLMAN EsSLINGER — Institute for Quantum Electronics, ETH Zurich,
Switzerland

Topological pumps provide a powerful method for transporting parti-
cles with remarkable precision by slowly and cyclically modulating a
lattice potential. This transport is topologically protected - a feature
it shares with the quantum Hall effect - making it inherently robust
against noise and experimental imperfections.

In this talk, I will introduce a novel paradigm of this concept: moving
beyond the transport of individual particles to the pumping of qubits
carrying quantum information. Our experiments, which employ ul-
tracold fermions in dynamical optical lattices [1,2], demonstrate the
coherent transport of not only single atoms but also entangled Bell
pairs over hundreds of lattice sites. This capability allows us to per-
form fundamental quantum computations during transport, including
high-fidelity two-qubit gates. I will show how we can chain these op-
erations together to build non-local quantum circuits and generate
complex entanglement patterns across the lattice.

[1] Zhu et al. PRX (2025), Splitting and connecting singlets in
atomic quantum circuits

[2] Kiefer et al. arXiv:2507.22112, Protected quantum gates using
qubit doublons in dynamical optical lattices

Q 12.2 Mon 17:30 P 10
Benchmark of transport-induced motional excitations in an 8-
qubit quantum processor — ePuiL Nuscuke!, Roprico Munoz!,
TerEsA MEINERs!, BricITTE KaUuNE!, and CHRISTIAN OSPELKAUS!:2
— nstitut fiir Quantenoptik, Leibniz Universitdt Hannover, Welfen-
garten 1, 30167 Hannover, Germany — 2Physikalisch-Technische Bun-
desanstalt, Bundesallee 100, 38116 Braunschweig, Germany

We present a framework to analyse the effect of transport on the mo-
tional states of ions in a trapped-ion quantum processor. By decom-
posing the shuttling protocol into primitive operations, we can evalu-
ate their heating effects individually and combine results algebraically,
avoiding full simulations for entire trajectories. We benchmark this
method on an 8-qubit quantum processor, integrating the cost of mo-
tional operations at the compiler level.

Q 12.3 Mon 17:45 P 10
A dual-species Rydberg array for distributed quantum
information processing eADRIEN Bouscar'?3, MuLral
Sampangih 234 Max GewaLp!23, Prr SteinmETzZ!234, BaLAzZS
Dura-Kovics?23, MeaMmer Oncti!23) Jacoro pe Santis!i?3,
DIMITRIOS VASILEIADIS!2:3:4 and Jonannes Zemerb23 — 1LMU
Miinchen, 80799 Miinchen, Germany — 2Max-Planck-Institut fiir
Quantenoptik, 85748 Garching, Germany — 3Munich Center for Quan-
tum Science and Technology, 80799 Miinchen, Germany — 4Technische
Universitdt Miinchen, 85748 Garching, Germany

Quantum error correction requires ancilla qubits that can be replen-
ished, reset, and read out mid-circuit without disturbing the data
qubits. A dual-species architecture enables these capabilities through
element-selective optical addressing with inherently low crosstalk. We
report on the design of a compact dual-element source for a hybrid
tweezer array combining rubidium (Rb) and ytterbium (Yb) coupled
to an optical cavity. An atomic beam of Yb from an effusion cell is
trapped in a 2D MOT after being slowed in a short Zeeman slower,
whose magnetic field gradient is produced by the 2D MOT permanent
magnets. From this transversely-cooled beam, a 3D MOT and tweezers
will be loaded in a separate science cell. We also plan to implement con-
tinuous reloading of Rb qubits via transport with an optical conveyor
belt from a distant 3D MOT. This platform enables interfacing logi-
cal quantum processors with optical modes and opens perspectives for
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fast feedback, long-lived nuclear-qubit memories, quantum networking,
and distributed quantum information processing.

Q 12.4 Mon 18:00 P 10
Mediated Gates and Quantum Cellular Automata in a
Dual-Species Rydberg Array — eALEXANDER IMPERTROLZ,
Rvan WaiTe!2:3, Ka Hur Goun!?, VikraM RAMESH3, SHRADDHA
ANAND?, and HaNNEs BERNIENT:23 — lInstitute for Quantum Op-
tics and Quantum Information, 6020 Innsbruck, Austria — 2University
of Innsbruck, 6020 Innsbruck, Austria — 3University of Chicago and
Pritzker School of Molecular Engineering, Chicago, IL 60637, USA

A key challenge in scaling up quantum processors and simulators is
the need to implement individual qubit control in a resource-efficient
yet performant manner. Rydberg arrays consisting of two distinct
atomic species are a particularly promising platform to achieve this
goal, with independent addressing and readout transitions enabling
selective qubit control as well as mid-circuit operations. In this talk,
we present how such a dual-species architecture allows the execution
of a broad class of quantum circuits using only simple global con-
trol. Formulated in the framework of quantum cellular automata, we
leverage discrete pulse sequences based on high-fidelity interspecies-
mediated gates to prepare Bell, GHZ and cluster states, which we can
additionally grow into graph-like states with longer-range connectiv-
ity. Moreover, the versatile Rydberg interaction landscape provided
by two atomic species opens up the possibility to perform long-range
multi-qubit gates. Together, these results showcase how dual-species
processors enable a highly efficient use of control resources, enhance
scalability and thus pave the way for the next generation of quantum
information and simulation experiments.

Q 12,5 Mon 18:15 P 10

Measurement Based Quantum Computing with Trapped-
Ion Qudits — eTiM GOLLERTHAN!, ALENA RomaNova?, PETER
TirLER!, MaNUEL Joun!, KesHav Pareek!, Lisa ParicGer!,
RAPHAEL Poroczek!, TiMo SpaLEk!, Lukas GERSTER!, MICHAEL
MeTta!, WoLrcang DURrR?, and MARTIN RINGBAUER! — Institut fiir
Experimentalphysik, Universitiit Innsbruck, Austria — 2Institut fiir

Theoretische Physik, Universitdt Innsbruck, Austria

Measurement-based quantum computing (MBQC) is a leading model
for quantum computation. In contrast to the circuit model, it exploits
highly entangled universal resource state, on which computations are
driven by local measurements. This allows for blind quantum com-
puting as a secure technique for cloud-based quantum computing and
facilitates stabilizer error correction codes. MBQC has been imple-
mented in a variety of platforms, including photonic and trapped-ion
quantum hardware in recent years. However, the vast majority of work
is restricted to qubit-based cluster states. Employing multi-level infor-
mation carriers instead has the potential to elevate MBQC to a new
level of potential, since qudit systems feature a more extensive gate set,
enhanced efficiency in encoding and computation as well as more com-
plex entanglement structures. In consequence, resource states that
extend beyond the well-known qubit cluster state, can be harnessed
for MBQC. The presentation will report on the exploration of Qudit-
MBQC with a state-of-the-art trapped-ion quantum processor.

Q 12.6 Mon 18:30 P 10
Integrated generation of photonic graph states for
measurement-based quantum computing e JELDRIK
HusTer"2, Louts Honmann®2, and STErFANIE Barz!2 — lInstitute
for Functional Matter and Quantum Technologies, University of
Stuttgart, 70569 Stuttgart, Germany — 2Center for Integrated Quan-
tum Science and Technology (IQST)

Photonic quantum devices have been used to demonstrate a broad
range of quantum applications, namely quantum computation, commu-
nication and network applications. Essential for the scaling to higher
qubit numbers, are integrated solutions in the telecom band, due to
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their small footprint, high phase stability and low loss connectivity.
Most photonic implementations rely on multipartite entangled states,
especially graph states. Here, we present our recent progress on a sili-
con on insulator photonic chip for the generation of graph states with
up to four qubits. We generate four-qubit Greenberger-Horne-Zeilinger
(GHZ) and linear graph states with fidelities of over 83% and 75%,

respectively. These states are used to show photonic measurement-
based quantum computing (MBQC). We demonstrate single-qubit and
two-qubit gates as well as the implementation of Grover’s search and
Deutsch’s algorithm. This is made possible by the chip’s high cou-
pling efficiency to single modes fibres and reconfigurability via tuneable
beam splitter and phase shifters.

Q 13: Nuclear Clocks

Time: Monday 17:00-19:00

Q 13.1 Mon 17:00 P 11
Setup for Laser Excitation of the 229Th Nucleus in a Cryo-
genic Environment — eFLORIAN ZAcHERL!, LENNART GurhZ,
JAN-HENDRIK OELMANN2, ANANT AcarRwaLZ?, Tosias HELDTZ,
KEERTHAN SUBRAMANIAN!, SRINIVASA PRADEEP ARASADA!, VALERII
Anprivsukov3 4, K Zuanag!, Yumiao Wanc!®, Darius FENNER!,
Josgé R. Crespo L6PEz-URruTIAZ, CHRIsTOPH E. DOULLMANNDS4
Dwmrtry Bupker!b346 THorsTEN ScHumMM?, FERDINAND SCHMIDT-
KaLER!, and LAars voN DER WENsE! — !Johannes Gutenberg Uni-
versity Mainz, Germany — 2Max-Planck-Institut fiir Kernphysik, Hei-
delberg, Germany — 3Helmholtz Institute Mainz, Germany — 4GSI
Helmholtzzentrum fiir Schwerionenforschung, Darmstadt, Germany
— 5Fudan University, Shanghai, China — %University of California,
Berkeley, USA — "Vienna University of Technology, Austria

The low isomeric energy level of only 8.4 eV in 229Th places the tran-
sition wavelength in the vacuum-ultraviolet (VUV) and therefore pro-
vides the unique opportunity to excite it with optical lasers. The
described setup aims to excite the nuclei of Th** ions in a Th : CaF5
crystal at around 148 nm with a VUV frequency comb. The crystal
is placed and excited in a He cryogenic environment to probe for tem-
perature dependent transition frequency shifts as well as variations in
decay time at very low temperatures down to 4 K.

This work is supported by the BMFTR Quantum Futur II Grant
Project NuQuant (FKZ 13N16295A) and DFG Project TACTICa
(grant agreement n0.495729045).

Q 13.2 Mon 17:15 P 11
Commissioning of a Low-Energy Ion Beamline for Fu-
ture 22°Th Nuclear Clock Applications Using a Cs Ion
Source as a Proxy — eSRINIVASA PRADEEP ARASADAL, FLORIAN

ZACHERL', VALERII ANDRIUSHKOVZ3, KEERTHAN SUBRAMANIAN!,
Jonas Stricker!?, Kr Zuaang!, Yumiao Wanc'?, Darius
FENNER!, FERDINAND ScHMIDT-KALER!, DwmITRY BUDKER!2:3:5,

1

CurisTorH E. DULLMANN'23 and LArRs vON DER WENSE

1Johannes Gutenberg Universitit Mainz, Germany — 2Helmholtz In-
stitute Mainz, Germany — 3GSI Helmholtzzentrum fiir Schwerionen-
forschung GmbH, Darmstadt, Germany — 4Fudan University, Shang-
hai, China — ®University of California, Berkeley, USA

The development of a 229Th nuclear clock requires robust methods for
extracting and preparing low-energy thorium ion beams. As a criti-
cal step toward this goal, we report the successful commissioning of a
new ion beamline, comprising a buffer-gas stopping cell for thermal-
ization and an RFQ ion guide for beam cooling. Using a stable cesium
beam as a proxy for future 229Th experiments, we have established
and optimized the complete ion transport sequence. A MCP detec-
tor provided clear evidence that the ions were successfully extracted,
guided, and detected. This work validates the core functionality of
the apparatus and establishes the necessary baseline for subsequent
efficiency measurements and the future integration of a 233U source
at the University of Mainz. This project is supported by the BMFTR
Quantum Futur II Grant Project *NuQuant*(FKZ 13N16295A) and
DFG Project *TACTICa*(grant agreement no.495729045).

Q 13.3 Mon 17:30 P 11
Towards lifetime measurement of the nuclear clock isomer
229mTh3+ via hyperfine laser spectroscopy in a cryogenic Paul
trap — eGrorc HovrrHorr, KEVIN ScHARL, TAMILA TESCHLER,
DANIEL MoRITZ, MARKUS WIESINGER, and PETER G. THIROLF —
Ludwig-Maximilians-Universitdt Miinchen

The Thorium-229 isomer with its uniquely low lying 8.4eV nuclear
excited state is the so far most promising candidate for a nuclear fre-
quency standard (‘nuclear clock’). Due to the long lifetime of the
excited state (ca. 2000 s in vacuum, expected to be measured pre-
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cisely in our experiment), thus low emission rate, and ca. 148.4 nm
VUV wavelength of the emitted photon, direct fluorescence detection
is extremely difficult in the trapped ion approach. At LMU Munich,
determining if nuclear excitation of 229*Th3% in our cryogenic Paul
trap has occurred will therefore be performed via a double-resonance
method as proposed in 2003 by Peik et al. For this we discuss pre-
dictions of the hyperfine structure of the ground and isomeric state
as well as the isomer shift. Ongoing experimental work on hyper-
fine spectroscopy of sympathetically laser-cooled 229" Th3+ will also
be presented. The choice of hyperfine transitions to differentiate the
two states and the influence of their addressing scheme is discussed
for both 690 nm and 984 nm lasers. Furthermore, experimental re-
sults for different hyperfine addressing schemes using EOMs driven by
voltage controlled oscillators (VCOs) are discussed. Supported by the
European Research Council (ERC): Grant 856415.

Q 13.4 Mon 17:45 P 11
A cryogenic Paul trap for spectroscopy of the nuclear clock
isomer 229mTh3+t — eMaRrkus WIESINGER, GEORG HOLTHOFF,
KEevIN ScHARL, TaAMILA TESCHLER, DANIEL MoRITZ, and PETER G.
TuIROLF — Ludwig-Maximilians-Universitdt Miinchen

The 22°Th nucleus has the unique property of an extremely low lying
isomeric first excited state (denoted 229Th). With an excitation en-
ergy of 8.356 eV — corresponding to a wavelength of 148.4 nm — and
an expected lifetime of the ionic thorium isomer in vacuum of about
2000 s, the isomeric state can be directly excited with laser light from
state-of-the-art VUV laser systems. Consequently, 229Th is the ideal
candidate for a nuclear optical clock. Furthermore, the nuclear clock
transition has an about 103 times larger sensitivity to time variation
of the fine structure constant compared to transitions in other atoms.

While the isomeric state was recently directly excited with laser light
in 229Th doped CaF2 and other solid-state crystals, the nuclear clock
project at LMU focusses on the trapped ion approach with laser-cooled
229Th3+ | which features suitable electronic transitions for fast nuclear
state readout and extremely low systematic uncertainties.

This talk will give an overview of the cryogenic Paul trap appara-
tus routinely applied for sympathetic laser-cooling of 229(m) Th3+ jons
embedded in mixed-species 229(m) Th3+ /88Sr+ Coulomb crystals. We
will show simultaneous fluorescence imaging of trapped 88Sr* ions at
422 nm and 229Th3* ions at 690 nm using two cameras, laying the
foundations for measuring the lifetime of 229 Th3+ in vacuum and for
quantum state readout after VUV excitation of the nuclear transition.

Q 13.5 Mon 18:00 P 11
Towards Continuous-Wave Laser Excitation of the Th-229
Nuclear Isomer Sympathetically Cooled with Ca Ions —
oKE Zuanc!, VALERII ANDRIUSHKOVZ3, Yumiao Wanc!, DAR-
s FeENNER!, KEERTHAN SUBRAMANIANY, FLORIAN ZACHERL!,
SRINIVASA PRADEEP ARasapal, Jonas Stricker!2, CHRISTOPH
E. DurLumann®23 Dwitry Bupker!b234 FERDINAND SCHMIDT-
KaLer!, and Lars voN DER WENsE! — !Johannes Gutenberg Uni-
versity Mainz, Germany — 2Helmholtz Institut Mainz, Germnay —
3GSI Helmholtzzentrum fiir Schwerionenforschung — 4Department of
Physics, University of California, Berkeley, USA

We investigate an experimental scheme for the continuous-wave laser
excitation of the nuclear isomeric state in 229Th3*. Thorium recoil
ions are extracted from a radioactive source, mass-selected to obtain
purified 229Th3*, and injected into a linear Paul trap via an RF
quadrupole guide. Inside the trap, the 229Th3% ions are sympathet-
ically cooled through Coulomb interaction with sub-Doppler-cooled
40Ca™T ions, reaching the motional ground state in the Lamb-Dicke
regime. A continuous-wave laser stabilized to the expected nuclear
transition energy will coherently drive the isomeric transition. This
approach aims to demonstrate the feasibility of precision nuclear spec-
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troscopy in a sympathetically cooled trapped-ion system, enabling the
way for ion-based nuclear optical clocks and advancing fundamental
research in nuclear and atomic physics. The work is supported by
the DFG Project TACTICa (grant agreement no. 495729045) and the
BMFTR Quantum Futur IT Project NuQuant (FKZ 13N16295A).

Q 13.6 Mon 18:15 P 11
A solid-state VUV laser at 148.4 nm for the 229mTh
nuclear clock — eKEERTHAN SUBRAMANIAN', NuTaN KUMARI
San', FLORIAN ZACHERL', SRINIVASA PRADEEP ARASADA!, VALERII
Anpriusukov?3, Yumiao Wanc!, K Zuancg!, Darius FENNER!,
Gaurav Jual, Jonas StrickeEr' 23, CurisToPH E. DULLMANNT2:3,
Dwmitry Bupker!b2:34 FErDINAND ScHMIDT-KALER!, and Lars
voN DER WENsE! — 1Johannes Gutenberg Universitit Mainz —
2Helmholtz Institut Mainz — 3GSI Helmholtzzentrum fiir Schweri-

onenforschung — 4University of California, Berkeley

The recent laser excitation of 229 Th has ushered in a new era with
the prospect of building a nuclear clock with unprecedented stabil-
ity and susceptibility to the variation of fundamental constants. A
continuous-wave (cw) clock laser at 148.4 nm is indispensable for the
realization of such a clockwork based 229™Th.

BaMgF4 (BMF) is a suitable candidate for second harmonic gener-
ation (SHG) due to its second order non-linearity, high VUV trans-
parency and ferroelectric properties making it amenable to periodic
poling (pp). In order to reach reasonable powers, ppBMF is placed
inside an enhancement resonator and intracavity SHG is performed.
The projected powers make it a viable scheme for the realization of a
compact all solidstate cw laser necessary for the realization of a solid-
state as well as a single-ion nuclear clock. Recent progress towards this
goal will be presented. This work is supported by BMFTR Quantum
Futur II Grant NuQuant under grant agreement no FKZ 13N16295A.

Q 13.7 Mon 18:30 P 11

Design and optimization of a VUV beamline for nu-

clear laser excitation of a single 229Th3t ion — eTamiLa

TescHLER!, GEorG Horrnorr!, DANIEL MoriTz!, KEVIN ScHARL!,

Markus WIESINGER!, JoHANNES WEITENBERG?, STeEPHAN H.
WissENBERGZ, and PeTER G. THiROLF! — !Ludwig-Maximilians-

Universitit Miinchen (LMU) — 2Fraunhofer Institute for Laser Tech-

nology (ILT), Aachen

Direct frequency-comb spectroscopy represents an advanced technique
for achieving narrowband nuclear laser excitation. Within an ERC
Synergy project, a VUV frequency comb developed at Fraunhofer ILT
will be combined with a cryogenic Paul trap system at LMU Munich
to enable the excitation of the isomeric state in 229Th using laser
radiation at A ~ 148 nm. This is a major milestone toward the imple-
mentation of a nuclear clock based on the unique nuclear properties
of the nuclear isomer 229Th, enabling highly precise timekeeping and
providing insights into new physics beyond the Standard Model. The
approach relies on frequency-comb interrogation of a single, sympa-
thetically laser-cooled 229™Th3* ion. To ensure sufficient excitation
probability, a VUV focus diameter of about 3 um is required, imposing
strict limitations on the optical beamline design to minimize aberra-
tions and transmission loss. The procedures for the design and opti-
mization of a VUV beamline from the VUV laser source to the trapped-
ion environment will be presented. Funding: Thorium Nuclear Clock
ERC Synergy project, Grant Agreement No. 856415.

Q 13.8 Mon 18:45 P 11
Towards nuclear laser excitation of 229Th ijons — eVISHAL
LaL, S. SacarR Maurvya, GREGOR ZITZER, NIELS IRwWIN, Jo-
HANNES TiEDAU, MAKsSIM V. OKHAPKIN, and EKKEHARD PEIK —
Physikalisch-Technische Bundesanstalt, Braunschweig

The recently demonstrated laser excitation of low-energy nuclear tran-
sition in 229Th using table-top laser systems, has opened prospects for
a new generation of optical clocks based on a nuclear transition. Since
the nucleus itself is much smaller, much less polarizable and very well
shielded by the electrons around, the effect of external electric fields
and field gradients are expected to be significantly smaller compared to
electronic transition used in most of the state-of-the-art optical atomic
clocks (trapped ions and optical lattice clocks). The laser excitation of
the nucleus can be detected efficiently in a double-resonance method
by probing the hyperfine structure of a transition in the electron shell.

‘We here report our experimental setup and advances in laser excita-
tion of the 229Th nucleus and relevant hyperfine structure suitable for
nuclear spectroscopy in buffer gas cooled of 229Thl*, 229Th2+ and
sympathetically laser cooled 22°Th3* ions.

Q 14: Precision Spectroscopy of Atoms and lons | (joint session A/Q)

Time: Monday 17:00-19:00

Invited Talk Q 14.1 Mon 17:00 N 3
Isotope shifts and population dynamics in neutron-rich
Mgt measured with MIRACLS — eKoNsSTANTIN MoHR for the
MIRACLS-Collaboration — GSI Helmholtzzentrum fiir Schwerionen-
forschung

The Multi Ion Reflection Apparatus for Collinear Laser Spectroscopy
(MIRACLS) combines a multi-reflection time-of-flight (MR-ToF) de-
vice and collinear laser spectroscopy (CLS) to overcome the current
sensitivity limits of fluorescence-based collinear laser spetroscopy. By
multiple ion-photon interactions in the MR-ToF device, the MIRACLS
setup at the ISOLDE facility at CERN enables CLS studies of short-
lived radioactive isotopes far from stability with very low yields, such
as 34Mg.

Simultaneous collinear and anticollinear spectroscopy of the D; and
Do transitions in 24~34Mg* ions has been performed, with particu-
lar interest on 33:34Mg at the island of inversion. To extract isotope
shifts — and thus probe shape coexistence driven by intruder states
around the N=20 shell — a detailed understanding of the population
dynamics within the hyperfine structure of the odd isotopes is essen-
tial. The resulting complex line shapes were disentangled and the
effects of population redistribution quantified through rate-equation
based simulations.

In this contribution, we discuss the distinctive features of the MIR~
ACLS approach and experimental challenges associated with multiple
photon-ion interactions. Furthermore, first results of the isotope shifts
of the Mg isotopic chain will be presented.

Q14.2 Mon 17:30 N 3
Precision calculation of the bound-electron g factor in molec-
ular hydrogen ions — eOssama KULLIE! 2

, Huco NOGUEIRAZ,
and JEAN-PHILIPPE KArRR?3 — 1Theoretical Physics at Institute
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for Physics, University of Kassel, Germany — 2Laboratoire Kastler
Brossel, Sorbonne Université, CNRS, ENS-Université PSL, College de
France, 4 place Jussieu, F-75005 Paris, France — 3Université Evry
Paris-Saclay, Boulevard Frangois Mitterrand, F-91000 Evry, France

In this work [1], we present calculations of the bound-electron g-factor
for a wide range of rovibrational states in the ground electronic state
(1s0) of the molecular hydrogen ions H;r and HD*. Relativistic and
QED corrections of orders up to a® are taken into account. All contri-
butions are calculated in a nonrelativistic QED framework, except for
relativistic corrections of order (Za)* and above, which are obtained by
calculating the relativistic g-factor using a precise solution of the two-
center Dirac equation with FEM [2]. A relative accuracy of ~ 10711
is achieved for the scalar g-factor component, with an improvement by
more than three orders of magnitude over previous calculations. These
results are useful for internal state identification and rovibraional spec-
troscopy of single molecular hydrogen ions in Penning traps, and open
a new avenue towards precision tests of QED. Finally, a comparison
with experimental result of high-precision Penning-trap spectroscopy
of the ground-state spin structure of HD' [2] is given. [1] Ossama
Kullie, Hugo D. Nogueira and Jean-Philippe Karr, Phys. Rev. A 112,
052813 (2025). O. Kullie et. al., Phys. Rev. A 105, 052801 (2022). [3]
Charlotte M. Konig et. al., Phys. Rev. Lett. (2025) under review.

Q 14.3 Mon 1745 N 3
Hyper-EBIT: The development of a source for very highly
charged ions — eLuca YANNIK GEISSLER, MATTHEW BOHMAN,
FaBian Heissg, PHILIPP JusTus, ANTON GRAMBERG, JONATHAN
MORGNER, CHARLOTTE MARIA KONIG, JiaLin Liu, José Ramon
Crespo LopPEz-URRUTIA, SVEN STURM, and KrLaus BLaum — Max-
Planck-Institut fiir Kernphysik, 69117 Heidelberg

Quantum electrodynamics (QED) is considered to be the most suc-
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cessful quantum field theory in the Standard Model. Its most precise
test follows from the comparison of the measured g-factor of the free
electron and its prediction by QED. While this comparison tests QED
at small electromagnetic field strengths, highly charged ions (HCI) al-
low performing a similar test at much stronger fields. In HCI, only the
innermost electron(s) remain, which experience strong electric fields of
up to 1016 Clm due to the vicinity of the electrons and the nucleus. An
experiment that enables such precision studies is ALPHATRAP[Sturm
et al., EPJST 227, 1425 (2019)], a cryogenic Penning-trap setup dedi-
cated to measuring the bound-electron magnetic moments of HCIs with
high precision. The most stringent test of the bound-electron g-factor
performed by ALPHATRAP to date was conducted with hydrogen-like
tin[Morgner et al., Nature 622, 53 (2023)|. To extend these high-field
tests to heavier HCIs, such as g; (208Pb81+), an electron-beam ion trap
(EBIT), the Hyper-EBIT, was built at MPIK to produce such ions. It
is designed to provide electron-beam energies of up to 300 keV and
beam currents of up to 500 mA. This contribution presents the latest
developments and current status of the Hyper-EBIT.

Q 14.4 Mon 18:00 N 3
Magneto-optical trapping of Zinc — eLukas MOLLER, FELIX
WALDHERR, and SIMON STELLMER — Universitdt Bonn, Germany

Laser-cooling and trapping of neutral atoms is a widely used technique
in contemporary atomic physics. The element zinc, an alkaline-earth-
like metal, is a promising candidate for a new optical clock. Work on
zinc also motivates the development of new cw-laser sources in the UV
range, since its strong cooling transition lies at 213.9 nm. We report
magneto-optical trapping of all 5 stable isotopes of Zinc, as the first
step towards spectroscopy of the clock transition.

Q 14.5 Mon 18:15 N 3
Isotope shifts of the 1Sy — 3P intercombination line in zinc
— oFELIX WALDHERR, LUKAs MOLLER, and SIMON STELLMER —
Universitdt Bonn, Germany

Zinc is a promising element for optical precision measurements due to
its low black-body radiation sensitivity. We study the intercombina-~
tion line at 308 nm using Doppler-free spectroscopy in a thermal zinc
vapor. A narrow-linewidth, frequency-stabilized laser system enables
the determination of resonance frequencies for all stable isotopes. The
resulting isotope shifts offer a basis for future work in nuclear structure.
In addition, the 308 nm transition is of direct relevance for laser-cooling
schemes, where it can serve as a narrow second-stage cooling transition
following the strong 214 nm cooling line.

Q 14.6 Mon 18:30 N 3

Towards the first 1S-2S Measurement in Atomic Tritium
— oHENDRIK ScHURG and RaNDpoLF PoHL — Johannes Gutenberg-
Universitat Mainz, Institut fiir Physik, QUANTUM & Exzellenzcluster
PRISMA T, Mainz, Germany

Laser spectroscopy is an effective method for obtaining high-precision
results for the root-mean-square charge radii of nuclei. Here, we out-
line a route towards the first measurement of the 1S-2S interval in
atomic tritium — giving access to the triton charge radius through the
hydrogen-tritium 1S-2S isotope shift. Our approach relies on a com-
pact radio-frequency discharge cell that will safely confine the radioac-
tive tritium gas and enables optogalvanic detection of the resonant
excitation to the 2S state via the laser-induced perturbation of the
plasma’s impedance. So far, we have demonstrated Doppler-free inter-
modulated optogalvanic spectroscopy of the hydrogen Balmer-8 fine
structure components near 486 nm. For the two-photon 1S-2S transi-
tion at 243 nm, we analyze expected line shifts and broadenings, and es-
timate an optogalvanic signal strength based on a collisional-radiative
plasma model. Achieving the required laser intensity will involve the
integration of the discharge cell into a deep-uv enhancement cavity.

Q 14.7 Mon 18145 N 3
Continuation of Laser-Based HV Measurements at COALA
— eHENDRIK BobpNAR, KRrisTIAN KONIG, and WILFRIED NORTER-
SHAUSER — Institute for nuclear physics, TU Darmstadt

The ALIVE experiment at the Collinear Apparatus for Laser spec-
troscopy and Applied sciences (COALA) at TU Darmstadt aims to
measure high voltages in the tens-of-kilovolts range with ppm preci-
sion. Conventional techniques rely on voltage dividers that reduce the
high-voltage to about 10V. A drawback of these dividers, however,
is the time-dependent drift of their division ratio. In contrast, the
ALIVE experiment determines the high-voltage via the Doppler-shift
of a transition line in an ion, which has been accelerated using the
high-voltage under investigation. Therefore, the ion beam is superim-
posed with a laser beam and the laser frequency is adjusted to excite
the ions. When the rest-frame transition frequency and the labora-
tory laser frequency are known and measured with sufficient accuracy,
respectively, the voltage experienced by the ions can be calculated.

The best precision achieved so far with this approach was 5 ppm [1].
This limitation originated mainly from the design of the acceleration
region and its influence on the ion beam. The new design of the acccel-
eration region and first measurements will be presented. Funding from
the DFG under project number 461079926 and support under project
ID 279384907-SFB 1245 is acknowledged.

[1] Krémer et al., Metrologia 55 268, (2018)

Q 15: Precision Mass Spectrometry (joint session MS/Q)

Time: Monday 17:00-19:00

Invited Talk Q 15.1 Mon 17:00 N 6
Pushing the Boundaries at FRIB: High-Precision Mass Mea-
surements Near The Driplines — eFRANZISKA MARIA MAIER,
Scort CampBELL, HANNAH ERINGTON, CHRISTIAN IRELAND, and
Rvyan RinGgLE — FRIB, USA

With new radioactive-ion-beam facilities such as FRIB becoming op-
erational, the properties of nuclei in close proximity to the driplines
are coming within reach of high-precision measurements. Within the
last two years, at a fraction of FRIB’s ultimate beam intensity, we used
the LEBIT facility to successfully perform Penning-trap mass measure-
ments of 22A1 [1], 1011038 [2,3] and 23Si [4]. These masses provide
insights into the smoothness of the mass surface, help assess isospin
symmetry breaking and offer valuable anchor points for nuclear models
- especially for predicting properties near the driplines, where exper-
imental data remain scarce. As FRIB ramps up its beam intensity,
the production of many more nuclei will enable new and exceptional
research opportunities. However, the short half-lives of many of these
nuclei pose challenges for Penning-trap mass spectrometry. To over-
come these, we are developing MR-ToF devices at FRIB, that will also
expand FRIB’s mass separation capabilities [5,6].

[1] S. Campbell et al., PRL 132, 152501 (2024)

[2] C.M. Ireland, F.M. Maier et al., PRC 111, 014314 (2025)

[3] C.M. Ireland et al., arxiv.org/abs/2510.11815

[4] F.M. Maier et al., PRC 112, 014329 (2025)

[5] F.M. Maier, C.M. Ireland et al., arxiv.org/abs/2509.16428
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[6] C.M. Ireland, F.M. Maier et al., arxiv.org/abs/2510.11741

Q152 Mon 17:30 N6
A Laser-Ablation Ion Source for the ISOLTRAP Experiment
— oPauL FLoRIAN GIESEL for the ISOLTRAP-Collaboration — Uni-
versitiat Greifswald, Institut fiir Physik, Greifswald, Germany

ISOLTRAP is a precision mass spectrometer at ISOLDE/CERN ded-
icated to measure the masses of short-lived radionuclides far from sta-
bility. It utilizes both multi-reflection time-of-flight (MR-ToF) [1] and
Penning-trap mass spectrometry [2-4]. Conversion of the resulting
mass values into nuclear binding energies provides insights into the
underlying nuclear forces and structures.

All measurements at ISOLTRAP rely on suitable reference ions.
This contribution will present the laser-ablation ion source (LAIS),
developed to supply a versatile set of reference species produced from
various target materials, including e.g. carbon-cluster ions or alu-
minum and bismuth ions. This enables flexible calibration across a
broad mass range. Beyond delivering reference ions, this source facil-
itates characterization studies of the ISOLTRAP setup, which can be
performed in combination with an alkali ion source. An example is
the investigation of space-charge effects in the MR-ToF analyzer with
13012015 and 33Cst ions as well as the formation of hydrides and
oxides in the ISOLTRAP RFQ cooler-buncher.

[1] Wolf R. N. et al., Int. J. Mass Spectrom. 349-350:123-133 (2013)

[2] M. Konig, et al., Int. J. Mass Spectrom. 142, 95 (1995)
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[3] S. George, et al., Int. J. Mass Spectrom. 264, 110 (2007)
[4] S. Eliseev, et al., Phys. Rev. Lett. 110, 082501 (2013)

Q 15.3 Mon 1745 N6
High-precision Q-value measurements for neutrino physics
using the JYFLTRAP Penning trap — eJouNi RUOTSALAINEN!,
ErLina  KauppINEN', MaxiME MouceoTr!, Tommr ERONEN!,
ANU KANKAINEN!, Jouni SunoNeEND2] Vikas Kumar!, MAREK
STrRyjczyk!, MarRLoM Ramaruo!, Zuuance Gr!', and JennI
KotiLa23 — 1University of Jyvaskyla, Department of Physics, Ac-
celerator Laboratory, P.O. Box 35(YFL) FI-40014 University of Jy-
vaskyla, Jyviskyld, Finland — 2International Centre for Advanced
Training and Research in Physics (CIFRA), P.O. Box MG12, 077125
Bucharest-M#gurele, Romania — SFinnish Institute for Educational
Research, University of Jyvaskyld, P.O. Box 35, Jyvaskyla FI-40014,

Finland

In this contribution, I will present the results and conclusions of the
precise Q-value measurements of the 11°Ag™ beta decay, and 1°*Ru
and 22Sn double-beta decays, and the utilized JYFLTRAP double
Penning trap system at the University of Jyvaskyld, Finland. These
nuclides are possible candidates for future experiments studying the
mass of the neutrino and whether the neutrino is its own antiparti-
cle. In collaboration with the nuclear theory group at the University
of Jyvéaskyla, the half-lives of the decays were calculated to determine
the feasibility of observing these decays. While the ''9Ag™ was de-
termined to be a suitable candidate for neutrino mass measurements,
the half-lives of 194Ru and 122Sn neutrinoless double-beta decay were
estimated to be too long for the decays to be observed with current
experimental sensitivity.

Q 15.4 Mon 18:00 N 6
High-Precision Mass Measurements of Actinides at TRIGA-
Trap for Nuclear Structure Studies — oTANVIR SAYED!,
Kraus Braum!, MicHAEL Brock?34, Burcu CAKIRLI!, STANISLAV
CueNMAREV!, CurisTorn DorLmann?34  Sziarp Nacy!, and
Dennis ReNiscn?3 — Max-Planck-Institut fiir Kernphysik, Heidel-
berg, DE — ?Helmholtz-Institut Mainz, DE — 3Department Chemie
- Standort TRIGA, Mainz, DE — 4GSI Helmholtzzentrum fiir Schw-

erionenforschung, Darmstadt, DE

Actinides encompass an important region of the chart of nuclides with
great relevance in nuclear and astrophysics research. The TRIGA-Trap
experiment — set-up in the TRIGA research reactor hall at the Univer-
sity of Mainz — involves high-precision mass measurements of heavy ra-
dioactive nuclides, in particular actinides, with a double Penning-Trap
mass spectrometer [1,2]. Recent measurements include nuclides in the
Pu isotopic chain namely 238Pu, 239Py, 240Py, 242Pu. The precise
masses can be used to compute mass filters, such as Sz, (two-neutron
separation energies), to explore nuclear structure in heavy, deformed
nuclei as well as test predictions from present nuclear shell models.
This presentation will provide an overview of the current status of
the experiment, discuss recent results along with their application in
nuclear structure evaluation, and outline future prospects.

References: [1] J. Ketelaer et al. Nucl. Instrum. Meth. A 594,
162-177 (2008). [2] S. Chenmarev, S. Nagy, J.J.W. van de Laar et al.
Eur. Phys. J. A 59(2), 29 (2023).

Q 15.5 Mon 18:15 N6
Mass measurements of neutron-deficient nuclides close to the
N = Z line with the FRS Ion Catcher — eN1vED KEEPPALLI' and
GaBirReLLA K.Koncz!? for the Super-FRS Experiment-Collaboration
— MI. Physikalisches Institut, Justus-Liebig-Universitat GieRen, Ger-
many — 2School of Physics and Astronomy, University of Edinburgh,
United Kingdom

Mass measurements near the N = Z line were performed with the
multiple-reflection time-of-flight mass spectrometer (MR-TOF-MS) at
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the FRS Ton Catcher at GSI Darmstadt. The MR-TOF-MS enables
high precision mass measurements of exotic species having few ms half-
life and low production cross sections (~nb), with high mass resolving
power (10%) and accuracy (dm/m = 1078).

In this contribution, results from the measurement campaigns car-
ried out near the N = Z line will be presented, including the first
direct mass measurement of %3Pd, the one-proton-decay daughter of
the (214) isomer in °*Ag, reducing the mass uncertainty by an or-
der of magnitude. The results indicate that the excitation energies of
the parent states responsible for the one-proton (1p) and two-proton
(2p) decays in ?4Ag differ by 10 standard deviations, pointing towards
an incompatibility in the previously reported decay scheme of the 1p
and 2p branches. Moreover, the possibility of the existence of two
structurally different, high-spin states in °*Ag, feeding the 1p and 2p
decay branches was studied, performing state-of-the-art shell-model
and mean-field calculations.

Q 15.6 Mon 18:30 N6
Recent mass measurements and the first application of mass-
selective re-trapping at ISOLTRAP — eDaNIEL LaNcE for
the ISOLTRAP-Collaboration — Max-Planck-Institut fiir Kernphysik,
Heidelberg, Germany

The IsoLTRAP mass spectrometer [1], located at ISOLDE/CERN,
performs high-precision mass measurements of short-lived, exotic nu-
clides far from stability. These measurements provide direct access to
nuclear binding energies, which reflect the underlying nuclear interac-
tions and enable studies in nuclear structure and nuclear astrophysics,
among others. Precision mass measurements at the ISOLTRAP mass
spectrometer are performed using various ion traps, including a tan-
dem Penning-trap system and a multi-reflection time-of-flight mass
spectrometer (MR-ToF MS). The latter is particularly well-suited for
both efficient mass separation and fast, precise mass measurements.
In this contribution, recent mass measurements of neutron-deficient
cadmium isotopes in the direct vicinity of the doubly-magic self-
conjugate '99Sn nucleus will be presented. Furthermore, the advance-
ments in ion purification with the first application of the mass-selective
re-trapping technique [2], enabled by a newly implemented mini-RFQ
following the MR-ToF MS, will be shown. Based on the mass mea-
surement of neutron-rich argon using this technique, the feasibility of
low-yield experiments in the presence of extremely abundant isobaric
contamination and its limitations will be demonstrated.

[1] Lunney, D. et al., J. Phys. G: Nucl. Part. Phys. 44, 064008 (2017)
[2] Dickel, T. et al., J. Am. Soc. Mass Spectrom. 28, 1079-1090 (2017)

Q 15.7 Mon 1845 N6
Schottky -+ Isochronous Mass Spectrometry: Methodology
and Results (on behalf of the Experimental Storage Ring Col-
laboration) — eDavip FREIRE FERNANDEZ — University of Cologne,
Cologne, Germany

We present a detailed account of Schottky-+Isochronous Mass Spec-
trometry (S+IMS), a novel experimental technique for high-precision
nuclear measurements in heavy-ion storage rings. This hybrid method
combines the isochronous mode of the GSI-ESR with non-destructive,
time-resolved resonant Schottky detectors. We describe the experi-
mental setup, ring tuning procedures, and data analysis workflow. The
technique achieves a mass resolving power enabling the separation of
isomers with excitation energies down to 100 keV.

To demonstrate the method’s capabilities, we present high-precision
mass measurements from recent experimental campaigns. These re-
sults determine nuclide masses with uncertainties in the keV range,
confirming most literature values while revealing significant deviations
and improved precision for specific cases, such as 72As and 69As. This
work details the methodological foundation for the recent observation
of the two-photon decay of 72Ge (Phys. Rev. Lett. 133, 022502) and
establishes S+IMS as a powerful tool for exploring short-lived isomers
across the nuclear landscape.
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Q 16: Ultracold Matter Il — Fermions (joint session Q/A)

Time: Tuesday 11:00-13:00

Q 16.1 Tue 11:00 P 2
Quantum gas microscopy of three-flavor Hubbard systems
— oJaN DEPPE!, JIRAYU MONGKOLKIATTICHAI?, L1ivyu Liu?, SoHAIL
DascupTa®, KapEN R. A. Hazzarp®, and PETER ScHauss!:2
Hnstitute for Quantum Physics, University of Hamburg — 2University
of Virginia — 3Rice University

This talk will highlight our recent published results at our quantum
gas microscope. We demonstrate site- and flavor-resolved imaging of
three-component Fermi gases in the Hubbard regime. Extending be-
yond the SU2 case, three-flavor systems allow access to a wide range of
novel exotic quantum phases relevant for models of quantum chromo-
dynamics in lattices. Using the three lowest hyperfine states of Li 6,
we realize a balanced mixture in a 2D square lattice with individually
tunable interactions for all three flavor pairs.

Our measurements reveal the formation of three-flavor Mott insu-
lators, flavor-selective localization, and selective pairing, observed at
temperatures approaching the tunneling scale. Flavor-resolved detec-
tion enables reconstruction of pairing correlations, including both on-
site and nearest-neighbor contributions, and allows us to directly de-
tect triply occupied sites (triplons), which remain stable despite strong
interactions. By exploiting full interaction control via Feshbach reso-
nances, we map out the phase diagram of the three-flavor Fermi sys-
tem, identifying regimes of flavor-selective pairing, competing attrac-
tive pairing, and the Mott-insulating regime.

Finally, it will shortly present the relocation of the experiment from
Charlottesville, USA, to Hamburg, Germany and its current state.

Q16.2 Tue 11:15 P 2
Spectroscopy of excitons and spin-waves in an optical su-
perlattice — eJoHANNES OBERMEYERD2, PETAR Bojoviéh?2, Si
Wang!2, MARNIX BARENDREGT!2, DoroTHEE TELLYZ, IMMANUEL
Brocu!23, and Trrus Franz!:2 — 1Max-Planck-Institut fiir Quan-
tenoptik, Garching, Germany — 2Munich Center for Quantum Sci-
ence and Technology, Munich, Germany — 3Ludwig-Maximilians-
Universitat, Miinchen, Germany

In our quantum gas microscope, we load a balanced spin mixture of
fermionic Li-6 atoms into a single plane of a 3D optical superlattice.
Our precise individual control of the long and short lattice amplitudes
allows to create bound doublon-holon (Mott exciton) and spinon exci-
tations via lattice amplitude modulation. Depending on the structure
of the superlattice, excitations of s-, p- and d-orbital kind are possible.
Further, through controlled quenches of a Mott insulator state with
Heisenberg spin interactions, we can access dynamical correlation maps
of bimagnon-like bound states using time-resolved measurements.

Q 16.3 Tue 11:30 P 2
Quantum engine and thermometry in the BEC-BCS
crossover — oFELIX LANG, ALEXANDER GUTHMANN, Louisa KINES-
BERGER, ELEONORA Liprp1, and ARTUR WIDERA — RPTU University
Kaiserslautern-Landau, 67663 Kaiserslautern, Germany

Heat engines have become an integral part of our lives, as they allow
us to turn heat into physical work. Quantum heat engines can run
at higher efficiencies than their classical counterparts [1]. Our plat-
form uses ultracold quantum gases of 6Li in a harmonic trap along
the crossover from a Bardeen-Cooper-Schrieffer (BCS) superfluid to a
Bose-Einstein condensate (BEC) allowing us to utilize quantum statis-
tics of fermions and bosons to perform work in a thermodynamic engine
cycle.

In this talk, we present experimental results on the engine’s efficiency
over a large parameter space spanned by temperature and interaction
strength. A key component of our analysis is thermometry based on
the virial expansion of the Fermi gas. Our results demonstrate a ver-
satile route toward exploring quantum thermodynamics in strongly
interacting many-body Fermi systems.

[1] Koch, J. et al. A quantum engine in the BEC-BCS crossover.
Nature 621, 723-727 (2023)

Q 16.4 Tue 11:45 P 2
Observation of an integer quantum Hall state of six fermions
— oJoHANNEs REITER, PaurL Hirn, Macies GALkA, and SELIM
JocHim — Physikalisches Institut, Univeristdt Heidelberg, Deutsch-
land
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Location: P 2

Integer and fractional quantum Hall states underpin the understanding
of topological phases of matter featuring exotic macroscopic properties
such as the quantization of the transverse resistivity and emergence of
robust edge currents. Expanding upon our deterministic preparation
of a spinful two-particle Laughlin state [PRL 133, 253401], we present
the recent observation of an integer quantum Hall state of six rapidly
rotating fermions confined in a tight optical tweezer. Momentum-space
imaging of the many body density reveals the hallmark uniform flatten-
ing of the particle density distribution. Through a differential time-of-
flight measurement in anisotropically shaped traps, we extract the 2D
current density indicative of the non-zero angular momentum in quan-
tum Hall states. This novel technique allows direct determination of
the angular momentum otherwise impossible to obtain from a density
measurement without prior assumptions of the state’s composition.

Our results not only demonstrate the scalability of our atom-by-
atom assembly technique of quantum hall states, but also introduce
a new method to directly measure angular momentum, opening new
avenues for probing the microscopic kinematics of topological phase
transitions.

Q 16.5 Tue 12:00 P 2
Local shielding of ground state wavefunctions during imag-
ing of lithium-6 — eDaNIEL Dux, ToBias HAMMEL, MAXIMILIAN
Kaiser, FINN LuBeNAU, TiM SCHIFFER, MATTHIAS WEIDEMULLER,
and SELIM JocHIM — Physikalisches Institut, Heidelberg, Germany

We present a technique to locally shield 6Li atoms during spin-resolved
fluorescence detection. By overlapping selected regions of the system
with a laser beam tuned near the 2P <> 35 excited-state transition at
813 nm, we induce substantial light shifts of the D2 imaging transition
due to the diverging polarizability close to the resonance. This shift
strongly suppresses fluorescence from illuminated atoms while leaving
the wavefunction unaffected, enabling selective shielding and thus local
readout of the surrounding system.

We combine this shielding method with our novel free-space imaging
scheme, which provides simultaneous, single-atom, spin-resolved detec-
tion. Together, these capabilities allow us to interrogate chosen subsets
of the system while protecting others from measurement backaction.
Integrating both modules into our modular experimental platform, the
Heidelberg Quantum Architecture [1], we realize deterministically pre-
pared few-body systems with programmable local readout.

[1]: T. Hammel, M. Kaiser, et al., Modular quantum gas platform,
Phys. Rev. A 111, 033314

Q 16.6 Tue 12:15 P 2
Ytterbium quantum gases under the microscope — ePHILIPP
Lunt!2, RiccaArRDO Panza?, SANDRA SBERNARDORI?, FABRIzZIO
BarBuio?, ALESSANDRO Muzi FaLcont?, MATTEO MARINELLIZ?, and
Francesco Scazza? — Universitit Heidelberg, Physikalisches Insi-
tut, Im Neuenheimer Feld 226 — 2ArQuS Laboratory, CNR Edificio

Q2, Trieste, Italy

In this talk, I will present the realization of a single-atom resolved
quantum gas of ultracold ytterbium atoms under the microscope. This
system provides a unique platform for exploring fermionic quantum
many-body physics at the single-atom level, featuring a long-lived
metastable state ideal for coherent qubit encoding and the simulation
of multi-orbital models. Central to this work is a fast, high-fidelity,
and low-loss single-atom imaging technique that enables atom re-use
in quantum processors and atomic clocks [1,2].

[1] O. Abdel Karim et al 2025 Quantum Sci. Technol. 10 045019 [2]
A. Muzi Falconi et al https://arxiv.org/abs/2507.01011 (2025)

Q 16.7 Tue 12:30 P 2
Overcoming Atom Loss During Cooling Utilizing Two-
Photon Repumping for Ytterbium — eMicuaeL Huser!:?,
ReNE ViLLELal:2, Er Zub2, Ronen Kroeze'?, and MONIKA
AELSBURGERD2  —  !Ludwig-Maximilians-Universitit — 2Max-
Planck-Institut fiir Quantenoptik

Neutral ytterbium atoms provide a clock state pair whose precise state-
dependent control enables a novel approach to quantum simulation
and computation. Enhanced, state-selective control can be realized by
leveraging magic and tune-out wavelengths. Additionally, these states
enable direct access to the 3D ground state via resolved sideband cool-
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ing. However , imperfect repumping efficiency during cooling leads
to a non-negligible population accumulating in the anti-trapped 3P2
state, causing losses. Here, we demonstrate a method to suppress this
loss channel by implementing a coherent two-photon transition from
3P0 to 3P1. We report a laser-stabilization scheme in which we use a
high finesse cavity transferring the stability from the clock laser to the
two-photon-repumping lasers. This approach provides robust control
of the repumping dynamics and substantially mitigates losses during
ground state cooling.

Q 16.8 Tue 12:45 P 2
Bound state in the continuum realized in ultracold gases —
eELEONORA LiPPI, ALEXANDER GUTHMANN, Louisa MARIE KIENES-
BERGER, FELIX LANG, and ARTUR WIDERA — Department of Physics
and Research Center OPTIMAS, RPTU University Kaiserslautern-
Landau, 67663 Kaiserslautern, Germany

Quantum mechanical interaction potentials typically support either
bound molecular states or unbound scattering states. An interesting

Q 17: Photonics
Time: Tuesday 11:00-13:00

Q17.1 Tue 11:00 P 3
Stable Optical Vortex Rings in Linear and Nonlinear Me-
dia — eZuamiLa KurLcunukoval and ANDREY SURzHYKOV!:?2
1Physikalisch-Technische Bundesanstalt, Bundesallee 100, D-38116
Braunschweig, Germany — Z2Institut fiir Mathematische Physik,
Technische Universitat Braunschweig, Mendelssohnstrasse 3, D-38106
Braunschweig, Germany

Vortex rings are fundamental to both classical and quantum physical
systems, from turbulent fluids to BECs. In optics, vortex rings are
quantized ring-shaped vortices with vanishing intensity at the core,
appearing as threads of darkness tied into a loop. Studying the nature
of optical vortex rings and ways of manipulating them opens novel
avenues for applications of structured light, i.e. optical tweezers, and
helps to uncover the underlying mechanisms of physical phenomena
not yet fully understood, such as quantum turbulence and spontaneous
knotting. In this talk, we theoretically investigate an experimentally
accessible system that exhibits stable vortex rings in vacuum and in
nonlinear (focusing and defocusing) Kerr media. We demonstrate that
the rings are not destroyed by symmetry-breaking and nonlinear ef-
fects, but instead undergo topological transformations of varying com-
plexity. Despite its simplicity, our system provides a useful framework
to study optical vortex rings and their dynamics. Moreover, it can
open new ways to investigate the fine structure of the light and its
applications in light-matter interactions.

Q17.2 Tue 11l:15 P 3
Active Electrically Switchable Polymer Metasurfaces for Mi-
croscope Imaging Functionalities — eDomINIK LUDESCHER!,
LEANDER SIEGLE', RoBERT Horvar!, Jonas HEersic!, PAVEL
Rucukal, Junqr Lu?, Marcos A. DaurLEm?, SABINE Lupwics?,
Mario HenTscHEL!, and HARALD GiesseEN! — 14th Physics Insti-
tute and Research Center SCoPE, University of Stuttgart, Germany
— 2TPOC - Functional Polymers, Institute of Polymer Chemistry, Uni-

versity of Stuttgart, Germany

Integrating dynamic functionalities into 3D-printed optical compo-
nents has remained a major challenge, leaving printed optics limited to
static behavior. Electrically tunable materials such as the conducting
polymer PEDOT:PSS offer a promising route toward adaptive, and
compact optoelectronic systems. A key bottleneck has been the high-
resolution patterning of PEDOT:PSS. However, we recently introduced
two direct nanofabrication strategies that overcome these limitations:
electron-beam-induced solubility modulation, and laser-based pattern-
ing using the same systems employed for two-photon polymerization
of optical resins. The latter method enables true nanoscale pattern-
ing and is fully compatible with 3D-printed micro-optics. Using these
techniques, we present a versatile integration scheme in which tunable
PEDOT:PSS structures are positioned either beneath or atop static
3D-printed elements. This hybrid platform enables voltage-controlled
transitions between dark-field and bright-field operation at CMOS-
compatible voltages from -2 V to +2 V. The approach establishes a
robust foundation for future reconfigurable photonic components.

exception are bound states in the continuum (BICs), localized quan-
tum states with energies well above the molecular dissociation thresh-
old that have no wavefunction overlap with free scattering states. In
1985, Friedrich and Wintgen (FW) proposed a mechanism to realise
such BICs in quantum systems through the interference of two Fes-
hbach resonances. Although BICs have largely been realised in clas-
sical systems, an unambiguous quantum-mechanical realisation based
on the FW mechanism has so far remained elusive. In this talk, we
present our experimental observations of the FW-BIC in an ultracold
Li-6 atomic gas. This is achieved through the interference of two
tunable Feshbach resonances induced by Floquet engineering, imple-
mented via strong magnetic-field modulation that generates additional
Feshbach scattering resonances with controllable positions and widths
[1]. We support our observation by full coupled-channel calculations.
Additionally, by an effective non-Hermitian Hamiltonian, we interpret
the state as a dark-scattering state, in analogy to electromagnetically-
induced transparency.
[1] Guthmann, A. et al., Sci. Adv.11, eadw3856 (2025)

and Biophotonics |
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Q173 Tue11:30 P 3
Controlling quantum noise through programmable nonlin-
ear optics — eMicHAEL HoropyNskib2, JAMISON SLoAN?%, SHIEKH
Upping!, YANNICK SALAMIN', MIcHAEL BIRK®, PAVEL SIDORENKO?,
Ipo KaMmINER®?, MARIN Sorjaciéh3, and NicmorLas Rivera®7 —
IDepartment of Physics, Massachusetts Institute of Technology —
2Photonics Institute, TU Wien — 3Research Laboratory of Electron-
ics, Massachusetts Institute of Technology — *E. L. Ginzton Labora-
tory, Stanford University — ®Department of Electrical and Computer
Engineering, Israel Institute of Technology — 8Department of Physics,
Harvard University — 7School of Applied and Engineering Physics,
Cornell University

Light fields are now routinely structured across many degrees of free-
dom (i.e., spatial, temporal, and spectral), enabling unprecedented
control over their classical properties. Although light’s quantum prop-
erties limit important applications such as communications, imaging,
and spectroscopy, an approach to shape the quantum statistical prop-
erties of light, such as correlations and noise, is missing. Here, we show
that combining wavefront shaping with optical nonlinearity offers an
unprecedented degree of control over the classical and quantum prop-
erties of light simultaneously. In our experimental demonstration, we
combine spatial light modulation with the nonlinear dynamics offered
by a multimode fiber to focus a region of high intensity, yet low noise,
at the output of the fiber. The fiber output has intensity noise 20 times
lower than what is achievable by linear means, and is at the quantum
shot-noise level despite a highly noisy input.

Q174 Tuellids P 3
Experimental implementation of thermalisation in a nonlin-
ear non-Hermitian optical lattice — eJuria Gorscu!, Josnua
Fris', ANDREA STEINFURTH!, SEBASTIAN WEIDEMANN!, GEORGIOS
G. PyriaLakos?, Marruias HeiNricH!, MERCEDEH KHAJAVIKHANZ
ALEXANDER SzaAMEIT!, and DEMETRIOS N. CHRISTODOULIDES2
Hnstitute of Physics, University of Rostock, Rostock, Germany —
2Ming Hsieh Department of Electrical and Computer Engineering,
University of Southern California, Los Angeles, California, USA

Optical thermodynamics has emerged as an efficient framework for de-
scribing and predicting the dynamics of strongly multimode, nonlinear
systems. Yet, in non-Hermitian settings, many of the theoretically pre-
dicted effects have remained experimentally unexplored. Here, we re-
port the first experimental observation of thermalisation in a nonlinear,
non-Hermitian optical lattice using a platform based on coupled opti-
cal fiber loops. This arrangement emulates light propagation in a one-
dimensional lattice by coupling two fiber loops of unequal length via a
beam splitter, thereby mapping pulse evolution onto a doubly discrete
(1+1)D lattice. Within this system, we engineer a pseudo-Hermitian
lattice whose non-Hermiticity arises from anisotropic nearest-neighbor
coupling, implemented via a tunable beam-splitting ratio combined
with amplitude modulation. Following excitation with a superposition
of eigenmodes, the system undergoes a clear thermalisation process -
despite its intrinsic non-Hermiticity - revealing a previously inaccessi-
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ble regime of non-Hermitian optical thermodynamics and opening the
door to further experimental investigations.

Q175 Tue 12:00 P 3
Loss-Minimized Incoherent Photonic Computing on a Mach-
Zehnder interferometer network — eKONRAD TscHERNIGLHZ,
MinawEl Yanc!2) FeLix KoOBLErR!, OkaN Akv0z!, LENNART
MANNTEUFFEL!, ENricO StorL!, and Janik WoLrERs!»?
ITechnical University of Berlin, Berlin, Germany. — 2CGerman

Aerospace Center (DLR), Berlin, Germany.

We present an algorithm for loss-minimized incoherent photonic mul-
tiplication of N-dimensional vectors with N X N matrices on standard
Clements Mach-Zehnder interferometer (MZI) meshes [1]. By apply-
ing arbitrary unitary transformations to incoherent light states, our
method avoids phase control and additional MZI blocks required by
the singular value decomposition in coherent schemes [2]. In compari-
son, the crossbar architecture [3] requires N times more optical energy
than our scheme to perform the same N X N matrix-vector multipli-
cation (MVM). Experimentally, we implement a 4 X 4 photonic MVM
and demonstrate an optical convolutional neural network for MNIST
classification. Utilizing our loss-minimized architecture, we aim to re-
duce the input intensity to the single photon regime to explore the
limitations from shot noise.

[1] Clements, William R., et al., Optica 3.12 (2016): 1460-1465.

[2] Shen, Yichen, et al., Nature photonics 11.7 (2017): 441-446.

[3] Feldmann, Johannes, et al., Nature 589.7840 (2021): 52-58.

Q176 Tue 12:15 P 3
Colloidal Self-Assembly for 3D Second-Harmonic Photonic
Crystals — eTuomas Kainz!, UrLe-Linpa Tarrs?, HELENA
WEIcaND?, RacHEL GraNce?, ULLricH STeEINER!, and Viora
VogLER-NEULING! — !Adolphe Merkle Institute and NCCR Bio-
inspired Materials, University of Fribourg, CH-1700 Fribourg, Switzer-
land — 2Institute for Quantum Electronics, Department of Physics,

ETH Ziirich, CH-8093 Ziirich, Switzerland

Three-dimensional nonlinear (second-harmonic) photonic crystals can
simultaneously generate different nonlinear processes. However, creat-
ing large crystals in all three dimensions presents a considerable chal-
lenge, primarily due to the chemical inertness of metal oxides. This
study presents the first demonstration of colloidal-crystal templating
into a second-order optical material. Self-assembled polystyrene opal
templates are infiltrated with barium titanate sol-gel, resulting in an
inverse fcc network of tetragonal barium titanate after calcination. Our
samples have unprecedented sizes (>3000 unit cells in x, y directions
and >100 in z) and reflectivity values above 80%. We engineered the
final linear photonic bandgap and measured the second-harmonic gen-
eration (SHG) over it, including its intensity under polarization and
its power dependence. We successfully replicated the photonic network
into a second-order material and demonstrated, for the first time, a lin-
ear photonic band gap from a fully scalable three-dimensional photonic
crystal made of a nonlinear optical material. We present the influence
of a stopband on the SHG generation, with edge enhancement and
inhibited spontaneous emission.

Q 17.7 Tue 12:30 P 3
Electric field-Induced second-harmonic generation in silicon-
rich nitride — eLAURIDS WARDENBERG, KRisHNA KoOUNDINYA
UpaDHYAYULA, and JORG ScHILLING — Institut fiir Physik, Martin-
Luther-Universitdat Halle-Wittenberg, Germany

Applying a DC electric field to PECVD-grown films of silicon-rich
nitride enables a voltage-controllable second-order susceptibility, giv-
ing rise to electric field-induced second-harmonic generation (EFISH).
From the quadratic scaling of the second-harmonic output with the
applied field, both the field-dependent and field-free second-order sus-
ceptibilities are experimentally extracted, reaching values comparable
to those of traditional nonlinear crystals. The associated third-order
susceptibility is likewise obtained and shown to increase significantly
with higher silicon content in the SiNx films.

To further boost the nonlinear response, a quasi-bound state in the
continuum is excited by implementing an extended square 2D nanopil-
lar array on a SiNx base layer. The resulting strong field confine-
ment in this waveguide-like structure, combined with the field-free
second-order nonlinearity, produces a pronounced enhancement of TM-
polarized second-harmonic generation.

Finally, by applying a DC electric field parallel to the polarization
of the pump in a similar resonant structure, the interaction between
photonic resonances and the EFISH mechanism is demonstrated. To-
gether, these results open the door to low-power, on-chip frequency-
conversion applications using both second- and third-order nonlinear-
ities of the CMOS-compatible silicon-rich nitride platform.

Q 17.8 Tue 12:45 P 3

Training nonlinear optical neural networks with Scat-
tering Backpropagation — eNicoLa DaL Cinb2, FLORIAN
MaRrRQUARDT!2, and CLaraA WaNjural — Max Planck Institute

for the Science of Light, Staudtstrake 2, 91058 Erlangen, Germany
— 2Department of Physics, University of Erlangen-Nuremberg, 91058
Erlangen, Germany

As deep learning applications continue to deploy increasingly large
artificial neural networks, the associated high energy demands are cre-
ating a need for alternative neuromorphic approaches. Optics and pho-
tonics are particularly compelling platforms as they offer high speeds
and energy efficiency. Neuromorphic systems based on nonlinear op-
tics promise high expressivity with a minimal number of parameters.
However, so far, there is no efficient and generic physics-based training
method allowing us to extract gradients for the most general class of
nonlinear optical systems. In this work, we present Scattering Back-
propagation, an efficient method for experimentally measuring approx-
imated gradients for nonlinear optical neural networks. Remarkably,
our approach does not require a mathematical model of the physical
nonlinearity, and only involves two scattering experiments to extract
all gradient approximations. The estimation precision depends on the
deviation from reciprocity. We successfully apply our method to well-
known benchmarks such as XOR and MNIST. Scattering Backprop-
agation is widely applicable to existing state-of-the-art, scalable plat-
forms, such as optics, microwave, and also extends to other physical
platforms such as electrical circuits.

Q 18: Photon BEC

Time: Tuesday 11:00-13:00

Q 18.1 Tue 11:00 P 4

Using Direct Laser Writing to fabricate potential landscapes
for photon gases in dye-filled microcavities — JuLian Schurz!,
KIRANKUMAR KARKIHALLI UMESHZ, ¢SVEN Enns!, NikLas Caspar?,
FraNK VEWINGER?, and GEORG vON FrReEymMANND3 — 1Department
of Physics and Research Center OPTIMAS, RPTU Kaiserslautern-
Landau, 67663 Kaiserslautern, Germany — 2Institute of Applied
Physics, University of Bonn, 53115 Bonn, Germany — 3Fraunhofer In-
stitute for Industrial Mathematics ITWM, 67663 Kaiserslautern, Ger-

many

We experimentally investigate photon gases and photon Bose-Einstein
condensates in dye-filled microcavities. In order to achieve conden-
sation in 2D systems and to investigate further phenomena such as
incoherent transport [1], the creation of potential landscapes for the
photon gas is necessary. We use the 3D laser lithography technol-
ogy called Direct Laser Writing (DLW) to fabricate these potentials.
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Thereby, polymer structures can be printed onto the surface of the
cavity mirrors. The refractive index contrast between the polymer
structures and the dye-solution inside of the cavity create potential
landscapes due to the modified optical path length. Using DLW al-
lows for the creation of higher trapping frequencies and coupling rates
between single potential sites in comparison to other techniques. We
demonstrate these advantages by showing measurements of the photon
gas in a SHH-chain and the dimensional crossover from 2D to 1D [2].
[1] L. Garbe et al., SciPost Phys. 16, 029 (2024). [2] K. Karkihalli
Umesh et al., Nature Physics 20, 1810-1815 (2024).

Q 18.2 Tue 11:15 P 4
Observation of critical scaling in the Bose gas univer-
sality class — eLroN KLEEBANK!, FRANK VEWINGER!, AR-
TUrRO CaMAcHO-GUARDIAN?, VicTor RoMERO-RocHIN?, ROSARIO
PaRrEDES?, MARTIN WEITZ!, and JuLian Scumitt® — lInstitute of
Applied Physics, Bonn, Germany — 2Instituto de Fisica, Mexico City,
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Mexico — 3Kirchhoff-Institut fur Physik, Heidelberg, Germany

Critical exponents characterize the divergent scaling of thermodynamic
quantities near phase transitions and allow for the classification of
physical systems into universality classes. While quantum gases ther-
malizing by interparticle interactions fall into the XY model univer-
sality class, the ideal Bose gas has been predicted to form a distinct
universality class whose signatures have not yet been revealed exper-
imentally. Here, we report the observation of critical scaling in a
two-dimensional quantum gas of essentially noninteracting photons.
We determine the critical exponent for the correlation length to be
v = 0.51(3).

Q 18.3 Tue 11:30 P 4
Kennard-Stepanov relation connecting absorption and emis-
sion in two-species xenon-noble gas mixtures — eERIC
BorLTERSDORF, THILO voM HOVEL, FRANK VEWINGER, and MARTIN
WEITZz — Institute of Applied Physics, Bonn, Germany

Photons confined in a dye-filled microcavity can exhibit Bose-Einstein
condensation upon thermalization through repeated absorption and
(re-)emission processes on the dye molecules. This has been exper-
imentally demonstrated for photons in the visible spectral regime in
2010. The most important prerequisite for the dye molecules to be
a suitable thermalization mediator is the fulfillment of the so-called
Kennard-Stepanov relation, a thermodynamic, Boltzmann-like scaling
law connecting the absorption and emission lineshapes. In the present
work, an experimental approach is investigated to realize Bose-Einstein
condensation of vacuum-ultraviolet (100 nm - 200 nm; VUV) pho-
tons via repeated absorption and (re-)emission cycles between the 5p8
ground state and the 5p®6s (J = 1) excited state of xenon-noble gas
excimer molecules in dense gaseous ensembles (pressure of up to 100
bar). Here, we present experimental data giving strong evidence for a
Kennard-Stepanov scaling of photons in these dense xenon-noble gas
ensembles.

Q184 Tue11:45 P 4
Limit Cycles Driven by non-Hermitian Interactions in
Coupled Photon Condensates — eKEevIN PEeTERs!, PETER
SCHNORRENBERG?, DANIEL EHRMANNTRAUT!2, NikoLAs LONGENT2,
and JuLiaN ScHMITT? — 1Universitét Bonn, Institut fiir Angewandte
Physik, Wegelerstr. 8, 53115 Bonn, Germany — 2Universitiat Heidel-
berg, Kirchhoff Institut fiir Physik, Im Neuenheimer Feld 227, 69120

Heidelberg

We report the first observation of limit cycle oscillations in photon
condensates. In our experiments, photons were trapped in two co-
herently coupled, dye-filled optical microcavities forming a photonic
dimer. Previous work has demonstrated Bose-Einstein condensation
of the photons into the symmetric ground state of the dye-filled dimer
above a critical photon number for the case of spatially uniform pump-
ing. Here we report on the observation of emergent, self-sustained dy-
namics under inhomogeneous excitation. When only a single site of the
dimer is pumped, we experimentally observe spontaneous oscillations
in the photon number at both sites, appearing over a range of pump
powers. We show that these oscillations are the result of stable limit
cycles associated with a parametric instability predicted by theory.
Unlike in Kerr and thermo-optical nonlinear cavities, the instability in
the dye-microcavity system is driven by effective imaginary photon-
photon interactions. These non-Hermitian interactions are mediated
by the dye molecules, and their strength can be conveniently tuned via
the cut-off frequency imposed by the cavity length.

Q 18.5 Tue 12:00 P 4
Two-Dimensional Photon Gases in a Silver-Mirror Based Op-
tical Dye-Microcavity — eNieLs WoLF, LEoN KLEEBANK, AN-
DREAS REDMANN, FRANK VEWINGER, and MARTIN WEITZ — Univer-
sity of Bonn

While the thermalization of radiation through contact with matter is
a well-established concept, it has been shown only relatively recently
that, when applying this concept to low-dimensional photon gases, op-
tical quantum gases with a tunable chemical potential can be realized,
allowing for the formation of Bose-Einstein condensates of photons [1].
Thermalization is in this system reached by repeated absorption and
emission processes on dye molecules, which act as a thermal reservoir
for the photon gas. In principle one can expect that this photon gas
thermalization mechanism should allow for a phase-space build-up of
light, although microcavity systems based on dielectric mirrors have
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not shown this effect, as understood from the large angle-dependence
of the dielectric mirror reflectivities, which result in photon loss [2].
We have set up a dye-filled microcavity apparatus based on metallic
mirrors, which offer a much wider angular acceptance range than di-
electric mirrors. The aim of this ongoing experiment is the observation
of phase-space build-up of light. The current status of the experimental
results, which include observations of the microcavity emission spectra
of a two-dimensional photon gas in the metallic mirror setup, will be
reported.

[1] J. Klaers, J. Schmitt, F. Vewinger, and M. Weitz, Nature 468,
545-548 (2010) [2] E. Busley et al., Phys. Rev. A 107, 052204 (2023)

Q 18.6 Tue 12:15 P 4
On vortices in photon Bose—Einstein condensates: Open-
dissipative effects on size and stability — eJosnua Krauss and
AxeL PELSTER — Physics Department and Research Center OPTI-
MAS, RPTU Kaiserslautern-Landau, Kaiserslautern, Germany

Open-dissipative quantum fluids have been extensively studied numer-
ically [1,2]. In view of a complementary analytical description, a re-
cent study [3] introduced the projection optimization method, gener-
alizing the standard optimization method for closed condensates [4]
to open-dissipative systems. We apply this method to a complex
Gross—Pitaevskii equation [6] that heuristically models a photon Bose—
Einstein condensate, which is harmonically trapped. Together with
established methods from hydrodynamics, we obtain an approximate
dynamical vortex solution and demonstrate how open-dissipative pa-
rameters affect vortex both size and stability.

[1] V.N. Gladilin and M. Wouters, Phys. Rev. Lett. 125, 215301
(2020)

[2] V.N. Gladilin and M. Wouters, New J. Phys. 19, 105005 (2017)

[3] J. KrauR et alii, Phys. Rev. Res. 7, 033007 (2025)

[4] V.M. Perez-Garcia et alii, Phys. Rev. Lett. 77, 5320 (1996)

[5] J. Keeling and N.G. Berloff, Phys. Rev. Lett. 100, 250401 (2008)

Q 18.7 Tue 12:30 P 4
Steady-state behavior and symmetry breaking of photon
BECs — eMiaNn Raponnié!2, AxerL PeLsTeR®, and MICHAEL
THORWART! — 1. Institut fiir Theoretische Physik, Universitit Ham-
burg, Germany — 2Institute of Physics Belgrade, University of Bel-
grade, Serbia — 3Physics Department, Rheinland-Pfilzische Technis-
che Universitdt Kaiserslautern-Landau, Germany

We revisit the dynamics of open, driven-dissipative photon Bose-
Einstein condensates (phBECs) in a dye-filled microcavity using a cu-
mulant expansion approach within the Lindblad formalism [1,2]. Moti-
vated by a recent study [3], we extend our previous work [2] by consid-
ering, in addition to U(1)-invariant operator averages, the condensate
amplitude and other U(1)-symmetry breaking amplitudes as non-zero.
Specifically, we analyze the possible steady states of the dynamics us-
ing a method typically employed in laser theory. This allows us to
critically examine the emergence of the ghost attractor and its impact
on the long-time behavior of phBECs.

[1] P. Kirton and J. Keeling, Phys. Rev. Lett. 111, 100404 (2013).

[2] M. Radonji¢ et al., New J. Phys. 20, 055014 (2018).

[3] A. Abouelela et al., Phys. Rev. Lett. 135, 053402 (2025).

Q 18.8 Tue 12:45 P 4
Ring Potentials for Photons in Dye-Filled Optical Microcav-
ities — eParrick GERTZ, LEON KLEEBANK, ANDREAS REDMANN,
KiraNkKUMAR KARKIHALLI UMESH, FRANK VEWINGER, and MARTIN
WEITZ — Institute for Applied Physics, University of Bonn, Wegeler-
strafle 8, 53111 Bonn

Nanostructured dye-filled optical microcavities permit the study of
quantum gases of light, while allowing precise experimental control
over dimensionality, shape of the energy landscape and coupling to
reservoirs. This enables the investigation of novel states of matter
both in and out of equilibrium.

Here we report on the experimental implementation of a quan-
tum gas of photons confined to a ring-shaped potential within such
a material-filled microcavity, where the trapping potential is provided
by static nanostructures, achieved by controlled laser-induced delami-
nation of the dielectric coating of one of the cavity mirrors. We have
achieved quasi-1D, periodically closed confinement of photon gases in
ring potentials and performed measurements of the spatial and spectral
distributions. Also, we observe macroscopic ground state occupation,
giving preliminary evidence for Bose-Einstein condensation of photons
in the system.
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Q 19: Quantum Technologies — lon Traps

Time: Tuesday 11:00-13:00

Q 19.1 Tue 11:00 P 5
OPEN-2QS: towards long observation timescales in trapped
ion systems — eL.ArRISA THORNE and FERDINAND SCcHMIDT-KALER
— QUANTUM, Johannes Gutenberg University Mainz, Department
of Physics, Staudingerweg 7, Germany

Current state-of-the-art quantum simulators are limited by their short
observation times. The OPEN-2QS platform leverages the advantages
of Rydberg ions [1] with those of Penning trap configurations [2] to
allow significantly longer observation times, up to 7 orders of mag-
nitude longer than microscopic timescales [3]. This will allow us to
pursue fundamental research questions previously inaccessible, such as
characterizing collective dynamics beyond the decoherence timescale,
and exploring non-equilibrium phenomena, particularly those in open
many-body quantum systems. In this presentation, I will give an
overview of the R&D program at Mainz, including the design of a
Penning trap suited to confinement of 9°Cat Rydberg ions, and up-
dates on the status of the requisite cryogenic components.

[1] A. Mokhberi et al, Adv. Atom. Mol. Opt. Phys. Vol. 69, pp.
233-306 (2020)

[2] A. Polloreno et al, arXiv:2203.05196 (2022)

[3] C. Chen et al, Nature 616, 691 (2023)

Q19.2 Tuel1ll:15 P 5
Trapped ion crystal setup for efficient recording of photon
correlations — eBrNjaMIN ZENz!, RoMAN RosENFELD!, CORINA
REevora®, CHRISTIAN T. ScuMIEGELOW?®, and FERDINAND SCHMIDT-
KaLer!?2 — TQUANTUM, Institut fiir Physik, 55128 Mainz, Ger-
many — 2Helmholtz-Institut Mainz, 55099 Mainz, Germany —
3Departamento de Fisica, Buenos Aires, Argentina

Trapped ions provide an exceptionally well-controlled quantum system
with truly identical particles confined in deep potentials and manipu-
lated with extraordinary precision. Each ion acts as a single-photon
emitter allowing us to investigate collective light*matter interactions
at the most fundamental level. In the past, we observed interference
in both first- and second-order photon correlation functions, revealing
spin-textures [1], spatially dependent bunched and antibunched photon
statistics [2], superradiance and subradiance as well as measurement
induced entanglement [3].

In this talk, I present our new experimental platform which com-
bines, a multisegmented trap for the versatile control of the emitter
positions. Furthermore, the setup features high-numerical-aperture
detection from opposite directions, enabling efficient exploration of
spatiotemporal photon correlations emitted from ion crystals of 50 and
more ions. I report the system characterization along recent data and
sketch future experiments.

[1] Verde, et al. Phys. Rev. A; 112, 043719 (2025)

[2] Wolf, et al. Phys. Rev. Lett.; 124, 063603 (2020)

[3] Richter, et al. Phys. Rev. Research; 5, 013163 (2023)

Q 19.3 Tue11:30 P 5
Framework for optimization of Paul trap design and control
voltages for X-junction shuttling — e ANDREAS CoNTA, ULRICH
PoscHINGER, SANTIAGO BociNo, and FERDINAND ScHMIDT-KALER
— QUANTUM, Institut fiir Physik, Johannes Gutenberg-Universitit
Mainz

Trapped-ion quantum computing is a promising architecture for large-
scale quantum computing. We aim to scale up the shuttling-based [1]
approach. This requires complex multi-segmented traps that include
junctions [2]. We present our comprehensive framework for optimiza-
tion of trap designs and control voltages waveforms, with the goal
of shuttling a linear crystals an X-junction. Commercially available
tools are used to create parameterised models of traps and potentials
of the electrodes. Our custom Segmented Ion Trap CONtrol System
(SITCONS) then performs a multipole expansion, thereby enabling
the calculation of control voltages using quadratic programming. We
analyse the influence of different trap designs and electrode shapes on
the shuttling through an X-junction.

[1] Ruster et al., Phys. Rev. A 90, 033410 (2014)

[2] Delaney et al., Phys. Rev. X 14, 041028 (2024)

Q194 Tuell:45 P5

Characterization of a commercial 3D ion trap — eMARTIN
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Hesse!, Ranyit K. Sinagub2, OLE KETTERKAT!, JANNIK MAaTTIL!,

ANDRE P. Kurosal, UrLr Hinze3, NicoLas SpETHMANN!, and
Tansa E. MeHLsTAUBLER"? — IPhysikalisch-Technische Bunde-
sanstalt (PTB), Braunschweig, Germany — 2Leibniz Universitat Han-
nover, Hannover, Germany — 3Laser nanoFab GmbH, Hannover, Ger-

many

The Quantum Technology Competence Center (QTZ) was established
at the Physikalisch-Technische Bundesanstalt (PTB) to support Ger-
man industry in transitioning quantum technology (QT) from research
into application.

Ion traps have evolved from fundamental research objects to an in-
dustrial product for QT applications ranging from quantum sensing to
quantum simulation and computation. Within the QTZ user facility
"Ton Traps", we offer access to a testbed for the standardized charac-
terization of ion traps from industry and academia.

Here, we report about the characterization of a commercial, segmented
3D Paul trap. The electrode chips are made of Rogers material. The
assembled ion trap is contacted to a carrier board which contains flexi-
ble electronic SMD-based filters to suppress electromagnetic noise cou-
pling to the ion. We present the ion trap characterization routines to
run automated to ensure repeatable measurements, which is - aside a
reproducible environment - the key essential for a standardized char-
acterization of ion traps.

Q 19.5 Tue 12:.00 P 5
Characterization of Inner Control Electrode Shapes for
Multi-Layer Surface-Electrode Ion Traps o' LORIAN
UNGERECHTS!, RoDpRrRIGo Munoz!, Janina Birgr!, Masum
BiLLan!, Giorcio ZARANTONELLOY2, and CHRISTIAN OsPELKAUs!:3
— lInstitut fiir Quantenoptik, Leibniz Universitit Hannover —
2QUDORA Technologies GmbH — 3Physikalisch-Technische Bunde-

sanstalt

Trapped ions are a leading platform for quantum information process-
ing. Scalable architectures, such as the Quantum Charged Coupled
Device (QCCD) architecture, enable all-to-all connectivity between
atomic ion qubits in dedicated registers and can be implemented on
microfabricated surface-electrode traps. The development of novel fab-
rication techniques over the past years has transformed the design of
surface-electrode ion traps into increasingly complex multi-layer struc-
tures. Yet, the control electrodes remain mostly unchanged. For three-
dimensional traps and single-layer surface traps, the control electrodes
are rectangular due to geometrical constraints. However, this does not
imply that it is the ideal shape for control electrodes in modern multi-
layer surface traps. Thus, we compare various shapes for inner control
electrodes and evaluate their performance in terms of ion shuttling and
radial shim compensation.

Q 19.6 Tue 12:15 P 5
Enhancing Trapped Ion Quantum Processor Scalability
via Integrated Photonics and Microwave Technology —
eMouaMMAD Masum BiLLanb?, FLoriaN UNGERECHTS!, RODRIGO
Munoz!, PuiL Nusceke!, Janina Birce!, AxeL HorrMann#,
GI0RGIO ZARANTONELLO'3, CELESTE ToRrkzABAN!, and CHRIs-
TIAN OsPELKAUSY2:5 — Mnstitut fiir Quantenoptik, Leibniz Univer-
sitéit Hannover — 2Laboratorium fiir Nano- und Quantenengineering,
Leibniz Universitdt Hannover — 3QUDORA Technologies GmbH —
4Institut fiir Hochfrequenztechnik und Funksysteme, Leibniz Univer-
sitdt Hannover — 5Physikalisch- Technische Bundesanstalt

Scalability is a critical requirement for performing meaningful compu-
tations with trapped-ion quantum processors. Microfabricated surface-
electrode ion traps have demonstrated considerable potential to imple-
ment the scalable Quantum Charged Coupled Device (QCCD) archi-
tecture. However, reliance on free-space laser delivery poses a substan-
tial challenge to expanding these systems. In our research, we explore
laser-free gate operations using oscillating microwave magnetic field
gradient for chip-integration of the gate mechanism. To achieve com-
prehensive scalability, photonics integration is essential for delivering,
preparation and detection light via optical waveguides and grating out-
couplers directly from the trap surface. Our study focuses on optimiz-
ing the placement of integrated light sources considering key factors
such as light polarization and phase, opto-electrical effects, impacts on
the trapping potential, optical crosstalk, thus addressing key challenges
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to facilitate scalable trapped-ion quantum computing.

Q19.7 Tue12:30 P 5
Advancements in ion trap quantum computing with multiple
ion species — eDavID C. STUHRMANN?, SascHA AcNEZ, NAJWA AL-
Zak1', Erik DunkeL!, Rapuika GovaLl, Tosias Poorz!, KEvIN
ReMPEL!, CELESTE ToRKzZABANY, and CHRISTIAN OSPELKAUS!2
Hnstitut fiir Quantenoptik, Leibniz Universitit Hannover, Welfen-
garten 1, 30167 Hannover, Germany — 2Physikalisch Technische Bun-
desanstalt, Bundesallee 100, 38116 Braunschweig, Germany

In the context of scalable quantum computing hardware with high-
fidelity qubits, surface electrode ion traps are one of the most promis-
ing platforms. The long coherence times and very high fidelities of
hyperfine qubits have been demonstrated on small numbers of ions.
The ongoing challenge lies in scaling up the systems in terms of size,
a process which necessitates improvements in hardware, as well as in
experimental techniques. Building on the expertise of our existing
room temperature experiments with near field microwave qubit inter-
actions we present the next generation of cryogenic experiments. Our
upgraded laser systems and the use of multiple ion species (Beryllium,

Calcium, Strontium) position us for the adoption of integrated optics
and sympathetic cooling. New ion trap geometries can be efficiently
evaluated and include the ability to shuttle ions to dedicated zones to
raise the number of addressable ions. The subsequent step is to estab-
lish automated calibration and monitoring procedures to optimize the
device’s uptime and remote connectivity for future applications.

Q19.8 Tue 1245 P5
Parallelising electronic qubit control for trapped-ion quan-
tum computing — eDoucaL MaiN, Jacoro Mosca Tosa, HaN-
NAH Knaack, SusanNaA Toparo, Amy HucHES, LUkAs SPIESS,
JusTIN NIEDERMAYER, CLEMENS MATTHIESEN, STEVEN KiNnG, and
OxrorD lonNics TEaAM — Oxford Ionics, Oxford, United Kingdom

We present our vision for large-scale, parallel control of trapped-ion
qubits using chip-integrated electric and magnetic fields. Our archi-
tecture enables efficient parallelisation of gate operations and shuttling
of ions on a surface-electrode trap chip with junctions, implementing
a quantum charge-coupled device that is scalable and high-fidelity at
the same time. We outline how single- and two-qubit gates can be
performed in parallel, and show data from demonstrator devices.

Q 20: QuanTour Il — Multi-photon Effects & Entanglement

Inspired by QuanTour, the traveling quantum-dot light source, the sessions QuanTour I-V focus on the
physics of quantum light generation in solid-state systems and applications in quantum networks.

Time: Tuesday 11:00-13:00

Invited Talk Q 20.1 Tue 11:00 P 7
Entangled photons from GaAs quantum dots in tunable cir-
cular Bragg resonators — eARMANDO RASTELLI — Institute of
Semiconductor and Solid State Physics, Johannes Kepler University,
Linz, Austria

Entanglement is one of the most fascinating phenomena in quantum
physics and a key resource for quantum technologies. Different from
probabilistic sources, Quantum Dots (QDs) can emit polarization en-
tangled photon pairs with negligible probability of multi-pair emission
using the biexciton-exciton radiative cascade.

To make such sources practical, it is important to maximize the
degree of entanglement, brightness, maximum emission rate, photon
indistinguishably, and to be able to fine-tune the wavelength of the
emitted photons. Ideally, the source should fulfill these requirements
even when operated at temperatures of 30-40 K, that are reachable
with compact cryocoolers. Meeting this list of requirements on a sin-
gle QD device is a formidable challenge.

In this presentation, we will present our contribution to the field by
focusing on GaAs QDs embedded in strain- and electrically-tunable
circular Bragg resonators (CBRs). By making use of the intrinsically
short lifetimes of GaAs QDs, the Purcell enhancement in the CBRs,
as well as coherent excitation schemes, we will discuss the feasiblity of
practical and scalable sources of entangled photons based on QDs.

Q20.2 Tuell:30 P 7
Indistinguishable photons from a two-photon cascade —
eTiMoN L. BaLTISBERGER!, FRANCEsco SaLusTi?, MarRk R.
Hoccl!, Mamwina A. Marczak!, NiLs Heiniscu?, Sascua R.
VALENTIN®, ARNE LuDwic®, STEFAN SCHUMACHER?, Kraus D.
Jons?, and RicHARD J. WARBURTON! — !Department of Physics,
University of Basel, Switzerland — 2Department of Physics and Cen-
ter for Optoelectronics and Photonics Paderborn (CeOPP), Paderborn
University, Germany — 3Lehrstuhl fiir angewandte Festkorperphysik,

Ruhr-Universitdt Bochum, Germany

Two crucial aspects of photon-based quantum technologies are indis-
tinguishability and entanglement, both giving rise to a wide range of
non-classical effects. The biexciton — exciton — ground state (XX
— X — GS) cascade in self-assembled semiconductor quantum dots
can produce polarization-entangled photon pairs [1]. However, the cas-
caded emission of this ladder system leads to timing jitter in photon
emission, translating to a reduced indistinguishability of photons from
both transitions [2]. Using the Purcell-effect in an open microcavity
[3] to accelerate one transition of the two-step-cascade, we manipulate
the timing jitter of the emitted photons in-situ. Our results show ex-
cellent agreement between theory and experiments over a wide range
of parameters, and the generation of photons with very high indistin-
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guishabilities of 94+2% (XX) and 82+6% (X).
[1] N. Akopian et al. Phys. Rev. Lett. 96, 130501 (2006)
[2] E. Scholl et al. Phys. Rev. Lett. 125, 233605 (2020)
[3] N. Tomm et al. Nat. Nanotechnol. 16, 399 (2021)

Q 20.3 Tuellds P7
Photon Number Coherence in Two Photon Excitation —
oYusur Karni»2, Frorian Kaprpe?, RENE ScHwaRz?, Doris
REITER3, Vikas REMESHZ2, and GREcGOR WEIHS2 — 1University of
Cambridge, UK — 2Universitat Innsbruck, Austria — 3TU Dortmund,

Germany

Semiconductor quantum dots are prime candidates for single-photon
sources in quantum communication, yet the security of protocols such
as Quantum Key Distribution (QKD) depends critically on the Pho-
ton Number Coherence (PNC) of the emitted state. We investigate
the generation and control of PNC in GaAs quantum dots under res-
onant two-photon excitation regimes, comparing standard biexciton-
exciton cascading with stimulated two-photon excitation. While stan-
dard TPE yields negligible PNC due to incoherent relaxation processes,
we demonstrate that the stimulated scheme effectively preserves elec-
tronic coherence, enabling on-demand tuning of PNC from zero to
maximum values simply by varying the excitation pulse area. This
stimulated approach simultaneously enhances photon indistinguisha-
bility to 95% while maintaining high purity [1|. Furthermore, address-
ing the sensitivity of TPE to environmental fluctuations, we introduce
a robust stimulated adiabatic rapid passage (SARP) scheme[2]. We
show that sARP maintains stable, vanishing PNC even in the presence
of power drifts, for tailoring photon statistics to the specific security
requirements of advanced quantum network protocols|1, 2].

[1] Karli, Y. et al. npj Quantum Inf. 10, 17. [2] Karli, Y. et al.
Appl. Phys. Lett. 125 (25)

Q 204 Tue 12:00 P 7
Challenges and Advances Toward Maximal Entanglement in
Quantum Dot Emitters — eFrANCEsco Basso Bassger for the
QD-E-QKD photon source-Collaboration — Department of Physics,
Politecnico di Milano, Milan, Italy

Quantum dots have become established sources of highly polarization-
entangled photons, aiming to overcome trade-offs between brightness
and entanglement. Despite evidence of nearly dephasing-free oper-
ation, open questions remain on the practical limits. This talk re-
caps experiments identifying mechanisms that must be controlled to
reach near-unity entanglement, including multipair emission from re-
excitation, spin noise from hyperfine interactions, and challenges in
cavity-integrated devices operated at high brightness and GHz rates.

First, we report evidence of a recently proposed limitation in the
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standard on-demand scheme, resonant two-photon excitation of the
biexciton-exciton cascade. The effect, linked to the optical Stark shift,
strengthens as emission overlaps the excitation pulse, calling for ded-
icated mitigation. Second, we examine an often overlooked degree of
freedom: emission angle. Photon momentum and polarization are cor-
related, especially in microcavities, introducing which-path informa-
tion that reduces polarization entanglement. A simple dipole-emission
model captures the behavior and guides the design of structures that
maximize extraction efficiency without compromising fidelity.

These results show that key aspects of quantum-emitter behavior
remain unresolved, and it is still too early to set limits on the future
role of this technology in quantum networks.

Q 20.5 Tue12:15 P 7
Scalable quantum interference of photons from multiple
quantum dots. eSHEENA SHAJI!, SuraJ GorL!, JuLian
WEIRCINSKI!, FREDERIK BROOKE BARNES!, MoriTZ CYGOREKZ, AN-
ToINE BoREL!, Nataria HERRERA VaLENcial, Erik M. GAUGER!,
MenUL MaLIk!, and Brian D. GeErarpoT! — !Institute of Photon-
ics and Quantum Sciences, Heriot-Watt University, Edinburgh EH14
4AS, United Kingdom — 2Condensed Matter Theory, Technical Uni-

versity of Dortmund, 44227 Dortmund, Germany

Scaling semiconductor quantum dots as platform to provide many mu-
tually indistinguishable emitters remain has been a challenge due to
their random spatial distribution and spectral inhomogeneity. In this
talk, I will present a method to overcome these challenges using spatial
light modulators to deterministically excite multiple emitters on the
same chip, and to route their emission into a desired collection mode
by programming phase grating holograms on them. We investigate
cooperative emission arising from path erasure between distant, indis-
tinguishable emitters. The primary signature of multi-emitter quan-
tum interference, the emergence of bunching at zero delay in an inten-
sity correlation experiment, is used to characterize the inter-emitter
indistinguishability and the degree of correlation. We demonstrate
scalability of this interference from two to five spectrally degenerate
quantum dots and further confirm inter-emitter indistinguishability
through Hong-Ou-Mandel interference between two emitters. These
results provide a pathway towards rapid characterization of multiple
emitters and realization of programmable, photonic quantum circuits.

Q20.6 Tue12:30 P 7
Entanglement generation through multi-photon interference
with deterministic single photons in the telecom C-Band —
eNico Hauser!, MarTuias BaveErBacu!, JocHEN KAuPP?, YORICK

ReuMZ2, Glora PENIAKOVZ, JOHANNES MI1cHL2, MARTIN KaMP2, To-
Bias HUBER-LovoLa?, ANDREAas T. PreNNINGZ, SVEN HOFLINGZ,
and STEFANIE BarzZ — 1Universitat Stuttgart, 70569 Stuttgart, Ger-
many — 2Julius-Maximilians-Universitit, 97074 Wiirzburg, Germany

Multi-photon interference of highly indistinguishable single photons
in the telecom C-band is a critical requirement for many quantum
communication and quantum computation protocols. While quan-
tum dot-based single-photon sources have been demonstrated to be
a prime candidate for deterministic single-photon generation in the
telecom C-band, the generation of entangled multi-photon states from
C-band quantum dots remains an active area of research. Here, we
present multi-photon interference experiments using symmetric N-port
beam splitters for multi-partite entanglement generation. We combine
a quantum dot emitting in the telecom C-band with an active demul-
tiplexing scheme to deterministically separate consecutively emitted
single photons and show the generation of genuine multi-photon en-
tangled states using compact, fiber-based multiport interferometers.

Q 20.7 Tue 1245 P 7
High-fidelity entangled photon pairs from a quantum-dot-
based single-photon source — eMarwiNa A. Marczak!, Ti-

MoN L. BarrisBeRcer!, Mark R. Hocc!, SPENCER JOHNSONZ,

NarHaN ArNoLD?, BENJAMIN NussBaum?, SascHa R. VALENTINS,
ArNE Lupwic?, Paur Kwiat?, and RicHARD J. WARBURTON!
IUniversity of Basel, Klingelbergstrasse 82, 4056 Basel, Switzerland
— 2University of Illinois, 337 Loomis Laboratory, 1110 W. Green
Street, Urbana IL 61801, USA — 3Ruhr-Universitit Bochum, Uni-
versitatsstrasse 150, 44780 Bochum, Germany

Entangled photon pairs are a ubiquitous resource in quantum tech-
nologies, used in quantum key distribution and quantum networking.
For scalable quantum networks, pairs that are indistinguishable in all
degrees of freedom are essential, as they enable high-fidelity entangle-
ment swapping across network nodes. We demonstrate a high-fidelity
source of "swappable" entangled photon pairs using a semiconductor
quantum dot (QD) coupled to a tunable microcavity. By actively
modulating the QD emission between orthogonal polarization states,
delaying one path in a low-loss Herriott cell, and recombining the two
on a balanced beam splitter, we generate entangled photon pairs with a
fidelity of 96%. The photons are mutually indistinguishable, enabling
efficient entanglement swapping, a crucial requirement for quantum
repeaters. We identify and mitigate fidelity-limiting factors, achieving
a maximum fidelity of 98.9% through time-resolved post-selection that
suppresses residual multi-photon events concentrated near the excita-
tion pulse.

Q 21: Quantum Computing and Simulation IlI

Time: Tuesday 11:00-13:00

Invited Talk Q 21.1 Tue 11:00 P 10

Interfacing with Quantum Information Processors—From

Readout to Control — eBENJAMIN LIENHARD 2, SHIVANG
Aroral2, EmiLy Guol:2, PRIYANKA YASHWANTRAOMZ, PATRYK
Dabkowskih23 and STEraN FinLipp!'2 — ITechnical University

of Munich, Garching 85748, Germany — 2Walther-Meifner-Institut,
Garching 85748, Germany — 3Zurich Instruments, 8005 Ziirich,
Switzerland

Balancing the effort required for controlling quantum systems—
especially during characterization and calibration—is essential for
making quantum computing practical. This effort must remain
lightweight enough to track drifting system parameters, yet efficient
enough to enable rapid recalibration. Although theoretical models of-
fer valuable intuition, they often fail to capture the full complexity of
real devices. Conversely, exhaustive system characterization can yield
accurate numerical models, but it is typically too resource-intensive to
scale. Model-free learning approaches provide a flexible, data-driven
alternative; however, they also require substantial measurement over-
head. As quantum processors continue to grow, these challenges inten-
sify. In this presentation, I will introduce machine-learning-based pro-
tocols that we have developed to enhance superconducting qubit read-
out, as well as strategies for scalable calibration of large-scale quantum
processors.

* funded through the EQuIPS Quantum Futur project from the Fed-
eral Ministry of Education and Research (BMBFTR) under funding
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number 13N17232.

Q 21.2 Tue 11:30 P 10
The sub-Riemannian geometry of measurement based quan-
tum computation — eLukas HaNnTzko — Institut fiir Theoretische
Physik, Leibniz Universitat Hannover, Hannover, Germany

The computational power of symmetry-protected phases of matter can
be accessed through local measurements, but what is the most effi-
cient way of doing so? In this work, we show that minimizing opera-
tional resources in measurement-based quantum computation (MBQC)
on subsystem symmetric resource states amounts to solving a sub-
Riemannian geodesic problem between the identity and the target log-
ical unitary. This reveals a geometric structure underlying MBQC and
offers a principled route to optimize quantum processing in computa-
tional phases. (arxiv:2508.17808)

Q 21.3 Tue 11:45 P 10
Can parity measurements be implemented for continuous
quantum error correction? — e ANTON HaLaskl and CHRISTIANE
P. KocH — Freie Universitdat Berlin, Berlin, Germany

In time-continuous quantum error correction, required in computations
with time-varying Hamiltonians, the commonly employed strong pro-
jective measurements for syndrome extraction are replaced by weak
continuous measurements. These protocols rely on sufficiently strong
and continuous multi-qubit parity measurements to extract the error
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syndromes. The implementation of such measurements is challeng-
ing since they require a perpetual three-body interaction between two
qubits and a meter. Here we show that, for the circuit QED archi-
tecture, known parity measurement protocols destroy the information
encoded in the qubits when used in continuous operation since it is
impossible to protect both the logical subspace and the error subspace
from measurement backaction at the same time. We find the failure
to be rooted in the approximation of the three-body interaction by a
sum over two-body interactions between meter and qubits. Our find-
ings suggest that continuous quantum error correction is possible only
for architectures based on erasure qubits, such as dual-rail encodings,
where there is no need to protect the error subspace from measurement
backaction.

Q 21.4 Tue 12:00 P 10
Sample-Based Krylov Quantum Diagonalization for the
Schwinger Model on Trapped-Ion and Superconducting
Quantum Processors — ¢JUREK EISINGER!, EMIL ROSANOWSKIZ,
LeNa Funcke?, ULricH PoscHINGER!, and FERDINAND SCHMIDT-
KaLER! — 'QUANTUM, University of Mainz, Department of Physics,
Staudingerweg 7, Germany — 2University of Bonn, Nussallee 14-16,
53115 Bonn, Germany

We apply the Sample-based Krylov Quantum Diagonalization (SKQD)
method to lattice gauge theories, using the Schwinger model with
a O-term as a benchmark. SKQD approximates the ground state
of a Hamiltonian, employing a hybrid quantum*classical approach:
(i) constructing a Krylov space from bitstrings sampled from time-
evolved quantum states, and (ii) classically diagonalizing the Hamil-
tonian within this subspace. We implement the algorithm on both,
trapped-ion and superconducting quantum processors, and study the
dependence of the ground-state energy and particle number on the
value of the f-term, accurately capturing the model*s phase struc-
ture. A striking advantage of SKQD is the substantial reduction of
the effective Hilbert space, although the Krylov space dimension still
scales exponentially with the system size. Thus, SKQD is a promising
method for simulating lattice gauge theories in larger volumes. The
methods and results are described in more detail in [Rosanowski et al.,
arXiv:2510.26951 (2025)].

Q21.5 Tue12:15 P 10
QCMobility: Quantum Computing & Mobility — eMAaTTHIAS
ZIMMERMANN and THE QCMoBILITY-TEAM — Deutsches Zentrum fiir
Luft- und Raumfahrt e.V. (DLR), Institute of Quantum Technologies,
Ulm, Germany

This talk provides an overview of the project QCMobility [1] within
the DLR Quantum Computing Initiative. Here, we explore application
problems in mobility which might benefit from the usage of quantum
computers. These include strategic and tactical planning processes in
air transport, optimization problems in demand-driven traffic in road
transport, planning and dispatching processes in rail transport, route
and trajectory optimization in highly automated/autonomous systems
in maritime transport, and optimization of multidimensional logistics
networks in intermodal transport. In close collaboration with several
contractors from industry and various DLR institutes, we aim at de-

veloping customized quantum algorithms and demonstration problems
to implement them on quantum computing hardware. The project re-
sults will be incorporated into the Quantum Computing and Mobility
application roadmap.

[1] https://qci.dlr.de/en/qcmobility /

Q 21.6 Tue 12:30 P 10
Truncated Wigner Approximation of Quantum annealing on
large Graph instances — eDENNIS Breu, SiMoN OHLER, and
MicHAEL FLEIscHHAUER — Department of Physics and Research Cen-
ter OPTIMAS, RPTU-University of Kaiserslautern-Landau, D-67663
Kaiserslautern, Germany

Solving NP-Hard problems like traveling salesman and Max-Cut are
of great interest in industry, for example to optimise shipping routes
and supply changes. Quantum Annealing (QA) algorithm is a con-
tender to achieve quantum supremacy on near-term non fault-tolerant
quantum computers for these kinds of problems. However, there is
no mathematical proof for the quantum advantage and current ex-
perimental scales are too small to draw objective conclusions. Thus
there is a need to better understand the behavior of QA on interme-
diate scales. To make larger system sizes computationally accessible
we make use of the truncated Wigner approximation (TWA), a semi-
classical approximation which, through Monte-Carlo sampling, takes
lowest order quantum-fluctuations into account. With TWA it is pos-
sible to simulate several hundred spins and better quantify the scaling
of the computational effort of QA with the system size than previous
methods like ED. Preliminary results seem to indicate that the compu-
tational effort for QA on a quantum computer becomes exponential in
the same cases where it does for state of the art algorithms on classical
computers.

Q 21.7 Tue 12:45 P 10
Boosting Classification with Quantum-Inspired Augmenta-
tions — MarTHiAs TscudpPE!, ViTor ForTEs REY!2, SoGO PIERRE
Sanon!, Paur Lukowiczh2, NikoLaos Paratopimorouros! 2, and
eMaxIMILIAN KIEFER-EMMaNoUiLIDIs!?2 — IDFKI Kaiserslautern —
2RPTU Kaiserslautern-Landau

Small quantum gate perturbations, common in quantum hardware but
absent in classical computing, are typically viewed as errors, yet they
may serve as a form of data augmentation and offer advantages in quan-
tum machine learning. In this work, we study random Bloch sphere
rotations, fundamental SU(2) transformations, as a simple quantum-
inspired augmentation method for classical image classification. Unlike
standard techniques such as flipping or cropping, these transforma-
tions lack intuitive spatial interpretation. Rather than using quantum
models or quanvolutional layers, we apply small-angle Bloch rotations
directly to classical data and evaluate their effect. Experiments on
the ImageNet dataset show consistent performance gains, including a
3% improvement in Top-1 accuracy, a 2.5% gain in Top-5 accuracy,
and an increase in F1 score from 8% to 12% over standard augmen-
tation pipelines. We also explore stronger unitary transformations,
which produce visually unrecognizable images with potential relevance
to privacy. However, we find no measurable improvements in differen-
tial privacy and discuss the implications.

Q 22: Nuclear and X-Ray Quantum Optics

Time: Tuesday 11:00-13:00

Invited Talk Q 22.1 Tue 11:00 P 11
Exploring nonlinear optics with x-rays — eDIETRICH KREBS —
Deutsches Elektronen-Synchrotron DESY, Notkestr. 85, 22607 Ham-
burg, Germany

Using modern synchrotron and free-electron laser (FEL) sources, it
has become feasible to study a wide range of nonlinear processes in
the x-ray regime. With it comes the possibility to transfer ideas from
parametric nonlinear optics as well as quantum optics to shorter wave-
lengths, for which we will explore examples in this talk. Processes of
interest comprise x-ray-optical wavemixing (XOWM) that can combine
diffractive imaging capabilities with spectroscopic sensitivity for new
material diagnostics. As such, we have recently demonstrated the ap-
plicability of nonlinear crystallography using x-ray-optical difference-
frequency generation to spatially reconstruct the valence response in
diamond at sub-Angstrom resolution. Processes deriving from sponta-
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neous x-ray parametric down-conversion (XPDC), on the other hand,
can provide access to quantum features of light-matter interaction. As
an example, we showcase a series of experiments, in which we found
that non-degenerate XPDC allows access to polariton-formation in the
extreme-ultraviolet (EUV) and soft x-ray spectral ranges. Recent de-
velopments have also shown renewed interest to extend XPDC into the
degenerate regime, aiming to produce energetically equal x-ray pho-
ton pairs as a resource of entanglement. While these examples still
face substantial challenges regarding their efficiency, they provide a
promising outlook for the future of x-ray quantum optics.

Q 22.2 Tue 11:30 P 11
Nuclear excitation in 229Th using paraxial light fields —
eToBias KirscHBAUM, JANEK BERGMEIER, ALEXANDER FRANZ, and
ADRIANA PALFFY — Julius-Maximilians-Universitdt Wiirzburg, Ger-
many
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The paraxial wave equation (PWE) provides a variety of solutions
depending on the specific geometry such as Laguerre Gaussian (cylin-
drical) and Hermite Gaussian modes (cartesian). Among others, these
modes are characterized by their spatially inhomogeneous intensity
profiles which render them attractive to atomic physics applications.
For instance, such beams can be used in quantum metrology to mini-
mize the unwanted light shift in atomic clock transitions [1, 2]. A com-
pelling alternative for these atomic clocks is the 22°Th nucleus which
has a long-lived first excited state at ~ 8.4 eV [3]. It is thus intriguing
to investigate the interaction of thorium with different paraxial light
fields.

In a first step, we have investigated the interaction of 229Th with
non-paraxial and spatially inhomogeneous Bessel modes [4]. Here, we
build upon that work by considering paraxial light fields which are also
spatially inhomogeneous. We thereby address the temporal and spa-
tial dynamics for 229Th in solid-state and ion targets using solutions
of the PWE in cylindrical, cartesian, and elliptical coordinates.

[1] R. Lange et al., Phys. Rev. Lett. 129, 253901 (2022).
[2] A. Peshkov et al., Ann. Phys. 535, 2300204 (2023).

[3] C. Zhang et al., Nature 633, 63-70 (2024).

[4] T. Kirschbaum et al., Phys. Rev. C 110, 064326 (2024).

Q 22.3 Tue 11:45 P 11
Coherent vortex pulse propagation in 22°Th:CaF,
o ALEXANDER FRrANz, ToBias KirscHBAUM, and ADRIANA PALFFY
— Julius-Maximilians-Universitdt Wiirzburg, Am Hubland, 97074
Wiirzburg, Germany

In recent years, the isomeric transition in 22°Th has emerged as a
promising candidate for the development of a nuclear clock [1]. One of
the possible approaches for realizing such a clock involves embedding
229Th nuclei into VUV-transparent crystals. In this work, we inves-
tigate from theoretical side the driving of the nuclear clock transition
in 229Th-doped crystals using Bessel beams, a form of light with he-
lical wavefronts and spatial degrees of freedom. Due to the magnetic
dipole character of the clock transition, such beams offer new control
degrees of freedom compared to standard plane waves [2]. We study
nuclear forward scattering of a resonant Bessel beam pulse propagating
through the crystal, analyzing the resulting temporal and spatial inten-
sity patterns. To this end, we extend an existing formalism developed
for plane waves to Bessel beams [3]. We consider scenarios involving
a single nuclear transition and multiple simultaneously driven transi-
tions, as well as different orientations of the quantization axis. This
approach opens a way to determine the relative distribution of different
directions of quantization axes inside the crystal.

[1] C. Zhang et al., Nature 633, 63-70 (2024).

[2] T. Kirschbaum et al., Phys. Rev. C 5, 064326 (2024).

[3] Y. V. Shvyd’ko, Phys. Rev. B 59 9132 (1999).

Q 22.4 Tue 12:00 P 11
Quantum dynamics of strongly-driven interacting MGdss-
bauer nuclei — Miriam GErHARZ!, DomiNik LENTRODT!?, and
eJorG EvErRs! — !Max-Planck-Institut fiir Kernphysik, Heidel-
berg — 2Physikalisches Institut, Albert-Ludwigs-Universitéit Freiburg,
Freiburg im Breisgau

It is an old challenge whether it is possible to fully excited an ensemble
of atomic nuclei using externally applied electromagnetic fields. Mo-
tivated by recent progress in x-ray source technology and in nuclear
quantum optics, in this talk, I will revisit this problem from two sides.
First, I will discuss the prospects of non-linear excitation of nuclei in
thin-film x-ray cavities using strongly focused x-ray pulses. To this end,
we developed a comprehensive theory framework to model focused x-
ray pulses in x-ray cavities, and derived the excitation enhancement via
the optimization of the nuclear environment [1]. Second, I will discuss
the many-body coupled dissipative dynamics of the nuclear ensemble
after the excitation, using a cumulant expansion which allowed us to
derive a set of nonlinear equations which is capable of efficiently mod-
eling large nuclear ensembles for arbitrary degrees of excitation [2].
We identified a non-linear time-evolution of the nuclear dipole phase
as an experimentally accessible signature for higher excitation. Our
analysis further predicts finite-size effects in the nuclear dynamics of
small ensembles as an interesting as-yet unexplored observable.
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[1] D. Lentrodt, C. H. Keitel, and J. Evers, Phys. Rev. Lett. 135,
033801 (2025); Phys. Rev. A 112, 013711 (2025).
[2] M. Gerharz and J. Evers, arXiv:2510.00970 [quant-ph].

Q 22.5 Tue 12:15 P 11
Dynamics of x-ray waveguides in front-coupling geometry —
eJULIEN SPITZLAY!, HANNS ZIMMERMANNY2 and ADRIANA PALFFY!
— 1Julius-Maximilians-Universitdt Wiirzburg — 2Universitidt der
Bundeswehr Miinchen

Thin-film nanostructures containing multiple embedded layers of M&ss-
bauer nuclei offer an intriguing platform for realizing quantum optics
in the x-ray regime. These structures can be probed either in grazing-
incidence or front-coupling geometry. The latter was recently demon-
strated experimentally [1] and showed excellent agreement with the
theoretical framework developed so far [2].

In this work, we extend this formalism to model the mesoscopic
quantum dynamics of x-ray waveguides in front-coupling geometry,
including configurations with multiple modes and several layers of
resonant material. This approach enables the engineering of effective
inter-nuclear couplings to realize hopping models [2], thereby opening
the door to investigating topological photonic systems of greater com-
plexity than achievable in grazing-incidence configurations [3].

[1] L. Lohse, et. al., Phys. Rev. Lett. 135, 053601 (2025)
[2] P. Andreji¢, et. al., Phys. Rev. A 109, 063702 (2024)
[3] H. Zimmermann, et. al., arXiv:2506.10588 (2025)

Q 22.6 Tue 12:30 P 11
Exploring Topological Effects in Thin-Film X-Ray Cavities
— eHANNS ZIMMERMANND2:3 JonaTHAN STURM!I3, Ton Cosma

FuLca®?, JEroeEN vaN DEN Brink34, and Apriana PALrryl:3
— 1Julius-Maximilians-Universitit Wiirzburg — 2Universitit der
Bundeswehr Miinchen — 3Wiirzburg-Dresden Cluster of Excellence

ct.qmat — *Leibniz Institute for Solid State and Materials Research
Dresden

A promising platform for the quantum control of high-frequency pho-
tons are thin-film cavities, with one or several embedded layers of res-
onant nuclei such as °"Fe with a Mdssbauer transition at 14.4 keV. At
grazing incidence, incoming x-rays couple evanescently to the cavity.
In turn, the cavity field drives the nuclear transitions. The resulting
nuclear response is well described by a recently-developed quantum
optical model based on the electromagnetic Green’s function [1].

Here, we investigate theoretically topological effects in special ge-
ometries of x-ray quantum emitters i.e. M&ssbauer nuclei. We show
that tailored nanostructures with multiple layers of Mossbauer nuclei
can implement a non-Hermitian version of the Su-Schrieffer-Heeger
(SSH) model [2]. By tuning the geometry of the structure, different
topological phases can be realized. Our results demonstrate the exis-
tence of topological edge states whose presence can be identified in the
x-ray reflectivity spectra or in resonant beam coupling geometry [3].

[1] X. Kong, et al. Phys. Rev. A 102, 033710 (2020)

[2] H. Zimmermann, et. al., arXiv:2506.10588 (2025)

[3] L.M. Lohse et. al., Phys. Rev. Lett. 135, 053601 (2025)

Q 22.7 Tue 12:45 P 11
Electron spectroscopy of the M&ssbauer transition in 57Fe —
oK Ravil, E MAnsson!, L. BockLAaGE! 2, S VELTEN!, I SERGEEV!,
M Serrz!, S RockensTeIN!, D ScumiTr®, M Kovacev34, F
CaLEGARIT'25, R ROHLSBERGER®, and A TraarToni’:34 —
LCFEL, Hamburg — 2CUI, Universitit Hamburg — 3Leibniz Uni-
versity Hannover — “Cluster of Excellence PhoenixD, Hannover —
5Department of Physics, Universitit Hamburg — 610Q, FSU Jena

Electron dynamics govern how nuclei interact with their electronic en-
vironment. In 57Fe Md&ssbauer isotopes, internal-conversion electrons
and Auger-Meitner emission offer a surface-sensitive alternative to flu-
orescence for probing electron-nuclear energy exchange. Using syn-
chrotron excitation and time-of-flight detection at PETRA III, we re-
solve magnetic hyperfine splitting and nuclear inelastic spectra, estab-
lishing a nuclear-electronic spectroscopy of coupled nuclear, electronic,
and phononic excitations.
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Q 23: Cold Molecules (joint session MO/Q)

Time: Tuesday 11:00-13:15

Invited Talk Q 23.1 Tue 11:00 P 105
Observation of diffraction oscillations and low-energy res-
onances in elastic collisions between He Rydberg atoms
and HD molecules — eAruiT Das!, Yurene Wanc!, KarL
Horn!, PioTr ZucHowski?, Juria Narevicius', and EDVARDAS
Narevicius! — Technische Universitit Dortmund, Dortmund, Ger-

many — 2Nicolaus Copernicus University, Torun, Poland

Observation of shape and Feshbach resonances in low-energy ion-
neutral collisions has been a long-standing goal, but such collisions
at cold temperatures remain elusive because of the difficulty of con-
trolling ion beams. While Feshbach resonances between ions and atoms
have been observed using magnetically tunable interactions [1]|, Ryd-
berg atoms offer a powerful platform for exploring quantum collision
dynamics in ion-molecule systems. The Rydberg electron acts as a
spectator, effectively shielding the ion core and enabling precise inves-
tigations of long-range interactions during ion core-molecule collisions.

In this work, we investigate elastic collisions between helium Ryd-
berg atoms and HD molecules at cold temperatures using a merged-
molecular-beam apparatus. Velocity-map images of scattered helium
reveal pronounced diffraction oscillations linked to partial-wave con-
tributions dominated by ion core-neutral interactions. By tuning the
collision energy, we also observe a series of low-energy scattering reso-
nances. These observations provide a new pathway for detecting low-
energy ion-molecule resonances that have, until now, remained inac-
cessible.

(1) Weckesser, Pascal, et al. Nature, 600, 429-433 (2021).

Q 23.2 Tue 11:30 P 105
Surface collision and thermalisation of a laser-coolable
molecule aluminium monofluoride — ePuLKIT KUKREJA, LASSE
RAUTENBERG, SEBASTIAN KrAY, GERARD MELJER, and SiD WRIGHT
— Fritz-Haber-Institut der MPG, Faradayweg 4-6, 14195 Berlin

Until very recently, direct laser cooling of molecules has been re-
stricted to reactive species with 2% electronic ground states. These
molecules are challenging to produce and have only been captured
into a magneto-optical trap (MOT) from pulsed, cryogenically cooled
molecular beam sources. These are rather complex, expensive, and
difficult to operate reliably for long periods.

At the Fritz Haber Institute, we have now realised the first MOT of
a spin-singlet molecule: aluminum monofluoride (AIF). AIF has high
chemical stability compared to % molecules, and can also be made
efficiently at moderate temperatures (~ 900 K) in an oven. Remark-
ably, we observe that AIF can survive collisions with, and therefore
thermalise to, room temperature vacuum walls of our experiments.

Here, we present the outcomes of single AlF-surface collisions on a
camera via Doppler-sensitive laser-induced fluorescence. We observe
that AlF undergoes trapping-desorption at surfaces, with complete
rovibrational and translational thermalisation to the surface. The col-
lision outcomes are highly surface-dependent, with polydimethylsilox-
ane (PDMS) coatings having a low sticking coefficient. Our results
open a pathway to molecular MOTs loaded from compact and inex-
pensive beam sources and suggest that the technology employed in
atomic vapour cells can be applied to a laser-coolable molecule.

Q 23.3 Tue 11:45 P 105
Decoding Feshbach resonances of Ne+HD- reaction us-
ing ion-electron coincidence and merged beam techniques
— oYurEnG Wanc!, AruitT Das', Barucn MarcuLris?, KARL
Horn'3, MEeeNu Upabpnvay?, Markus MpeuwLy?, CHRISTIANE
Kocn?3, and Epvarpas Narevicius! — ! Technische Universitét Dort-
mund — 2National Institute of Standards and Technology — 3Freie
Universitéit Berlin — 4University of Basel

Feshbach resonance in collisions is an interesting quantum effect. In
AMO studies, Feshbach resonance is widely used to produce Feshbach
molecules by tuning the magnetic field. In reaction dynamics studies,
Feshbach resonances also play a critical role in influencing the scat-
tering cross section. However, this important phenomenon remains
unclear to us due to the difficulty of experimental measurement.
Here, we developed a new method to investigate the Feshbach reso-
nance based on ion-electron coincidence measurements, starting with
a cold collision that leads to Penning ionization.[1] This new method
was applied to research on Feshbach resonances in the Ne and HD+
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collision. Assisted by the merged-beam technique, we lowered the col-
lision energy to 22 mK and realized a p-wave (1=1) scattering. Com-
bined with the high-resolution velocity map imaging technique, more
substructures were observed and assigned to the Feshbach resonances
arising from different vibrational modes of Ne-HD+ by high-accuracy
quantum calculations. This work deepens our understanding of the
Feshbach resonances in scattering.
(1) Margulis, B. et al. Science 380,77-81(2023).

Q234 Tue 12:00 P 105

Magneto-optical trapping of aluminum monofluoride —
eJiongHao Carl, Jost Epuarpo PapiLLa CasTiLLo!, PRIYANSH

AcarwaLl, Purkir Kukreia!, RusseLL Tnomas!, Boris
Sartakov!, STeraN TrRUPPE?, GERARD MELER!, and SIDNEY
WRricHT! — 1Fritz-Haber-Institute, Berlin, Germany — 2Imperial

College London, London, UK

Ultracold polar molecules have aroused great interest for their applica-
tions in testing fundamental physics and chemistry. Whilst there has
been considerable success in associating ultracold diatomic molecules
from laser-cooled atoms, these species are weakly bound and scarce in
nature. A complementary approach is to laser cool molecules directly.
So far, all diatomic and polyatomic species loaded into a magneto-
optical trap (MOT) are spin-doublet molecules, and therefore chemi-
cally reactive. Moreover, their electronic structure only supports sim-
ple optical cycling from the first rotationally excited (N = 1) level.

Recently, we demonstrated the first MOT of a molecule with a (spin-
singlet) X'27F electronic ground state, aluminum monofluoride (AlF).
We can routinely trap 6x10* AIF molecules via the deep ultraviolet
AMI « X271 transition, and, different to spin-doublet molecules,
can straightforwardly select different rotational levels in the MOT.
In this talk, I will provide a status update for the AIF MOT exper-
iments, investigations of potential loss channels in the cooling cycle,
and prospects for further cooling and trapping.

Q 23.5 Tue 12:15 P 105

Colder collisions for cleaner tomography of Feshbach reso-

nances between atoms and molecules — eKarRL P. Hornb?2,
Arwit Das!, Yurene Wanc!, Junia Narevicrusb?4, MEeenu
Upapuvay?, BarucH MaraurLis?, Danie. M. Reicu?, MARKUS

MeuwLy?, CHrisTIANE P. Kocu2, and Epvarpas Nareviciusl:4

— LTechnische Universitit Dortmund — 2Freie Universitat Berlin —
3University of Basel — 4Weizmann Institute of Science

Fundamental quantum effects are investigated at the interface between
theory and experiment. Foremost amongst these are Feshbach reso-
nances - observed, for instance, in collisions between rare gas atoms
and a dihydrogen molecule ions (and their isotopomers). By launch-
ing collisions using Penning ionisation, coincidence measurement can
yield a tomographic picture between incoming and outgoing quantum
states [1]. Ab initio calculations convoluted to match the experimental
resolution demonstrate good agreement with these experiments.

Until now, resolving contributions to the spectra due to individ-
ual initial partial waves and Feshbach resonances has been beyond
experimental limitations [2]. The latest experiments demonstrate suf-
ficient resolution to resolve these features and thereby test the validity
of high-quality potential energy surfaces. By utilising Feshbach res-
onances characteristic to individual electronic structure methods and
basis sets, a systematic comparison can be made between experiment
and different levels of theory.

(1) Baruch Margulis et al. Science 380,77-81(2023).

(2) Karl P. Horn et al. JPCL 16 (31), 7862-7867 (2025).

Q 23.6 Tue 12:30 P 105
Electric-field control of atom-molecule Feshbach resonances
— eMarRA MEYER zUM ALTEN BorcrLoH, JULE HEIER, FrRITZ VON
GIERKE, BARAA SHAMMOUT, EBERHARD TIEMANN, LEON KARPA, and
SiLkE OSPELKAUS — Leibniz University Hannover

We present our latest results on collisions between 22Na3?K molecules
and 39K atoms, where we successfully observe Feshbach resonances
between these scattering partners. For the first time in comparable
systems, we demonstrate the ability to control the position of these res-
onances using electric fields. This allows us to investigate the electric
field dependence of bound trimer states and assign specific quantum
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numbers to these states.

Our observations highlight a significant influence of the potassium
atom on the molecule, despite the weak binding of the trimer state,
which can be attributed to hindered rotation. These findings repre-
sent a new step in controlling atom-molecule interactions in ultracold
gases and offer valuable insights into the behavior of molecular systems
under external fields.

Q 23.7 Tue 12:45 P 105

Theory and experiments towards laser cooling of NH —
eDaNIEL RoEscH — TU Dortmund, Germany

Laser cooling of atoms is a well-established technique to reach very
low temperatures and to generate degenerate quantum gases. Due to
their more complex internal structure, molecules are much harder to
laser cool. However, laser cooling of CaF, SrF, YO, YbF, BaF, AIF
and SrOH has already been demonstrated and many other molecules
are currently under investigation. We are working on laser cooling
of 1°NH. This is a challenging molecule for laser cooling. While its
light mass and cooling transition in the UV give rise to large momen-
tum transfer for each absorbed photon, a long lifetime of the excited
state and resulting narrow transition are posing considerable chal-
lenges. I will present results of hyperfine state resolved laser-induced
fluorescence experiments on the cooling transition A3Ily «+ X3%¥—
for 1°NH as well as high resolution THz spectroscopy probing the
X3%7,N =1 + X3%~,N = 0 rotational transition in the ground

state. In addition to the experimental spectroscopy results I will also
present results from laser cooling simulations using the pyLCP python
package and machine learning optimization of laser cooling parameters.

Q 23.8 Tue 13:00 P 105
Towards a Dipolar BCS-BEC Crossover — eEUGEN Dizer!,
ARTHUR CHRISTIANEN?, XIN CHEN!, and RicHARD ScHMIDT! —
Hnstitut fiir Theoretische Physik, Universitdt Heidelberg, 69120 Hei-
delberg, Germany — 2Institute for Theoretical Physics, ETH Ziirich,
Ziirich, Switzerland

Dipolar Fermi gases are expected to show exotic phases of matter,
such as the supersolid and the Wigner crystal phase. Their anisotropic
long-range interactions make them also highly relevant for the study of
unconventional superconductivity. In this work, we focus on the case
of highly population-imbalanced dipolar Fermi gases to explore their
few- and many-body physics. We analyze the quantum scattering of a
single impurity in a dipolar Fermi sea, highlighting key differences from
conventional short-range interaction models. Additionally, we discuss
implications for the polaron-to-molecule transition and Anderson’s or-
thogonality catastrophe, introducing a new theoretical framework to
address this problem. Our results provide insights into the interplay
between s- and p-wave pairing, and the emergence of supersolid phases,
in the dipolar BCS-BEC crossover. We propose an experimental pro-
tocol to test the predictions in this work using ultracold molecules.

Q 24: Ultra-cold Atoms, lons and BEC | (joint session A/Q)

Time: Tuesday 11:00-13:00

Q24.1 Tue 11:00 N1
Dark-state semi-localization and subradiance in dissipative
systems — eRAPHAEL MENU, THOMAS Borzunag, and JOHANNES
ScHACHENMAYER — CESQ/ISIS, Université de Strasbourg, Stras-
bourg, France

Since their discovery, hybrid states of light and matter have sparked
bustling interest across diverse fields, ranging from condensed matter
physics and atomic physics to chemistry. While "bright” states are
largely unaffected by disorder, it has been demonstrated that strong
light-matter coupling gives rise to unconventional localization behavior
in ”dark” light-matter states [1,2]. This phenomenon, coined as semi-
localization, has been theoretically evidenced in ensembles of quantum
emitters with randomly distributed transition frequencies coupled to
a single-mode cavity. However, for meaningful comparison with ex-
perimental realizations, a proper description of semi-localization must
account for cavity losses and spontaneous emission. In this work, we
assess the feasibility of observing semi-localization as a transient phe-
nomenon under experimental conditions [3]. We explore the robustness
of this phenomenon in dissipative systems using experimentally acces-
sible figures of merit, and investigate the relation between subradiance
and localization phenomena.

[1] T. Botzung & al. Phys. Rev. B 102, 144202 (2020)

[2] J. Dubail & al. Phys. Rev. A 105, 023714 (2022)

[3] M. Baghdad & al, arXiv:2208.12088 (2022)

Q242 Tue 11:15 N1
Mass-Gap Description of Heavy Impurities in Fermi Gases —
XiN CHEN, eEUGEN DizERr, EMiLIO RAMOs RoDRIGUEZ, and RICHARD
ScHMIDT — Institut fiir Theoretische Physik, Universitat Heidelberg,
69120 Heidelberg, Germany

Single impurities immersed in a degenerate Fermi gas exhibit fascinat-
ing many-body phenomena, such as the polaron-to-molecule transition
and Anderson’s orthogonality catastrophe (OC). It is known that mo-
bile impurities of finite mass can be described as quasiparticles, so
called Fermi polarons. In contrast, Anderson showed in 1967 that the
ground state of a static, infinitely heavy impurity in a Fermi sea is
orthogonal to the ground state of the system without impurity - a
hallmark of the OC and a fundamentally non-perturbative effect. As
a result, conventional variational approaches or path integral methods
fail to capture this phenomenon accurately. Despite decades of re-
search, a unified approach connecting the quasiparticle description of
Fermi polarons with Anderson’s OC has remained elusive. In this work,
we present a theoretical framework for arbitrary-mass impurities in a
Fermi sea that incorporates Anderson’s OC, the polaron-to-molecule
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transition and the quasiparticle picture. Our theory provides a simple
yet powerful description of interacting quantum systems, with broad
implications for ultracold atom experiments, atomically thin semicon-
ductors, and future studies of strongly correlated matter. Phys. Rev.
Lett. 135, 193401 (2025).

Q24.3 Tuel1l:30 N1
Quantum doubles in symmetric blockade structures — eSimonN
FELL — Institute for Theoretical Physics III, University of Stuttgart

Exactly solvable models of topologically ordered phases with non-
abelian anyons typically require complicated many-body interactions
which do not naturally appear in nature. This motivates the “inverse
problem” of quantum many-body physics: given microscopic systems
with experimentally realistic two-body interactions, how to design a
Hamiltonian that realizes a desired topological phase? We solve this
problem on a platform motivated by Rydberg atoms, where elemen-
tary two-level systems couple via simple blockade interactions. Within
this framework, we construct Hamiltonians that realize topological or-
ders described by non-abelian quantum double models. We analyti-
cally prove the existence of topological order in the ground state, and
present efficient schemes to prepare these states. We also introduce
protocols for the controlled adiabatic braiding of anyonic excitations
to probe their non-abelian statistics. Our construction is generic and
applies to quantum doubles D(G) for arbitrary finite groups G. We
illustrate braiding for the simplest non-abelian quantum double D(S3).

Q244 Tuell:d5 N1
Paramagnetic Phases of Strongly Correlated Lattice
Fermions with Cavity-Mediated Long-Range Interactions —
eRENAN DA Sitva Souza, YousiaNg Xu, and WALTER HOFSTETTER
— Goethe-Universitat, Institut fiir Theoretische Physik, 60438 Frank-
furt am Main, Germany

We investigated the steady-state paramagnetic phases of a Fermi-
Hubbard model on a square lattice coupled to a transversely pumped
optical cavity, using real-space dynamical mean-field theory (RDMFT)
[1]. The cavity mediates long-range interactions [2] which compete
with the onsite Hubbard interactions. This system exhibits a transi-
tion into a superradiant checkerboard density-wave (DW) phase with
finite occupation imbalance. At quarter filling, we find that increas-
ing temperature leads to the crystallization of a homogeneous Fermi-
liquid (FL) phase into a DW phase. At half filling, we find regions of
metastability between different RDMFT solutions where the occupa-
tion imbalance shows a hysteretic behavior characteristic of first order
phase transitions. In those regions, the DW solution coexists with ei-
ther the homogeneous FL or the Mott insulating solution. We obtain
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the thermodynamic phase transition by comparing the energies of the
different solutions in the region of metastability.

[1] M. Snoek et al. NJP 10, 093008 (2008)

[2] V. Helson et al. Nature 618, 716-720 (2023)

Q24.5 Tue 12:00 N 1
Topological Order in Symmetric Blockade Structures —
eToBiAs FLoRrRIAN MAIER, HaNns PETER BUcCHLER, and NIcOLAI
Lang — Institute for Theoretical Physics III and Center for In-
tegrated Quantum Science and Technology, University of Stuttgart,
70550 Stuttgart, Germany

The bottom-up design of strongly interacting quantum materials with
prescribed ground-state properties is a highly nontrivial task, espe-
cially if only simple constituents with realistic two-body interactions
are available on the microscopic level. We study two- and three-
dimensional structures of two-level systems that interact via a simple
blockade potential in the presence of a coherent coupling between the
two states. For such strongly interacting quantum many-body sys-
tems, we introduce the concept of blockade graph automorphisms to
construct symmetric blockade structures with strong quantum fluc-
tuations that lead to equal-weight superpositions of tailored states.
Drawing from these results, we design a quasi two-dimensional peri-
odic quantum system that — as we show rigorously — features a topo-
logical Zg spin liquid as its ground state. Our construction is based on
the implementation of a local symmetry on the microscopic level in a
system with only two-body interactions [1].

[1] T. F. Maier, H. P. Biichler and N.Lang, Topological Order
in Symmetric Blockade Structures, PRX Quantum 6(3) (2025),
doi:10.1103/dt1f-2q82.

Q24.6 Tue 12:15 N1
Spin and density order of ultracold two-component fermions
coupled to an optical cavity — eDANIEL SaMOYLOV, RENAN DA
Sitva Souza, Yousiang Xu, and WALTER HOFSTETTER — Goethe
Universitat, Institut fiir Theoretische Physik, 60438 Frankfurt, Ger-
many

Ultracold two-component fermions coupled to a transversely pumped
optical cavity experience cavity-mediated long-range interactions [1].
In the dispersive regime, when confined to a two-dimensional static
optical lattice the steady states of this system can be described by an
extended Hubbard Hamiltonian with long-range interactions mediated
by the cavity photons. We use real-space dynamical mean-field theory
(RDMFT) [2] to study the phase diagram of this system. We investi-
gate the competition of the (superradiant) checkerboard density-wave
(DW) phase and the magnetically ordered spin-density-wave (SDW)

phase at half filling. For small values of the Hubbard onsite interac-
tion strength and the cavity-mediated long-range interaction strength
we find a homogeneous paramagnetic phase. The full phase diagram
of the system is obtained by varying the Hubbard onsite interaction
strength and the cavity-mediated long-range interaction strength at a
fixed low temperature. We identify a region of coexistence between
the DW and SDW solutions obtained within RDMFT. The thermo-
dynamic phase transition in this region is obtained by comparing the
energies of the different RDMFT solutions.

[1] K. Roux et al., Nat. Commun., 11, 1, 2974 (2020)

[2] M. Snoek et al., New J. Phys. 10, 093008 (2008)

Q24.7 Tue 12:30 N1
Towards stable, strongly dipolar mixtures of ultracold dys-
prosium atoms — eMARIAN DURBECK, LENNARD REIHS, JOHANNES
SEIFERT, BALA CHOUDHARI, JUAN PABLO MARULANDA SERNA, NEL-
soN WERUM, MArco DE Pas, GERARD MEUER, and GiaAcoMO VAL-
TOLINA — Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faraday-
weg 4-6, 14195 Berlin

Quantum gases of magnetic atoms, such as dysprosium (Dy), have re-
cently enabled the realization of the long-sought-after supersolid phase.
More exotic regimes of supersolidity have been predicted for mixtures
of these magnetic atoms. We report on our efforts to create stable
mixtures of Dy. We show a broadly applicable frequency-modulation
scheme for simultaneously slowing and trapping different isotopes of
Dy and discuss progress in creating strongly dipolar Bose-Bose mix-
tures.

Q 24.8 Tue 12:45 N1

Collective excitations in Quantum Bubbles — eTIMOTHE
EsTrAMPESD2, BRENDAN RHYNO!, CHARLES GARcION!, ERNST M.
RaseL!, Eric CuarRrONZ, and NAcEUR GaaLouL! — !Leibniz Uni-

versity Hannover, Institut fiir Quantenoptik, Germany — 2Université
Paris-Saclay, CNRS, Institut des Sciences Moléculaires d’Orsay, France

The realization of the first quantum bubbles, both in microgravity us-
ing radiofrequency dressing (Nature 606, 281-286 (2022)) and on the
ground with quantum mixtures (PRL 129, 243402 (2022)), has opened
the way to studying the evolution of condensed atoms in non-trivial
geometries. Among these, collective excitation modes are of particu-
lar interest, as they are readily accessible experimentally. It has been
shown that, during the transition from a filled to a hollow geometry,
the behavior of excitation modes is non-monotonic. In this work, we
investigate the behavior of collective excitations in quantum bubbles
and search for potential thermodynamic signatures of the hollowing
transition.

Q 25: Precision Spectroscopy of Atoms and lons Il (joint session A/Q)

Time: Tuesday 11:00-13:00

Invited Talk Q 25.1 Tue 11:00 N 3
Stringent Tests of the Standard Model via High-Precision
Measurements at ALPHATRAP — eFaBiaN Heisse!, MATTHEW
Bouman!, Luca GrissLER!, ANTON GRAMBERG!, PHiLIPP JusTus!,

CHARLOTTE Konig!, Ivan Korrunov?, JiaLin Livl, JoNATHAN
MorcNER!, JacoB ScHrRADER!, VicTor VoaT2?, STEPHAN
ScHILLER?, SVEN STurM!, and Kraus Braum! — Max-Planck-

Institut fiir Kernphysik, Heidelberg — Z2Institut fiir Experimental-
physik, Univ. Diisseldorf, Diisseldorf

The Standard Model describes a broad range of physical phenomena
but remains incomplete. Therefore, it is of utmost importance to ver-
ify its foundational theories in all their facets. The ALPHATRAP
experiment is a dedicated cryogenic Penning-trap apparatus, designed
for this exact purpose [1]. It enables measurements of bound electron
g-factors ranging from light molecular hydrogen ions to heavy highly
charged ions using non-destructive single ion spectroscopy techniques.

I will present the measurements of the bound electron g-factor in
H-like, Li-like, and B-like tin ions (Z = 50) with 0.5 parts-per-billion
precision. There, extreme electric field strength up to 10'® V/cm act
on the electron, magnifying QED effects and allowing to test them via
the comparison with theory [2]. Finally, I will show the results of the
hyperfine microwave and rovibrational laser spectroscopy of the HD
ion [3]. These are essential for future matter-antimatter comparisons.
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[1] Sturm et al., Eur. Phys. J. Spec. Top. 227, 1425 (2019).
[2] Morgner et al., Nature 622, 5357 (2023).
[3] Konig et al., Phys. Rev. Lett. 134, 163001 (2025).

Q 25.2 Tue 11:30 N 3
Doppler-free two-photon spectroscopy of xenon — eBJORN-
BeNNY Bauer?!', FELix WALDHERR!, THORSTEN GRoH!, SKYLER
DeceNkoLB?, and SiMoN STELLMER! — !University Bonn, Germany
— 2University Heidelberg, Germany

High-precision spectroscopy of xenon is essential for a range of applica-
tions, including electric dipole moment (EDM) searches and isotope-
shift studies, but suitable high-power deep-UV laser sources remain
difficult to access. Here, we present high-resolution, Doppler-free two-
photon spectroscopy of xenon using fluorescence detection. From these
measurements, we determine the isotope shifts and extract the hy-
perfine structure parameters of the targeted transition. We further
perform a King-plot analysis incorporating electronically similar tran-
sitions. The results exhibit clear linearity among the bosonic isotopes,
while pronounced non-linearities arise when fermionic isotopes are in-
cluded.

Q 25.3 Tue 11:45 N 3
Precision X-Ray Spectroscopy of Ka transitions in He-like
Uranium using Metallic Magnetic Calorimeter Detectors
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— eDANIEL A. ScHNAUSs-MULLERY'23, Jonanna H. WaLcu!:2:3,

PuiLie PrArrLEINDZ3,  Marc O. Herbpricab2, MICHAEL
LESTINSKYZ, DANIEL HENGSTLER?, ANDREAS FLEISCHMANN?, CHRIS-
TIaAN Enss?, GonTter WEBERD2, and THoMAS STOHLKER!Z —
1Helmholtz Institut, Jena — 2GSI, Darmstadt — 3Friedrich-Schiller-

Universitit, Jena — *Kirchhoff Institut, Heidelberg

He-like ions, as the simplest atomic multibody system, provide a
unique testing ground for the interplay of the effects of electron-
electron correlations and quantum electrodynamics (QED). Of par-
ticular interest are heavy highly charged systems, where inner shell
electrons are exposed to extremely high field strengths. For L to K-
transitions, experiments with ions at nuclear charge states Z > 54
where not available until now. Two X-ray spectroscopy studies of He-
like uranium ions have been performed at the electron cooler of the
storage ring CRYRINGQ@ESR at GSI Darmstadt, using novel detec-
tors of the maXs series, developed within the SPARC collaboration.
Those detectors are able to measure photons from a few keV up to over
100 keV allowing the simultaneous investigation of Balmer-like and Ko
transitions. The achieved spectral resolution of better than 90 eV at
X-ray energies close to 100 keV reveals the substructure of the Kal
and Ka2 lines for the first time. The result of this experiment and the
first insights of a rerun this year are presented in the talk.

Q 25.4 Tue 12:00 N 3

Advances in the investigation of atomic transitions in
Lr — eELisaABETH RIcKERT for the Lawrencium Collaboration-
Collaboration — GSI Helmholtzzentrum fiir Schwerionenforschung

GmbH, Darmstadt, Germany — Hembholtz-Institut, Mainz, Germany
— Johannes Gutenberg-Universitat, Mainz,Germany

The investigation of the atomic level structure of the heaviest elements
is experimentally and theoretically challenging. The electric shell
structure of transfermium elements is strongly influenced by relativistic
effects, which significantly complicates theoretical predictions. Exper-
imentally, atomic levels are largely unknown for Z > 100, whereby low
production cross sections and short half-lives demand a tailored ap-
proach for laser spectroscopy on single-atom-at-a-time quantities. The
RAdiation Detection Resonance Ionization Spectroscopy (RADRIS)
technique has been successfully applied for the atomic level search in
nobelium (No, Z = 102). In recent years, the RADRIS setup has
been adapted to investigate the atomic structure of lawrencium (Lr,
Z = 103). The two strongest ground-state transitions have been the-
oretically predicted in the regions around 20420 cm™! (251/2) and
28500 cm ™! (2Dj35 state). In 2020 and 2022, over 800 cm ™! and 700
cm~! have been scanned around the predicted transition wavenumber
in the visible and uv range, respectively. So far, no transition could
be detected, but 35% of the anticipated uncertainty of the theoretical
predictions is still to be investigated. In the contribution, the status
of the experiment and the data analysis will be presented.

Q25.5 Tue12:15 N 3
Measurement of the hyperfine structure of the 4f145d
2D5 5 state in trapped !"3Yb™ jons — eRoHAN CHAKRAVARTHY!,
Jiaiane Yul, IkBaL A. Biswas!, ANAND Prakasu?, CLARA
ZvskIND!, and Tania E. MEHLSTAUBLER!'2 — 1PTB, Germany —

2LUH, Germany

We report a measurement of the hyperfine structure of the 4f145d :

2D5/2 state in 173Yb™T using the 4f146s : 231/2 — 41454 - 2D5/2
electric quadrupole (E2) transition at 411 nm in trapped 173Yb* jons
and the resolution of the higher order hyperfine structure C coefficient.
The measurement involves coherent excitation of the atom with an ul-
trastable laser to the excited hyperfine states and the measurement of
the absolute frequency of the transitions with a frequency comb ref-
erenced to an ultrastable silicon cavity and a hydrogen maser. This
measurement, along with the planned measurement of the hyperfine
structure of the 4f1365s2 : 2F7/2 state will lead to the resolution of the
higher order nuclear moments predicted in Yb.

Q 25.6 Tue 12:30 N 3
Two-Dimensional Magneto-Optical Trap as a Cold Atomic
Beam Source for High-Precision Spectroscopy on Lithium —
e¢GREGOR SCHWENDLER, T1M REDELBACH, HANNAH JosT, and RAN-
poLF PoHL — Johannes Gutenberg-Universitdt Mainz, QUANTUM,
Institut fiir Physik & Exzellenzcluster PRISMA T, Mainz, Germany.

Lithium is of great interest in atomic and nuclear physics studies. The
determination of the isotope shift from spectroscopy of the D-lines has
shown inconsistencies, which could be partially explained by quantum
interference effects.[1] We aim to further reduce systematic uncertain-
ties in the spectroscopy by using a cold atomic beam extracted from
a high-flux two-dimensional magneto-optical trap|2|, which drastically
reduces the first-order Doppler shift. Additionally, the use of an active
fiber-based retroreflector[3| further suppresses systematics by produc-
ing retracing wavefronts in the spectroscopy beam. Our cold atomic
beam provides an atomic flux on the order of 10° atoms/s, sufficient
for high-precision spectroscopy, and a tunable mean velocity in the
range of 50 to 100m/s. I will report on the current results and the
status of the experiment.

[1] Brown et al., Physical Review A 87.3 (2013), p. 032504.
[2] Tiecke et al., Physical Review A 80.1 (2009), p. 013409.
[3] Beyer et al., Optics Express 24.15 (2016), p. 17470.

Q 25.7 Tue 12:45 N 3
Cold Hydrogen Beam Source for Magnetic Trapping of
Atomic Hydrogen — eMEgRTEN HEPPENER and RANDOLF PoHL
— Johannes Gutenberg-Universitat Mainz, QUANTUM, Institut fiir
Physik & Exzellenzcluster PRISMA++ |, Mainz, Germany

We are currently setting up an experiment to determine the root-mean-
square triton charge radius via two-photon 1S-2S laser spectroscopy
at 243 nm on magnetically trapped tritium atoms [1]. For preparation
of trapping, a cold atomic hydrogen source consisting of a microwave
discharge and a cryogenic nozzle was set up. The atom beam was
characterized using time-of-flight techniques, the results of which we
will present here. A velocity filter in form of a magnetic quadrupole
guide will be installed shortly to further reduce the beam velocity. Af-
ter achieving a stable atomic hydrogen beam, the 243 nm laser system
and enhancement cavity will be integrated into the vacuum apparatus
to probe the 1S-2S two-photon transition. In the future, it is planned
to load the slow hydrogen atoms into a magnetic minimum trap using
a cold lithium buffer gas.

[1] S. Schmidt et al. J. Phys.: Conf. Ser. 1138, 012010 (2018)

Q 26: Poster — Ultrashort Pulses and Strong Fields (joint session K/Q)

Time: Tuesday 17:00-19:00

Q 26.1 Tue 17:00 Philo 1. OG
Theoretical prediction of vibrational effects in multi-photon
spectroscopy — eHERVE TAJOUO TELA, DESHAN LI, and JULIEN
BLOINO — Scuola Normale Superiore Pisa, Italy

The numerical investigation of molecular optical properties is essen-
tial for advancing our understanding of light*matter interactions. In
this work, we present computational approaches for modeling two- di-
mensional (2D) photon absorption processes, with a particular focus
on benchmarking 2D electronic*electronic transitions. These bench-
mark studies establish a basis for extending the methodology to more
general frameworks that incorporate electronic*vibrational coupling.
By employing advanced numerical techniques and high-precision al-
gorithms, we aim to achieve accurate simulations of nonlinear optical
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responses and to predict spectroscopic signatures in complex molecu-
lar systems. Ultimately, this work seeks to improve the reliability of
numerical simulations in capturing the fundamental features of multi-
photon absorption processes, with applications spanning spectroscopy,
photophysics, and quantum dynamics.

Q 26.2 Tue 17:00 Philo 1. OG
A Flexible Laser Micromachining Platform for Fabricating
Integrated Photonic Systems in Transparent Materials —
oY AsSIN NasRr, PaTrick HILDEBRAND, VERONICA MoONTOYA, THILO
DANNER, ANDREAS MicHALOWSKI, and ToBias MENOLD — Univer-
sity of Stuttgart - Institut fiir Strahlwerkzeuge (IFSW), Stuttgart, Ger-
many
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The increasing demand for compact, robust, and fully integrated pho-
tonic systems requires fabrication tools that can structure transparent
materials with high precision and three-dimensional flexibility. Many
established laser micromachining studies rely on highly specialized se-
tups optimized for a single process, limiting systematic comparisons
and slowing scientific progress. To overcome these constraints, we
developed a laser micromachining platform that combines multiple ul-
trafast laser processes into one versatile system architecture.

The setup combines a high-NA microscope objective for generat-
ing micrometer-scale focal spots, a galvanometric scanner and a high-
precision XYZ translation stage for dynamic 3D processing and a spa-
tial light modulator (SLM) for dynamic correction of aberrations and
controlled beam shape inside transparent materials.

This architecture enables scientific investigations of various laser-
based micromachining processes like direct laser writing of waveguides,
selective laser etching to create integrated microstructures like lenses
and laser-assisted bonding for joining glass substrates. All these pro-
cesses form the technological basis for the scalable fabrication of robust
integrated photonic systems on one single manufacturing platform.

Q 26.3 Tue 17:00 Philo 1. OG

Spatiotemporal analysis of non-collinear optical parametric
oscillators — eRoBIN MEVERT!'2, FRIDOLIN JAKOB GEESMANN!,

OLivER MEeLcHERTH2, Han Raol!:2, Arun PauperLb?, and Uwe

MoraNERD2:3 — 1Leibniz University Hannover, Institute of Quantum
Optics, Hannover, Germany — 2Cluster of Excellence PhoenixD, Han-
nover, Germany — S3Laser Zentrum Hannover e.V., Hannover, Ger-
many

Femtosecond non-collinear optical parametric oscillators exhibit com-
plex spatiotemporal dynamics, making it challenging to predict their
steady-state under different input conditions. This study applies a
GPU-accelerated 2D+ 1-dimensional split-step Fourier method to solve
a generalized model of the coupled wave equations. It considers all
potential second-order nonlinear mixing processes, including phase
matching, diffraction, and walk-off, for all interacting pulses. Addi-
tionally, the model includes the impact of third-order nonlinear ef-
fects, such as self-phase modulation (SPM) and cross-phase modula-
tion (XPM), on the resulting cavity mode. The cavity roundtrip is
modelled using the Collins diffraction integral, with additional losses,
dispersion, and spatial filtering due to the limited size of the mirrors.

Q 26.4 Tue 17:00 Philo 1. OG
Dressed-state-enhanced harmonic generation at high intensi-
ties with a single driving field — eOskaAr ErNsST and THOMAS
HavrmanN — TU Darmstadt, Institut fiir angewandte Physik, Darm-
stadt, Germany

We investigate 5th and 7th harmonic generation of ultrashort picosec-
ond laser pulses in the vacuumultraviolet (VUV) regime, enhanced by
laser-induced dressed states in xenon. The pump laser for harmonic
generation simultaneously acts as a control field, preparing multiple
dressed states with large Autler-Townes splittings in the terahertz
range. We observe well-defined dressed states even at large intensities
up to 30 TW/cmz, corresponding to an already small Keldysh param-
eter around 2. The presence of dressed states compensates the Stark
shift, enabling resonantly enhanced frequency conversion by up to one
order of magnitude across a broad spectral window of approximately
40 nm, tunable via laser wavelength and intensity. Our results demon-
strate that significant resonance enhancements of VUV generation via
dressed states are possible and relevant even without an additional
control field.

Q 26.5 Tue 17:00 Philo 1. OG
Time-Trapping Towards Manipulation of Single-Photon
Wavepackets — eMARVIN FrRaNzKE!, FRIDOLIN GEEsMAN!, DAvID
ZuBerRD2, Inar Bapusukin!'2:3 and Uwe MoRrceNER!2 — !Leibniz
University Hannover, Institute of Quantum Optics, Welfengarten 1,
30167 Hannover, Germany — 2Cluster of Excellence PhoenixD (Pho-
tonics, Optics, and Engineering-Innovation Across Disciplines), 30167
Hannover, Germany — 3Max Born Institute, Max-Born-Strake 2a,
10117 Berlin, Germany

In this project we are going to demonstrate experimentally a recent,
theoretically suggested way of trapping and manipulating femtosecond-
long weak pulses. A soliton propagating in a gas-filled hollow-core fiber
creates a refractive index potential capable of trapping a much weaker
pulse or even single photons. A weak pulse, described by linear op-
tics, would always undergo dispersion, but trapping inside a soliton,
described by nonlinear optics, allows for a dispersion-free propagation.
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Furthermore, trapping allows manipulation of the weak pulse by ma-
nipulating the soliton trap, since the weak pulse follows adiabatically.
Here, two components of the experimental setup are discussed: an op-
tical parametric amplifier (OPA) delivering the pulses, and diffractive
optical elements (DOESs) converting the Gaussian mode from the OPA
to higher order modes. These higher order modes are a crucial feature
because the soliton and the weak pulse are at different wavelengths.
By choosing different higher order modes for them and tuning the gas
pressure, group velocity matching can be achieved. Furthermore, the-
oretical considerations about time-trapping are presented.

Q 26.6 Tue 17:00 Philo 1. OG
Towards All-Optical Attoclock Measurements in No-
ble Gases Using Short-Wave Infrared Laser Pulses —
oFRrIDOLIN GEESMANN!, MoRTEN DRrEEs?, Davip Zusrerb3, Inar
BaBusHkin!34  and Uwe MoRrcNER!3 1Leibniz University
Hannover, Institute of Quantum Optics, Hannover, Germany —
2University of Ottawa, Ottawa, Canada — S3Cluster of Excellence
PhoenixD, Hannover, Germany — *Max Born Institute, Berlin, Ger-
many

Laser driven ionization of noble gases gives rise to a plethora of inter-
esting effects, such as the so-called Brunel radiation, which originates
from the ionization and subsequent acceleration of electrons in the
strong optical electric field. The study of this radiation, in particular
of its polarization state, allows for detailed insights into the fundamen-
tal principles of light-matter interaction. Here, we report on the usage
of elliptically polarized short-wave infrared femtosecond laser pulses
generated by a home-built optical parametric amplifier to drive the
generation of Brunel harmonics in Argon, which then encode infor-
mation about the tunnel time of the electrons through the Coulomb
barrier of the gas atoms in the rotation of their polarization ellipse.
Our setup facilitates ultrashort laser pulses centered around 2 pm that
exhibit pulse energies of up to 110 pJ and pulse durations below 40
fs. Furthermore, it allows for the simultaneous measurement of the
intensity-dependent polarization state of the third and fifth harmonic
from the Brunel field, thus enabling an all-optical characterization of
the tunnelling time of the matter under test.

Q 26.7 Tue 17:00 Philo 1. OG
Probing High-Order Susceptibilities of monolayer MoS2
via High Harmonic Generation: TDDFT approach —
¢ YEGANEHSADAT AIVANKARD 2, ELNAZ IRANTZ, HAMID TALKHABINZ,
and MoHAMMAD MONFARED® — 13ICMM, Centro Superior de In-
vestigaciones Cientficas, Sor Juana Ines de la Cruz, 3 Cantoblanco,
28049 Madrid, Spain — 2Department of Physics, Faculty of Basic Sci-
ences, Tarbiat Modares University, P.O. Box 14115-175, Tehran, Iran
— 3Institute of Theoretical Physics, Leibniz University Hannover, Ap-
pelstrafie 2, 30167 Hannover, Germany

High-harmonic generation (HHG) is a powerful method for probing
high-order nonlinear optical responses in solids, across both perturba-
tive and non-perturbative regimes.

Here, we use time-dependent density functional theory (TDDFT)
to compute the nonlinear susceptibilities (X(s),x(7),x(9)) of mono-
layer MoS2 via HHG. Simulations employ intense ultrafast laser pulses
(Ao = 600,nm) with peak intensities from 0.2-1.2 TW/cm?.

Our results exhibit power-law scaling Yieldy = AnxI" and inter-
band polarization, enabling direct extraction of higher-order suscepti-
bilities. We also observe strong crystal orientation dependence, with
anisotropic behavior across harmonic orders, emphasizing the role of
polarization control in 2D material characterization.

Unlike previous methods (e.g., attosecond streaking) that inferred
lower-order susceptibilities indirectly, HHG directly reveals higher-
orders responses without broad spectra or indirect analysis. Quan-
tifying such nonlinearities is key to advancing ultrafast photonic.

Q 26.8 Tue 17:00 Philo 1. OG
Neural network reconstruction of hamiltonians and transi-
tion dipole couplings from transient absorption spectra —
eRoNALD CARDENAS, ULF SAALMANN, and JaN-MicHAEL RosT —
MPI-PKS, Dresden, Germany

Transient absorption spectroscopy (TAS) provides insight into ultra-
fast electronic dynamics, yet the resulting spectra are often challenging
to interpret with conventional tools. In this work, we develop a Con-
volutional Neural Network (CNN) that reconstructs effective Hamil-
tonian matrices directly from TAS data. In addition to recovering
effective energy levels, the model also predicts transition dipole cou-
plings, which determine electronic coherences and state interactions



Mainz 2026 — Q

Tuesday

under external fields. These couplings are essential to determine the
optical response for linear and nonlinear optical processes. As they
cannot be measured directly, they are typically obtained from ab initio
calculations. Such calculations can become demanding for larger sys-
tems or situations involving many excited states. The CNN approach
provides an alternative route to estimating these couplings using only
spectroscopic input. The reconstructed Hamilton matrices enable the
calculation of dynamical properties such as time-dependent dipole mo-
ment and polarization response. They can also be used for simulations
of open-system Lindblad dynamics, coherent control schemes, non-
linear spectroscopy, and strong-field ionization models. Overall, our
approach links experimental TAS data to the theoretical parameters
needed to model ultrafast light*matter interactions, offering a flexible
framework for complex molecular systems.

Q 26.9 Tue 17:00 Philo 1. OG
Neural network reconstruction of hamiltonians and transi-
tion dipole couplings from transient absorption spectra —
eRoNALD CARDENAS, ULF SAALMANN, and JAN-MicHAEL RosT —
MPI-PKS, Dresden, Germany

Transient absorption spectroscopy (TAS) provides insight into ultra-
fast electronic dynamics, yet the resulting spectra are often challenging
to interpret with conventional tools. In this work, we develop a Con-
volutional Neural Network (CNN) that reconstructs effective Hamil-
tonian matrices directly from TAS data. In addition to recovering
effective energy levels, the model also predicts transition dipole cou-
plings, which determine electronic coherences and state interactions
under external fields. These couplings are essential to determine the
optical response for linear and nonlinear optical processes. As they
cannot be measured directly, they are typically obtained from ab initio
calculations. Such calculations can become demanding for larger sys-
tems or situations involving many excited states. The CNN approach
provides an alternative route to estimating these couplings using only
spectroscopic input. The reconstructed Hamilton matrices enable the
calculation of dynamical properties such as time-dependent dipole mo-
ment and polarization response. They can also be used for simulations
of open-system Lindblad dynamics, coherent control schemes, non-
linear spectroscopy, and strong-field ionization models. Overall, our
approach links experimental TAS data to the theoretical parameters
needed to model ultrafast light-matter interactions, offering a flexible
framework for complex molecular systems.

Q 26.10 Tue 17:00 Philo 1. OG
Open-shell electron dynamics with restricted open-shell con-
figuration interaction singles — exa HEI LEE"'2, PASCAL KRAUSE!,
and ANNIKA BANDEM2 — Inorganic Chemistry Institute, Leibniz Uni-
versity Hannover, Germany — 2Theory of Electron Dynamics and

Spectroscopy, Helmholtz-Zentrum Berlin, Germany

The description of correlated, ultrafast electron dynamics in poly-
atomic many-electron molecules is a challenging task. The time-
dependent configuration interaction (TDCI) method has shown to
correctly describe the light-induced excitation processes on the nat-
ural time scale of the electrons. By employing atom-centered basissets
formed spin orbitals, monitoring the evolution of the electronic wave
packet in TDCI framework becomes possible and analysis tools of the
electron-hole-pair formation are available. [1, 2]

The study of dynamics of open-shell systems states an even big-
ger challenge as it requires a multi-configurational character for the
spin-adapted wavefunction. In this poster, I present how the time-
dependent restricted open-shell configuration interaction singles (TD-
ROCIS) methods can be employed to monitor light-driven electron
dynamics calculations for open-shell systems.

[1] F. Langkabel, P. A. Albrecht, A. Bande, P. Krause, Chem. Phys.,
557, 111502 (2022)

[2] F. Langkabel, P. Krause, A. Bande, WIREs Comput Mol Sci.,
14, €1696 (2024)

Q 26.11 Tue 17:00 Philo 1. OG
Impact of vertical Lidar misalignment on turbulence charac-
terization for wind energy applications — eVipana Popkoval,
FLoriaN JAcErR'2, Lukas PauscHEr!:?3, FaBiaN SPALLEK!, and
STEFAN YosHl Bunmann! — lUniversity of Kassel, Germany —
2Fraunhofer IEE, Kassel, Germany — 3 Vrije Universiteit Brussel, Bel-
gium
To evaluate the quality of possible wind-park locations, accurate
knowledge of the turbulence characteristics of the expected wind-
velocity-field is essential. The turbulence properties are commonly de-
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scribed by the variance of the field and may be extracted from measure-
ments or simulations. Multi-LiDAR (Light Detection And Ranging)
setups offer precise measurements for determining turbulence proper-
ties, but some systematic measurement uncertainties remain hard to
control for. In particular, vertical offsets between LiDAR beams can
drastically bias derived variances due to the large impact of the beam
configuration on the measured data. We use a modified Mann model
[1] to calculate the turbulence properties based on the spectral tensor
and simulate dual-LiDAR configurations to study the influence of ver-
tical offsets on the resulting variances. To this end, we introduce offsets
directly in the spectral domain and examine their impact for varying
atmospheric parameters. Several significant beam configurations are
analyzed and compared with data from long-term mast measurements.
The resulting theoretical framework can subsequently be used to de-
velop turbulence-correction methods for misaligned LiDAR setups.
[1] Mann, J., J. Fluid Mech., 273, 141-168 (1994).

Q 26.12 Tue 17:00 Philo 1. OG
Methods and hurdles for a live shot to shot polarization di-
agnostic — eMoriTz MociLowski 2 and MARKUsS ILLCHEN!»2
1Universitiat Hamburg, Hamburg, Germany — 2CFEL, Hamburg, Ger-
many

With the recent advances of free electron lasers, pushing further into
the attosecond time regime with ultra short pulses investigation of the
chirality and and its time dependence on electronic movements is be-
coming feasible. The polarization of the FEL pulse is critical and its
charactisation is not only important for analysing the data but also an
important live metric for the machine operators. In this poster a ro-
bust and flexible approach to a shot based live polarization diagnostic
based on almost intrusion free electron time of flight spectroscopy is
shown. Common failures and their remedies are also discussed.

Q 26.13 Tue 17:00 Philo 1. OG
A Lab-based High Brilliance Secondary Source for Hard X-
ray Generation — eL1oN GUNSTER, LUKA PETERSEN, JOSE MAPa,
GRETA PARrRUScHKE, PHILIP MOSEL, SVEN FROHLICH, ANDREA TRA-
BATTONI, UWE MORGNER, and MILUTIN KovacEv — Leibniz Univer-
sitdt Hannover - Institut fiir Quantenoptik, Hannoverm Deutschland

The development of high-brilliance X-ray sources is one of the key fac-
tors driving rapid progress in industrial and medical applications. Due
to the limitations of conventional X-ray sources, this growing demand
has stimulated research into laser-based secondary sources. Combined
with very high-power-laser, very promising results have already been
reported. Within the framework of the XProLas project we construct
and test such a laser-produced plasma X-ray source for their usability
in industrial applications.

Femtosecond pulses with a pulse energy of 10mJ are focused on a
copper wire target reaching laser intensities of 2 * 101 W/cm2. To
enable continuous operation of the source multiple debris mitigation
schemes have been implemented. With a repetition rate of 50 kHz we
aim to achieve brilliance levels of over 5 x 1013 photons/ssr in Cu K,
surpassing state-of-the-art conventional X-ray sources by one order of
magnitude.

Q 26.14 Tue 17:00 Philo 1. OG
New light in the lab for single-particle imaging exper-
iments eJASPER Bourrwoop!, INDRANI DEey!, FREDERIC
UssLiNG!, JosE GomEz Torres!, YVEs ACREMANN?, ALESSANDRO
CoromBol, Linos HecuT!, IsaBELLE BoLLIER!, Eusan HASSAN-
POUR YEsaGI', JanNis LeHMANNZ, KarHAariNA Korarzki!, MIr-
sam Kunz!, Mario Saurpe!, ANcELA Vipont!, SimoN WACHTER!,
BiorN SENFFTLEBEN', and DaNiELA Rupp! — !Nanostructures and

Ultrafast Science, ETH Ziirich — 2D-PHYS, ETH Ziirich

Lab-based coherent diffraction imaging (CDI) of free-flying isolated
nanoparticles has only recently become feasible and opens up new re-
search opportunities. Short-wavelength pulses focused to high intensi-
ties are required, which are connected to rather extreme conditions for
the high-harmonic generation (HHG) process. We investigate the use
of different focusing geometries and driving wavelengths to optimize
XUV pulse generation from a high-power NIR laser amplifyer (800
nm, 20 mJ, 30 fs). Interestingly, XUV generation in a Xenon gas cell
using a 400 nm driving wavelength from second harmonic generation
(SHG) in a BBO crystal results in the production of a single harmonic
instead of four harmonics typical for an 800 nm driver. This single-line
output is of interest for CDI applications as monochromatic diffraction
creates clearer interference structures.
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Q 26.15 Tue 17:00 Philo 1. OG

X-ray and Electron Emission from peeling Adhesive Tape

Jose L. Mapral, eLuka PrTerRsEn!, Davip THEIDEL?,

PuiLip Moser!, CuarvLorTE Fiscuer!2, Sven FRroenLicu!,

KimM-ALESSANDRO  WEBER!, PETER OBERTA®®, JAN-WILLEM
VAHLBRUCH

2 3 1 and MILUTIN

, HamMED MERDJI?, UWE MORGNER
Kovacev! — lLeibniz University Hannover, Institute of Quantum
Optics, Welfengarten 1, 30167 Hannover, Germany — 2Leibniz Uni-
versity Hannover, Institute of Radioecology and Radiation Protection,
Herrenhduser Str. 2, 30419 Hannover, Germany — 2Laboratoire dOp-
tique Appliquée, Ecole nationale supérieure de techniques avancées
(ENSTA) ParisTech, CNRS, Ecole polytechnique, 828 Boulevard des
Maréchaux, 91120 Palaiseau, France — *Rigaku Innovative Technolo-
gies Europe s.r.o., Dolni Brezany, 252 41, Czech Republic — ®Institute
of Physics of the Czech Academy of Sciences, Na Slovance 1999/2,
Praha 8, 182 00, Czech Republic

In recent years, several scientific groups have investigated X-ray gen-
eration by peeling adhesive tape in vacuum. X-ray generation results
from electron emission during the peeling and their interactions with
surrounding materials. These studies mainly focused on the tape, sys-
tem properties, and electron interactions near the detachment point.
We examine electron interactions with solid materials along their travel
path. We observe a non-homogeneous spatial distribution of electron
energies, which we compare with numerical simulations. It shows peel-
ing adhesive tape can serve as a simple, low-cost X-ray source for ed-
ucational demonstrations and small lab experiments.

Q 26.16 Tue 17:00 Philo 1. OG
Dispersive-Wave Generation in a Kagome-Type Hollow-
Core Fibre by Few-Cycle-Pulses — eDavip ZUBER!''?, FRIDOLIN
JakoB GEESMANN!, IHAR BaBusHkIN'23 and Uwe MoreNER!Z —
1Leibniz University Hannover, Institute of Quantum Optics, Hannover,
Germany — 2Cluster of Excellence PhoenixD, Hannover, Germany —
3Max Born Institute, Berlin, Germany

Tunable ultrashort pulses in the ultraviolet (UV) spectral range have
attracted significant attention in a variety of applications, including
pump-probe spectroscopy, lithography, and the control of chemical re-
actions. Conventional laser systems are often limited by the availability
of suitable gain media, while their nonlinear counterparts such as op-
tical parametric amplifiers or oscillators face constraints imposed by
crystal absorption, phase-matching conditions, and the availability of
sufficiently energetic pump photons. The presented UV source is based
on dispersive-wave generation in a gas-filled Kagome-type hollow-core
fibre. The fibre is pumped with a few-cycle OPCPA system, thereby
generating a tunable UV radiation peak accompanied by a broadband
background spanning more than 1 PHz. The experimental findings
are supported by numerical simulations, which demonstrate the po-
tential for producing few-cycle pulses directly in the UV. In addition,
the paper discusses prospects for extending this concept toward the
extreme-ultraviolet regime.

Q 26.17 Tue 17:00 Philo 1. OG

Temperature-dependence of two-color laser-induced currents

in graphene — ¢CrLINA HUTTNER!, WEIZHE L1, DANIEL LEskob?2,
and PeTER HomMmELHOFF!'2 — !Department Physik, Friedrich-
Alexander-Universitit (FAU) — 2Department Physik, Ludwig-

Maximilians-Universitdt Miinchen (LMU)

Strong laser fields have previously been used to induce directional cur-
rents in solids via symmetry breaking, enabling electronic coherent
control on the femtosecond timescale. In graphene, an inversion sym-
metric semi-metal with extraordinary electronic and optical properties,
the photocurrent generation can be controlled by shaping the laser

field, for instance through control of the carrier envelope phase or by
combining harmonics of a laser pulse. As the latter requires a coherent
interaction of both pulses and the electrons in graphene, it enables de-
tailed exploration of decoherence- and dephasing-mechanisms. While
the two-color photocurrents have been extensively studied before, the
role of phonon-electron scattering remains unclear. In order to inves-
tigate this process, we cool graphene to temperatures below 25 K via
a continuous flow cryostat setup and measure the two-color photocur-
rent, at both room and cryogenic temperature. We study the behavior
of the photocurrent at different temperatures by varying field strength,
polarization and the two-color-phase.

Q 26.18 Tue 17:00 Philo 1. OG
Investigation of the Thermal Behaviour of Yb:YAG and
Yb:LuAG in High-Power Bulk Amplifiers — eJULIAN SILLER!,
ArRUN Pauper!, Han Rao'2, Davip Zuer!2, and Uwe
MOoRGNER!2 — !Leibniz University Hannover, Institute of Quantum
Optics, Hannover, Germany — 2Cluster of Excellence PhoenixD, Han-
nover, Germany

Ytterbium-doped gain materials are widely used in modern high-power
ultrafast laser systems, where thermally induced effects strongly in-
fluence beam quality, wavefront stability and hence achievable focus-
ability. While Yb:YAG is a well-established workhorse for solid-state
amplifiers, recent studies suggest that Yb:LuAG may exhibit signifi-
cantly reduced thermo-optical distortions, potentially offering advan-
tages for high power operation. Here, we report on the development
of a home-built bulk laser amplifier designed to directly compare the
thermal behavior of Yb:YAG and Yb:LuAG under identical pump-
ing conditions. The setup enables controlled high-power pumping in
the near-infrared regime and allows for simultaneous measurements
of thermal lensing and temperature-dependent gain dynamics. Using
beam profiling and M square analysis, we quantify the evolution of
thermally induced distortions within each crystal and assess their im-
pact on the amplified output. We expect that the observed differences
in the thermo-optical response of the two materials will provide in-
sights into the suitability of Yb:LuAG as a low-distortion alternative
to Yb:YAG for next-generation high-power bulk amplifiers.

Q 26.19 Tue 17:00 Philo 1. OG
Characterization of the Temporal Pulse Contrast for Laser-
Produced Plasma Applications — ePia KoopmanN, PEer Bi-
ESTERFELD, SVEN FrOHLICH, and MILuTIN KovacEv — Leibniz Uni-
versitdt Hannover - Institut fiir Quantenoptik, Welfengarten 1, 30167
Hannover, Germany

Ultrafast, high-intensity laser systems are increasingly used to generate
secondary radiation sources, such as X-rays and particle beams, offer-
ing promising capabilities for scientific and industrial applications. At
these intensities, even the comparatively low-intensity laser pedestals
and pre-/post-pulses can exceed material ionization thresholds. In par-
ticular, the formation of pre-plasma significantly changes the interac-
tion conditions. This can result in effects such as an increased emission
of hazardous radiation. Therefore, understanding and controlling these
effects is critical for optimizing secondary source performance.

We present the development of an in-house built third-order auto-
correlator, designed to characterize the temporal contrast of ultrafast
laser systems with high dynamic range. A third-order autocorrelator
provides the sensitivity necessary to capture these features and enables
systematic studies of how the temporal contrast influences plasma dy-
namics and the efficiency of Laser-produced plasma sources. The de-
vice is optimized to provide the high dynamic range required to resolve
weak ns to ps temporal structures, such as pedestals and pre-/post-
pulses, which play a decisive role in laser-matter interaction dynamics.

Q 27: Poster — Precision Spectroscopy of Atoms and lons (joint session A/Q)

Time: Tuesday 17:00-19:00

Q 27.1 Tue 17:00 Philo 1. OG
Towards High Precision Laser Spectroscopy on a Cold Beam
of Atomic Lithium — eHannaH Jost, TiMm REDELBACH, GRE-
GOR SCHWENDLER, and RANDOLF PonL — Institut fiir Physik/
QUANTUM, Johannes Gutenberg-Universitdt Mainz, Staudingerweg
7, 55128 Mainz, Germany

Precision measurements of simple atoms and molecules are useful be-

37

Location: Philo 1. OG

cause comparison with equally precise theory calculations can test the
theory and determine fundamental physical constants [1]. We are aim-
ing at new precision measurements of the lithium D lines, for the first
time using a cold atomic beam obtained from a 2D-MOT |[2], and
using an actively stabilised retroreflector [3, 4] to eliminate the first
order Doppler shift. Comparison with ongoing experiments on muonic
lithium [5] will in addition enable stringent tests of a variety of system-
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atics relevant for recent and ongoing experiments in atomic hydrogen
and deuterium [6], such as Quantum Interference [7], or the light-force
shift [6].

[1] P. Mohr et al., arXiv 2409.03787 (2024). [2] T. Tiecke et al.,
Phys. Rev. A 80 1094-1622 (2009). [3] V. Wirthl et al., Optics Ex-
press 29, 7024 (2021). [4] V. Wirthl et al., Optics Express 30, 7340
(2022). [5] B. Ohayon et al., Physics 6, 206-215 (2024). [6] A. Beyer et
al., Science 358, 6359 (2017). [7] T. Udem et al., Annalen der Physik
531, 1900044 (2019).

Q 27.2 Tue 17:00 Philo 1. OG
Metallic-Magnetic Calorimeters for Efficient High Resolu-
tion X-ray Spectroscopy for Energies up to 150 keV —
eDANIEL KREUZBERGER, ANDREAS ABELN, HENDRIK HADENFELDT,
DanNIEL HENGSTLER, ANDREAS REIFENBERGER, DANIEL UNGER, AN-
DREAS FLEISCHMANN, LOREDANA GASTALDO, and CHRISTIAN ENnss —
Kirchhoff-Institute for Physics, Heidelberg University, Germany

Metallic Magnetic Calorimeters are cryogenic detectors for broadband
x-ray spectroscopy with high energy resolution and small, well un-
derstood non-linearity. They consist of a metallic particle absorber,
typically made of gold and a paramagnetic temperature sensor made
of an erbium doped noble metal host material. If a photon is absorbed,
its energy is converted to heat, leading to a temperature change of the
sensor material. This temperature rise changes the magnetization of
the sensor material, which is read out by a sensitive SQUID magne-
tometer.

Experiments on highly charged ions and light muonic atoms have
brought up the necessity to build densely packed arrays of MMCs with
a high stopping power for photon energies up to 150 keV. This can be
achieved with the presented new microfabrication-process for 120 pm
thick absorbers made of electroplated gold. We also present fabrication
results for the fast thermalization of the MMCs using the backside of
the silicon substrate, which can be achieved by using DRIE processes,
and filling these T'SVs with copper. Finally we present characteriza-
tion results for two different MMC arrays fabricated with those newly
developed processes and results from most-recent beamtimes.

Q 27.3 Tue 17:00 Philo 1. OG
Spectroscopy and laser-cooling of zinc — eLukas MOLLER, FE-
LIX WALDHERR, DAVID ROSER, and SIMON STELLMER — Universitéat
Bonn, Germany

Laser-cooling and trapping of neutral atoms is a widely used technique
in contemporary atomic physics and has been demonstrated for many
elements of the periodic table. The element zinc, an alkaline-earth-like
metal, is a promising candidate for a new optical clock. We report
on the development of a DUV cw-laser source at 213.9 nm, magneto-
optical trapping of zinc and our work towards narrow-line cooling and
isotope shift spectroscopy on the narrow cooling transition of zinc.

Q 27.4 Tue 17:00 Philo 1. OG
Towards large-area 256-pixel MMC arrays for high res-
olution X-ray spectroscopy — eANDREAS ABELN, HENDRIK
HADENFELDT, DANIEL HENGSTLER, Lucas HERBSTRITT, DANIEL
KREUZBERGER, ANDREAS REIFENBERGER, ANDREAS FLEISCHMANN,
LorEDANA GaAsTALDO, and CHRISTIAN Enss — Kirchhoff Institute
for Physics, Heidelberg University

Metallic Magnetic Calorimeters (MMCs) are energy-dispersive cryo-
genic particle detectors. Operated at temperatures below 50 mK, they
provide very good energy resolution, high quantum efficiency as well
as high linearity over a large energy range. In many precision exper-
iments in X-ray spectroscopy the photon flux is small, thus a large
active detection area is desirable. Therefore, we develop arrays with
increasing number of pixels.

In this contribution we present a detector setup featuring a novel dense-
packed 16 x 16 pixel MMC array. The pixels provide a total active area
of 4mm X 4mm and are equipped with 5 pm thick absorbers made of
gold. This ensures a stopping power of at least 50 % for photon ener-
gies up to 20keV. The expected energy resolution is 1.4eV (FWHM)
at an operating temperature of 20 mK. For the cost-effective read-out
of the 128 detector channels we envisage the flux-ramp multiplexing
technique. We present first results of the detector characterization ob-
tained utilizing parallel 2-stage dc-SQUID read-out chains. We discuss
the detector performance, focusing on the thermal behavior within the
detector as well as to the thermal bath.

Q 27.5 Tue 17:00 Philo 1. OG

Microfabricated Penning trap for quantum logic inspired

38

CPT-tests — eoPHiLIPP HorrMmaNN!, JuLia CoOENDERs!, NIKITA

Poriakov!, JaN Scuaper!, MAaREk Prasse!, Juan CorNEJOZ, Ja-
coB Stupp!, STEFAN ULMER?*®, and CHRISTIAN OSPELKAUs!:3
ILeibniz Universitit Hannover, Germany — 2Universidad de Cadiz,
Spain — 3Physikalisch-Technische Bundesanstalt, Braunschweig, Ger-
many — *Ulmer Fundamental Symmetries Laboratory, RIKEN, Japan
— SHeinrich-Heine-Universitéat Diisseldorf, Germany

Within the framework of the BASE collaboration, we focused on test-
ing CPT symmetry by performing high-precision measurements of the
g-factor of protons [1] and antiprotons [2]. We aim to employ quan-
tum logic spectroscopy [3] using a laser-cooled °Be™ ion to improve
the sampling rate and statistical uncertainty of these measurements.
Sympathetic ground-state cooling will happen through coupling. Our
objective is to couple [4] the mbox(anti-)proton to the “Bet ion, which
will happen in a double-well potential. Shaping this potential is chal-
lenging, because of the different particles. Coupling is also essential
for spin-state detection of the (anti-)proton. This coupling should
occur within a microfabricated section of our Penning trap stack, as
presented in this contribution, alongside an outline of the process for
fabricating these electrodes via selective laser-induced etching (SLE)
on fused silica wafers. [1] G. Schneider et. al. Science 358 (2017) [2] C.
Smorra et al., Nature 550 (2017) [3] D.J.Schneider et al., Phys. Rev.
A 42 (1990) [4] K. R. Brown et. al., Nature 471 (2011).

Q 27.6 Tue 17:00 Philo 1. OG
Digital Pulse Shape Analysis for Metallic Magnetic Calorime-
ters (MMC) — oJ. H. Warcu’23, D. A. ScuNauss-MOLLERD2:3,
M. O. Herpricul23, Pu. PrirrLEIN!23 G. WEeBER!'23, D.
HencsTLER?, A. FLElscHMANN?, CH. Enss?, and TH. SToHLER!:2:3
— 1HI-Jena — 210Q, FSU — 3GSI — *KIP

In the recent years, MMCs have emerged as excellent single photon de-
tectors, exhibiting a broad spectral acceptance range from a few to hun-
dreds of keV and a high energy resolution of E/AE(FW HM) ~ 6000
[J. Geist. PhD thesis, 2020]. Together with their fast rise time,
they provide a superb opportunity for fundamental research in atomic
physics. The MMC detector absorbs an incident photon. The subse-
quent heat up of an absorber-sensor pair leads to a change in mag-
netisation of the sensor generating a signal dependent on the photons
energy. The shape depending on the intrinsic detector response, ad-
ditional noise and artefacts from various sources. To achieve the full
detector performance and accurately measure incident photon energies,
it is necessary to extract the relevant pulse features while suppressing
noise contributions. Several techniques to maximise statistical infor-
mation involving finite impulse response filters have been explored.
Additional correction techniques are needed to mitigate the effects of
integral nonlinearities and temperature drift of ADCs gain behaviour.
This work presents an overview of the involved steps and compare sev-
eral digital filters with regard to their resolving power. In particular:
a Moving Window Deconvolution based algorithm presented by M. O.
Herdrich and the Optimal filter as described e.g. by A. Fleischmann.

Q 27.7 Tue 17:00 Philo 1. OG
Development of a cryogenic Paul trap setup for high-precision
quantum-logic spectroscopy — eSTEPAN KokH, MAGDALENA
WINKELVOSS, ANTON STERR, SOPHIA DORRA, MELINA GIZEWSKI,
Finsa MAYeR, MaiLr ScHUBE, Josg R. CreEspo LOPEz-URRUTIA,
Tuomas PFEIFER, and VERA M. ScHAFER — Max-Planck-Institut
fiir Kernphysik, Heidelberg

Several theories for physics beyond the standard model predict a vari-
ation of the fine-structure constant . The current upper limit on its
variation is set by high-precision spectroscopy in singly charged
ytterbium. Cf'5+ and Cf'7* offer higher sensitivity to a and low
sensitivity to external perturbations, thereby opening the potential
to improve on these bounds. To achieve the required precision, care
must be taken in the design of the experiment to minimise systematic
errors. Here, we present a Paul trap setup designed to fulfill these
requirements. Two Paul trap setups are placed on the same optical ta-
ble, to perform frequency comparison between the two charge states.
For improved vacuum, to suppress charge exchange with the HClIs,
the Paul trap environment needs to be cooled to 4K. This is achieved
through a closed-cycle cryocooler with a helium gas-exchange interface
that should reduce the vibrations at the trap to below 10 nm. A super-
conducting niobium shield is installed around the 4K stage to suppress
magnetic field noise and increase the coherence time. The system is de-
signed for fast and easy assembly and cool-down to simplify debugging
issues inside the vacuum chamber.
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Q 27.8 Tue 17:00 Philo 1. OG
Calcium optical clock as an absolute frequency standard for
the thorium nuclear transition — eDaRrius FENNER!, VALERI
ANnDpRIUsHKOVDY 2, KEERTHAN SUBRAMANIAN', KE ZHANG!, SRINI-
vasA PRADEEP ARaAsADA!, FLORIAN ZAcHERL!, Yumiao Wancl4,
CarisToPH E. DULLMANND2, DmITRY BUDKER!:2:3, FERDINAND
ScumipT-KALER!, and LARs voN DER WENSE! 1 Johannes
Gutenberg-Universitat Mainz 2Helmholtz Institut Mainz
3University of California, Berkeley, USA — 4Fudan University, Shang-

hai, China

Nuclear clocks are expected to improve the accuracy of optical clocks
due to their reduced susceptibility to external fields and higher transi-
tion frequencies. They are based on the transition of the low-lying and
long-lived isomeric state of thorium-229. In our setup, thorium and
calcium ions are co-trapped in a linear Paul trap for sympathetic cool-
ing. In the future, to excite the thorium nucleus with a cw laser, the
frequency of the nuclear transition must be compared to a known fre-
quency standard. This poster presents the construction of an optical
clock based on a trapped Cat ion, using the 729 nm clock transi-
tion between S;,3 and Dg/3. The clock laser is first stabilized using
the Pound-Drewer-Hall technique to reach a linewidth at the Hertz
level. After locking the laser to the calcium ion, its frequency will be
measured using an optical frequency comb. The goal is to reach an ac-
curacy of 10~15. This project is supported by the BMFTR Quantum
Futur II Grant Project NuQuant (FKZ 13N16295A) and DFG Project
TACTICa (grant agreement no. 495729045).

Q 27.9 Tue 17:00 Philo 1. OG
MMC based high-precision spectroscopy on muonic atoms —
eTim REDELBACH for the QUARTET-Collaboration — Institute of
Physics, Mainz, Germany
The QUARTET collaboration aims for high-precision spectroscopy of
muonic atoms at the Paul Scherrer Institute (PSI) to extract nuclear
charge radii in simple atomic systems. A key motivation of the ex-
periment is to reduce the relative uncertainties of nuclear charge radii
for stable isotopes ranging from Lithium to Neon. The current uncer-
tainties in this region suffer mainly from experimental uncertainties.
To fill this uncertainty gap, Metallic Magnetic Calorimeters (MMC)
are employed, which provide a unique combination of superb energy
resolution, linearity and stability. This contribution will present the
experimental concept and first results from the beam time conducted
in October 2025, highlighting the performance of the MMC-based de-
tection system and the current status of data analysis on the stable
Oxygen isotopes 016, O17 and O18.

Q 27.10 Tue 17:00 Philo 1. OG
Preparation of actinide samples for applications in fundamen-
tal physics and chemical studies — eA. T. Loria Bastol2, C.
Moxkry™2, J. Runke!3, Cu .E. DoLLMann®23, and D. Reniscul+2
— 1JGU, Mainz, Germany — 2HIM, Mainz, Germany — 3GSI, Darm-
stadt, Germany

Samples of radioisotopes serve as sources and targets in many basic
chemistry and physics related research projects. Our group special-
izes in the production of tailor-made samples, for which a variety of
parameters have to be considered. The main ones include isotopic pu-
rity, layer thickness and homogeneity as well as geometry. We present
the methods available at JGU and within our collaboration network to
produce, separate and characterize radionuclide samples, mainly of ac-
tinide isotopes. We also highlight the production and characterization
of experiment-specific samples and give an overview of applications in
Mainz as well as in national and international collaborations.

Q 27.11 Tue 17:00 Philo 1. OG

Heating rate measurements by time-resolved detection
of single-phonon excitations eSvvain  Nogr!?, T
REHMERT 2, GABRIELE GAarTal'34 MAXIMILIAN J. ZAWIERUCHA2,
Piet O. Scumipt!h2, and FABiaN WoLr! — ! Physikalisch-Technische
Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Germany —
2Institut fiir Quantenoptik, Leibniz Universitit Hannover, Welfen-
garten 1, 30167 Hannover — 3European Laboratory for Nonlinear
Spectroscopy (LENS), Via Nello Carrara 1, 50019 Sesto Fiorentino
— “University of Florence, Department of Physics and Astronomy,
Via Sansone 1, 50019 Sesto Fiorentino, Italy

Trapped ions are a well-established platform in quantum science, with
applications ranging from quantum computing to high-precision spec-
troscopy for metrology and as a probe for new physics. These applica-
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tions rely on long coherence times for coherent manipulation, making
it essential to understand and quantify decoherence processes in order
to mitigate them. In particular, heating of the trapped ions is one
limiting effect for coherence times. Here, we present a new measure-
ment scheme to quantify the motional heating in a Paul trap. The
method relies on the time-resolved detection of single-phonon excita-
tions, which allows us to extract the heating rate in the trap. We
demonstrate that the method is consistent with the well-known tech-
nique based on comparing the red and blue sideband excitations. In
addition, the presented method offers a new perspective for the investi-
gation of different heating mechanisms by distinguishing coherent and
incoherent motional excitation of the ion.

Q 27.12 Tue 17:00 Philo 1. OG
A pedestrian approach to the computation of atomic struc-
tures and processes — e STEPHAN FRITZSCHE — Helmholtz-Institut
Jena, Germany — Friedrich-Schiller University Jena, Germany

Electronic structure calculations of atoms and ions have a long tradi-
tion in physics with applications from basic research to precision spec-
troscopy, and up to astro and plasma physics. With the Jena Atomic
Calculator (JAC), I here present a modern (relativistic) atomic struc-
ture code for the computation of atomic amplitudes, properties as well
as a large number of excitation and decay processes. JAC [1,2] is based
on Julia and provides an easy-to-use but powerful platform to extent
atomic theory towards new applications. The toolbox is suitable for
(most) open-shell atoms and ions across the periodic table of elements.

[1] S. Fritzsche. A fresh computational approach to atomic struc-
tures, processes and cascades. Comp. Phys. Commun., 240, 1 (2019),
DOI:10.1016/j.cpc.2019.01.012.

[2] S. Fritzsche. JAC: User Guide, Compendium & Theoreti-
cal Background. https://github.com/OpenJAC/JAC.jl, unpublished
(02.11.2025).

Q 27.13 Tue 17:00 Philo 1. OG
Frequency Stabilization of a 1762 nm Diode Laser for Quan-
tum Logic Spectroscopy of Barium Ions — eHaAN Bap, ALEXAN-
DER WINDT, WEI Wu, and ToBias ScHAETZ — Physikalisches Insti-
tut, Albert-Ludwigs-Universitat Freiburg, Hermann-Herder Strafe 3,
79104 Freiburg, Germany

We report on the implementation of a frequency stabilization system
for a 1762 nm diode laser, a key component for advanced experiments
with trapped Barium ions 138Ba+. This laser wavelength is criti-
cal for exciting the ions from the 6S1/2 ground state to the long-
lived metastable 5D5/2 state, a necessity for resolve sideband cooling
and phonon number measurement. To achieve the required long-term
spectral stability and narrow linewidth, we have locked the laser to a
high-finesse, ultra-low expansion (ULE) glass cavity using the Pound-
Drever-Hall (PDH) technique. We will show the detailed the laser
system design, the characterization of the ULE reference cavity, and
the implementation of the PDH locking electronics. We present a per-
formance analysis demonstrating a locked linewidth of < 1 kHz and
long-term frequency drift of < 0.1 MHz/hour. This stable 1762 nm
source is a cornerstone for our ongoing work on quantum logic spec-
troscopy of the Barium ion’s narrow optical quadrupole transition,
paving the way for improved study of atom-ion collision between Bar-
ium and Rubidium.

Q 27.14 Tue 17:00 Philo 1. OG
How to overengineer an alkali vapor cell characterization
system? — eINco HiLscueENnz!:2, MarvIN KessLer?3, FoLKE
DeNckir?3, JEns Voict?, PETER KRUGER?, and ILjA GERHARDT!
— llight & matter group, Institute for Solid State Physics, Leibniz
University Hannover, Appelstrasse 2, D-30167 Hannover, Germany
— 2Physikalisch-Technische Bundesanstalt, Abbestrafe 2-12, D-10587
Berlin, Germany — 3Institute of Micro Production Technology, Leib-
niz University Hannover, An der Universitat 2, D-30823 Garbsen, Ger-
many

Hot alkali vapor cells are very versatile in quantum sensing. Their
applications cover laser locking, wavelength filters, time standards,
and magnetic sensors. Therefore, micro-fabricated cells which deliver
highly reproducible specifications are very sought after. As each appli-
cation has its own requirements, a means of quality control is essential.
For example, high vapor pressures might be ideal for a SERF magne-
tometer, but are less desirable for Doppler-free laser locking. We dis-
cuss the quality measures for atomic vapor cells for their specific use.
A mostly automated system that combines absorption spectroscopy
(Doppler and Doppler-free), longitudinal, and transversal relaxation
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time measurements are presented. The figures to checks the cell’s suit-
ability for magnetometers are discussed in detail. Our system can
automatically record spectra around the D1 and D2 lines of rubidium,
scan the most relevant parameters, and adapts easily to varying cell
shapes.

Q 27.15 Tue 17:00 Philo 1. OG
Precision spectroscopy of highly charged ions — e AMir KHAN',
Marre WeHRHEIM!, SHUYING CHEN', Lukas J. Spiess!, ALEXAN-
peErR WiLzewski!, Josgé R. C. Loépez-Urrutia?, and Pier O.
ScumipT!3 — 1Physikalisch Technische Bundesanstalt, Bundesallee
100, 38116 Braunschweig, Germany — 2Max-Planck Institut fiir Kern-
physik, Saupfercheckweg 1, 69117 Heidelberg, Germany — S3Institut
fiir Quantenoptik, Leibniz Universitdt Hannover, Appelstrafe 2, 30167
Hannover, Germany

The large binding energy of the remaining electrons in highly charged
ions (HCI) makes highly charged ions ideal candidates for applica-
tions in frequency metrology and the probing of fundamental physics
[1]. So far, we have realized Ar!3t and Cal4t optical clocks with
an uncertainty of 10716 limited by statistics [2, 3]. In this work we
demonstrate how we can overcome this limitation by using a new spec-
troscopy species Nit2T. We report the identification of the clock [4] and
logic transitions and the progress towards a clock with expected sys-
tematic and statistical uncertainties at the low 10~ 18 level. Finally, we
introduce Os'61 as a promising contender for an optical clock. Os6+
features more than three clock transitions, with expected small sys-
tematic uncertainties and featuring narrow linewidths. References: [1]
M. G. Kozlov, M.S. Safronova, et al., Rev. Mod. Phys. 90 (2018) [2]
S. A. King, L. J. Spiess, et al., Nature 611, 43 (2022) [3] A. Wilzewski,
et al., Phys. Rev. Lett. 134, 233002 (2025) [4] C. Cheung, et al., Phys.
Rev. Lett. 135, 093002 (2025)

Q 27.16 Tue 17:00 Philo 1. OG
Towards a Quantum Logic Clock for Precision Spectroscopy
of Highly Charged Heavy Ions — eNapiNE HomBURG 23| Lukas
Kaul:2:3 Hirosur Havakawal23 ZoraN ANDELKoOVIc?, THOMAS
StonLker!234 and PrTErR Micke!?34 — 1Helmholtz Institute
Jena — 2GSI Helmholtz Centre for Heavy Ion Research, Darmstadt
— 3Friedrich Schiller University Jena — 4Abbe Center of Photonics,
Jena

Quantum logic spectroscopy (QLS) has driven significant advances in
optical frequency metrology by enabling optical clocks based on ions
that lack direct laser cooling and state detection transitions. Heavy
highly charged ions (HCIs) offer optical transitions with strongly sup-
pressed systematic shifts and enhanced sensitivity to fundamental
physics. Substantial progress on medium-mass HCIs has been demon-
strated, but extending QLS to the heaviest HCIs remains an open chal-
lenge. In this contribution, we present our experimental setup for QLS
on heavy HCIs, specifically targeting the optical hyperfine-structure
transition in 207Pb81+ at 1019.7 nm. The experiment, located at GSI
in Darmstadt, will provide suitable cryogenic trapping conditions for
such extreme charge states. A monolithic linear Paul trap is under
development for reduced excess micromotion and trap-related system-
atic effects. Additionally, the setup includes laser systems for in-situ
production of the logic ion Be™, laser cooling to the motional ground
state, and coherent manipulation of qubit and HCI clock transitions.

Q 27.17 Tue 17:00 Philo 1. OG

Development of a cryogenic XUV-comb spectroscopy setup
for the 229Th nuclear isomer — ®ANANT AGARWAL!, LENNART
1 1 2 3

GUTH', TOBIAS HELDT', FLORIAN ZACHERL®, THORSTEN SCHUMM®,
LARS VON DER WENSE2, THOMAS PFEIFER!, and JOSE R. CRESPO
LOPEZ-URRUTIA! — ! Max-Planck-Institut fiir Kernphysik, Heidelberg,
Germany — 2Johannes Gutenberg University Mainz, Germany —

3Vienna University of Technology, Austria

The laser-accessible (148 nm) nuclear transition in 22°Th offers in-
triguing pathways for fundamental physics research and development
of novel frequency standards. We aim to investigate the temperature
dependence of the transition frequency and variations in the decay
time at cryogenic temperatures. In this work, we describe a setup
designed to excite the nuclei of Th** ions embedded in a Th:CaF2
crystal cooled in a helium cryogenic environment, using an extreme-
ultraviolet (XUV) frequency comb. The XUV comb is generated as the
7P harmonic of a near-infrared frequency comb through intra-cavity
high harmonic generation.

Q 27.18 Tue 17:00 Philo 1. OG
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Development of a YBCO-based step-up resonator for
cryogenic Paul traps — eHirosur Havakawal2:3 NapINE

HomBURG ELENA JorDAN®, Lukas Kau and PETER

Micke!2:3:4 — 1Helmholtz Institute Jena — 2GSI Helmholtz Centre
for Heavy Ion Research, Darmstadt — 3Friedrich Schiller University
Jena — *Abbe Center of Photonics, Jena — ®Physikalisch-Technische
Bundesanstalt, Braunschweig

1,2,3 1,2,3
b b

Step-up resonators are used to drive Paul traps at enhanced radio-
frequency voltages; they additonally filter electrical noise and can re-
duce ion heating. Cryogenic setups typically offer improved passive
temperature stability and thus result in inherently more stable trap
drives. Despite these advantages, the permissible thermal load is lim-
ited and must be minimised. For these reasons, a high Q-factor be-
comes of paramount importance.

Exploiting the cryogenic environment, we are developing a step-up
resonator based on the high-temperature superconductor YBCO. We
aim at a high trap-drive frequency of up to 50 MHz for quantum logic
spectroscopy with Be™T ions in the Lamb-Dicke regime. This demands
an exceptionally high Q-factor to compensate for the high trap-drive
frequency with a sufficiently large trap voltage for a given trap param-
eter q.

Q 27.19 Tue 17:00 Philo 1. OG
Buffer-Gas Positron Source for Loading a Dual-Frequency
Paul Trap — eMOHAMMADREZA NEMATOLLAHI''2:3, VLADIMIR
MiknaiLovskiih23, Nartarua Suerul23, Zumene Xue®, K. T
Saryasta®, CHRISTIAN SMORRAZ7, GUNTHER WERTH®, HARTMUT
HArrNER?, FERDINAND ScHMIDT-KALER3, HENDRIK BEKKERDZ3,
and DmiTry Bupker!:2:34 — 1Helmholtz-Institut Mainz, 55128
Mainz, Germany — 2GSI Helmholtzzentrum fur Schwerionenforschung
GmbH, 64291 Darmstadt, Germany — 3QUANTUM, Institut fur
Physik, Johannes Gutenberg-Universitat, 55128, Mainz, Germany —
4Department of Physics, University of California, 94720-7300, Berke-
ley, USA — 3University of Science and Technology of China, Heifie,
China — %Delta Q, IMJ Institute of Research & Department of Physics
— THeinrich Heine University Dusseldorf, 40225 Dusseldorf, Germany

A dual-frequency trap has been proposed for confining antimatter to
enable high-precision measurements [1]. This system is intended to co-
trap positrons and antiprotons to form antihydrogen. In this work, we
present an approach for generating low-energy bunches of positrons
and delivering them into the trap. We simulated positron decelera-
tion and bunching in a buffer-gas trap under various conditions. Our
presented trap design and performance are informed by these simula-
tions. We furthermore discuss several prospective methods to inject
the positrons into the Paul trap.
1. N. Leefer, et al. Hyperfine Interact 238, 12 (2017)

Q 27.20 Tue 17:00 Philo 1. OG
The superconducting resonator Paul trap: status and devel-
opments — eRUBEN B. HENNINGER, Etwin A. Dijck, VERA M.
SCHAFER, DEVANARAYANAN RAJEEB KUMAR, SEBASTIAN DAVIDSON,
K SHreEYyA Rao, THomas PrEIFER, and Josg R. Crespo LOPEz-
UrRuTIA — Max-Planck-Institut fiir Kernphysik, Heidelberg, Ger-
many

Quantum logic spectroscopy of highly charged ions (HCIs) offers sensi-
tivity to variations of fundamental constants and tests of bound state
QED in extreme fields, while offering intrinsically low polarizability
and therefore suppressed resonance shifts. This makes HCIs prime
candidates for next generation clocks and precision tests. In order to
accomplish this, a cryogenic trap setup that integrates a linear Paul
trap into a superconducting RF resonator was developed. The first
generation system provides intrinsic RF filtering, magnetic self shield-
ing, and a stable quantization field with observed Ramsey coherence
times above 200ms on a B field sensitive transition. In addressing resid-
ual AC field systematics, potential control limits and retrapping ro-
bustness, a redesigned trap and resonator employ optimized electrode
geometry and upgraded cryogenics and optics. We present benchmark
results from the working setup and initial data from the new platform,
outlining a path to increased secular frequencies and lower magnetic
systematics for HCI QLS.

Q 27.21 Tue 17:00 Philo 1. OG

Mechanical structure for alignment of a microfabricated

cylindrical Penning trap — eMAREK Prassel!, JAN ScHAPER!,

Nikita Poriakov!, Puiipp HorrMann!, Juria COENDERs!,
Juan ManuerL Cornejo?, SteraNn Urmer®?, and CHRISTIAN

OsPELKAUS'® — 1Leibniz Universitit Hannover — 2Universidad
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de Cadiz, Spain — 3Ulmer Fundamental Symmetries Laboratory,
RIKEN, Japan — “4Heinrich-Heine-Universitit Diisseldorf, Germany
— 5Physikalisch-Technische Bundesanstalt, Braunschweig, Germany

As part of the BASE collaboration, we aim to contribute to CPT sym-
metry tests by high-precision (anti-)proton g-factor measurements!12],
We use a cryogenic multi-Penning trap and want to implement quan-
tum logic spectroscopy techniques with 9Bet as cooling and logic ion.
While optical sideband spectroscopyl®!, ground-state cooling(4!, and
fast adiabatic transport[s] of single 9Bet ions has been achieved, a
microfabricated cylindrical Penning trap (d = 800 um) will be added
for ground-state cooling and spin-state detection of (anti-)protons by
Coulomb coupling to “Bet. Particle confinement during ion-transport
then requires a precise alignment with the magnetic field. We present a
custom-made two-axis mechanical feedthrough suitable for the ~ 40 kg
weight of the experimental structure and with low heat flow to the
cryogenic stages that has been designed and is in commissioning. .
Smorra et al., Eur. Phys. J. Special Topics 224, 3055-3108 (2015)
[21J.M. Cornejo et al., New J. Phys. 23 (2021) [81J.M. Cornejo et al.,
Phys. Rev. Res. 5 (2023) [41J.M. Cornejo et al., Phys. Rev. Res. 6
(2024) BIM. v. Boehn et al., Comms. Phys. 8 (2025)

Q 27.22 Tue 17:00 Philo 1. OG
Ground-state cooling of mixed-ion crystals in the intermedi-
ate Lamb-Dicke regime — eSEBASTIAN Davipson, ExwiN A. Di1-
JcK, VERA M. ScHAFER, RUBEN HENNINGER, DEVANARAYANAN RA-
JEEB KuMAaRr, SHREYA K. Rao, JosE R. CrEspo LOPEz-URRUTIA,
and THOMAS PFEIFER — Max-Planck-Institut fiir Kernphysik, Heidel-
berg

Ground-state cooling of motional modes in mixed-species ion crystals
is a key requirement for implementing quantum logic spectroscopy of
highly charged ions (HCIs). Building on our demonstrated ground-
state cooling of both single Bet ions and two-ion Be™ crystals using
a combination of continuous sideband cooling on higher-order side-
bands and pulsed sideband cooling, we extend these techniques to a
Bet-Arl3+ two-ion crystal. Since our current trap operates in an in-
termediate Lamb-Dicke regime with 1 up to 0.7 for the mixed species
crystal, we explore adapted cooling strategies that remain effective
outside the Lamb-Dicke limit. We report our progress toward achiev-
ing ground-state cooling of axial modes of a Bet-Ar!'3+ crystal under
these conditions, including characterization and optimization of cool-
ing sequences. These advances represent an essential step toward full
quantum logic spectroscopy of HCIs and the high-precision tests of
fundamental physics that they enable.

Q 27.23 Tue 17:00 Philo 1. OG
Monolithic frequency doubling cavities for Beryllium pho-
toionization — eANTON J. STERR, MAGDALENA WINKELVOSS,
STEPAN KokH, SopPHIA DORRA, MELINA GizEWsSKI, FINJA MAYER,
Mairt ScHUBE, Josi R. CreEspo LOPEZ-URRUTIA, THOMAS PFEIFER,
and VERA M. ScHAFER — Max-Planck-Institut fiir Kernphysik, Hei-
delberg

High-precision spectroscopy of optical transitions in Cf15+ and Cf17+
is a promising tool to search for variations of the fine structure con-
stant [1]. To extract information from the californium ions, they are
co-trapped with a singly charged beryllium logic ion.

Beryllium is ionized via two-photon absorption that requires a con-
tinuous wave laser source at 235 nm. Building on an existing approach
[2], two monolithic cavities are designed to quadruple the frequency of
an infrared source at 940 nm using periodically poled KTP and BBO
crystals. We target at least 50 mW of UV power for a source of 1 W. To
achieve optimum conversion efficiency, simulations for different cavity
geometries are performed, taking thermal lensing effects into account.
We present power measurements and locking performance of the first
doubling stage.

[1] Kozlov, et al., Rev. Mod. Phys. 90, 045005 (2018)

[2] Hannig, et al., Rev. Sci. Instrum. 89, 013106 (2018)

Q 27.24 Tue 17:00 Philo 1. OG
Laser stabilization for high-precision spectroscopy of highly
charged ions using an ultra-stable optical reference cavity —
eDEvANARAYANAN RAJEEB KUMAR, RUBEN B. HENNINGER, ELwiIN
A. Duck, SHREYA Rao KobANCHA, SEBASTIAN DAvIDSON, VERA M.
ScHAFER, JosE R. Crespo LOpPEz-URRUTIA, and THOMAS PFEIFER
— Max-Planck-Institut fiir Kernphysik, Heidelberg

Frequency metrology of clock transitions requires lasers of sub-hertz
linewidth and exceptional frequency stability. For our work with highly
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charged ions, an ultra-stable, high finesse optical reference cavity was
developed and is operated near room temperature to stabilize our
lasers. Our ultra-low-expansion glass Fabry-Pérot etalon achieves a
projected noise floor of 3.6 x 10716 relative frequency uncertainty at
1 second - approaching that of state-of-the-art cryogenic silicon cavi-
ties. Additional stabilization techniques are implemented to suppress
residual technical noise: Fiber-induced phase noise is actively can-
celed, laser power is stabilized to improve the fidelity of the cavity
lock, and residual amplitude modulation is minimized through active
control of the electro-optical modulator operating point. A frequency
comb is then phase-locked to the cavity stabilized laser which enables
low-noise frequency transfer to a spectroscopy laser. The resulting
stabilized laser system should provide the stringent frequency stability
and linewidth requirements needed for highly charged ion spectroscopy.

Q 27.25 Tue 17:00 Philo 1. OG
Characterising Atomic Hydrogen beam for precision spectro-
scopic experiment — eSUrABHI DEsHPANDE!2, DERva TaRAY!,
ViNcENT WEIs!, Parrick ScHAILE!, ALEXANDER WILZEWSKI',
OMER AmIT!, ViTALy WirTHL!, THEODOR W. HAnscu'2, and
TroMmas Upem!2 — IMax Planck Institute for Quantum Optics
(MPQ), Garching, Germany — 2Department of Physics, Ludwig-

Maximilians-Universitat, Munich, Germany

Precision Spectroscopy of atomic hydrogen is a promising approach
for measuring fundamental constants and testing QED due to the very
simple structure of the atom. One of the most vital demands for such
experiments is a stable source of atomic hydrogen and a method of
precisely quantifying the atomic hydrogen population. In this poster,
I will give an overview of the methods I attempted to characterise
our atomic hydrogen beam in the 1S-3S Direct Frequency Comb Spec-
troscopy Experiment at MPQ. This includes Optical Emission Spec-
troscopy of the hydrogen plasma used to dissociate molecular hydro-
gen to atomic hydrogen, to compare optical emissions of atomic and
molecular hydrogen, i.e., Balmer lines and Fulcher bands. In addition,
a Calorimetric Wire Detector is being developed for in situ detection
of atomic hydrogen. It is based on the resistance change of a very
thin wire due to the heat released from the recombination of atomic
hydrogen on its surface. I will present preliminary results from the
Calorimetric Wire Detector for qualitative detection of atomic hydro-
gen.

Q 27.26 Tue 17:00 Philo 1. OG

High-resolution spectroscopy of '73Yb%t ions — Jian Jianc?,

eANNA ViaTkiNal2) Saaswarn JK!', MarTIN STrINEL!, MELINA
FiLziNcER!, EKKEHARD Prik!, SERGEY PORSEV®, MARIANNA
SaFroNOvA3, ANDREY SurzHYkovD 2| and NiLs HUNTEMANN! —

LPhysikalisch-Technische Bundesanstalt, 38116 Braunschweig, Ger-
many — 2Technische Universitiat Braunschweig, 38106 Braunschweig,
Germany — 3University of Delaware, Newark, Delaware 19716, USA

173Yb+ is a promising candidate for optical clocks, new physics
searches, and quantum computing. However, to date, the electronic
spectrum of 173Yb* remains poorly characterized due to its complex-
ity.

Here, we report on efficient laser cooling, state preparation, and de-
tection of a single trapped 173Yb* ion. The previously unobserved
25’1/2 — 2D3/2 electric quadrupole transition at 436 nm is coherently
excited, and the isotope shift between "1YbT and !"3Yb™T on this
transition is determined with an uncertainty of 1.4 Hz. Using mi-
crowave spectroscopy, we resolve the hyperfine structure (HFS) of the
2D3/2 state with a relative uncertainty below 108,

Combining the HFS measurement data and our atomic structure
calculations, we infer for 173Yb a nuclear magnetic octupole moment
Q = —0.062(8) (bx pn) with uncertainty reduced by more than two or-
ders of magnitude compared to previous studies and determine hyper-
fine anomalies for the 251/2 and 2D3/2 states. These findings provide
further information on the nuclear deformation and nuclear magneti-
zation distribution of ytterbium.

Q 27.27 Tue 17:00 Philo 1. OG
Spectroscopy of the 3[11/2]11/2 state in Ybt — eMounaMED
ELsHORBAGY, MELINA FILZINGER, MARTIN STEINEL, JIAN JIANG,
WiLLiaM EckKNER, and NiLs HUNTEMANN — Physikalisch-Technische
Bundesanstalt, Bundesallee 100, 38116 Braunschweig
The 251/2 — 2F7/2 electric octopole (E3) transition in Yb™, with its
exceptionally long excited-state lifetime and strong sensitivity to the
fine-structure constant a, has been used to set the most stringent limits
on its variations [PRL 130, 253001 (2023)]. These limits were derived
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from frequency comparisons against the 25’1/2 — 2D3/2 transition of
the same ion. The precision achieved in the comparisons was limited by
the large quantum projection noise resulting from the 53 ms lifetime
of the 2Dy /2 state. A larger lifetime of several seconds is expected
for the 3[11/2]11/2 state that can be excited with laser radiation at
1094 nm from the 2F;,, state. We present the current status of our
investigation and details of the corresponding probe laser system and
interrogation sequence.

Q 27.28 Tue 17:00 Philo 1. OG
Characterization of an XUV Frequency Comb by Spec-
troscopy of Rydberg States — eLENNART GuTH, ToBIAS HELDT,
ANANT AcArwAL, Lukas MarTt, JAN-HENDRIK OELMANN, NICK
LackMmaNN, THOMAS PFEIFER, and JosE R. CrEsPo LOPEZ-URRUTIA
— Max-Planck-Institut fiir Kernphysik, Heidelberg, Germany

We aim to use ultra-narrow transitions in highly charged ions (HCI)
for novel frequency standards and fundamental physics studies. These
transitions occur in the extreme ultraviolet (XUV), where narrow-
bandwidth laser sources are unavailable. To address this, we built
an XUV frequency comb that transfers coherence from a near-infrared
(NIR) comb to the XUV via high harmonic generation (HHG) [1,2].
Using intra-cavity HHG, our system generates harmonics up to 40
eV with pW power in each order. We propose resonance-enhanced
two-photon spectroscopy as a preliminary test towards spectroscopy
of HCI, aiming to resolve individual teeth of our XUV comb and char-
acterize its properties. In this approach, we excite neutral argon with
one photon from a referenced 13th harmonic comb tooth to a Rydberg
state, followed by ionization with a narrow-bandwidth continuous wave
NIR laser. We then use velocity-map imaging to record the momentum

of the released electrons, allowing us to identify the resonant Rydberg
state. [1]Opt. Express 29, Issue 2, pp. 2624-2636 (2021) [2|Rev. Sci.
Instrum. 95, 035115 (2024)

Q 27.29 Tue 17:00 Philo 1. OG
Internal conversion of Thorium-229 upon laser photo-
excitation eMaRrc Serrz!, DaniEL MoriTz2, SHENGFENG
ZENG3, FrRaNcEscA CaLEGARI', HANNEs HUBENER?, UMBERTO DE
Grovannint?, PETER G. TuiROLF?, and ANDREA TRABATTONI! —
LCenter for Free-Electron Laser Science CFEL, Deutsches Elektronen-
Synchrotron DESY, Notkestrafe 85, 22607 Hamburg, Germany —
2LMU Miinchen, Fakultit fiir Physik, 85748 Garching bei Miinchen,
Germany — 3Shenzhen Geim Graphene Center, Institue of Materials
Research, Tsinghua Shenzhen International Graduate School, Tsinghua
University, Shenzhen 518055, China — 4Max Planck Institute for the
Structure and Dynamics of Matter and Center for Free-Electron Laser
Science, 22761 Hamburg, Germany

The low-energy isomeric transition of Thorium-229 and its dominant
internal-conversion (IC) decay channel provide a unique platform for
studying electron-nucleus interactions. Prior work indicates that the
IC decay can be strongly influenced by the electronic environment.
Here, we investigate the IC decay of Th-229 in the presence of an
ultraviolet (UV) laser field. Thorium atoms are deposited on a high-
bandgap surface to minimize hybridization with surface states. A UV
laser resonantly promotes an electron to the lowest excited atomic
state prior to nuclear decay. The resulting IC electrons are detected
via time-of-flight spectroscopy. By comparing laser-on and laser-off
measurements, we identify changes in the IC decay dynamics induced
by photo-excitation. This constitutes, to our knowledge, the first ex-
perimental study of laser-perturbed Th-229m IC nuclear decay.

Q 28: Poster — Quantum Optics
QED and Cavity QED; Quantum Control; General Quantum Optics
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Q 28.1 Tue 17:00 Philo 2. OG
Few-Photon SUPER: Quantum emitter inversion via two off-
resonant photon modes — eQUENTIN RicHTER!, JAN KaspPari!,
TuaoMas BracuT!, LEONID YaTsenko?, MARTIN AXT3, ARNO
RAUSCHENBEUTEL?, MoriTz CycorRek!, and Doris REITER! —
LCondensed Matter Theory, TU Dortmund — 2Institute of Physics,
National Academy of Science of Ukraine — S3Lehrstuhl fiir Theo-
retische Physik ITI, Universitét Bayreuth — *Department of Physics,

Humboldt-Universitat zu Berlin

The interaction of a two-level system with a light field is one of the
most important models in quantum optics.

In this contribution, we investigate a Jaynes-Cummings model with
two non-degenerate, off-resonant, photon modes coupled to a two-level
emitter. We find parameters, for which we can identify a multi-photon
scattering leading to full inversion of the emitter while transferring off-
resonant photons from one mode to the other.

The results can be understood as a quantized analogue of the off-
resonant quantum control scheme known as Swing-UP of quantum
EmitteR (SUPER). Unlike the SUPER scheme, which requires two
off-resonant pulses to be present at all times, our model only needs
one mode initially occupied and the other mode available to achieve
full emitter inversion.

Our results enable novel schemes of photon control for quantum pho-
tonics.

Q 28.2 Tue 17:00 Philo 2. OG
Fractal geometry dictates the scaling of atom-photon bound
states — oFLoRIAN BonseL!?, Feperico Roccati!3) and FLORE
Kunst!? — 1Max Planck Institute for the Science of Light,
91058 Erlangen, Germany — 2Department of Physics, Friedrich-
Alexander-Universitat Erlangen-Niirnberg, 91058 Erlangen, Germany
— 3Dipartimento di Fisica e Chimica - Emilio Segre, Universita degli
Studi di Palermo, 1-90123 Palermo, Italy

We investigate the formation of atom-photon bound states in self-
similar photonic lattices and derive a universal scaling law linking
the localization length to the atom-bath detuning. By utilizing the
heat-kernel representation of the Green’s function, we circumvent the
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momentum-based approaches standard in waveguide QED. A key find-
ing is that the scaling exponent is governed solely by the walk dimen-
sion, which characterizes classical anomalous diffusion, rather than the
fractal or spectral dimension. This establishes a novel link between
static quantum localization and dynamical transport. Numerical sim-
ulations on several fractals, such as Sierpinski and Vicsek graphs, con-
firm the derived results.

Q 28.3 Tue 17:00 Philo 2. OG
Cavity QED experiments and lasing with cold trapped Yb
atoms — eKE L1!, SARAN SHAJU!, DMITRIY SHOLOKHOV!, S1MON B.
JAGER?, and JURGEN EscHNER! — !Universitit des Saarlandes, Ex-
perimentalphysik, 66123 Saarbriicken, Germany — 2Universitét Bonn,
Physikalisches Institut, 53115 Bonn, Germany

Cavity quantum electrodynamics with cold atoms enables highly con-
trolled interaction between atoms and photons, offering advanced ap-
plications in quantum technologies and fundamental science. In our
research, 10* to 106 174Yb atoms are magneto-optically trapped, us-
ing the 1Sg—1P; transition at 399 nm, inside a high-finesse cavity
that couples to the 1Sg—3P; intercombination transition at 556 nm.
We have observed continuous lasing action in both single- and multi-
mode emission [1]. When the atoms are magneto-optically trapped
on the 556-nm transition, the collective strong coupling leads to com-
plex atom-field dynamics and scattering phenomena, including vacuum
Rabi splitting accompanied by additional fluorescence at atomic res-
onance [2]. Future research will be extended to interactions on the
1Sp—3Pg clock transition at 578 nm.

[1] H. Gothe et al., Phys. Rev. A 99, 013415 (2019).

[2] S. Shaju et al., Phys. Rev. A 112, 013705 (2025).

Q 28.4 Tue 17:00 Philo 2. OG
Controlling Quantum Gases in an Optical Cavity Through
Continuous Measurement and Markovian Feedback
eMarcus HormaNN!, ToBias DoNNER2, FrRANCESco PeTizioL!, and
ANDRE EckarDpT! — !Institut fiir Physik und Astronomie, Technische
Universitdt Berlin, Hardenbergstrafe 36, 10623 Berlin, Germany —
2Institute for Quantum Electronics, ETH Ziirich, 8093 Ziirich, Switzer-
land
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Ultracold quantum gases in optical cavities represent a powerful plat-
form for exploring driven-dissipative quantum many-body physics.
They have enabled the experimental observation of collective non-
equilibrium effects induced by atom-light interactions, ranging from
atomic self-organization and superradiance to nonequilibrium topolog-
ical phases. In this project, we theoretically investigate a quantum-gas
cavity QED setup endowed with the possibility to perform active feed-
back conditioned on the output of continuous measurements of the
cavity field, as it has been realized in experiments at ETH Ziirich. Af-
ter developing a theoretical and numerical framework to describe the
system, based on Wiseman-Milburn’s formalism of Markovian quan-
tum feedback, we explore the opportunities to control the state of the
atoms and influence their ordering patterns by means of realistic mea-
surement and feedback schemes.

Q 28.5 Tue 17:00 Philo 2. OG
Depletion dynamics of a Bose-Einstein condensate in a dissi-
pative optical cavity — eGace Harmon!, GiovaNNa Moriarl,
Tom Scumit!, and Simon JiceEr? — !Saarland University —

2University of Bonn

We study the depletion dynamics of a driven homogeneous
Bose*Einstein condensate (BEC) strongly interacting with an optical
cavity. Working in the bad-cavity regime, we eliminate the photonic
degrees of freedom to obtain an effective atom-only master equation.
Applying Bogoliubov theory, we derive the dynamics of the covariance
matrix of the cavity-coupled atomic fluctuations. The resulting Lya-
punov equation captures fluctuations arising from coherent and dis-
sipative cavity-mediated interactions, as well as diffusive cavity shot
noise. This system exhibits a self-organization (SO) phase transition
and we analyze the depletion of the BEC in the normal (below thresh-
old) and self-organized (above threshold) phases. Below threshold,
we define an effective temperature for the cavity-coupled Bogoliubov
mode and, in the weak-driving limit, derive an analytic expression con-
sistent with previous results. Above threshold, the dominant depletion
mechanism crosses over: near the SO transition, diffusion dominates,
whereas deeper in the SO phase cavity-mediated atomic fluctuations
prevail. We compare these cavity-induced depletion rates with those
from short-range contact interactions obtained from Bogoliubov the-
ory. With this we identify regimes in which cavity dissipation can, in
principle, stabilize the condensate.

Q 28.6 Tue 17:00 Philo 2. OG
Generation of squeezed state superpositions of light with an
atom-cavity system — eMaurizio TRiGILIA, RAPHAEL BENZ, SE-
BASTIAN ALEJANDRO MORALES RAMIREZ, MicHA KaPPEL, DANIEL
REIGEL, Luis WEiss, VINCET BEGUIN, LEON LAYER, VIOLET RUF,
and STEPHAN WELTE for the QNN-Collaboration — 5. Physikalis-
ches Institut, Center for Integrated Quantum Science and Technology
and CZS Center QPhoton, Universitat Stuttgart, Pfaffenwaldring 57,
70569 Stuttgart, Germany.

We present an experimental protocol that employs an atom-cavity
system to generate superpositions of squeezed states of light [1]. To
achieve this, a displaced squeezed light state is reflected from an atom-
cavity system with the atom prepared in a superposition of a coupling
and a non-coupling state. A subsequent measurement of the atom
projects the light onto a squeezed Schrodinger-cat state of even or
odd parity, depending on the measurement outcome. The scheme can
be extended to generate optical Gottesman-Kitaev-Preskill states [1].
In a practical scenario, optical losses lead to a deterioration of the
generated light states. We present a theoretical framework that incor-
porates these losses and apply it to a parameter regime that describes
our novel atom-cavity system that is currently in the buildup phase.
Our simulations allow us to estimate experimentally achievable state
fidelities. We furthermore show simulations of the transport of atoms
with an optical dipole trap from a 3D magneto-optical trap into our
optical cavity. [1] J. Hastrup, U. Andersen, Phys. Rev. Lett. 128 (17),
170503 (2022).

Q 28.7 Tue 17:00 Philo 2. OG
Development of an experimental setup for quantum network
experiments based on neutral atoms in an optical cavity —
RAPHAEL BENZ, ¢ SEBASTIAN ALEJANDRO MORALES RAMIREZ, MICHA
KarPPEL, DANIEL REIGEL, MAURIZIO TRIGILIA, LUuis WEISS, VINCENT
BecuiN, LEoN LAYER, VioLET RuUF, and STEPHAN WELTE for the
QNN-Collaboration — 5. Physikalisches Institut, Center for Integrated
Quantum Science and Technology and CZS Center QPhoton, Univer-
sitdt Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart, Germany.
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The practical implementation of a quantum coherent network remains
a pursued challenge across various hardware platforms. Cold neu-
tral atoms trapped in a high-finesse optical cavity have proven to be
a promising platform due to the efficient light-matter coupling and
precise controllability of the system. Using optical tweezers to ad-
dress individual atoms opens the possibility of extending this plat-
form to versatile multi-qubit quantum network nodes. We present
the progress and current status of our experimental setup with an
emphasis on the planned vacuum system and the cavity design. We
designed a 650-um-long cavity with a finesse of 40,000; it consists of
two macroscopic super-polished mirrors, enabling single-atom cooper-
ativities of C=5.2. To suppress mechanical vibrations, we developed
a three-stage vibration isolation system. We discuss the mounting of
this new setup. With our system, a wide range of experiments be-
comes feasible, including photon-mediated quantum information pro-
cessing between intra-cavity atoms, the generation of highly entangled
photonic cluster states, and the creation of optical GKP states.

Q 28.8 Tue 17:00 Philo 2. OG
Qubit entanglement via a single-mode Gaussian lateral defect

Fabry-Perot cavity — eRuoLIN Guan!, PEncJ1 Li2, X1aN ZHENGZ,

VINEESHA SRIVASTAVAS, Cuenxi Ma2?, Eppy P. RUGERAMIGABOZ,
MicHAEL Zopr?4, KrLeMENs Hammerer!3, and Fer Ding2? —
Hnstitut fiir Theoretische Physik, Leibniz Universitit Hannover, Ger-
many — 2Institute of Solid State Physics, Leibniz University Han-
nover, Germany — S3Institute for Quantum Optics and Quantum
Information, Austrian Academy of Sciences, Innsbruck, Austria —
4Laboratory of Nano and Quantum Engineering, Leibniz University
Hannover, Germany

‘We propose a chip-compatible DBR Fabry-Perot cavity with a lateral
Gaussian defect that allows two InAs/GaAs quantum dots to couple
to a single optical mode. Using full-wave FDTD simulations and a
single-mode Green-function mapping, we derive the collective decay
rate and the exchange coupling. These parameters can be tuned con-
tinuously via the relative phase, enabling transitions between superra-
diant, subradiant, and dispersive regimes within the same device. We
further show that the second-order correlation function serves as an
experimentally accessible entanglement witness, and demonstrate two
prototypes: a superradiant single-photon source and a dissipatively
protected quantum phase gate.

Q 28.9 Tue 17:00 Philo 2. OG
Design and simulation of circular Bragg grating cavities
for enhanced emission and spin readout of silicon C cen-
ters — eJuncHUN Yana!, ALessanpro Puppul-2, Smuvyu WENZ2,
Sourav DEv!, SHENGQIANG ZHOU?, YONDER BERENCENZ, and KAM-
B1z JaMmsHIDI! — 1TU Dresden, Dresden, German — 2Helmholtz-
Zentrum Dresden-Rossendorf, Dresden, Germany

Color centers are optically addressable atomic-scale defects in solid-
state hosts that enable the coherent control of individual spins and
the generation of quantum light. Among them, silicon-based color cen-
ters are particularly attractive owing to technological maturity, CMOS
compatibility, and scalability. Recently, we demonstrated optically de-
tected magnetic resonance (ODMR) of an ensemble of silicon C centers,
revealing the energy-level structure and spin-selective optical transi-
tions. Here, we aim to enhance both the emission rate and photon
collection efficiency of the silicon C center through integration with a
photonic cavity. A circular Bragg gratings (CBG) cavity provides a
moderate Purcell factor while its rotational symmetry ensures efficient
upward coupling for any in-plane dipole. Additionally, the broad cav-
ity linewidth enables spectral overlap without post-fabrication tuning.
In this work, we use finite-difference time-domain (FDTD) simulations
in Lumerical to design a CBG cavity, achieving a theoretical Purcell
enhancement of 11 and a collection efficiency of 40%.

Q 28.10 Tue 17:00 Philo 2. OG
Single-pulse SUPER — eJonas KdaLMaYR!, PAuL CONSTANTIN
ALEXANDER HaceNn!, Doris REITEr?, MoriTz CYGOREK?, and
VOLLRATH MARTIN AxT! — lLehrstuhl fiir Theoretische Physik III,
Universitit Bayreuth, Germany — 2Condensed Matter Theory, TU

Dortmund, Germany

Optical control is essential for efficient single-photon generation in
quantum technology applications. The Swing-UP of Quantum Emit-
teR population (SUPER) mechanism is an approach to coherently con-
trol a quantum emitter by using two detuned laser pulses. Recently,
SUPER has been extended to a fully quantized picture where two de-
tuned cavity modes replace the pulses. Here we consider a different
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variation of SUPER where a single detuned laser pulse drives a quan-
tum emitter coupled to an off-resonant cavity. As only one laser is
needed compared to the original proposal, we term this the Single-
pulse SUPER scheme. Using a dressed-state picture we explain the
numerically observed dynamics and resonance conditions. We demon-
strate that a high population inversion is theoretically feasible even
when realistic cavity losses and emitter relaxation processes are taken
into account. In addition to preparing the emitter in the upper state
a photon is stored in the cavity. Thus, after completing the prepara-
tion a single photon is emitted by de-exciting the emitter and a second
spectrally distinct single photon can be released from the cavity. These
insights suggest that this system could be a source of two distinct single
photons paving the way for a broad range of photonic applications.

Q 28.11 Tue 17:00 Philo 2. OG
Interacting bosonic system — eMARGHERITA VALENZAL'2, FLORE
K. Kunst!2, and ANToN MonTac!?2 — !Max Planck Institute for
the Science of Light, Staudtstrafe 2, 91058 Erlangen, Germany —
2Department of Physics, Friedrich-Alexander Universitat Erlangen-
Nurnberg, Staudtstrafie 7, 91058 Erlangen, Germany

The collective behaviour of many-body systems is one of the main inter-
ests of contemporary quantum physics, particularly within the frame-
works of nonlinear optics and Bose-Einstein condensate. In our case,
we explore a tight binding model of coupled cavities array where there
is the competition between coherent and incoherent effects. From the
perspective of open quantum system, this interplay can create robust
quantum resources and new phases of matter can arise as a consequence
of the nontrivial behaviour of the steady state. As a consequence, the
time-dependent simulations of the coherence matrix reveal a nontrivial
effect in the regime of parameter that could be unstable in the absence
of dissipation, but becomes stable due to cavity decay. These results
highlight a nontrivial interplay between hopping, nonlinear drive and
dissipation in engineered photonic systems.

Q 28.12 Tue 17:00 Philo 2. OG
Re-entrant phase transition in many-body Cavity QED
eTom ScumiT!, Laura BaTINI?, JUSTYNA STEFANIAKS,
Davib Baur®, GaBRIELE NaTaLE?, FABIAN BENNATI WEISS,
NicorLd DerENU?, Tobias DonNER®?, and GiovanNa Morici! —
ITheoretische Physik, Universitit des Saarlandes, 66123 Saarbriicken,
Germany — 2Institut fiir Theoretische Physik, Eidgendssische Tech-
nische Hochschule Ziirich, Wolfgang-Pauli-Strafe 27, 8093 Ziirich,
Switzerland — 3Institute for Quantum Electronics, Eidgendssis-
che Technische Hochschule Ziirich, Otto-Stern-Weg 1, 8093 Ziirich,

Switzerland

A driven quantum gas of atoms in an optical cavity offers a powerful
platform for exploring the equilibrium properties of long-range inter-
acting systems. The interplay between the external drive, quantum
fluctuations, and the cavity-mediated long-range interaction can lead
to the formation of stable self-organized structures. When the sys-
tem is transversaly driven with a laser that is blue-detuned from the
atomic transition, an intriguing behaviour is observed: as the drive
strength increases, the system first undergoes a transition from the
normal phase to a self-organized phase at a critical threshold, but then,
at a higher threshold, exhibits a re-entrant phase transition back to
the normal phase, as experimentally demonstrated|[1]. In this work,
we develop a Ginzburg-Landau model for the transition between the
normal and self-organized phases, based on a mean-field ansatz. This
framework allows us to identify the mechanisms that stabilize and
destabilize the self-organized state, giving the re-entrant behaviour.

Q 28.13 Tue 17:00 Philo 2. OG
Heralded generation of atom-photon entanglement — ePau
FARRERAD2| G1aNVITO CHIARELLA!, ToBias FRANK!, LEART ZUKA®,
and GERHARD REMPE! — !Max-Planck-Institut fiir Quantenoptik,
Hans-Kopfermann-Strake 1, 85748 Garching, Germany — 2Munich
Center for Quantum Science and Technology (MCQST), Schellingstr.
4, D-80799 Miinchen

Reducing inefficiency and infidelity errors in quantum communication
operations is essential in order to implement advanced quantum com-
munication schemes. While heralding photonic quantum states at their
reception allows to track and reduce propagation and measurement er-
rors, heralding the generation of such states allows to immediately and
faithfully react upon source errors. Here we implement a new method
to track and mitigate errors in the generation of atom-photon entan-
glement. The method is based on the cascaded two-photon emission of
a single atom into two crossed fiber cavities. The polarization state of
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one photon is entangled with the spin degree of freedom of the atom,
and the second photon heralds the successful entanglement generation.
‘We show that heralding improves the atom-photon entanglement in-
fiber efficiency and fidelity to 68(3)% and 87(2)%, respectively. We
highlight the potential of our source for noise-limited long-distance
quantum communication by extending the range for constant fidelity
or, alternatively, increasing the fidelity for a given distance.

Q 28.14 Tue 17:00 Philo 2. OG
Self-consistent matter description of the Dicke-Ising chain —
eJonas LEiBIG, Max HORMANN, ANJA LANGHELD, ANDREAS SCHEL-
LENBERGER, and Kar PHiLLiP ScHMIDT — Department of Physics,
Staudtstrafie 7, Friedrich-Alexander-Universitdt Erlangen-Niirnberg,
Germany

The Dicke-Ising model admits an exact thermodynamic limit mapping
to a self-consistent effective matter Hamiltonian [2], where the pho-
ton mode enters only as an effective transverse field. In our recent
work [1], we apply this mapping and solve the resulting self-consistent
spin model using a high-precision NLCE+DMRG approach. This al-
lows us to obtain the thermodynamic-limit phase diagram in one di-
mension, resolving the ferromagnetic multicritical point with an accu-
racy of 104, and confirm the narrow antiferromagnetic superradiant
phase.

References

[1] J. Leibig, M. Hormann, A. Langheld, A. Schellenberger, and K.
P. Schmidt, “Quantitative NLCE+DMRG approach for 1D Dicke-Ising
models via self-consistent matter Hamiltonians’, to be published (2025).
[2] J. Roman-Roche, A. Gémez-Leon, F. Luis, and D. Zueco, “Linear
response theory for cavity QED materials at arbitrary light—matter
coupling strengths”, Physical Review B 111, 035156 (2025).

Q 28.15 Tue 17:00 Philo 2. OG
An atomic tweezer array with strong cavity coupling —
eJonaNNEs ScHABBAUERD2, STEPHAN RoscHinski'?2, FRANZ VON
Stva-Tarouca2) Damien Brocu®2, and Junian Leonarpb2 —
! Atominstutut, Vienna Center for Quantum Science and Technology
(VCQ), TU Wien, Austria — 2Institute of Science and Technology

Austria (ISTA), Klosterneuburg, Austria

The efficient generation of many-body entangled states is a key chal-
lenge for enabling useful quantum technologies. In some experiments
with ultra-cold neutral atoms, entanglement can be created via local
processes, like Rydberg or dipolar interactions. However, if one wants
to efficiently create many-body states with non-local entanglement,
like GHZ-states, having a process that is inherently non-local is de-
sired. We realize this via photon-mediated interactions, by strongly
coupling atoms to an optical cavity. In our experiment we achieve a
very efficient light-matter interface by using a high-finesse fiber cav-
ity with a Purcell factor of 160. For strong confinement within the
cavity mode, the atoms are trapped in an array of optical tweezers.
The tweezers enable site-resolved fluorescence imaging, and we use the
cavity transmission for non-destructive readout of the atomic state.
To control the atom-cavity coupling, we move the position of each
tweezer with respect to the cavity mode. In addition, we will tune
the cavity-mediated interactions of each atom individually via local
lightshifts. This toolbox enables use to prepare and study many-body
entanglement within the atomic array.

Q 28.16 Tue 17:00 Philo 2. OG
Characterisation of perovskite quantum dots interfaced with
a high-finesse cavity — eSveEnJA MULLER!, AMRUTHA RAJANZ,
GABRIELE RamNo?, Maksym KovaLEnko?, and Davip Hunger! —
! Physikalisches Institut, Karlsruher Institut fiir Technologie, 76131
Karlsruhe, Germany — 2Department of Chemistry and Applied Bio-
sciences, Institute of Inorganic Chemistry, ETH Zurich, 8093 Zurich,
Switzerland.

Perovskite Quantum dots (PQDs) exhibit promising optical character-
istics like a narrow emission line-width, a strong oscillator strength,
and high quantum yield. Interfacing PQDs with an optical cavity
gives the possibility controllably enhance light-matter interactions via
the Purcell effect. As a first step, we integrate PQDs in a tunable,
fiber-based microcavity to realize a highly coherent emitter of single
photons. This may enable the generation of indistinguishable photons
at room temperature, which can be useful in quantum network ex-
periments. As a second step, we aim to reach the regime of strong
coupling by integrating large PQDs with increased oscillator strength
into a high-finesse cavity. In the strong coupling regime, the coupling
of the emitter to the cavity is faster than the dephasing and cavity
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decay rates, offering insights into coherent light-matter interactions.

Q 28.17 Tue 17:00 Philo 2. OG
Spontaneous emission in the presence of a hemispherical mir-
ror — e YANNICK WEISER, ToMMAsO FAORLIN, LoreENz PanzL, Gio-
VANNI CERCHIARI, and RAINER BLATT — Universitit Innsbruck, Insti-
tut fiir Experimentalphysik, Technikerstrafte 25, 6020 Innsbruck, Aus-
tria
We control the spontaneous emission of a trapped 138Bat ion by back
reflecting the fluorescence light of the ion to itself via a mirror. Due
to this retro reflection, the emitted photon interferes with itself, which
enhances, or suppresses the observed emission rate, depending on the
ion-mirror distance. Previous systems used lenses to guide the fluores-
cence light to a planar mirror. This approach limits the controllable
portion of solid angle. Instead in a new system, called the Panopticon
setup, the ion is placed in the center of curvature of a hemispherical
mirror with NA = 0.996.

Future experiments enabled by the high-NA control of the mirror
will investigate the alteration of the spontaneous emission rate in the
presence of the hemispherical mirror. A suppression down to 6% of the
natural rate of spontaneous emission is predicted in a realistic scenario.
Since this effect on the emission rate is wavelength dependent, the nat-
ural branching ratio is influenced by the presence of the hemispherical
mirror in a wavelength dependent way.

A hemispherical mirror spanning a large large part of the solid angle
may also reshape the spatial distribution of emitted fluorescence light,
enabling one to tailor the emission towards a preferred direction.

Q 28.18 Tue 17:00 Philo 2. OG
Spatially-varying spin-photon coupling in the antiferromag-
netic Dicke-Ising model — eANjA LANGHELD and Kar PHILLIP
ScaMIDT — Department of Physics, Friedrich-Alexander-Universitat
Erlangen-Niirnberg

The Dicke-Ising model is a paradigmatic model for studying light-
matter interactions. For antiferromagnetic Ising interactions, the
model reveals a rich quantum phase diagram, including a phase with
coexisting antiferromagnetic and superradiant order. However, this
phase was found to be notably restricted in its extent, in particular
in one dimension [1]. As a potential mechanism to expand this phase,
we study spatially-varying spin-photon couplings in the Dicke-Ising
model beyond the long-wavelength approximation. For this, we em-
ploy a specialized quantum Monte Carlo (QMC) method tailored to
Dicke-Spin systems [1], allowing us to accurately pinpoint all quantum
phase transitions.
[1] A. Langheld et al., Phys. Rev. B 112, L161123 (2025)

Q 28.19 Tue 17:00 Philo 2. OG
(Quasi-)continuous-wave superradiant Lasers oMax
HacumanN, Davip Nak, and ANDREAS HEMMERICH — Institut fiir
Quantenphysik, Universitdt Hamburg, Deutschland

Superradiant Lasers are promising candidates for next-generation light
sources with ultralow bandwidth, suitable as read-out tools for passive
optical atomic clocks or active frequency standards themselves. Their
main advantages are the possible utilization of ultranarrow transitions
for lasing and a strongly suppressed dependence on an eigenfrequency
of the laser cavity. However, achieving the full potential of sub-natural
linewidths requires continuouswave operation, as pulsed emission is
Fourier-limited.

We report the successful operation of a quasi-continuously emitting
superradiant laser using cold bosonic calcium-40 atoms as the gain
medium. These atoms are cooled in a bichromatic magneto-optical
trap and loaded into a magic-wavelength one-dimensional optical lat-
tice prepared inside a cavity. After incoherent population of the upper
laser state, pulsed superradiant emission on the 370 Hz intercombina~
tion line was realized. We extended this scheme to continuously pump
the decayed atoms back into the upper laser state, prolonging the las-
ing by up to three orders of magnitude until too many atoms are lost
due to heating. We could observe a Fourier-limited but sub-natural
emission linewidth of less than 100 Hz and confirmed suppressed cav-
ity influence with a cavity pulling factor of only 0.5 %.

Q 28.20 Tue 17:00 Philo 2. OG
Optimizing ancilla-assisted shortcuts to adiabaticity
eGiorcio ANrFusol?, Emma King?, Luict GIANNELLITS#,
GiuseppE FarLcih®4, and Giovanna Morici?® — I Dipartimento di
Fisica e Astronomia "Ettore Majorana", Universita di Catania, Via
S. Sofia 64, 95123, Catania, Italy — 2Theoretische Physik, Univer-
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sitit des Saarlandes, D-66123 Saarbriicken, Germany — 3CNR-IMM,
UoS Universit4, 95123, Catania, Italy — 4INFN Sez. Catania, 95123
Catania, Ttaly — ®Center for Quantum Technologies (QuTe), Saarland
University, Campus, 66123 Saarbriicken, Germany

Adiabatic protocols are valued for their intrinsic robustness to control
imperfections, but their long evolution times make them susceptible
to decoherence. Shortcuts to adiabaticity (STA) describe techniques
used to reach the same target states more rapidly, thereby mitigating
this exposure to noise. Recent works have shown that STA can be
implemented in driven two-level systems by coupling to an ancillary
quantum system, achieving substantial suppression of diabatic transi-
tions. We identify further opportunities for performance enhancement
in this ancilla-assisted protocol by optimizing the driving, coupling
strength, and interaction orientation. By dynamically controlling these
time-dependent knobs, we use quantum optimal control methods to de-
termine the extent to which quantum ancillas can be further exploited
to improve fidelity, robustness, and overall speed of state transfer. Our
results take a step toward better understanding the performance ben-
efits of quantum ancilla-assisted STA and clarify the extent to which
optimized schemes can surpass fixed-parameter schemes.

Q 28.21 Tue 17:00 Philo 2. OG
Experimental Control with QUDI towards manipulation of
single C-13 nuclear spin — eMicHEL WoLF, JEREMIAS REscH,
Ioannis KarapaTzAKIS, WOLFGANG WERNSDORFER, and DAaAvID
HunceEr — Karlsruher Institut fiir Technologie

Quantum networks depend on an interface between photons and long-
lived spin degrees of freedom. A promising platform is the tin-vacancy
centers in diamond, which offers long electron spin lifetimes due to
its strong spin-orbit coupling. To achieve storage times exceeding the
communication time between two nodes, even more long-lived nuclear
spin degrees need to be coherently addressed. Both the manipulation
of these optically addressable spin-qubits and the implementation of
quantum network protocols rely on pulse sequences. Therefore, a prac-
tical challenge to overcome is the generation of such pulse sequences
efficiently as well as the integration to the experimental control or-
chestrating the required hardware. In this work, we demonstrate the
integration of QUDI as a control framework to realize improved and
flexible manipulation of a single C-13 nuclear spin.

Q 28.22 Tue 17:00 Philo 2. OG
Quantum dynamical transitions when the corresponding clas-
sical phase space has a separatrix: extension of the QKNH
theorem beyond double wells — ePETER STABEL and JAMES AN-
cLIN — RPTU Kaiserslautern-Landau, 67663 Kaiserslautern

In classical Hamiltonian systems with a slowly time-dependent pa-
rameter, adiabatic approximations break down near a separatrix,
where a constant-energy contour splits into separate contours, forc-
ing the system to choose which contour to follow. The Kruskal-
Neishtadt-Henrard (KNH) theorem relates the probabilities of such
post-adiabatic dynamical transitions to the growth rates of the phase
space areas enclosed by the different adiabatic contours. Quantum
mechanically, in contrast, adiabaticity can persist at energies where
it breaks down classically, through dynamical tunneling. Since the
adiabatic and classical limits do not commute, the quantum-classical
correspondence for dynamical transitions, where a separatrix is crossed
in the classical system, is non-trivial. We recently demonstrated that
a quantum version of the KNH theorem (QKNH) holds. We derived
the QKNH theorem for a time-dependent double-well system, where
the nearly degenerate levels below the potential barrier split due to
tunneling through the barrier. We demonstrate that these findings
are not restricted to double-well systems. We investigate the dynami-
cal transitions of a general quantum pendulum where the crossings of
adiabatic energy levels are avoided due to above-barrier reflection.

Q 28.23 Tue 17:00 Philo 2. OG
Frequency Conversion of Solid-State Sources for Telecom-
Band Quantum Networking — eCHao Gao, FABRICE VON
CHAMIER GLISzCzINSKI, ELNAZ BaAzzazl, RoGER ALFREDO KOGLER,
EsTEBAN GOoMEZ LopPEz, HALA SAID, and OLIVER BENsON — Institut
fir Physik der Humboldt-Universitat zu Berlin

Solid-state quantum emitters are promising systems for quantum com-
munication, yet their emission wavelengths are typically far from the
low-loss telecom band required for efficient transmission in quantum
networks. Frequency conversion bridges this mismatch. Our previously
published two-step architecture (Optics Express 33, 21650 (2025)) pro-



Mainz 2026 — Q

vides a low-noise approach for translating photons from efficient non-
telecom solid-state emitters toward the telecom regime.

Here, we examine the performance of one stage of that two-step
converter—a difference-frequency generation interface in a periodically
poled lithium niobate waveguide—designed to be compatible with non-
telecom photons from semiconductor quantum dots. We characterize
its efficiency and noise behavior. This work provides a frequency-
conversion interface that mediates between stationary solid-state emit-
ters and telecom-compatible quantum networks.

Q 28.24 Tue 17:00 Philo 2. OG
Engineering of maximally entangled orbital angular momen-
tum states via path identity — eRicHARD BERNECKER!'2, BAGH-
DASAR BAGHDASARYAN®, and STeEPHAN FRriTzscHED?2 — llnstitute
for Theoretical Physics, Friedrich Schiller University Jena, Frobelstieg
1, 07743 Jena, Germany — 2Helmholtz Institute Jena, Frobelstieg
3, 07743 Jena, Germany — 3Institute of Applied Physics, Friedrich
Schiller University Jena, Albert-Einstein-Str. 6, 07745 Jena, Germany

Cutting-edge quantum technologies lean on sources of high-
dimensional entangled states (HDES) that reliably prepare high-
fidelity target states. The idea to overlap photon paths from distinct
but indistinguishable sources was recently introduced for the creation
of HDES, known as entanglement by path identity. In this regard, the
use of orbital angular momentum (OAM) modes is promising, as they
offer a high-dimensional and discrete Hilbert space to encode informa-
tion. While entanglement by path identity with OAM has been verified
experimentally, a detailed investigation of how the OAM distribution
of photon pairs can be engineered to maximize the entanglement is
lacking. We address this gap and identify an optimal dimensionality
for maximally entangled states (MESs) when the spatial engineering
of the pump beam and the path identity approach are combined. Our
theoretical study reveals notable limitations for the fidelity of high-
dimensional target states. We also establish the equivalence of en-
tangled biphoton states pumped by a spatially engineered beam and
generated via path identity.

Q 28.25 Tue 17:00 Philo 2. OG
Multi-Wavelength Stellar Intensity Interferometry with a
Telescope Array — eIuril Dati!, OrReN IroNIZ, Nick KONIDARISS,
Sac1 BEN-AMI2, and JoAacHIM VON ZANTHIER! — 1Quantum Optics
and Quantum Information, FAU Erlangen, Germany — 2Weizmann

Institute of Science, Rehovot, Israel — 3Carnegie Observatories,
Pasadena, USA

Recent progress in single-photon detection has renewed interest in stel-
lar intensity interferometry. We present a concept for an HBT (Han-
bury Brown Twiss) experiment combining a spectrograph with a tele-
scope array to achieve a broad optical bandwidth. The spectrograph
minimizes light loss from filtering, while the SPAD Lambda detector
(with 320 linearly arranged pixels) covers A\ = 0.2 nm per pixel,
greatly improving the signal-to-noise ratio.

The setup employs twenty 60 cm telescopes, offering a large effective
collecting area at about 10% the cost of a single telescope with a diame-
ter of 2.7m. This compact, cost-efficient array enables affordable large-
baseline optical intensity interferometry and precise measurements of
stellar diameters.

Q 28.26 Tue 17:00 Philo 2. OG
Tomographic reconstruction of free-electron quantum states
— eHao Jenc!2 and Craus Ropers!?2 — !Department of Ultra-
fast Dynamics, Max Planck Institute for Multidisciplinary Sciences,
D-37077 Gottingen, Germany — 2IV. Physical Institute, University of
Gottingen, D-37077 Gottingen, Germany

Quantum state tomography is a fundamental and essential technique
in every branch of quantum optics, this being true also for the newly
emerging field of free-electron quantum optics. In this contribution, we
describe several algorithms for reconstructing quantum states of swift
electrons, using maximum likelihood estimation, Bayesian inversion,
and deep learning. We apply these algorithms to experimental data
previously recorded for an attosecond electron pulse-train to retrieve
the density matrix and to analyse its physical properties. Based on
the reconstructed quantum state, we obtain pulse-durations of about
245as and predict a degree of coherence of 36 per cent for radiations
and excitations produced by these electrons.

Q 28.27 Tue 17:00 Philo 2. OG
Hanbury Brown-Twiss interference of electrons in free
space — oFLORIAN FLEISCHMANN!, MoNA BUKENBERGER!':?, AN-
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ToN CrLasseN}3 Marc-OLIVER PLEINERT!, and JOACHIM VON
ZANTHIER! — 1Friedrich-Alexander- Universitit Erlangen-Niirnberg,

91058 Erlangen, Germany — 2Freie Universitét Berlin, Berlin, Ger-
many — 3University of Utah, Salt Lake City, USA

We investigate the spatial second-order correlation function of two elec-
trons originating from two nanotips in a Hanbury Brown-Twiss like
setup. First, we consider semi-classically the effects of the Pauli ex-
clusion principle and Coulomb repulsion on the expected correlation
pattern. This is followed by a quantum-mechanical treatment of the
problem, where we separate the system into relative and center-of-
mass coordinates in analogy to the Hydrogen atom ansatz. While the
center-of-mass system is described as a free particle, the relative sys-
tem contains the Coulomb scattering process which translates into an
effective one-particle problem. We expand the respective initial state
of the electrons in the eigenstates of the corresponding Hamiltonian
and evolve the system in time. After the scattering process, the func-
tion is evaluated in the far field. We present the formal solution of the
problem and discuss the current state of the numerical investigations.

Q 28.28 Tue 17:00 Philo 2. OG
Towards counterpropagating frequency converters in x-cut
TFLN — eNIVEDITA VISHNUKUMAR, LAURA BOLLMERS, MICHAEL
RusiNnGg, HARALD HERRMANN, LAURA PADBERG, and CHRISTINE SIL-
BERHORN — Paderborn University, Integrated Quantum Optics, Insti-
tute for Photonic Quantum Systems (PhoQS), Warburger Str. 100,
33098 Paderborn, Germany

Frequency converters are mainly used to bridge the spectral mis-
match between different photonic systems, for example converting
wavelengths used for quantum memories to telecom band. Thin-film
lithium niobate (TFLN) is a viable platform due its high nonlinear co-
efficient, high index contrast, and poling capabilities for x2 nonlinear
processes. Conventional frequency converters work on co-propagating
interactions, where pump, signal, and idler waves travel in the same
direction. Counterpropagating frequency converters are less explored
and are particularly interesting because such a process can generate
separable quantum states with different bandwidths, eventually being
helpful in secure quantum computation. The large phase mismatch
from the counterpropagating photons is compensated through quasi
phase matching (QPM) and this requires ultrashort poling periods of
TFLN in sub-micrometer orders. We investigate through simulation
and fabrication the feasibility of implementing counterpropagating fre-
quency converters on x-cut TFLN. Our efforts focus on optimizing
device geometry and exploring nanometer-scale poling techniques to
enable efficient nonlinear interactions on this platform.

Q 28.29 Tue 17:00 Philo 2. OG
Optimization of electrode design for future interaction-
free-measurements with electrons — eFABIAN BAMMES!,
FRANZ SCHMIDT-KALER!, NILS BODE! MICHAEL
SEIDLING!, ROBERT ZIMMERMANN!, LARS RADTKE!,
JUSTUS WALTHER!, and PETER HOMMELHOFF2
IErlangen-Niirnberg (FAU), Staudtstrasse 1, D-91058 Erlangen, Ger-
many — 2Fakultit fir Physik, Ludwig-Maximilians-Universitéit, D-
80799 Miinchen, Germany

True single particle observation of biological samples at atomic resolu-
tion is currently limited by radiation damage and low sample contrasts.
Both challenges can be overcome with novel observation techniques es-
tablished in the optical regime, namely interaction-free measurements
(IFM) reducing damage, -and multi-pass experiments optimizing low
sample contrast. Transferring detection from photons to charged par-
ticles potentially increases lateral resolution. IFM with electrons will
be realized in a quantum electron microscope (QEM) employing three
individual electron-optical components, namely electron guide, split-
ter and beam resonator. All three of them have been demonstrated
individually with planar electrostatic electrode arrays using the auto-
ponderomotive principle. We operated at primary energies of up to
9.5keV for guiding, 1.7keV for splitting and 50eV for resonating elec-
tron beams. Current work focuses on deceleration on-a-chip, as well as
the geometric optimization to reduce losses and improve the pseudo-
potential symmetry.

Q 28.30 Tue 17:00 Philo 2. OG
Bohmian Trajectories in a Double Slit Experiment — ¢OzaN
Nacitaraanb2:3  CarLoTTA VERSMOLDD23 FrLoriaN Huserb:2:3,
Luxas Knips!:2:3 | Jan Dziewior!:2:3 Eun M1 Kimb2:3:4 and Har-
ALD WEINFURTERD2:3 — 1Fakultdt fiir Physik, Ludwig-Maximilians-
Universitét, Miinchen, Germany — 2Munich Center for Quantum Sci-
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ence and Technology, Miinchen, Germany — 2Max-Planck-Institut fiir
Quantenoptik, Garching, Germany — 4Department of Physics, Korea
Advanced Institute of Science and Technology, Daejeon, Republic of
Korea

Bohmian mechanics provides a realist interpretation of quantum me-
chanics in terms of particles with definite positions, evolving along
well-defined trajectories. In turn, this concept requires non-local ef-
fects, allowing instantaneous changes of the trajectory due to remote
modifications of the setup.

Bohmian trajectories have been reconstructed via weak measure-
ments and have been shown to agree with predicted ones in stationary
setups. In our experiment, we record the trajectories of a photon
in a double slit interferometer using direct phasefront measurements
and additionally implement time-dependent which-way marking and
delayed-choice quantum erasure to explore the theory*s non-locality.
By initially entangling the double slit photon with a second photon,
we are able to analyze the which-way-information and observe changes
in the evolution of the interfering photon in dependence on the obser-
vation of the second photon. Thereby examining the need and conse-
quences of the non-local mechanism in Bohmian mechanics.

Q 28.31 Tue 17:00 Philo 2. OG
Guiding electrons in rotating saddle potentials — eFRranz
ScumipT-KALER!, Jonannes ILLMER!, FaBian Bammes!, and PE-
TER HoMMELHOFFL2 — !Department Physik, Friedrich-Alexander-
Universitit Erlangen-Niirnberg (FAU), 91058 Erlangen — 2Fakultét
fir Physik, Ludwig-Maximilians-Universitat, D-80799 Miinchen, Ger-
many

We aim at achieving true single particle detection of radiation-sensitive
samples by interaction-free measurement (IFM) within a quantum elec-
tron microscope (QEM). The principle, already established with pho-
tons, can benefit in lateral resolution by switching to electrons. A chal-
lenge remains the creation of the required electron-optical elements,
namely guide, splitter and resonator. We present a novel guiding con-
cept in which 3D printing enables the creation of rotating saddle po-
tentials. We achieve trap depths of 11eV and show guiding of up to
20keV electrons in simulation and measurement, whilst recording the
1st stability regime. The concept promises simple adoption and could
potentially find use in ion trap shuttling, as well as electron optics and
localized radiation therapy.

Q 28.32 Tue 17:00 Philo 2. OG
Interaction-induced topological phase transition via spa-
tially selective nonlinearity in photonic honeycomb lattices —
eBasHAR KARAJA, MICHAEL FLEISCHHAUER, and CHRISTINA JORG —
RPTU Kaiserslautern, Kaiserslautern, Germany

We study interaction-induced topological phase transitions (IDTPs)
in a photonic Haldane[l] lattice with spatially modulated Kerr non-
linearity. By applying nonlinear terms of opposite signs on A and B
sublattices, we create an intensity-dependent effective mass term that
can lead to local topology changes dynamically with the strength of the
optical field. IDTPs appear only when the optical field exceeds specific
thresholds: an inverse participation ratio (IPR) >= 0.004, indicating
sufficient spatial localization of the field, and a population measure p5,
defined as the summed intensity on the five brightest sites. Stronger
nonlinearity opens a larger induced band gap, increasing the lifetime,
the spatial confinement, and the edge-state propagation length of the
topological phase. Because the nonlinearity togehther with spatially
non-uniform laser intensity breaks lattice periodicity, we character-
ize local topology using the spectral localizer, which remains valid in
strongly inhomogeneous systems. To enhance experimental viability,
we propose a pump-probe scheme in which a strong pump beam gen-
erates the nonlinear potential and a weak probe excites edge states.
Higher pump power yields smoother, more stable effective potentials
and longer-lived induced topological phases.

[1|Haldane, F.D. (1988). Model for a quantum Hall effect without
Landau levels. Phys. Rev. Lett., 61(18), 2015-2018.

Q 28.33 Tue 17:00 Philo 2. OG

Towards an all-optical phase shifter based on integrated
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waveguides immersed in hot atomic vapor — eANNIKA BEeLz!,
ALEXANDRA Koprl2, BENYAMIN SHNIRMAN'2, Xiaovu CHENG!,
HapiseH ALAEIAN®, HARALD KUBLER!, RoBERT Low?!, and TiLMAN
Prau! — 15,  Physikalisches Institut and Center for Integrated
Quantum Science and Technology, Universitat Stuttgart, Germany —
2Institut fiir Mikroelektronik Stuttgart (IMS-Chips), Stuttgart, Ger-
many — 3Departments of Electrical & Computer Engineering and
Physics & Astronomy, Purdue University, West Lafayette, USA

The combination of thermal atomic vapor with nanophotonics provides
a unique testbed for the manipulation of atom-photon and atom-atom
interactions. While benefitting from strong miniaturization, integra-
tion and scalability, we can furthermore enhance the atom-light inter-
action by engineering the waveguide structures correspondingly.

Using this platform, we want to realize an all-optical phase shifter
in the telecom wavelength on the few photon level, which is a funda-
mental building block for e.g. photonical quantum computing.

This device leverages the effective refractive index change in rubid-
ium for 1529nm light, corresponding to the excitation from the in-
termediate 5P3 /o state to the 4D5/, state, induced by 780nm light,
exciting the atoms from the 5S; /5 ground state to the 5P3/5 interme-
diate state.

We present first free-space measurements using a Michelson interfer-
ometer characterizing the three-level system and first designs towards
the integration.

Q 28.34 Tue 17:00 Philo 2. OG

Sub-Doppler absorption lines at telecom wavelength in
hot 8"Rb vapor — eInna KviaTtkovsky!, Lucas Pacugl,
LEONID YATSENKO?2, VIOLA-ANTONELLA ZEILBERGER!, PHILIPP

1 1

ScuNeEweElss!, JURGEN Vorz!, and ARNO RAUSCHENBEUTEL
IDepartment of Physics, Humboldt University of Berlin, Berlin, Ger-
many — 2Institute of Physics, National Academy of Sciences of
Ukraine, Kyiv, Ukraine

Room-temperature atomic ensembles for quantum technologies are
gaining interest due to their accessibility and reduced experimental
complexity. One of the main challenges when working with such en-
sembles is the Doppler-broadening of the atomic transition frequencies.
In this work, we present an approach that mitigates Doppler broaden-
ing for the upper transition at telecom wavelength in a three-level lad-
der scheme in 87Rb. The scheme involves driving the lower transition
with a strong pump field at the D2-line wavelength of 780 nm, while
a weak counter-propagating field at 1529 nm (5P3/9 — 4D5/5) probes
the dressed state. We experimentally demonstrate that absorption fea-
tures with sub-Doppler width and an enhanced optical depth can be
achieved for the probe field. Moreover, the experimental spectra agree
well with the predictions of our dedicated theory framework. Achiev-
ing sub-Doppler absorption lines together with high optical depth at
the technologically relevant wavelength regime of the telecom C-band
is highly relevant for applications in optical quantum technologies.

Q 28.35 Tue 17:00 Philo 2. OG
Self-organized transport in noisy dynamic network — FRED-
Eric Forz!, eJosaua RAINER GaNz!, SavaN Roy!, ApisH SINGHAZ,
Kurr MEHLHORN?, and GiovaANNA Morici! — !Theoretische Physik,
Universitit des Saarlandes, 66123 Saarbriicken, Germany — 2Max-
Planck-Institut fiir Informatik, Saarland Informatics Campus, 66123

Saarbriicken, Germany

We present a numerical study of multicommodity transport in a noisy,
nonlinear network. The nonlinearity determines the dynamics of the
edge capacities, which can be amplified or suppressed depending on
the local current flowing across an edge. We consider network self-
organization for different activation functions and types of noise.

We identify parameter regimes where noise leads to self-organization
into more robust topologies, that are not found by the sole noiseless
dynamics. Moreover, the interplay between noise and specific func-
tional behavior of the nonlinearity gives rise to different features, such
as (i) continuous or discontinuous responses to the demand strength
and (ii) either single or multistable solutions. Our study shows the
crucial role of the activation function on noise-assisted phenomena.
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Q 29.1 Tue 17:00 Philo 2. OG
Coupling light from an airplane to a single
eHaNns Dancl2, SepasTiaN Lurrl:2, MARTIN FISCHER!,
Hsuan Huanc!2, THomAs DIRMEIER! 2, MARKUS SONDERMANN
CHRISTOPH MARQUARDT!2, and GeErD LreucHs!? — !Max Planck
Institute for the Science of Light, Erlangen, Germany — 2Friedrich-

Alexander-Universitdt Erlangen-Niirnberg (FAU), Erlangen, German

ion

SHENG-

1,2
b

Trapped ions are promising candidates for establishing long-distance
quantum networks. Their ability to reliably retain quantum informa-
tion as quantum memories makes them ideal building blocks to cre-
ate such networks [1]. However, the operation of a quantum network
necessitates the exchange of information stored in quantum memo-
ries over long distances. An aerial link between ground stations is
thus considered as a means to effectively transfer information. As a
first step towards establishing long-distance communication, 935nm
photons originating from either a laser or a whispering gallery mode
resonator on an airplane have been successfully coupled to a single
174¥ybt ion trapped in a parabolic mirror on the ground. Adaptive
optics and fibers are used to collect and guide light from the airplane
to the ion. The parabolic mirror then focuses the infrared light onto
the ion from nearly full solid angle, increasing the efficiency of coupling
photons to the ion [2]. This flight experiment is part of the larger Ger-
man QuNET initiative and aims to develop the technology needed to
interface light from a moving source with a single trapped ion.

[1] N. Sangouard et al., Rev. Mod. Phys. 83, 33 (2011)

[2] L. Alber et al., J. Eur. Opt. Soc.-Rapid Publ. 13, 14 (2017)

Q 29.2 Tue 17:00 Philo 2. OG
Towards Quantum Frequency Conversion of Single Photons
from Germanium-Vacancy Centers in Diamond — eJANNIS
Sope, Davip LINDLER, MARLON ScCHAFER, ToBias BAUER, FE-
Lix RoHE, and CHRIsTOPH BECHER — Universitdt des Saarlandes,
Fachrichtung Physik, Campus E2 6, 66123 Saarbriicken

The germanium-vacancy (GeV) center in diamond is a promising can-
didate for a quantum memory in quantum communication networks
due to its large Debye-Waller factor of up to 0.7 and long spin coher-
ence times of more than 20ms [1]. To facilitate the distribution of
entanglement via preexisting optical fiber infrastructure, it is neces-
sary to convert the single photons emitted by the GeV center from the
visible spectrum into the low-loss telecom bands.

Here, we present our work towards low-noise, two-stage quantum fre-
quency conversion of single photons resonant to germanium vacancy
centers in diamond. The conversion scheme utilizes difference fre-
quency generation in periodically poled lithium niobate waveguides
to convert 602 nm photons to 867 nm, followed by a subsequent con-
version to 1550nm. Such a two-stage conversion scheme has been
shown to achieve low conversion-induced noise for the conversion of
silicon-vacancy centers [2]. We show first results on the conversion
efficiency, as well as spectral noise distribution.

[1] K. Senkalla et al. Phys. Rev. Lett. 132, 026901, 2024
[2] M. Schéfer et al. Adv Quantum Technol. 2025, 8, 2300228

Q 29.3 Tue 17:00 Philo 2. OG
Coherent Photon Number State Superpositions in Frequency
Converted Photons from SnV Color Centers — eToBIAS
BaAUER, DENNIS HERRMANN, MARLON SCHAFER, DAvVID LINDLER,
RoBERT MoORscH, and CHRISTOPH BECHER — Universitat des Saar-
landes, FR Physik, Campus E2.6, 66123 Saarbriicken

Photon-number coherence (PNC) represents both a powerful resource
and a potential security concern for optical quantum technologies:
it enables encoding and manipulation of information in the photon-
number degree of freedom [1], while deviations from ideal one-photon
states can compromise the security of quantum communication pro-
tocols [2]. Recent advances with semiconductor quantum dots have
shown that coherent driving can generate photon-number superposi-
tions on demand with high purity [3], providing deterministic access to
vacuum-one-photon states and opening new possibilities for advanced
quantum information processing.

We extend these concepts to color centers in diamond by generating
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coherent photon-number state superpositions from a SnV-center using
resonant excitation with varying pulse powers. We further demon-
strate that these states are preserved after frequency conversion of the
SnV-resonant photons to the telecom C band.

[1] Polacchi, B., Hoch, F., Rodari, G. et al., npj Nanophoton. 1,
45 (2024). [2] Karli, Y., Vajner, D.A., Kappe, F. et al., npj Quantum
Inf 10, 17 (2024). [3] Loredo, J.C., Antén, C., Reznychenko, B. et al.,
Nat. Photonics 13, 803*808 (2019).

Q 29.4 Tue 17:00 Philo 2. OG

Polarization-entanglement distribution over a 28 km urban
fiber link at telecom wavelength — eAxriTI Raj!, Tobias

Baugr!, CurisTiaAN HAEN!, Davip LINDLER!, QUANKUI YANGZ,
THORSTEN Passow?, Marko HARTELT?, JURGEN EscHNER!, and
Curistorn BrcHER! — !Universitiat des Saarlandes, FR Physik,

Campus E2.6, 66123 Saarbriicken — 2Fraunhofer-Institut fiir Ange-
wandte Festkorperphysik TAF, Tullastr. 72, 79108 Freiburg

Entangled photon pair sources are essential resources for quantum
technological applications. AlGaAs Bragg reflection waveguides are
promising platform for such sources due to their high nonlinear coef-
ficient, room temperature operation, and non-birefringent nature [1].
By using a type-II SPDC process, the down-converted photons are or-
thogonally polarized, and the generated photon pairs are inherently
polarization entangled. Here, we present the generation and distribu-
tion of polarization-entangled photons over a 28 km dark fiber link
[2]. The link consists of commercial fiber, deployed both underground
and overhead, includes several patching points, resulting in a trans-
mission loss of & 19 dB. The source produces a state with 95.7 %
fidelity and 92.4 % purity w.r.t. the |1)T) Bell state. After transmis-
sion over the actively stabilized [2] fiber link, the fidelity reduces to
87.9 % due to residual uncompensated polarization rotation whereas
the purity remains unchanged (92 %). In summary, we demonstrate
a room-temperature entangled photon pair source at telecom wave-
length, suitable for real world quantum applications.

[1] F. Appas et al., J. Light. Technol. 40 (2022).

[2] S. Kucera et al., npj Quantum Inf. 10, 838 (2024).

Q 29.5 Tue 17:00 Philo 2. OG
Narrow-band bi-chromatic photon-pair source for quan-
tum repeaters — eHENNING MOLLENHAUER!?, ALEXANDER ERL!,
MoRrTEN KALLEVIK STRAUME!2, LeonN MEessNErRZ, HELEN M.
CurzaNowskI®, and JANIK WorLreERs! 2 — 1DLR, Institute of Space
Research, Berlin — 2TUB, Institute of Physics and Astronomy, Berlin

— 3HUB, Department of Physics, Berlin

Distribution of singe photons and their storage in quantum memories
are essential building blocks for quantum networks. Many previous
implementations of single photon creation, photon distribution, and
storage in quantum memories relied on frequency conversion and/or
the need for cryogenic environments. Here we report on a photon-pair
source, tunable to a quantum memory, compatible with telecommuni-
cation wavelengths, and operating at room temperature. The source
utilizes spontaneous parametric down-conversion for emission of pho-
ton pairs at cesium D1 and telecom C-band wavelengths. A monolithic
resonator 1] funnels photon emission into spatially and spectrally well-
defined, narrow-band modes with a bandwidth 23 MHz. We present
performance metrics of the source and our progress on achieving single-
photon storage in a quantum memory. Expanding source and memory
to realize entangled state storage will determine the system*s perfor-
mance for future quantum repeater schemes. [1] Mottola et al. (2020)

Q 29.6 Tue 17:00 Philo 2. OG
Towards storage of c-band heralded photons in a room tem-
perature quantum memory — eMORTEN KALLEVIK STRAUME!Z,
ALexanpER  ErLD2) Henning  MorLeEnHAUERD2, and Janix
Worrers!? — 'DLR, Institute of Space Research, Berlin — 2TUB,

Institute of Physics and Astronomy, Berlin

One of the limiting factors of current global quantum networks is
the lack of efficient light-matter interfaces required for quantum re-
peaters. In recent years, considerable progress has been made in the
development of room-temperature quantum memories and compatible
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narrow-band single-photon sources based on spontaneous parametric
down-conversion (SPDC) [1]. Room-temperature quantum repeater
platforms are particularly attractive because they avoid the need for
cryogenic cooling, operate with significantly lower power consumption,
and offer the most favorable scaling potential compared with other
state-of-the-art approaches. Here we present our efforts to interface
an optical quantum memory [2], utilizing a A-scheme implemented in
the Cs Dj-line, with a matching telecom -c-band heralded bichromatic
photon-pair source.

[1] R. Mottola et al. Opt. Express 28, 3159-3170 (2020) [2| L. Es-
guerra et. al. PRA 107, 042607 (2023)

Q 29.7 Tue 17:00 Philo 2. OG
Towards consumer-level quantum-secure cryptography using
entanglement-based short-range quantum-key-distribution —
eMarco ARNDs, Luca Grar, VINCENT REIssMANN, and RALF
RiepINGER — Institute for Quantum Physics, Hamburg, Germany

Quantum key distribution (QKD), which generates a cryptographic
key via a quantum channel, has paved the way for physically secure
communication. Over the last decades, most efforts in developing QKD
focused on long-distance implementations, which are costly and chal-
lenging due to exponential losses of photons in quantum channels. An
alternative approach is hybrid cryptography, where key distribution
occurs over short distances, followed by quantum-secure classical en-
cryption over long distances. Initially, an information-theoretically
secure Root-of-Trust is exchanged via a quantum channel, which is
stored on two end modules. Afterwards, this Root-of-Trust can be
employed to generate encryption keys through a classical rekeying al-
gorithm. In this approach, it is possible to spatially separate the end
modules and communicate over existing classical infrastructure, since
no quantum channel is required after initialisation. We present a com-
pact source for entangled photon pairs that enables short-range QKD.
In future work, we aim to implement low-cost end modules based on
semiconductor electronics for the detection scheme of the experimental
setup.

Q 29.8 Tue 17:00 Philo 2. OG
Towards telecom-to-visible fiber-integrated quantum fre-
quency conversion — eFELIX ROHE, MARLON SCHAFER, ToOBIAS
BAugR, Davip LINDLER, JANNIS SODE, and CHRISTOPH BECHER —
Universitéit des Saarlandes, Fachrichtung Physik, Campus E2.6, 66123
Saarbriicken

Telecom quantum light sources such as quantum dots, as well as weak
coherent laser pulses have recently been gaining importance for quan-
tum repeater applications, by entangling the photons with quantum
memory nodes, possessing long spin coherence times [1]. However,
since most of the quantum memories exhibit an optical interface in the
visible or near-infrared, telecom-to-visible quantum frequency conver-
sion is crucial for long-distance quantum entanglement distribution.
Here, we present a two-stage conversion scheme to tune single telecom
photons to resonance with the tin-vacancy (SnV) center in diamond
in a fiber-integrated design using a solid-core photonic crystal fiber
(PCF) coupled to a periodically-poled lithium niobate (PPLN) waveg-
uide. The signal photons at 1550 nm are converted to 619nm in a
two-step sum-frequency generation process using a strong pump field
at 2062nm. This fiber-integrated design offers increased robustness
against fluctuations of ambient conditions, paving the way for opera-
tion outside of a controlled lab environment. We show first results on
coupling and conversion efficiencies, as well as noise rates.

[1] Knaut, C.M. et al., Nature 629, 573-578

Q 29.9 Tue 17:00 Philo 2. OG
Towards low noise and high efficient quantum frequency
converters in TFLN — eJonas Baar-Hewmari, ErnsT-LUkAs
KuHLMANN, SiLiA BABEL, LAURA BoLLMERS, LAURA PADBERG, HAR-
ALD HERRMANN, and CHRISTINE SILBERHORN — Paderborn Univer-
sity, Integrated Quantum Optics, Institute for Photonic Quantum Sys-
tems (PhoQS), Warburger Str. 100, 33098 Paderborn, Germany

Quantum memories, such as tin-vacancy centers in diamond, play
an essential role in realizing quantum protocols. To link the wave-
lengths of these memories to the telecom wavelength, compatible quan-
tum frequency converters (QFCs) with high efficiency and low noise
are needed. The thin-film lithium niobate (TFLN) platform exhibits
outstanding potential in supporting such processes highly confined
in waveguides. However, current TFLN structures still suffer from
fabrication inhomogeneities, which decrease efficiency and spectrally
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broaden frequency conversion processes. A spectral broadening of un-
wanted noise processes can cause a spectral overlap of noise with a
wanted process. We simulate a single-stage difference-frequency gen-
eration (DFG) in TFLN. This process converts tin-vacancy emission
at 619 nm, pumped at 1030 nm, to the telecom C-band (1550 nm). We
simulate the efficiency decrease from fabrication tolerances in critical
parameters such as the periodic poling structure and waveguide geom-
etry. We also investigate the spectral broadening of noise processes
to identify which parameters most strongly contribute to noise in the
simulated single-stage DFG System.

Q 29.10 Tue 17:00 Philo 2. OG
Integrated Photonic Chips for Quantum Network Appli-
cations — eTmv EncrLine!2, Jonas C. J. Zarscul2, JELDRIK
Husterb?2, Louis L. HouMannD2, SurEYA KuMaRr!2, and STEFANIE
Barz!2 — lInstitute for Functional Matter and Quantum Technolo-
gies, University of Stuttgart, 70569 Stuttgart, Germany — 2Center for

Integrated Quantum Science and Technology (IQST), 70569 Stuttgart

Realizing quantum networks requires generating, manipulating, and
measuring photonic qubits at network nodes. Additionally, quantum
channels connecting different network nodes and an interface between
quantum channel and network node are required.

Integrated photonics based on a silicon-on-insulator offers a versatile
and robust platform for networked quantum applications because of ef-
ficient qubit state manipulation and photon generation via four-wave
mixing. Between nodes low-loss quantum channels can be realized
using single-mode fibers.

Here, we present our advances in generating single photons and
preparing entangled states directly on a chip. Additionally, we present
methods for interfacing qubit states between the node and the chan-
nel. With our approach, we can transmit maximally entangled qubits
with high fidelity between two integrated photonic chips. This is an
important step in implementing quantum network protocols.

Q 29.11 Tue 17:00 Philo 2. OG
Towards entanglement swapping between two WGMRs —
eSurNG-Hsuan Huang2, Yen-Ju Cuenb2, THoMAs DIRMEIERDZ,
Karsa Lamo®, Dwmitry StrREKALOV!, CGERD Lreuchs':?, and
CHRrIsTOPH MARQUARDT?! — 1Chair of Optical Quantum Tech-
nologies, Friedrich-Alexander-Universitat Erlangen-Niirnberg, Staudt-
strasse 7/A3, 91058, Erlangen, Germany — 2Max Planck Institute for
the Science of Light, Staudtstrasse 2, 91058 Erlangen, Germany —
3German Aerospace Center (DLR e.V.), Institute of Quantum Tech-

nologies, Wihelm-Runge-Str. 10, 89081, Ulm, Germany

Entanglement swapping is a key ingredient in building advanced quan-
tum networks. To realize entanglement swapping, two sources capa-
ble of generating entanglement and producing indistinguishable quan-
tum states are required. Optical whispering-gallery-mode resonators
(WGMRs) have been shown to generate polarization entanglement and
to produce indistinguishable photons[1,2]. Together, these features
make WGMRs a promising platform for realizing entanglement swap-
ping. In this poster, we will discuss our first results and the progress
of entanglement swapping between two WGMRs.

[1] Huang SH., et.al., npj Quantum Information 10 (2024), 85

[2] Huang SH., et.al., APL Photonics 10 (2025), 056111

Q 29.12 Tue 17:00 Philo 2. OG
Towards a multi-qubit register based on the GeV color center
in diamond for a quantum repeater node — eSiMoN GREGOR
WALLISER, KATHARINA SENKALLA, and FEDOR JELEZKO — Institute
for Quantum Optics, Ulm University, Albert-Einstein-Allee 11, 89081
Ulm, Germany

The realization of quantum networks will enable secure end-to-end
communication and offers a path to overcoming current limitations of
quantum devices in terms of scalability.

In a quantum network, quantum repeaters are used to distribute
quantum information over long distances. Quantum repeaters based
on color centers in diamond are a promising candidate for quantum
network nodes.

Group-IV color centers, such as the germanium-vacancy (GeV) cen-
ter, exhibit long coherence times at millikelvin temperatures and a
high Debye-Waller factor.

Additionally, the use of dynamical decoupling (DD) on the electron
spin of the GeV center enables coherent control of surrounding 13C
nuclear spins.

In more complex quantum-repeater protocols, a higher number of
coherently controllable spins is necessary.
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In this work, we present our progress on the detection and coher-
ent control of a weakly coupled 3C nuclear spin in the presence of
a strongly coupled 3C nuclear spin by using the XY8 and other DD
sequences.

Q 29.13 Tue 17:00 Philo 2. OG
Towards Practical Quantum Networks: Atom-Photon entan-
glement over a metropolitan fiber link — eMava Buki!, PooJa
MaLik?, Tobias Frank!, MaArvIN Scuorz!, FLoriaN FERTIGZ,
GianviTo CHIARELLA', YIRU ZHou?, EMANUELE DisTANTE?, PAU
FARRERAD3, HArRALD WEINFURTERD2, and GERHARD REMPE! —
IMax Planck Institute of Quantum Optics, Garching, Germany —
2Ludwig-Maximilians-University, Munich, Germany — 3Munich Cen-
ter for Quantum Science and Technology (MCQST), Munich, Germany

— 4University of Florence, Florence, Italy

Entanglement generation and distribution are key capabilities in order
to build scalable quantum networks. While long-distance communi-
cation requires photons in the telecommunication band, interfacing
with existing quantum infrastructure such as atomic quantum pro-
cessors demands near-visible photons. Here, we demonstrate robust
atom-photon entanglement over a distance of 23 km of fiber within the
Munich metropolitan area. A single rubidium atom is entangled with
a photon at 780nm, which is converted to the telecom S-band and,
after propagation over the long fiber, back-converted to its original
wavelength. By using two tailor-made low-noise quantum frequency
converters and mitigating polarization drifts and noise we achieve an
end-to-end entanglement fidelity above 85%. This experiment demon-
strates the integration of atomic quantum nodes with existing fiber
networks and thus lays the foundation for practical long-distance quan-
tum communication and information processing.

Q 29.14 Tue 17:00 Philo 2. OG
Atom-Photon Quantum Gate using an Atomic Clock Qubit
— eLearT Zukal, Tobias Frank!, Gianviro CHIARELLA!, Pau
FARRERAD2, and GErHARD REMPE! — !Max-Planck-Institut fiir
Quantenoptik, Hans-Kopfermann-Strafte 1, 85748 Garching, Germany
— 2Munich Center for Quantum Science and Technology (MCQST),
Schellingstr. 4, D-80799 Miinchen, Germany

Single atoms coupled to optical cavities provide a powerful platform for
photonic quantum information processing. Minimizing the influence of
external factors like magnetic field fluctuations is a key goal in this en-
deavor. In this work, we investigate a novel gate protocol that employs
a single Rb87 atom prepared in a magnetic-field-insensitive clock qubit
and coupled to a high-finesse birefringent Fabry-Perot cavity. The cav-
ity’s high birefringence creates two well-separated polarization eigen-
modes, enabling polarization-selective reflectivity that depends on the
atomic qubit state. This allows us to implement a CPHASE gate be-
tween the atomic clock states and our photonic qubits. We present
simulations based on input-output theory and master-equation model-
ing that quantify the conditional reflection amplitudes, gate truth ta-
ble, and resulting fidelities under realistic experimental imperfections
such as finite mode matching, cavity loss channels, and multiphoton
contributions. We further report on ongoing experimental progress
towards implementing the protocol. Our results indicate that atom-
state-dependent phase shifts on the photonic qubit are achievable in
the current system, providing a viable path toward a robust, high-
fidelity, cavity-assisted atom-photon quantum gate.

Q 29.15 Tue 17:00 Philo 2. OG
Interfacing a rack-mounted narrow-band photon pair-
source with a quantum memory — eLrEoN MEessNER!"2, ANNE
Ronwiper>3, MatHiLDE KakuscHke!3, HELEN CHRZANOWSKI?,
and Janik Worrgers?3:1 — 1 Advanced Quantum Light Sources UG,
Berlin, Germany — 2German Aerospace Center (DLR), Institute of
Space Research, Berlin, Germany — 3Technical University Berlin, In-
stitut of Physics and Astronomy, Berlin, Germany — “Institute of
Physics, Humboldt-Universitidt zu Berlin, Berlin, Germany

We present initial findings on interfacing a rack-mountable photon-pair
source with a ladder-type quantum memory in warm Cesium vapor.

The monolithic cavity source generates heralded single photons with
bandwidth and frequency consistent with the used memory transition
at the D1 line. Using compact, off-the-shelve components, we achieve
45% heralding efficiency and a rate of approximately 50 kcts/(s mW).

Leveraging the noise-free and high-bandwidth photon storage capa-
bilities of our memory [2], we explore applications for heterogeneous
quantum networking and synchronization tasks.
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[2] MaaR, B. et al., Phys. Rev. Applied 22, 044050 (2024)

Q 29.16 Tue 17:00 Philo 2. OG
Improving the response of SNSPDs in high brightness en-
vironments — ePauL VarTeER!, NikrLas LamBErRTYD2, TIMON
ScuaPELER!"2] and Tim BartLeEy!2 — IDepartment of Physics,
Paderborn University, Warburger Str. 100, Paderborn, 33098, Ger-
many — 2Institute for Photonic Quantum Systems (PhoQS), Pader-

born University, Warburger Str. 100, Paderborn, 33098, Germany

Superconducting nanowire single-photon detectors (SNSPDs) offer
great value as highly efficient single-photon counters and possess a
high signal-to-noise ratio even in low-light environments. We inves-
tigate possible improvements in the optical response of SNSPDs by
varying their efficiency. A lookup table was created, mapping the
count rate of an SNSPD to the incoming light intensity and its effi-
ciency, enabling the calculations of signal-to-noise ratios. This data set
reveals how the count rate of SNSPDs transitions into plateau and sat-
uration regions at high incoming light intensity. By characterizing the
signal-to-noise ratio behaviour across different operating regimes, we
quantify how SNSPDs perform at high incoming light intensity when
reducing their detection efficiency. These results pave the way for de-
ploying SNSPDs in a broader range of applications, including those
involving high brightness environments.

Q 29.17 Tue 17:00 Philo 2. OG
Electric Field Control of Optical Properties of Carbon Based
Quantum Emitters in Hexagonal Boron Nitride — eNikLas
PicueL, MonAMMAD NASIMUZZAMAN MISHUK, JULIEN CHENEDE, and
ToBias VocgL — Department of Computer Engineering, School of
Computation, Information and Technology, Technical University of
Munich, 80333 Munich, Germany

Color centers in two-dimensional hexagonal boron nitride (hBN) are a
compelling platform for realizing stable single photon sources at room
temperature. The possibility for on-chip integration of these quantum
emitters into e.g. waveguides/photonic integrated circuits is especially
appealing for realizing compact and scalable photonic quantum tech-
nologies. For these applications, the precise control of the spectral
and polarization properties of the photons generated from these color
centers plays a crucial role to achieve optimal performance of quan-
tum communication systems or to generate indistinguishable photons
required for quantum computing. In this work, we investigate the
tunability of the emission wavelength and polarization axis as well as
spectral linewidth of single photons emitted from quantum emitters in
hBN by applying an external electric field in arbitrary directions. We
furthermore perform time-dependent measurements to reveal how the
polarization dynamics change under the influence of an applied electric
field.

Q 29.18 Tue 17:00 Philo 2. OG
Electrical modelling of superconducting nanowire single pho-
ton detectors and challenges for detecting single photons —
e THUSHARA SURAWEERA ARACHCHILAGE!, PHiLIPP KARL!, SANDRA
MEeNNLE!, MicHAEL ZIMMER?, and HARALD GiEssEN! — 14th Physics
Institute, Research Center SCoPE, and IQST, University of Stuttgart,
Pfaffenwaldring 57, 70569 Stuttgart, Germany — 2IHFG, University
of Stuttgart, Allmandring 3, 70569 Stuttgart, Germany

Applications of superconducting devices have become a rapidly evolv-
ing research field, and superconducting nanowire single photon de-
tectors (SNSPDs) play a key role in this area. Although some studies
have reported improved signal-to-noise ratios (SNR), reproducing these
published results has proven difficult. Analyzing these detectors using
equivalent electrical-circuit models lead to improvements, and could
be deployed for single-photon detection with high accuracy.

This study primarily focuses on the electrical behavior of SNSPDs.
As an initial step, contact resistances were investigated, since these
contribute significantly to the total impedance of a detector. The ob-
tained contact resistances ranged from tens of ohms to a few hundred
ohms, which can pose a major problem for impedance matching with
measurement instruments when detecting faint signals.

These observations also highlight the need to study additional vari-
ables, such as substrate selection, contact-pad materials, and their
oxidation properties, that may influence the SNR of SNSPDs. Identi-
fying these critical problems is the first step toward solving them, and
thus enables an improvement in existing SNSPDs.

Q 29.19 Tue 17:00 Philo 2. OG
Single-Shot Fingerprinting of Solid-State Quantum Emitters
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— eSonvya KukuriNa, JuLiEN CHENEDE, and ToBias VocL — De-
partment of Computer Engineering, School of Computation, Informa-
tion and Technology, Technical University of Munich, 80333 Munich,
Germany

Single-photon emitters in hexagonal boron nitride are promising build-
ing blocks for scalable quantum technologies, particularly quantum
communication, due to their room-temperature stability, bright emis-
sion, and compatibility with nanophotonic integration. Realizing ro-
bust, integrated quantum devices requires a clear understanding and
consistent classification of these defect centers, motivating the devel-
opment of an efficient, integrated characterization framework.

This work presents an optical measurement platform designed for
single-shot fingerprinting of individual quantum emitters. The sys-
tem integrates confocal scanning photoluminescence imaging, fluores-
cence lifetime mapping, second-order correlation measurements, spec-
tral analysis, and polarization control over both excitation and emis-
sion within a unified, software-automated architecture. Dual excita-
tion channels provide through-objective and side-fiber excitation, while
three detection outputs in reflection, transmission, and side channels
provide comprehensive readout of optical characteristics. This parallel
acquisition scheme enables simultaneous mapping of multiple emitter
properties within a single apparatus, supporting systematic identifi-
cation and yielding consistent benchmarking for the development of
solid-state quantum communication systems.

Q 29.20 Tue 17:00 Philo 2. OG
Optimising time multiplexed multi-loop heralded single pho-
ton sources — eZora Kurz!'2:3 Xavier Barcons Pranas!2:3,
Lasse WENDLAND!, JasmIiN MEINECKE!, and Janik WorLTERs!:2:3
— 1Technische Universitit Berlin — 2Deutsches Zentrum fiir Luft und
Raumfahrt — 3Physikalisch-Technische Bundesanstalt

To achieve quasi-deterministic heralded single-photon sources, the
probabilistic nature of spontaneous parametric down conversion can
be mitigated with time-multiplexing. At the event of a photon-pair
generation, the signal photon is stored in a switchable fibre delay line
of single [1] or multiple loops [2] until release. Photons can be spaced at
regular intervals for later use in computing applications. Implement-
ing storage loops of different lengths reduces the amount of necessary
round trips and thus also overall losses. A setup applicable for single
or multi-loop usage was realised. For further optimisation, the effect of
tip/tilt degree of freedom of a collimator lens on a single mode gaussian
beam was investigated in its regard to mode matching.

[1] T. B. Pittman, B. C. Jacobs, und J. D. Franson,Phys. Rev. A,
Bd. 66, Nr. 4, S. 042303, Okt. 2002

[2] E. Lee, S. M. Lee, und H. S. Park, Opt. Express, Bd. 27, Nr.
17, S. 24545, Aug. 20192

Q 29.21 Tue 17:00 Philo 2. OG
Characterization of the swelling behavior of hydrogels using
a laser-written Mach-Zehnder interferometer — eJOHANNES
ScHNEGAS!, KAROLINE BECKER?, ALEXANDER SzAMEIT?, and Upo
Kracrl3 — lInstitute of Chemistry, University of Rostock, Ger-
many — 2Institute of Physics, University of Rostock, Germany —
3Department Life, Light & Matter, Faculty for Interdisciplinary Re-
search, University of Rostock, Germany

Hydrogels are 3D polymer networks that can absorb water depending
on the surrounding media, such as salt concentration or pH. This al-
lows the use of hydrogels as sensor materials. Swelling directly affects
the refractive index of the hydrogel. An integrated optical interfer-
ometer, such as the Mach-Zehnder interferometer, is an appropriate
sensor for investigating swelling-induced refractive index changes. Its
chemical sensing capability has been demonstrated in the literature. In
this study, a fs-laser-written MZI fabricated in fused silica was used,
which is composed of two waveguides combined by evanescent field
couplers. One part of each interferometer arm runs close to the glass
surface. A sensor area was created by exposing one of these via me-
chanical polishing, whereas the other interferometer arm served as a
reference. A liquid sample applied to the sensor area results in a shifted
phase to which the interferometer responds with a change in the out-
put intensity. This study examines the capability of a laser-written
Mach-Zehnder interferometer to characterise the swelling behaviour of
hydrogels in different surrounding media.

Q 29.22 Tue 17:00 Philo 2. OG
Fiber fluorescence spectra and their impact on NV-based
sensors — OSTEFAN JOHANSSON, ALEXANDER BUKscHAT, JoNas
GuTtscHE, DENNIS LONARD, ALENA ERLENBACH, and ARTUR WIDERA
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— RPTU University Kaiserslautern-Landau, Physics Department and
State Research Center OPTIMAS, Kaiserslautern, Germany

Optical fibers are widely used as light-guiding components in sens-
ing applications, including quantum sensors based on nitrogen-vacancy
(NV) centers in diamond. For such miniaturized, fiber-integrated NV
magnetometers, background fluorescence generated within the fiber,
arising from scattering processes and intrinsic photoactive impurities,
can spectrally overlap with the NV centers’ fluorescence. This aut-
ofluorescence reduces the signal-to-noise ratio and ultimately limits
the achievable magnetic-field sensitivity, particularly when the num-
ber of active spins is small. We systematically analyze the optical
emission spectra of commonly used optical fibers under excitation at
wavelengths relevant for NV centers. We investigate the influence of
the materials used in the fabrication process and fiber type, and we
study how the generated background light scales with excitation power.
Based on these measurements, we identify characteristic spectral fea-
tures and evaluate which fibers introduce the lowest fluorescence back-
ground in the NV centers’ detection band.

Our results provide practical guidelines for selecting optimal optical
fibers for NV-based quantum sensors and offer insights applicable to a
broader field of fiber-coupled fluorescence-based sensors.

Q 29.23 Tue 17:00 Philo 2. OG
Nanoscale Temperature Sensing with Nitrogen-Vacancy Cen-
ters in Diamond — eAnJa JovicEvic, WANRONG L1, and OLIVER
BensoN — Humboldt-Universitdt zu Berlin, Germany

Negatively charged nitrogen-vacancy (NV) centers in nanodiamond of-
fer powerful quantum sensing capabilities, particularly for nanoscale
thermometry. We exploit the temperature-sensitivity of the ground-
state zero-field splitting (ZFS) in NV centers in nanodiamonds: as
the diamond lattice expands thermally, the ZFS shifts, and we track
the shift using optically detected magnetic resonance (ODMR) under
controlled thermal conditions. Excitation is performed with a green
laser, while microwave radiation drives the spin transitions; we mon-
itor the resulting fluorescence in the red to near-infrared wavelength
regime. We establish a temperature calibration based on the frequency
shift of the ODMR resonance. Our measurements for the resonance
frequency shift per Kelvin are in agreement with previously reported
values of about -77kHz/K. We will introduce gold nanospheres as lo-
cal heat sources and observe the induced temperature rise in nearby
NV centers. This hybrid configuration is intended to form the basis
for applications in biological environments: by combining quantum
thermometry with localized heating, one could map and control tem-
perature gradients inside living cells with nanometer precision.

Q 29.24 Tue 17:00 Philo 2. OG
Sparse Optimization of Quantum Fourier Transform Spec-
troscopy — eCHINMAY SANGAVADEKAR!, ZHENGJUN Wanc!:2, and
Frank ScHLAwIN''23 — 1University of Hamburg, Luruper Chaussee
149, Hamburg, Germany — 2Max Planck Institute for the Structure
and Dynamics of Matter, Hamburg, Germany — 3The Hamburg Cen-
tre for Ultrafast Imaging, Hamburg, Germany

Nonlinear interferometers are of fundamental importance for quantum-
enhanced photonic sensing. They are able to perform measurements in
the infrared regime while relying only on the detection of visible pho-
tons and their interactions [1]. Here we present a theoretical framework
for quantum Fourier transform infrared spectroscopy using a cw source
where a full analytic expression for the quantum interferogram based
on signal photon count rate is derived and the complex transmittance
is extracted via Fourier transformation. We further explore how sparse
optimization may reduce the necessary number of measurements and
thereby speed up data acquisition.

[1] G. Barreto Lemos, M. Lahiri, S. Ramelow, R. Lapkiewicz, and
W. Plick, ”Quantum imaging and metrology with undetected photons:
tutorial,” J. Opt. Soc. Am. B 39, 2200-2228 (2022).

Q 29.25 Tue 17:00 Philo 2. OG
An all-optical magnetic field quantum sensor based on an
ensemble of Tin-vacancy color centers in diamond — eANNA
Fucas, FaBian Vorrz, and CHRISTOPH BECHER — Universitdt des
Saarlandes, Saarbriicken 66123, Germany

Quantum sensing promises new opportunities in applied physics and
life sciences due to high sensitivity, precision, and high spatial resolu-
tion. A possible implementation of a quantum sensor that became well
known in recent years is based on NV centers in diamond. Whereas NV
center based quantum sensors are based on microwave manipulation



Mainz 2026 — Q

Tuesday

of their spin states, the negatively charged group IV-vacancy centers
in diamond offer the option of an all-optical, microwave-free coherent
control of their spin states. This allows for applications where the use
of microwave fields is detrimental or technically challenging.

We here investigate an ensemble of negatively charged Tin-vacancy
(SnV ™) centers for its suitability for quantum sensing. To this end
we use an experimental implementation based on coherent population
trapping where two spin states are coupled to an excited state via two
laser fields. To detect small magnetic changes we fix the laser fre-
quency to the steepest slope of the dark-state resonance and detect
the Zeeman shift by a change in the absorption signal. We report
first experimental results on characterising our sample for achievable
sensitivities.

Q 29.26 Tue 17:00 Philo 2. OG
Design and optimisation of microantenna for quantum sen-
sor — eANIsH THoMAs, ALENA ERLENBACH, STEFAN JOHANSSON,
DEennNis LONARD, JoNas GuTscHE, and ARTUR WIDERA — RPTU
University Kaiserslautern Landau

Nitrogen-Vacancy(NV) centers in diamond are defects with spin char-
acteristics that serve as highly sensitive magnetometers. This makes
them suitable for quantum sensing applications, such as magnetic
imaging of biological specimens and study of other quantities such as
electric fields, temperature and pressure. Initializing these spin state of
these centers requires a strong, homogenous magnetic field, emitted by
a micro antenna structure on the tip of an endoscopic fiber at the mi-
crowave near-field range. This study reports on simulations conducted
of the antenna structure with different geometries to analyze the mag-
netic field within the NV diamond volume with varying parameters.
With this, one can calculate, map out and optimize measurable Rabi
oscillations with appropriate impedance matched conditions.

Q 29.27 Tue 17:00 Philo 2. OG
Hybrid photonic circuits for fundamental quantum physics —
eY1cIT ERARSLAN!, ALESSANDRO PALERMO?, Zova PoLscHYKOVAZ,
AxkniL Gupta3, Joser Hrousek!, Grecor WEIHs', RACHEL
GRrANGE?, RoBERT CHAPMANZ?, ToBias VoaL3, and Roserr KeiL!
— LUniversit4t Innsbruck, Innsbruck, Austria — 2ETH Zurich, Zurich,

Switzerland — 3Technical University of Munich, Munich, Germany.

Quantum mechanics accurately describes microscopic and many meso-
scopic phenomena, yet it relies on postulates that must ultimately be
tested experimentally.

We are developing an experimental platform to test two such foun-
dations: the Born rule and the complex-valued nature of quantum
amplitudes. Using single-photon multi-path interferometers, we aim
to improve the accuracy of these tests by about one order of magni-
tude compared to the current state of the art, thereby narrowing the
parameter space of generalised quantum theories.

The platform is a hybrid quantum system combining room-
temperature single-photon emitters based on hexagonal boron nitride,
quantum frequency conversion from visible wavelengths to the telecom
C-band, and waveguide interferometers on a single lithium-niobate-on-
insulator photonic chip. The contribution will present the experimen-
tal concept, the planned hybrid photonic circuit, the required steps for
its fabrication and characterisation, as well as the targeted sensitivities
for these precision tests.

Q 29.28 Tue 17:00 Philo 2. OG
Quantum Emission in Monolayer WSe2 Transferred onto InP
Nanowire Waveguides — eJasLEeNn KAUR JaGDE!, PALWINDER
Sinan'?, MEcna Jamn23, Eprtn YEUNG?4, DaviD NORTHEAST?, S1-
MONA Moisa?, SEip MonaMMED?, JEAN LapoinTE?, UNA Rajnis?,
Annika KrinasT!, PuiLip Poorg?, Dan Daracu?34, and Kiv-
BERLEY HALL! — !Department of Physics and Atmospheric Sci-
ence, Dalhousie University, Halifax, Nova Scotia B3H 4R2, Canada
— 2National Research Council Canada, Ottawa, Ontario K1A ORS6,
Canada — 3Centre for Nanophotonics, Department of Physics, Engi-
neering Physics, and Astronomy, Queen’s University, Kingston, On-
tario, K7L 3N6, Canada — *University of Ottawa, Ottawa, Ontario,
K1N 6N5, Canada

Two-dimensional materials like Transition Metal Dichalcogenides
(TMDs) have shown exceptional promise for on-demand solid state
single-photon emitters in which strain enables site-selective, localized
quantum emitter formation. It is viable to integrate these within pho-
tonic structures such as waveguides using pick-and-place methods. In
our study, we demonstrate quantum emission in monolayer WSe2 de-
posited onto horizontally aligned InP nanowire waveguides (NWs).
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The faceted nature of NWs renders control in tailoring the strain-
induced QE locations relative to the traditional rectangular waveguide
geometries by the potential orientation of QEs on the top surface for
efficient coupling. Multiple bright and narrow emission peaks are ob-
served in the 715-785 nm spectral range, along with g(2)(0) as low as
0.049, indicative of high purity single photon generation.

Q 29.29 Tue 17:00 Philo 2. OG
Cavity-Enhanced Molecular Qubits Based on Ground-
State Triplet Carbene Molecules — eNico STRIEGLER!, SI-
MON Roccors!, Tuomas UnpEN!', ArLonN Sarunov!, OLEKsIY
KHAVRYUCHENKO!, JocHEN ScHARPF!, GREGOR Baver!, Nick
Lester JosBiT?, Davip Hunger?, MARTIN B. PreENiO!, ALEX
Rerzker!, FEpor JELEzko!, MarTHIAS PrFENDER!, PHILIPP
NeuMann!, Tim R. Eicunorn!, and Irar Scawarrz! — 'NVision
Imaging Technologies GmbH — 2Karlsruhe Institute of Technology

(KIT)

Molecular qubits have emerged as chemically tunable alternatives
to point defects in solid-state systems. In this work, we present a
molecular spin photon interface based on ground-state triplet carbene
molecules embedded in a molecular matrix. These organic qubits fea-
ture two unpaired electrons that allow for optical initialization and
readout with a fluorescence contrast exceeding 40%. Using photoacti-
vation, we achieve precise control over qubit density and spatial dis-
tribution, resulting in long spin coherence times (To = 157(4) us at
5 K). To enhance the spin-photon interaction, we integrate molecular
crystals containing carbene molecules into optical microcavities and
perform low-temperature characterization measurements.

Q 29.30 Tue 17:00 Philo 2. OG
Role of time delay in two-color excitation protocols — eZAHRA
NoorINEJAD, THOMAS BracHT, Doris REITER, and Moritz Cy-
GorREK — Condensed Matter Theory, Department of Physics, TU
Dortmund, Dortmund 44221, Germany

Fast excitation of a quantum dot (QD) on the order ofpicoseconds is
one of the most important ingredients in quantum optics and quan-
tum photonics. It has been suggested to use two-color excitation to
achieve population inversion, for example in Nature Physics, volume
15, 941*946 (2019) by Y. He et al., and in Phys. Rev. Lett. 126,
047403 (2021) by Z. X. Koong et al. We resolve the apparent contra-
diction between these two papers and attribute it to the role of the
time delay between the pulses. By several examples, we show that
by controlling the time delay, one can tune the resonant Rabi oscil-
lation and thereby obtain complete population inversion. Finally, we
calculate the effect of phonons on our results.

Q 29.31 Tue 17:00 Philo 2. OG
Laboratory management software: Plesty: Python Library
for Experimental Science and Technology — eMAXIMILIAN
HELLER, FREDERIK BENTHIN, CHRISTOPHER BORCHERS, NIco
EccgELING, ToMm FANDRICH, DOLORES GARCIA DE VIEDMA, JOSCHA
HaNEL, MARrTIN HESSE, MARCEL PoOLking, Tom Rakow, PaveL
SteRIN, FEI DIiNg, JENs HUBNER, and MICHAEL ZOPF — Leibniz
Universitdt Hannover, Institut fiir Festkdrperphysik, Appelstrae 2,
30167 Hannover

Optical measurements often involve complex protocols requiring the
coordination of many different devices. Laboratory management soft-
ware such as DynExp, MAHOS, NOMAD-CAMELS and Qudi assist
in performing these tasks and can inter alia provide a unique frame-
work for configuration and concertation of a fully equipped laboratory
via, e.g., standalone graphical user interfaces (GUI) for device control.

Here we present Python Library for Experimental Science and Tech-
nology (Plesty), which is a highly modular, standards based Python
framework for advanced laboratory control. Among the main design
goals are automatic metadata recording, distributed device coordi-
nation, modular and flexible but standardized code organization as
well as independent and common GUIs. Analyzer GUIs perform com-
mon analyses specific to, e.g. photoluminescence spectroscopy and
time-correlated single-photon counting of quantum dot single-photon
sources.

Q 29.32 Tue 17:00 Philo 2. OG
Characteristics of hBN emitters in different conditions
— oRAPHAEL NEUBACHER, ADAM LAFFERTY, HELMUT HORNER,
MaLaikA WAHEED, AMBIKA SHORNY, FRITZ STEINER, ALEX GOTZ,
AparsH PrasaDp, STEFAN WALSER, and SARAH M. SKOFF — Atom-
institut, TU Wien, Stadionallee 2, 1020 Vienna, Austria
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Many quantum technologies rely on the development of stable sin-
gle photon emitters that work under ambient conditions. Hexagonal
Boron Nitride (hBN) is a 2D wide bandgap semiconductor which hosts
various atomic scale defects that act as optically active centres. Some
of these defect states result in bright, stable and spectrally distinct
emission of single photons under ambient conditions. The type of the
obtained defects is influenced by several factors, such as manufactur-
ing technique, annealing in different gases or suspension in different
liquids. Here, we investigate the characteristics of different hBN emit-
ters in different sample types and under different conditions and aim
to narrow down the origin of the most common defect types that emit
single photons in the visible range.

Q 29.33 Tue 17:00 Philo 2. OG
Coupling single molecules to high-frequency acoustic vibra-

tions — eMoJsTaABA AGHAKASIRI', MOHAMMAD MUSAVINEZHAD!,

JaN REeNGER!, ToBias UtikaL!, FELIXx MAYOR?, SULTAN MALIK?Z,
Kaven PEzesHkI?, AMIR SAFAVI-NAEINI?, VAHID SANDOGHDAR!, and
AvLexeY SHKARIN' — TMax Planck Institute for the Science of Light,
Erlangen, Germany — 2Department of Applied Physics, Stanford Uni-

versity, Stanford, USA

Single organic dye molecules are promising building block for solid-
state photonic quantum technologies. At cryogenic temperatures
they demonstrate strong light-matter interaction, negligible dephas-
ing, and high spectral stability. However, they confront the challenge
of nanosecond-scale coherence time limited by the optical excited state
lifetime. One way to circumvent this restriction, is to couple molecules
to localized acoustic modes in their environment, which could be en-
gineered to have millisecond-scale lifetime.

Here we report on such a hybrid nanophotonic-nanomechanical plat-
form that combines wavelength-scale acoustic waveguides with printed
organic host nanocrystals containing single quantum emitters. By ex-
citing guided acoustic modes, we induce a controlled strain field that
drives the localized acoustic modes of the nanocrystal and dynamically
modulates the molecular resonance frequency. This platform allows for
systematic exploration of geometry-dependent coupling strength and
mechanical mode lifetime, establishing a route towards engineering
systems combining optical access of single quantum emitters and high
coherence and versatility of mechanical systems.

Q 29.34 Tue 17:00 Philo 2. OG
Long optical and spin coherence of europium-based or-
ganic molecular qubits for quantum information appli-
cations — ePREETHIKA THIRAVIAM!', Visunu Unni C.1) Ev-
GENIJ VASILENKO!, NicHOLAS JOBBITT!, BARBORA BRACHNAKOVA!,
SenTHIL Kuppusamy!, Timo NEuMANNZ, MARIO RUBEN!, MICHAEL
Serrz?, and Davip Hunger! — !Karlsruher Institut fiir Technologie,

Karlsruhe, Germany — 2University of Tiibingen, Tiibingen, Germany

Rare-earth doped solid-state materials offer long spin coherence and
high-resolution optical transitions, positioning them as building blocks
for scalable quantum technologies. Recent success in cavity integration
highlights the growing viability in this approach [1]. Building on the
results of [2], we investigate different molecular complexes to optimize
optical and spin properties toward realizing an optically addressable
spin qubit [3]. The increased branching ratio observed in our charac-
terized complexes provide design guidelines for ligand-field engineer-
ing. Moreover, we demonstrate ion-ion interactions in both mono- and
bi-nuclear complexes, opening a route to deterministic two-qubit quan-
tum gates. Finally, we report first steps toward integrating molecular
crystals in a fiber-based microcavity to enhance light-matter interac-
tions [4] aiming to address single ions to implement high fidelity single
and two-qubit gates.

[1] Ulanowski et al., PRX Quantum 6, (2025) [2] Serrano et al., Na-
ture, 603, 241-246 (2022) [3]| Vasilenko et al., arXiv:2509.01467 (2025)
[4] Eichhorn et al., Nanophotonics,14, 1817 (2025)

Q 29.35 Tue 17:00 Philo 2. OG
Theory of Quantum Dot Photon Properties: Influence of
Hot States and Phonons — eJANA ScHLUCKING!, MAXIMILIAN
A1GNER?, THoMAs BracHT!, Eva ScHOLL?, ARMANDO RASTELLIZ,
and Doris REITER! — 1TU Dortmund University, 44221 Dortmund,

Germany — 2JKU Linz, Altenberger Strafe 69, 4040 Linz, Austria

Semiconductor quantum dots are promising single-photon sources for
quantum communication technologies. The generation of indistin-
guishable photons is essential for these applications, yet it is strongly
affected by various decoherence mechanisms. In this work, we investi-
gate how the interaction of a quantum dot and its solid-state environ-
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ment affects photon indistinguishability as a function of temperature.

We start to model the quantum dot as a two-level system and
account for its coupling to a non-Markovian phonon environment.
The model is then extendend to include higher excited, so called hot
states, which are connected to the excited state through temperature-
dependent transitions. At low temperatures, the loss of coherence is
mainly caused by pure dephasing processes, while at higher tempera-
tures the decrease of the indistinguishability is dominated by the hot
states dynamics.

Our results show excellent agreement between measurement and
simulation, which demonstrates that the inclusion of such hot states
is crucial to explain the temperature dependence of photon indistin-
guishability. These insights help to clarify the limitations of often
assumed two-level system dynamics and offer guidance for optimizing
quantum dots as applicable single photon sources.

Q 29.36 Tue 17:00 Philo 2. OG
Investigation on quantum emitters found in hBN — eTuna
Ozptr! and Ozan Arr? — 'METU, Ankara, Turkey — 2Hacettepe
University, Ankara Turkey

This work focuses on developing a low-cost, accessible platform to fab-
ricate and characterize bright, room-temperature single-photon emit-
ters (SPEs) in hexagonal boron nitride (hBN) nanoflakes. Using a
simple drop-casting method combined with a photoluminescence mi-
croscopy, we aim to systematically identify and quantify SPEs suitable
for integration into quantum photonic devices.

Q 29.37 Tue 17:00 Philo 2. OG
Deterministic preparation and retrieval of a dark state pop-
ulation in a semiconductor quantum dot for generating time-
bin entangled photon states. — eRENE ScHwaRz!, FLORIAN
Kappr!, Yusur Karrib2, THomas BracuT3, SAlMON CORVE DA
Siva*, ArRMANDO RasTELLI?, Vikas REMEsH!, Doris REITER?, and
GrEGOR WEIHs! — !Institute of Experimental Physics, University of
Innsbruck, Innsbruck, Austria — 2Cavendish Laboratory, University
of Cambridge, Cambridge, United Kingdom. — 3Condensed Matter
Theory, Department of Physics, TU Dortmund, Dortmund, Germany
— “Institute of Semiconductor and Solid State Physics, Johannes Ke-
pler University Linz, Linz, Austria

Semiconductor quantum dots are a highly versatile and promising
solid-state platform for generating non-classical states of light. While
state-of-the-art optical excitation methods target bright excitons or
biexcitons, quantum dots can also accommodate optically dark exci-
tons, which cannot be accessed directly via optical excitation methods.
Dark exciton states exhibit significantly slower decay rates than their
bright counterparts, making them ideal for the deterministic genera-
tion of time-bin entangled states [1]. In this work, we perform a full
magneto-optical characterization (in-plane magnetic field) of the dark
exciton state in a single GaAs/AlGaAs quantum dot emitting at ~800
nm. By combining the magnetic field mixing and chirped laser pulses,
we demonstrate the deterministic preparation the dark exciton and a
controlled retrieval of its population [2]. [1] Phys. Rev. Lett. 94,
030502 (2005). [2] Sci. Adv. 11.28, eadu4261 (2025)

Q 29.38 Tue 17:00 Philo 2. OG
Tunnelling-assisted excitation of two quantum dots in a
nanowire — ®AKAASH SRIKANTH!, ROHAN RADHAKRISHNAN!, Ro-
piIoN REzNIK3, GILLES PATRIARCHE?, GEORGE CIRLIN®, and NIkA
AkopriaN! — IDTU Electro, Technical University of Denmark, 2800
Kgs. Lyngby, Denmark — 2C2N, Université Paris-Saclay, CNRS,
91120 Palaiseau, France — 3St. Petersburg, Russia

Multi-quantum-dot systems provide a robust platform for realizing
quantum registers and multi-photon resources such as 2D cluster
states. Here, we introduce a tunneling-based excitation scheme in
a system of two quantum dots. We first create a spatially indirect
exciton delocalized across two dots. Subsequently, electron tunneling
converts it into a spatially direct exciton, enabling a localized radia-
tive recombination pathway and hence direct emission. To quantify
how inter-dot separation shapes these dynamics, we grow a series of
samples comprising two InGaAs quantum dots (growth times 2 s and
5 s) with varying spacings, embedded in AlGaAs nanowires. Finally,
we assess whether this platform—scheme combination can outperform
established excitation approaches, particularly (a) resonant excitation,
which can lead to fluorescence loss, and (b) the SUPER scheme, which
typically demands higher excitation powers.

Q 29.39 Tue 17:00 Philo 2. OG
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Towards achieving Stirling Cooler operable Single Photon
Sources — eMaXIMILIAN AIGNER!, CHRISTIAN WEIDINGER!, Eva
ScuoLL!, Armanpo RaAsTELLIY, JANA ScHLUCKING2, and DoRIs

RerreEr? — 1JKU Linz, Austria — 2TU Dortmund, Germany

For photonic quantum technology applications, a photon indistin-
guishability close to unity is essential, and even more desirable at ele-
vated temperatures reachable by Stirling cryocoolers. Here, we present
temperature-dependent two-photon-interference measurements of the
negative trion in a GaAs quantum dot, in excellent agreement with

theoretical predictions accounting for electron-phonon interaction and
coupling to higher excited (hot) states. We find that the Hong-Ou-
Mandel visibility VHOM drops from near unity indistinguishablity
with VHOM = 0.966(6) at 4.5 K to VHOM = 0.048(37) at 55 K. We
show that this loss can be primarily attributed to the interaction with
energetically closely spaced excited trion states. Our results outline
pathways toward maintaining high photon indistinguishability at ele-
vated temperatures by employing Purcell enhancement of the emission
rate and increasing the energy separation of the excited states.

Q 30: QuanTour Il — Spin Physics & Coherence

Inspired by QuanTour, the traveling quantum-dot light source, the sessions QuanTour I-V focus on the
physics of quantum light generation in solid-state systems and applications in quantum networks.

Time: Wednesday 14:30-16:30

Invited Talk Q30.1 Wed 14:30 P 1
Shedding light on nuclear spins: from collective states to a
quantum memory — eMETE ATaTURE — Cavendish Laboratory,
University of Cambridge

Optically active spins in solids are strong candidates for scalable de-
vices towards quantum networks. Semiconductor quantum dots set
the state-of-the-art as single-photon sources with high level tuneabil-
ity, brightness, and indistinguishability. In parallel, their inherently
mesoscopic nature leads to a unique realisation of a tripartite inter-
face between light as information carrier, an electron spin as a proxy
qubit, and an isolated nuclear spin ensemble. The ability to control
these constituents and their mutual interactions create opportunities
to realize an optically controllable ensemble of 750,000 spins. The
talk will take a journey from treating the quantum dot nuclei as an
uncontrolled noise source limiting spin coherence to the observation
of their collective magnon modes and eventually to their function as
a quantum register, all witnessed via a single electron spin driven by
light.

Q 30.2 Wed 15:00 P 1
Spin-photon entanglement for the generation of multipho-
tonic graph states — eLara Couronngl'2, HgrLio HueT?,
Ewminio ANNoNib2, PETR STEINDL?, ARISTIDE LEMAITRE?, MARTINA
Morassi?, ANTON PisHcHacIN!, SEBasTiEN Boissier!, OLIVIER
KRrEBs?, SAMUEL MisTER!, STEPHEN WEIN!, VIVIANA VILLAFANE!,
Dagrio FiorerTo!2, and PAascaLE SENELLART? — ! Quandela, Massy,
France — 2C2N, Palaiseau, France

Measurement-based quantum computing requires large multi-photon
entangled states. We generate these resource states using InGaAs
quantum dots as high-efficiency single-photon sources. Each dot holds
an extra charge carrier whose spin state maps to the polarization of
an emitted photon via optical selection rules, enabling the Lindner-
Rudolph protocol.

A small transverse magnetic field causes spin precession. Trigger-
ing photon emission while the spin is in superposition produces spin-
photon entanglement; repeating this cycle yields multi-photon cluster
states. This approach has been shown by several groups and recently
extended to more complex states.

In this talk, we present our implementation, achieving entanglement
of up to 10 photons. The main challenges are limited spin coher-
ence and excited-state precession. To mitigate these, we use dynami-
cal decoupling to extend coherence and time-filtering to remove pho-
tons affected by long excited-state precession. These advances mark a
key step toward small-scale demonstrations of fault-tolerant photonic
quantum computing.

Q30.3 Wed 15:15 P 1
Modeling coherent Faraday spin control in semiconductor
quantum dots — eJaN M. Kaspari!, Zue XiaN KoonG2, DORIAN
GancLorF?, and Doris E. RerrEr! — !'TU Dortmund, Dortmund,
Germany — 2University of Cambridge, Cambridge, United Kingdom

Semiconductor quantum dots (QDs) not only offer exceptional opti-
cal coherence and efficiency when coupled to photonic structures but
also exhibit remarkably long electronic and nuclear spin coherence
times, which makes them stand out as promising building blocks for
memory-assisted quantum network protocols. However, these schemes
require both the ability to encode information via quantum control
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over the spin and the possibility to perform single-shot readouts.
While spin control in QDs is possible by applying an in-plane mag-
netic field (Voigt configuration), attempts to overcome the limitations
given by the lack of intrinsically cyclic transitions to realize simultane-
ous single-shot readouts have shown limited success. In the presence
of a magnetic field oriented along the growth-axis of the quantum
dot (Faraday geometry) circularly polarized cyclic transitions allow
for efficient single-shot readouts. Here, we show that electron-spin
resonance can be driven and quantum control over the spin can be
achieved using a narrowband stimulated Raman scheme exploiting the
small light-hole admixture. This slightly breaks the full cyclicity and
leads to a highly asymmetric A system, which our theoretical model
reproduces in excellent agreement with experiment [1].

[1] Zhe Xian Koong et al., arXiv:2509.14445 (2025)

Q304 Wed 15:30 P 1
Temporal coherence of interlayer excitons in TMDC heter-
obilayers — eIBRAHIM SARPKAYA — Bilkent University - UNAM,
Ankara 06800, Turkey

Semiconducting transition metal dichalcogenides (TMDCs) and their
van der Waals heterostructures have been extensively studied during
the last decade. Due to their long spontaneous emission lifetime, per-
manent electric dipole moment, and tunable light emission character-
istics, interlayer excitons (IXs) of TMDC heterobilayers have great
potential to be the primary candidates for the advancement of val-
leytronic and optoelectronic devices in the future. However, some open
questions related to their temporal coherence and the nature of the in-
teraction between the two spin states of them still need to be answered.
In this talk, I will first talk about our recent work focusing on the ef-
fect of moiré potentials on the temporal coherence properties of IXs
[1]. Then, I will discuss the coherent coupling between two spin states
of the IXs and demonstrate the quantum beat pattern as a signature
of this coupling [2].

[1] Durmus et al. npj 2D Mater Appl 7 (2023).

[2] Durmug, M. A. & Sarpkaya, I. Nano Lett. 24 (2024).

Q30.5 Wed 15145 P 1
Single photons for quantum position verification — KIRSTEN
KANNEWORFF, M10 PoorrvLIET, PETR STEINDL, and e WOLFGANG
LorrFLER — Leiden Institute of Physics, Leiden, the Netherlands

We show our progress towards experimental demonstration of quan-
tum position verification using demultiplexed photons from a quantum
dot - microcavity single photon source. Quantum position verification
is a future quantum network application where the geographic location
enables remote authentication of a party, without the need that the
parties exchange private keys physically. This remote position verifi-
cation cannot be done classically and might provide a clear quantum
advantage - based on combining the speed of light limit of special rel-
ativity with the quantum no-cloning principle. We implement a loss-
tolerant protocol with photons produced in a semiconductor quantum
dot - cavity system that undergo Hong-Ou-Mandel quantum interfer-
ence at the location to be verified. We show our lab demo experiment,
and discuss challenges for future implementations of quantum position
verification in quantum networks.

Q 30.6 Wed 16:00 P 1
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Fourier-transform limited, blinking-free quantum dots —
ePaTriciA KALLERT!, Lukas HanscHke!, Eva ScuoLL!, MELINA
PETER2, JuaN NicorLis CLaRo-Ropricuez!, AiLroN JosE GAR-
cia Jr.2, SamvMoN FiLipE CovRE DA SiLvA?, SANTANU MANNAZ,
ArMANDO RasTeLLI?2, and Kraus D. Jons! — PhoQS Institute,
CeOPP, and Department of Physics, Paderborn University, Paderborn,
Germany — 2Institute of Semiconductor and Solid State Physics, Jo-

hannes Kepler University Linz, Linz, Austria

Most photonic quantum technologies require a source of highly indis-
tinguishable photons. Achieving Fourier-transform limited photons is
considered a pathway to near perfect indistinguishability. Our work
highlights the capability of semiconductor quantum dots. Typically
charge and spin noise limit the proximity to it, while the prepara-
tion of the quantum dot in a charge-stable state is crucial for non-
blinking behaviour. [1] The integration of droplet-etched GaAs in AlAs
in p-i-n diodes leads to Fourier-transform limited and blinking-free
single-photon emission that leads to raw Hong-Ou-Mandel visibilities
of (91.74+0.6) % for the negative trion at resonant 7 excitation.

[1] A. V. Kuhlmann et al. Charge noise and spin noise in a semicon-
ductor quantum device. Nature Physics (2013), pp. 570-575. issn:
1745-2481. doi: 10.1038/nphys2688.

Q 30.7 Wed 16:15 P 1

Floquet-Engineered Two-Photon Excitation of Biexcitons —
ePauL C. A. Hagen!, Jun-Yonc Yan3, MoriTz CyGorEK?, DORIS
E. Rerrer?, FENG Li1u3, and VoLLratHE M. AxTt! — 'TPIII, Uni-
versitit Bayreuth, Germany — 2CMT, TU Dortmund, Germany —
3Zhejiang University, China

Semiconductor quantum dots (QDs) are promising solid-state plat-
forms for generating on-demand single and entangled photons in quan-
tum technology applications. Two-photon excitation (TPE) is a key
technique for creating biexcitons, where two degenerate photons are
simultaneously absorbed by a QD to excite it into the biexciton state.
We show that this process also occurs when both photons are sym-
metrically detuned so that their combined energy matches the ground-
to-biexciton transition. The excitation becomes most efficient when
the detuning exceeds the biexciton binding energy, and a short tem-
poral delay between pulses is introduced. We refer to this approach
as Floquet engineered two-photon excitation (FTPE)[1]. FTPE offers
concrete advantages over conventional TPE: it is more robust against
laser power variations, allows efficient laser filtering, and exhibits both
theoretically and experimentally higher excitation efficiency, even in
the presence of phonons [1]. Using Floquet theory, we explain its dy-
namics and demonstrate that stroboscopic models provide an accurate
description of the underlying mechanism.

[1] J. Y. Yan, P. C. A. Hagen et al. arXiv: 2504.02753

Q 31: Ultracold Matter IV — Bosons, Rydberg Systems, and Others (joint session Q/A)

Time: Wednesday 14:30-16:30

Q31.1 Wed 14:30 P 2
Interfacing Rydberg atoms with a high overtone bulk acoustic
wave resonator in the GHz regime — eJuLiA GAMPER, VALERIE
Leu, Cepric WIND, WoOLFGANG ALT, and SEBASTIAN HOFFERBERTH
— Institute of Applied Physics, University of Bonn, Germany

Rydberg atoms have electric dipole-allowed transitions from microwave
to optical frequencies, making them ideal for hybrid quantum plat-
forms interfacing optical photons and on-chip devices. We specifically
are developing a novel hybrid system, coupling Rydberg microwave
transitions to the motion of an electromechanical resonator.

In this talk, we present our first approach towards this goal, combin-
ing ultracold atoms trapped with an atom chip and a high-overtone
bulk acoustic wave resonator (HBAR). Specifically, we aim to use a
superconducting Z-wire trap to position atoms near a 4K sample and
with optimal overlap with the HBAR electric field. We present our
calculations on Rydberg-oscillator coupling, showing that strong cou-
pling between single Rydberg excitation and single phonon is reachable
with current HBARs. Our chip design includes a coplanar waveguide
resonator, whose second harmonic is resonant with both the Rydberg
atoms and the HBAR, enabling classical driving of both components of
the hybrid system. Our first application of this hybrid system is cool-
ing of the oscillator mode well below the 4K environment temperature
via engineered dissipation of the coupled Rydberg atoms.

Q312 Wed 14:45 P 2
Spectroscopic signatures of emergent elementary excita-
tions in a kinetically constrained long-range interact-
ing two-dimensional spin system — eToBias KALTENMARK!,
Curis NiLL':2, CHrisTiaN Gross!, and Icor LEsaNovskyl:3
IUniversitdt Tiibingen, Tiibingen, Germany — 2University of Bonn,
Bonn, Germany — 3The University of Nottingham, Nottingham,
United Kingdom

Lattice spin models featuring kinetic constraints constitute a paradig-
matic setting for the investigation of glassiness and localization phe-
nomena. The intricate dynamical behavior of these systems is a result
of the dramatically reduced connectivity between many-body configu-
rations. This truncation of transition pathways often leads to a frag-
mentation of the Hilbert space, yielding highly collective and therefore
often slow dynamics. Moreover, this mechanism supports the forma-
tion of characteristic elementary excitations, which we investigate here
theoretically in a two-dimensional Rydberg lattice gas. We explore
their properties as a function of interaction strength and range, and
illustrate how they can be experimentally probed via sideband spec-
troscopy. Here, we show that the transition rate to certain delocal-
ized superposition states of elementary excitations displays collective
many-body enhancement. This work can be found in (Kaltenmark et
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al., 2025, arXiv:2511.13279).

Q 31.3 Wed 15:00 P2
Dissipative Optical Nonlinearities in Ultracold Ytterbium —
eTaNnci LEGRAND, XIN WaNG, ANTHEA NiTscH, CHRIS GEORGE,
WoLrcanGg Arr, EpuarDO URUNUELA, and SEBASTIAN HOFFER-
BERTH — Institute of Applied Physics, University of Bonn, Germany

Photon-photon interactions at the single-quantum level can be
achieved and controlled by strong optical nonlinearities arising from in-
teractions between Rydberg excitations in dense and ultracold atomic
ensembles. Two-valence-electron species such as ytterbium offer novel
advantages, including narrow-linewidth laser-cooling, optical detection
and ionization, and access to long-lived nuclear-spin memory states.

In this talk, we present an experiment that investigates the interac-
tions between a large number of Rydberg polaritons propagating simul-
taneously through a high-density 174Yb medium. Using a narrow-line
magneto-optical trap, we prepare dense clouds at microkelvin temper-
atures and drive Rydberg transitions via a counter-propagating two-
photon scheme. A flat-top excitation beam, together with the long
Rayleigh range of the near-UV probe, result in a high optical depth
per blockade volume. We then generate and characterize Rydberg
polaritons under electromagnetically induced transparency conditions
and investigate how ytterbium’s atomic structure—such as the absence
of hyperfine splitting in bosonic isotopes—modifies dephasing mecha-
nisms, blockade behavior, and collective dynamics. In particular, we
detect dissipative nonlinearities through photon-antibunching and as-
sess the coherence of the stored excitation.

Q314 Wed 15:15 P2
Functional approach to quantum depletion in the thermo-
dynamic limit — eJiN HaN', THomas GAseENzER'Z, and JAN M.
Pawrowski?2 — ! Kirchhoff-Institut fiir Physik, Universitit Heidelberg,
Im Neuenheimer Feld 227 — 2Institut fiir Theoretische Physik, Uni-
versitdt Heidelberg, Philosophenweg 16

We present a study of repulsive U(1)-bosonic gas with large scatter-
ing length. The effective action under consideration respects Galilean
invariance and provides proper description for superfluidity and neu-
tral superconductivity at an energy regime far below the mass gap
of a solitonic excitation. The resolution of this system requires non-
perturbative methods, and we apply the functional renormalisation
group, formulated for quantum systems at vanishing temperature
and finite chemical potential. In particular, we compute the three-
momentum scaling of the atomic density over Bose-Einstein conden-
sate and explain its connection with the Lee-Huang-Yang correction
characterizing the two-body Tan’s contact. To conclude, we promote
the idea of anomalous quantum depletion.
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Q 31.5 Wed 15:30 P 2
Tuning the Effective Range via Periodic Driving — eSEjuNG
Yonc and AXeEL PELSTER — Department of Physics, RPTU
Kaiserslautern-Landau, Germany

Combining Floquet physics with Feshbach resonances leads to dynam-
ically created scattering resonances, which can physically be identified
as Floquet bound states [1]. Experimentally these emerging Floquet-
Feshbach resonances turned out to be observable via particle loss spec-
troscopy [2|. Thus, periodic driving allows now an unprecedented level
of control for both resonance position and width for the s-wave scatter-
ing length. Here we extend the Floquet-Feshbach analysis by system-
atically taking the lowest energy-dependence of the scattering ampli-
tude into account. With this we find how periodic driving changes the
underlying effective range, which may have consequences for nonuni-
versal effects in ultracold quantum gases [3]. Exemplarily we show
that a monochromatic drive of a broad magnetic Feshbach resonance
yields a narrow Floquet-Feshbach resonace. [1] C. Dauer, A. Pelster
and S. Eggert, Phys. Rev. Lett. 135, 033402 (2025). [2] A. Guth-
mann, F. Lang, L. M. Klein, S. Barbosa, and A. Widera, Sci. Adv.
11, 10 (2025). [3] N. Kaschewski, A. Pelster, and C.A.R. Sa de Melo,
Phys. Rev. Res. 7, 033186 (2025).

Q31.6 Wed 15:45 P 2
Interplay between topology and disorder in driven honey-
comb lattices — eJoHANNEs ARCERIM2, ALEXANDER HEssgl:2,
Moritz Hornungh?, Dizuou Xiel?, Curistorn Braunb?2,
and MoNIKA AIDELSBURGER!'? — Ludwig-Maximilians-Universitét,
80799 Miinchen, Germany — 2?Max-Planck-Institut fiir Quantenoptik,
85748 Garching, Germany

Floquet engineering -periodic modulation of a system’s Hamiltonian-
has emerged as a powerful tool for the realization of exotic, genuinely
out-of-equilibrium quantum systems with no static counterpart.
particular, so-called anomalous Floquet phases display topological edge
modes even though bulk bands carry zero Chern number, evading the
standard bulk-boundary correspondence.

A defining feature of topological phases of matter is their robust-
ness to spatial disorder. Technique to probe the topological nature of
engineered Bloch bands often rely on translational invariance of the un-
derlying lattice, thus failing in the presence of disorder. In the present
work, we employ an experimental scheme for real-space detection of
edge modes to identify disorder-driven phase transitions between two
distinct topological regimes in a periodically driven honeycomb lattice.

Moreover, disordered anomalous Floquet systems are predicted to
host a unique topological phase -the anomalous Floquet-Anderson
insulator- in which chiral edge modes coexist with Anderson-localized
bulk bands. We probe localization in the anomalous Floquet regime
by performing quantum walks in modulated lattices, with and without
a topological interface.

In

Q 31.7 Wed 16:00 P 2

An autonomous Thouless Pump — eJuLius Bouwm!, JaMmes

Q 32: Photonics
Time: Wednesday 14:30-16:30

Q321 Wed 14:30 P 3
Alternative phase-reconstruction algorithms for 3D spot-
based beam shapes — oTiM-DomiNik GOoMEZ!, DANIEL FLamm?,
and HARALD GIEsSEN! — 14th Physics Institute and Research Center
SCoPE, University of Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart,

Germany — 2Trumpf GmbH & Co KG, Ditzingen, Germany

Beams with spatially varying, non-Gaussian profiles are essential across
diverse research fields, particularly in applications like imaging and ma-
terial processing. These can be shaped with the help of diffractive or
holographic optical elements, such as spatial light modulators or meta-
surfaces, which in many cases results in the restriction to phase-only
manipulating optical elements. The resulting calculation of an appro-
priate phase mask for a specific 3D beam-shape often use iterative
Fourier transform algorithms (IFTA). For free-space propagation the
number of 2D Fast Fourier transforms (FFT) involved scale with the
number observed layers and is thus computationally intensive. This
is the case even if the desired beam shape consists only of a num-
ber of high intensity spots in space, as is often required for material

AncLiN', and MicHAEL FLEIscHHAUER!"? — 1Department of Physics

and Research Center OPTIMAS, University of Kaiserslautern-Landau,
67663 Kaiserslautern, Germany — 2Research Center QC-AI, Univer-
sity of Kaiserslautern-Landau, 67663 Kaiserslautern, Germany

The Thouless pump is a paradigmatic example for a dynamical topo-
logical process in non-interacting 1+1-dimensional lattice systems [1].
Cyclic variation of lattice parameters can lead to quantized transport
of particles in that lattice protected by a topological invariant. By
now theoretical as well as experimental approaches for these pumps
rely on direct modulation of the lattice parameters in time. Recent
experiments [2] have shown, that replacing the lattice parameter by
dynamical quantum degrees of freedom can lead to self-sustained topo-
logical pumps. We here present a theoretical model, where a single spin
controlling the lattice particles and being subject to a constant mag-
netic field ”drives” the system into a pumping phase without explicit
time-dependencies. This pumping phase represents a non-equilibrium
topological phase in excited eigenstates of the interacting system. We
numerically determine the phase diagram of the system with parame-
ter regions of quantized topological transport in the excited eigenstate
and trivial phases without quantized transport. We derive analytic ap-
proximations for the corresponding critical parameters and introduce
a topological invariant governing the topological transport.

[1] D. J. Thouless, Phys. Rev. B 27, 6083 (1983) [2] D. Dreon, et
al., Nature 608, 494-498 (2022)

Q31.8 Wed 16:15 P2

Dipole induced phonon topology in one-dimensional Rydberg
atom arrays — e CHRISTIAN GOMMERINGER — Universitit Tiibingen

We study the topological properties of phonons in trapped Rydberg
atom arrays, which arise from dipole-dipole interactions between the
atoms. For various one-dimensional geometries, from zigzag to arm-
chair configurations, we analyze the symmetries of the phononic Hamil-
tonian which give rise to topologically localized phonon excitations on
the system boundaries. Because the phonon-phonon interactions here
do not naturally respect chiral symmetry, which is crucial for realiz-
ing 1D topological phases, we show how an appropriate, geometry-
dependent choice of the dipole moment orientation can restore this
symmetry and enable topological characterization. The interplay be-
tween two phononic degrees of freedom in the harmonic trap potential,
mediated by the dipole-dipole interactions, leads to interesting topo-
logical phases with winding numbers between zero and two. The corre-
sponding edge states exhibit strong localization and robustness, mak-
ing them potentially useful for applications in Rydberg-array-based
quantum transport.

As an outlook we aim to explore how the phonon topology influ-
ences transport phenomena. Topological states in the electronic de-
grees of freedom in Rydberg arrays have already been shown to support
topologically protected photon pumping. Studying the effect of spin-
phonon coupling can provide new control mechanisms in the realm of
topological transport.

and Biophotonics Il
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processing applications.

In this work, we present alternative algorithms for the generation of
phase masks for such 3D, spot-based beam shapes for Fresnel diffrac-
tion with Gaussian spots, as well as when using the first Rayleigh-
Sommerfeld solution. These do not require the use of 2D Fast Fourier
Transforms and promise faster calculation speeds in cases of spots that
are highly distributed in the z-direction.

Q322 Wed 14:45 P 3
Si-Te Ring-Resonator Photodetector for the Telecom Band
— oGuILLERMO Gopov!:2, Sarr Suarku!'?, ALESSANDRO Puppul-2,
AnmMap Ecuresa!, Kampiz JamsHIDI?, SHENGQIANG ZHOU!, and
YonDER BERENCEN! — lHelmholtz Zentrum Dresden Rossendorf,
Dresden, Germany — 2Dresden University of Technology (TU Dres-

den), Dresden, Germany

Silicon is a widely used material in photonics, particularly for passive
photonic elements, but its indirect bandgap (71100 nm) limits its use
as an active material in the telecom bands. Integration with materi-
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als like Ge or InGaAs is typically required for lasers and detectors at
telecom wavelengths, increasing fabrication complexity and cost. Tel-
lurium incorporation into Si has recently shown promise for extending
silicon’s optical response into the near-infrared, covering the telecom-
munication range (71260-1625 nm). By introducing deep-level states
within the Si bandgap, Si-Te enables absorption of sub-bandgap in-
frared photons, achieving performance comparable to state-of-the-art
heterogeneous devices while maintaining CMOS compatibility and en-
abling monolithic integration. In this work, we implement Si-Te tech-
nology in a microring resonator (MRR) to realize a resonant-enhanced
photodetector. This approach is expected to significantly enhance Si-
Te sub-bandgap absorption through resonant field amplification, en-
abling narrowband, spectrally tunable detection in the telecom range.
It demonstrates a CMOS-compatible route toward compact infrared
photodetectors, paving the way for scalable silicon photonic circuits
for optical communication and sensing.

Q 32.3 Wed 15:00 P 3
Vectorial SLM Holography for Flat, Low-Aberration Opti-
cal Traps — eF1oNA HELLSTERN, MICHAEL WISCHERT, PauL UER-
LINGS, KEVIN NG, TiMm JEGLORTZ, STEPHAN WELTE, RALF KLEMT,
and TiLmaN Prau — 5. Physikalisches Institut and Center for Inte-
grated Quantum Science and Technology IQST, Universitiat Stuttgart

We present a self-developed framework for holographically generating
high uniformity optical traps for ultracold atoms using a spatial light
modulator (SLM) placed in the conjugate plane of the experiment. By
correcting optical aberrations and producing homogeneous potentials,
our framework establishes a reliable platform for quantum-gas exper-
iments that require precise control and uniform trapping potentials.
This is especially crucial, as spatial intensity variations shift the local
chemical potential and can couple low-energy collective modes, mak-
ing dynamical measurements unreliable. State-of-the-art hologram al-
gorithms, including Gerchberg-Saxton, are often limited in applica-
tions for extended potentials. To overcome these limitations, we built
a gradient-descent-based hologram optimization toolbox that directly
minimizes intensity inhomogeneities. This approach yields smooth,
low-aberration traps and achieves an order-of-magnitude reduction in
RMS noise compared to conventional Gerchberg-Saxton holography. A
central advantage of our framework is that it naturally goes beyond the
assumptions of scalar Fourier optics. At numerical apertures around
NA = 0.5, standard paraxial models break down, and accurate trap
prediction requires non-paraxial and vectorial propagation models.

Q324 Wed 15:15 P 3
Microscopic lasers as biointegrated sensors — eMARCEL SCHU-
BERT — Humboldt Centre for Nano and Biophotonics, University of
Cologne, 50939, Cologne

Microscopic lasers combine the unique advantages of laser light with a
small footprint and variable material choice, making them ideal light
sources for biointegrated optical sensors. Their intense and narrow-
band emission also allows optical barcoding to identify large numbers
of biological cells. In addition, changes of the spectral positions of
the laser modes are used for sensing various physical, chemical, and
biological stimuli.

Here, we present different micro- and nanolaser devices, called laser
particles, for use as intracellular and biointegrated sensors. Laser par-
ticles have a typical size of 1-15 um and are fabricated from either
organic dyes doped into a chemically inert matrix or from inorganic
semiconductors. As an example, the contractile properties of heart
cells are characterized in detail on the level of individual cells as well
as in in vivo experiments in zebrafish embryos. We demonstrate that
the high signal intensity and elastic nature of light scattering enable
deep-tissue sensing at unprecedented depth and spatio-temporal reso-
lution. By making the matrix of the microlasers mechanically flexible,
biological forces can also be measured with high precision. Finally, we
will present our progress in developing alternative nanolaser platforms
that allow to implement various laser mode shapes, therefore making
the laser particles more adaptable to specific biological sensing appli-
cations.

Q325 Wed 15:30 P 3
Experimental measurement of the non-Abelian Quantum Ge-
ometric Tensor in a multiband photonic lattice — eMARTIN

GuiLLot!, CEbpric BLANCHARD!, MARTINA MoRAssI!, ARISTIDE

LeMaiTrRe!, Luc LeE GRATIET!, ABDELMOUNAIM HAaROURI!, Is-
ABELLE SAGNEs!, RoBERT-JAN SrLaGER?, F. Nur UnaL3, JacQuE-

LINE Brocu!, and Svivain RaveTrs! — !Center for Nanoscience
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and Nanotechnology, CNRS, Paris-Saclay university, 91120 Palaiseau,
France — 2Department of Physics and Astronomy, University of
Manchester, Oxford Road, Manchester M13 9PL, United Kingdom —
3School of Physics and Astronomy, University of Birmingham, Edg-
baston, Birmingham B15 2TT, United Kingdom

Recent discoveries in semi-metallic multi-gap systems featuring band
singularities have galvanized enormous interest in particular due to
the emergence of non-Abelian braiding properties of band nodes. This
previously uncharted set of topological phases necessitates novel ap-
proaches to probe them in laboratories, a pursuit that intricately re-
lates to evaluating non-Abelian generalizations of the Abelian quantum
geometric tensor (QGT) that characterizes geometric responses.

In this talk, we present the first direct measurement of the non-
Abelian QGT. We achieve this by implementing a novel orbital-
resolved polarimetry technique to probe the full Bloch Hamiltonian
of a six-band two-dimensional (2D) synthetic lattice, which grants di-
rect experimental access to non-Abelian quaternion charges, the Euler
curvature, and the non-Abelian quantum metric associated with all
bands

Q326 Wed 15:45 P 3
Joule-Thomson Cooling of Light in Photonic Lattices —
eMarco STEFFEN Kirscu!, Giorcos G. PyriaLakos?, Tom A.
W. WoLTERINK!, ALEXANDER SzAMEIT!, MATTHIAS HEINRICH!, and
DeMETRI N. CHRISTODOULIDES? — ! University of Rostock, Rostock,
Germany — 2University of Southern California, Los Angeles, USA

We report the experimental observation of an all-optical analogue of
the Joule-Thomson expansion in nonlinear multimode photonic lat-
tices. By injecting light through a single-site throttle into a signifi-
cantly larger waveguide array, we induce a power-dependent redistri-
bution of modal populations. Increasing input power drives a con-
densation of energy into the fundamental mode, resulting in a mea-
surable reduction of the system’s optical temperature. Our results
demonstrate a controllable pathway for optical cooling in multimode
environments, offering new tools for managing coherence and beam
quality in complex nonlinear photonic systems.

Q 327 Wed 16:00 P 3
Efficient simulation of tapered photonic structures
eKoNrRAD TscHeErRNIG!:23  Swari  Buarcava®,  VINZENZ
ZIMMERMANN®, DANIEL CRUZ-DELGADO3, JANIK WoLTERS! 2, SER-
cio LEeoN-SavaL*, STEVEN EIKENBERRY?, RODRIGO AMEZCUA-
CorrEA®, and MiGUEL A. BaNDREs® — Technical University of
Berlin, Berlin, Germany — 2German Aerospace Center (DLR), Berlin,
Germany — 3University of Central Florida CREOL, Orlando, FL,
USA — 4University of Sydney, Sydney, NSW, Australia

Tapered optical structures play a crucial role in modern photonics, en-
abling efficient coupling, mode conversion, and multiplexing. Modeling
such structures is challenging since, as the region of interest shrinks,
there is a significant loss of numerical resolution. We present a novel
approach to modeling tapered structures by introducing the taper ref-
erence frame, which renders the tapered refractive index profile con-
stant. Working in this frame eliminates the need for recalculating or
resizing the refractive index distribution, which reduces computational
overhead. Most importantly, our approach maintains high resolution
in the region of interest, critical for capturing intricate features of the
taper. We validate our method by comparing our simulations with
analytical solutions. We applied our model to the analysis of photonic
lanterns. Our results demonstrate vastly improved accuracy and com-
putational efficiency compared to existing approaches. The proposed
tapered reference frame technique enables major advancements in the
design and optimization of optical devices across various applications.

Q 328 Wed 16:15 P 3
The Gouy phase of singular beams — eLyUBOMIR SToyaNov!:2,
GERHARD G. Paurus®?, and ArLexanper Dreiscaunr!? — 1Sofia
University, Faculty of Physics, Department of Quantum electron-
ics, Sofia, Bulgaria — 2National Centre of Excellence Mechatronics
and Clean Technologies, Sofia, Bulgaria — 3Institute of Optics and
Quantum Electronics, Friedrich Schiller University, Jena, Germany —
4Helmholtz Institute Jena, Jena, Germany

Ever since the first observation of the second harmonic generation
(SHG) of the emission of a ruby laser, the nonlinear optics attracts
continuous research interest and is a subject of intensive further devel-
opment. Part of it, is the singular nonlinear optics, a field in photonics
in which the objects of interest are beams/pulses with phase and/or po-
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larization dislocations. Not that obvious, but Bessel-Gaussian beams
(beams carrying a finite number of concentric rings surrounding a cen-
tral peak/ring.) can also be classified as singular beams because of
these radial phase jumps of 7 characteristic for their phase profiles.
Here we demonstrate both experimentally and by numerical simula-
tions a strong reshaping of the second harmonics of zeroth- and first-

order Bessel-Gaussian beams (BGBs). Detailed interferometric mea-
surements showing flat phase profiles of the broadened central part of
the SH beam, and between it and the neighboring rings, will be pre-
sented, discussed, and compared with numerical simulations. Numer-
ical simulations for third harmonic generation will also be presented
and discussed.

Q 33: Cavity QED, QED, and Spin-Boson Systems |

Time: Wednesday 14:30-16:30

Q33.1 Wed 14:30 P4
Cavity-Induced Electronic Phases and Thermodynamics in
Low-Dimensional Systems — eVALERII KozIN, DMITRY MISEREV,
EvEN THINGSTAD, DANIEL Loss, and JELENA KrLiNOvAaJA — Depart-
ment of Physics, University of Basel, Klingelbergstrasse 82, CH-4056
Basel, Switzerland

We present our recent findings in the field of cavity quantum electro-
dynamics (QED). The talk consists of three parts. In the first part, we
explore double quantum dots coupled to a cavity mode, highlighting
cavity-induced quantum phase transitions (both continuous and dis-
continuous) arising from cavity-mediated and Coulomb interactions,
which can produce cat states relevant for quantum computing. In the
second part, we discuss a mesoscopic two-dimensional electron gas con-
fined in a double quantum well and coupled to a uniform cavity mode.
When the number of electrons participating in virtual intersubband
transitions is large, the effective photonic potential develops many
minima, each behaving as a nearly harmonic oscillator. The energy
offsets of these minima determine their statistical weights, collectively
leading to an additive correction to the system’s heat capacity. This
correction exhibits a Schottky anomaly and a 0.5kp plateau at low
temperatures. In the final part, we examine the enhancement of su-
perconductivity in a two-dimensional electron gas coupled to a cavity,
where stronger coupling linearly increases the superconducting gap,
potentially observable via scanning tunneling microscopy. Together,
these results underscore the pivotal role of cavity fields in controlling
electronic properties for quantum technologies.

Q 33.2 Wed 14:45 P4
Collective excitations of dissipative time crystals — oeGAGE
HarMmon!, Grovanna Moricr!, and SimoN JAGER? — 1Saarland Uni-
versity — 2University of Bonn

We investigate the dynamical response across phase transitions in dis-
sipative time crystals. Using Floquet theory, we characterize the exci-
tation spectra associated with the transition from a normal to a time-
crystalline phase. Our analysis reveals two distinct types of dynamical
phase transitions, distinguished by the behavior of an order parame-
ter: a continuous (second-order) transition, where the order parameter
evolves smoothly; and a discontinuous (first-order) transition, where
it changes abruptly. The excitation spectra provide clear signatures
of these transitions: the continuous transition is accompanied by the
closing of a complex gap, whereas the discontinuous transition exhibits
the coexistence of two excitation branches. Focusing on a concrete
model*cold atoms strongly coupled to an optical cavity*we demon-
strate how these excitations can be experimentally probed by driving
the cavity with a longitudinal field. This framework not only clarifies
the nature of out-of-equilibrium phases but also opens a route toward
experimentally probing the universal properties of time-crystalline or-
der.

Q 33.3 Wed 15:00 P4
Condensate dynamics in higher bands in a Cavity-BEC sys-
tem — eHANNAH KLEINE-PoLLMaNN®2 and Lubwic MATHEY!:2:3 —
Hnstitut fiir Quantenphysik, Universitit Hamburg, 22761 Hamburg,
Germany — 2Zentrum fiir Optische Quantentechnologien, Universitét
Hamburg, 22761 Hamburg, Germany — 3The Hamburg Centre for
Ultrafast Imaging, 22761 Hamburg, Germany

We investigate the behaviour of a Bose-Einstein condensate in higher
Bloch bands in a driven-dissipative Cavity-BEC system. The conden-
sate is trapped in a bipartite s-p.-py-lattice, with a tunable energy
offset. This enables a controlled population transfer from the s-orbital
to the nearly degenerate p,- and py-orbitals. The system forms a chi-
ral ground state of the form p; =+ ip, with staggered orbital currents.
By increasing the transverse pump strength, we drive the system into
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the superradiant phase, resulting in a self-organized, symmetry-broken
sublattice pattern where the chiral order is directly coupled to the su-
perradiant structure. Using Truncated Wigner simulations and com-
plementary mean-field analysis, we map out the phase diagram. Our
results show that higher-band condensates coupled to a cavity pro-
vide a promising platform for engineering non-trivial orbital order and
topological superfluid phases in quantum optical many-body systems.

Q334 Wed 15:15 P4
Evidence for Mollow-type lasing from Yb atoms in a high-
finesse cavity — eSARAN Suajul, DmITRIY SHOLOKHOV!, KE Lit,
JeromE Bacu!, Smmon B. Jicer?, and JURGEN EscuHNER!
IUniversitdt des Saarlandes, Experimentalphysik, 66123 Saarbriicken,
Germany — 2Physikalisches Institut, University of Bonn, 53115 Bonn,

Germany

We experimentally investigate the characteristics of light exiting a
high-finesse cavity as a result of its strong interaction with driven
174Yh atoms. The cavity interacts with the 182 kHz narrow 'Sy —3 P;
inter-combination line, which is also used for pumping, trapping, and
cooling of the atoms in a magneto-optical trap (MOT) configuration.
The resulting light-matter interface formed by the cold and dense
atomic ensemble and the optical cavity is in the strong collective cou-
pling regime of Cavity QED [1]. We observe continuous light emission
reminiscent of lasing with a frequency that is shifted from the bare
atomic, cavity, and driving frequencies by several orders of the natural
linewidth. Furthermore, we observe that this shift is atom number de-
pendent which we attribute to the collectively enhanced light-matter
coupling. This phenomenon is investigated through the measurement
of cavity output power and the frequency of the emitted light using
heterodyne detection. The experimental observations are supported
by extensive mean-field simulations that suggest a possible lasing pro-
cess based on Mollow gain. Our work aims at the understanding and
realization of novel light sources that emerge and rely on strong light-
matter coupling.

[1] S. Shaju et al., Phys. Rev. A 112, 013705 (2025).

Q335 Wed 15:30 P4
Cavity-Enhanced Spin-Photon Interface for Single Tin-

Vacancy Centers in Diamond — eANDRas Lauko!, KERIM
KosTer!, JuriaA Hruper?, PuiLiPP GRASSHOFF?, VLADISLAV
BuUSHMAKIN®, MicHAEL KiescHNICK?, MicHAEL FOrc®, THOMAS

2 4

HoMMER®, CyriL Porov?, JOorc WRACHTRUPS, JAN MELIER?,
and Davip Huncer! — !Karlsruher Institut fiir Technologie —
2Universitit Kassel — 3Universitit Stuttgart — *Universitit Leipzig
— 5Qlibri GmbH

Building a long-distance quantum network is one of the big challenges
in the field of quantum communication, which requires an efficient
photonic interface for coherent spins.

Tin-vacancy centers in diamond are a rising candidate among color
centers in diamond, enabling higher operating temperatures than
silicon-vacancy centers and being less prone to charge noise relative
to nitrogen-vacancy centers.

In our experiment, we integrate a diamond membrane into an open
access fiber-based Fabry-Perot microcavity to attain emission enhance-
ment in a single well-collectable mode. We present our fully tunable,
cryogenic cavity platform operating in a table-top dilution cryostat,
and we achieve a cavity-length stability up to one picometer rms. The
platform also allows for integration of a superconducting DC magnet
and microwave antenna for spin manipulation.

We observe coupling between single tin-vacancy centers and a cavity
mode through Purcell-enhanced emission, and cavity-enhanced extinc-
tion in transmission.

Q33.6 Wed 1545 P4
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Frustration effects and self-consistent matter description in
the Dicke-Ising model on the sawtooth chain — eJoNas LEiBiG,
Max HORMANN, ANJA LANGHELD, ANDREAS SCHELLENBERGER, and
Kar PuiLLip ScuMipT — Department of Physics, Staudtstrafe 7,
Friedrich-Alexander-Universitdat Erlangen-Nirnberg, Germany

We investigate how the exact thermodynamic-limit mapping of the
Dicke*Ising model to a self-consistent effective matter Hamiltonian
applies to the geometrically frustrated sawtooth chain. The mapping,
established in Ref. [2], was recently solved with NLCE+DMRG for
the unfrustrated chain in our work [1]. Using the same method, we
obtain the zero-temperature phase diagram of the sawtooth geometry
and identify frustration-induced features absent in the unfrustrated
case. In the frustrated Ising limit, an infinitesimal effective transverse
field lifts the classical degeneracy and produces a disorder-by-disorder
transition, analogous to the transverse-field Ising model [3].
References

[1] J. Leibig, M. Hormann, A. Langheld, A. Schellenberger, and K.
P. Schmidt, “Quantitative NLCE+DMRG approach for 1D Dicke-Ising
models via self-consistent matter Hamiltonians’, to be published (2025).
[2] J. Roméan-Roche, A. Goémez-Leon, F. Luis, and D. Zueco, “Linear
response theory for cavity QED materials at arbitrary light-matter
coupling strengths”, Physical Review B 111, 035156 (2025).

[3] D. J. Priour, M. P. Gelfand, and S. L. Sondhi, “Disorder from dis-
order in a strongly frustrated transverse-field Ising chain”, Phys. Rev.
B 64, 134424 (2001).

Q 33.7 Wed 16:00 P 4
An atomic tweezer array strongly coupled to a cavity —
eSTEPHAN RoscHINSKI''2, JOHANNES ScHABBAUER!Z2, FRANZ VON
Siva-Taroucal:2, Damien Brocu!:2, and JuLiAN LEoNARD!:Z —
ITU Wien, Atominstitut, Vienna Center for Quantum Science and
Technology (VCQ), Stadionallee 2, 1020 Wien, Austria — 2Institute
of Science and Technology Austria (ISTA), Am Campus 1, 3400
Klosterneuburg, Austria

Quantum technologies promise efficient solutions to problems that are
classically intractable. Many quantum algorithms rely on entangle-
ment, making the deterministic generation of highly entangled states
a central challenge. Although significant progress has been made

across various platforms, such as Rydberg-tweezer arrays, interactions
in these systems typically remain local. By contrast, truly global-range
interactions can be realized by coupling atoms to a photonic mode.
Here, we report on the realization of an atomic tweezer array strongly
coupled to a fiber-based Fabry-Pérot cavity, achieving a Purcell factor
of 160. This platform provides not only strong, cavity-mediated inter-
actions but also precise single-atom control: the position of each atom
along the cavity mode determines its coupling strength, and the cavity
enables state-dependent readout. In addition, single-qubit rotations
are implemented via a Raman scheme. Together, this toolbox opens
the door to exploring the efficient creation of many-body entangled
states.

Q 33.8 Wed 16:15 P 4
Cavity elimination in cavity-QED: a self-consistent and non-
Markovian input-output theory — eELioTT RAMBEAU and Loic
Lanco — Université Paris Cité, Centre de Nanosciences et de Nan-
otechnologies, 91120 Palaiseau, France

Simplifying composite open quantum systems, as cavity-QED ones,
through model reduction is central to enable their analytical and nu-
merical understanding. In this work, we introduce a self-consistent
approach to eliminate the cavtiy degrees of freedom of cavity-QED
devices in the non-adiabatic regime, where the cavity memory time is
comparable with the timescales of the atom dynamics. We consider a
cavity-QED system consisting of a two-level atom coupled to a single-
mode cavity, both weakly interacting with the environment through
an arbitrary number of ports, within the input-output formalism. We
then derive a generalized Purcell formula and, under reasonable ap-
proximations, a consistent effective dynamics within a two-dimensional
Hilbert space, allowing to simplify both analytical and numerical cal-
culations. The resulting reduced model captures the non-Markovian
features of the light-matter interaction, which we characterize through
an effective Lindblad equation exhibiting a negative decoherence rate.
In the continuous-wave excitation regime, we benchmark our approach
by computing effective output flux formulas, correlations and spectral
densities, showing an excellent agreement with full CQED simulations,
except in the strong coupling high excitation regime. Our results pro-
vide a practical framework for reducing the size of a CQED system
and could be generalized to more complicated structures.

Q 34: Quantum Technologies — Sensing |

Time: Wednesday 14:30-16:30

Invited Talk Q341 Wed 14:30 P 5

Spectral Peaked Optical Frequency Comb for Highly Sen-
sitive Cavity Ring-down Spectroscopy — eHipexi Tomital,
NorrHiko NisHizawal, SHoTarRO KiTasiMal, RyYoHET TERABAYASHIL,
Ninewu Liv!, and Hisasur ABe? — !Nagoya University, Nagoya,
464-8603, Japan — 2National Metrology Institute of Japan, AIST,

Tsukuba, 305-8563, Japan

Optical frequency combs represent a breakthrough in many research
fields. To apply the comb to highly sensitive cavity-enhanced spec-
troscopy such as cavity ring-down spectroscopy, a specific mode
of the comb must be selected and efficiently coupled to a high-
finesse optical cavity. We have developed a spectrally peaked op-
tical frequency comb using the novel phenomenon of spectral peak-
ing (N. Nishizawa, et al., Advanced Photonics Research, (2025)
https://doi.org/10.1002/adpr.202500022). In this comb, the back-
ground pedestal components of the generated spectral peaks can be
suppressed. This presentation discusses the principle and fundamen-
tal characteristics of the spectral peaked optical frequency comb and
shows current progress in its application to cavity ring-down spec-
troscopy and the future prospects.

Q34.2 Wed 15:00 P 5
Quantum limits of photon-induced near-field electron mi-
croscopy — eHao JENG — Department of Ultrafast Dynamics, Max
Planck Institute for Multidisciplinary Sciences, Gottingen D-37077,
Germany — IV. Physical Institute, University of Géttingen, Gottin-
gen D-37077, Germany

The principles of quantum metrology imply that the sensitivity of cur-

rent electron microscopes can be improved substantially. An increase
in sensitivity would effectively reduce the number of electrons needed,
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which is crucial for electron microscopes because many specimens are
too fragile to survive the constant bombardment by swift electrons.
In this contribution, we analyse the fundamental quantum limits for
a particular type of electron microscopy known as “photon-induced
near-field electron microscopy”. We derive bounds on the quantum
Fisher information of the system, identify probes that attain these
bounds, and find ways to surpass the limits of our instrument using
non-classical states of electrons and light.

Q 34.3 Wed 15:15 P 5
Towards the detection of biomagnetic fields using widefield
quantum sensing — eMokEssH KaNNAH Crwan!, BAHA SakaRr!,
BeNNO ScHARPF!, EvGeEniya KIRILINAZ, and NABEEL AsLam!
1 Felix-Bloch-Institute for Solid State Physics, University of Lepzig,
Leipzig, Germany — 2Max Planck Institute for Human Cognitive and
Brain Sciences, Leipzig, Germany

In this study, we demonstrate the use of nitrogen-vacancy (NV) cen-
ters in diamond for widefield magnetometry with a large field of view
(FOV, 0.8 x 0.8mm). This substantial FOV enables the simultaneous
characterization of multiple NV centers. For sufficient illumination
and spin-state manipulation, we utilize a laser with a power output
of 2 Watts and a large homemade omega loop structure to deliver
microwaves with high powers homogeneously across the entire FOV.
Using a CCD camera to recollect the NV fluorescence, we aim to detect
biomagnetic fields in the microtesla regime with a spatial resolution of
~1.5 pm.

Q344 Wed 1530 P5
Nonlocal cancellation of optical rotations in fructose solu-
tions — WEN-CHIA Lol:2 1,2 L2

, ®CHAO-YUAN WANG!2| yu-TuNG Tsarh
SHENG-YAO HUANG!2, KANG-sHIH LIUL2, YUN-HSUAN sHIHD2, CHING-
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HUA TsAT>2, and CHIH-SUNG CHUU 1Department of Physics, Na-

tional Tsing Hua University, Hsinchu 30013, Taiwan — 2National Cen-
ter for Excellence in Quantum Information Science and Engineering,
National Tsing Hua University, Hsinchu 30013, Taiwan

1,2

Entanglement, one of the most representative phenomena in quantum
mechanics, has been widely used for fundamental studies and modern
quantum technologies. In this paper, we report the observation of non-
local cancellation and addition of optical rotations with polarization-
entangled photons in fructose solutions. The entanglement also en-
ables probing optical activities at a distance by joint measurements on
the entangled photons. The good agreement between the experimen-
tal results and theoretical predictions demonstrates the potential for
extending these measurements to other chiral molecules, with a sensi-
tivity that improves as the number of entangled photons increases.

Q34.5 Wed 15145 P 5
Improving NV Center Magnetometry via Wavelet Enhance-
ment and Memory-Based Protocols — eMATTEO SLAVIERO,
ExreM TanAa GULDESTE, JusTus TONHAUSER, BAHA SAKAR, and
NaABEEL AspLaM — Felix Bloch Institute for Solid State Physics,
Leipzig University, 04103 Leipzig

Wavelet analysis offers a powerful approach to enhance the sensitiv-
ity of magnetic field measurements based on nitrogen-vacancy (NV)
centers in diamond. In our work, we apply wavelet-based denoising to
photoluminescence (PL) traces acquired in optically detected magnetic
resonance experiments, where measurement precision is fundamentally
limited by photon shot noise. By exploiting the multi-resolution anal-
ysis via wavelet decompositions, we selectively suppress noise com-
ponents while preserving the PL variations that encode the physical
quantity of interest. By incorporating appropriate a priori knowledge,
wavelet analysis can enable adaptive thresholding to enhance the read-
out signal. In parallel, we employ sequences that benefit from the in-
creased spin lifetimes of the nuclear spins in the vicinity of the NV.
Our results demonstrate a unified approach that combines quantum
memory exploitation and wavelet-based enhancement to push the lim-
its of sensitivity and spectral resolution in quantum sensing with NV
centers.

Q 34.6 Wed 16:00 P 5
Time-Efficient Nanoscale NMR Using Solid-State Spin Sen-
sors — eToBias Sponn!, NicorLAas STAUDENMAIER!, PuiLipp J.
VETTER!, TiMo Joas!, THomas UNDEN?, ILAl ScHWARTZ2, PHILIPP
Neumann?, Genko Genov!, and Fepor JeLEzko! — lInstitute
of Quantum Optics and Center for Integrated Quantum Science and

Technology (IQST), Ulm University, Albert-Einstein-Allee 11, 89081

Ulm, Germany — 2NVision Imaging Technologies GmbH, Ulm D-
89081, Germany

Nuclear magnetic resonance (NMR) spectroscopy using solid-state spin
sensors offers a powerful platform for detecting nuclear spins at the
micro- and nanoscale. While many nanoscale experiments rely on a
single sensor spin, employing spin ensembles can substantially enhance
sensitivity, particularly when signals arise solely from statistically po-
larized nuclear spins.

Here, we introduce multipoint correlation spectroscopy, a protocol
that integrates the strengths of correlation spectroscopy and quantum
heterodyne detection to achieve time-efficient measurements of sta-
tistically polarized nuclear spin samples with spin ensembles at the
nanoscale. We develop a theoretical framework for this method and
demonstrate an experimental proof of concept using a nitrogen-vacancy
center in diamond. Our implementation achieves a frequency estima-
tion uncertainty at the single-hertz level, underscoring the potential of
this technique for temporally efficient, high-precision nanoscale NMR
spectroscopy.

Q 34.7 Wed 16:15 P 5
Understanding the disorder robustness of Over-Un-Twisting
echo protocols oVINEESHA SrivasTaval2 and KLEMENS
HaMmMERER!? — lInstitute for Quantum Optics and Quantum Infor-
mation of the Austrian Academy of Sciences, Innsbruck 6020, Austria
— 2Institute for Theoretical Physics, University of Innsbruck, Inns-
bruck 6020, Austria

Precision in phase estimation using Ramsey interferometry is limited
by quantum projection noise, constraining classical-spin protocols to
the standard quantum limit. Entanglement generated through one-
axis twisting (OAT) can overcome this limitation, and, in principle,
enable sensitivities up to the Heisenberg limit, motivating enhanced
Ramsey-echo protocols that apply OAT interactions before and after
the phase imprint to surpass simple squeezing schemes.

In earlier work, a variational framework for such echo protocols
revealed a previously unknown over-un-twisting (OUT) protocol, in
which the initial squeezing is reversed using twice the interaction time.
Remarkably, recent experiments on dense room-temperature nitrogen
- vacancy ensembles have demonstrated a doubly inverting echo anal-
ogous to the OUT protocol, exhibiting disorder-robust signal amplifi-
cation, which is an effect not fully explained by current theory.

In this work, we investigate the microscopic origins and limits of this
robustness. Using cumulant-expansion techniques, we analyze how in-
homogeneous spin - spin couplings modify the nonlinear echo dynamics
and identify regimes in which OUT-like protocols preserve their metro-
logical advantage.

Q 35: Quantum Computing and Simulation 1V

Time: Wednesday 14:30-16:30

Invited Talk Q 35.1 Wed 14:30 P 10
Quantum field simulation on bosonic platforms — eToBias
Haas — Institut fiir Theoretische Physik and IQST, Universitdt Ulm,
Albert-Einstein-Allee 11, 89069 Ulm, Germany — Centre for Quantum
Information and Communication, Ecole polytechnique de Bruxelles,
CP 165, Université libre de Bruxelles, 1050 Brussels, Belgium

Quantum field simulators offer unique opportunities to investigate oth-
erwise inaccessible phenomena through tabletop experiments. Taming
the complexity of such inherently high-dimensional models requires ef-
ficient encodings paired with experimentally friendly readout methods.

First, we introduce the Optical Time Algorithm (OTA) as a unifying
framework that enables the simulation of a wide range of free quantum
field dynamics using a single optical circuit design [1]. By modifying
the optical elements’ parameters, our method allows us to engineer es-
sentially arbitrary timescales, coupling graphs, spacetime metrics, and
boundary conditions.

Second, we put forward the classical entropy method as a univer-
sal data-driven toolkit for directly probing information measures from
typical measurement data [2]. We show that well-known features of
quantum information measures carry over to suitably chosen classical
As applications, we demonstrate the area-to-volume law
transition in the quench dynamics of a spin-1 Bose-Einstein conden-
sate [3,4] and report the first experimental observation of an area law
in an interacting quantum field simulator [5].

measures.
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[1] arXiv:2506.23838 [2] arXiv:2404.12320 [3] PRAL 112, L011303
[4] NJP 27, 043004 [5] arXiv:2510.13783

Q 35.2 Wed 15:00 P 10
Shortcuts to adiabaticity with a quantum control field —
eEmMmMa King!, Giovanna Morici?2, and RapuaiL MEenuls3 —
ITheoretische Physik, Universitdt des Saarlandes, D-66123 Saar-
briicken, Germany — 2Center for Quantum Technologies (QuTe),
Saarland University, Campus, 66123 Saarbruecken, Germany —
3CESQ/ISIS (UMR 7006), CNRS and Université de Strasbourg, 67000
Strasbourg, France

Quantum adiabatic dynamics underpins adiabatic quantum computing
and quantum annealing. Shortcuts to adiabatic dynamics traditionally
use engineered classical drives to suppress non-adiabatic transitions
and accelerate protocols. Here we study quantum state transfer in the
Landau-Zener model as a minimal setting that captures the essentials
of adiabatic evolution, and show that undesired (non-adiabatic) transi-
tions can instead be suppressed by autonomous quantum control. This
involves coupling the Landau-Zener qubit to an auxiliary quantum sys-
tem. By tuning the frequency and interaction strength we modify the
joint spectrum and composite quantum dynamics such that the prob-
ability of non-adiabatic transitions is reduced by more than two orders
of magnitude in favorable regimes. We further identify a practical
trade-off: relaxed requirements on the final time precision can be com-
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pensated by a longer evolution window. Importantly, the suppression
of non-adiabatic transitions also persists in the presence of weak de-
coherence. Our results provide a clear example where the quantum
nature of the control subsystem implements an effective shortcut to
adiabaticity without relying on externally engineered classical fields.

Q 35.3 Wed 15:15 P 10
Bosonic QEC: (Squeezed) Cats and Vacua — eFLORIAN SPIESS
— University of Mainz

Bosonic codes offer a promising route towards resource efficient and
scalable quantum error correcting architectures, creating a pathway
for fault tolerant quantum computation. An interesting feature and
difficulty of some experimentally relevant codes, such as (squeezed)
cat-codes, is their approximate nature, meaning they only fulfill the
Knill-Laflamme conditions in certain limits of physical parameters.

In this talk we investigate the performance and benefits of squeezed
vacuum, fock and cat codes. For the most dominant physical error
process in photonic systems, that is photon loss, we analyze how to
quantify if such newer encodings, involving squeezing, can help com-
pared to other known bosonic error correcting schemes.

Q354 Wed 15:30 P 10
Enhanced loading of 171 Yb in optical tweezer arrays for Quan-
tum Computing — eCLARA ScHELLONG!, Jonas Rauchuruss!,
T Scuacut!, BeEN MicuagLis!, PaurL CaLLsen!, ToBias
PETERSEN!, NEJIRA PInTUL!, CHRIsTOPH BECKER!:2, and KLAUS
SeENnGsTock 2 — 1Center of Optical Quantum Technologies Univer-
sity of Hamburg, Luruper Chaussee 149, 22761 Hamburg — 2Institute
for Quantum Physics University of Hamburg, Luruper Chaussee 149,

22761 Hamburg

Neutral atoms in optical tweezer arrays emerge as one of the most
promising platforms for quantum computing, simulation, and metrol-
ogy. In this talk, we present our experimental progress towards a
quantum computing and simulation platform using Ytterbium (Yb)
as a qubit resource, focusing on the deterministic loading of single
atoms. In our experiment, we trap individual 171Yb atoms in an array
of tweezers at 759 nm, that is magic not only for the clock states 'Sy
and 3 Py but also for the 3P;, mp =-1/2 state, relevant for cooling and
detection. A key step for this platform is the defect-free preparation
of these arrays. It is well known that light pulses blue-detuned to the
1So - 3Py transition can induce light-assisted collisions that allow for
enhanced loading probabilities of single atoms into tweezers. In our
setup, we observe single-atom loading with over 80% efficiency using
pulses red-detuned to the cooling transition. We characterize the in-
fluence of experimental parameters, like tweezer depth and magnetic
field, identifying optimal conditions for frequencies red-detuned to the
AC Stark and Zeeman shifted resonance of the F=3/2, mp=-1/2 state.

Q 355 Wed 15:45 P 10
Development of a Cryogenic Ytterbium Tweezer Array and
Modulation Transfer Spectroscopy of the 'Sy — 3P; Transi-
tion — eJuLiaN FEILER!'2, MENG Gu?, KONRAD KOENIGSMANN3,
JIN Yang3, Max Hacumann®2 and PeTER ScHauss!?3
nstitute for Quantum Physics, University of Hamburg, Hamburg,
Germany — 2The Hamburg Centre for Ultrafast Imaging, Hamburg,
Germany — 3Department of Physics, University of Virginia, Char-
lottesville, USA

Alkaline-earth-like atoms are a common choice for ultracold neutral

atom quantum simulators as well as universal quantum computers.
Due to its nuclear spin of 1/2, fermionic 171 Yb incorporates a natural
two-level system with a very long lifetime, which can be utilized as a
qubit.

The objective of the presented experiment is the development of a
cryogenic Yb tweezer array for quantum computing. In practice, the
assembly of large arrays is limited by the trapping lifetime of the atoms
in the optical tweezers. By using a cryogenic shield, collision rates of
trapped atoms with background gas atoms can be decreased by several
orders of magnitude. Correspondingly, the lifetime of the Yb atoms
should increase from minute-scales up to many hours.

We report on the recent progress of the experiment and show data
derived from modulation transfer spectroscopy of the 1Sg — 3P; tran-
sition of Yb in a vapor cell. The Zeeman splitting of 171Yb and 173Yb
is also studied and shows significant deviations from linear Zeeman
effect calculations at intermediate magnetic fields of less than 60 G.

Q 35.6 Wed 16:00 P 10
A neutral atom array in an optical cavity for quan-
tum computing eMeumMer Onctt123, Banizs Dura-
Kovics!2:3, Jacopo pE SanTis!'2:3 Murrar Sampancrh2:4, Dim-
ITRIOS VAsILEIADIS! 234 AprieN BouscaLl?3, and JoHANNES
ZeHERD23 — 1Max-Planck-Institut fiir Quantenoptik, 85748 Garch-
ing, Germany — 2Munich Center for Quantum Science and Technol-
ogy (MCQST), 80799 Miinchen, Germany — 3Ludwig-Maximilians-
Universitat, Fakultat fir Physik, Schellingstr. 4, 80799 Miinchen,
Germany — “4Technische Universitit Miinchen, Fakultit fiir Physik,
James-Franck-Str. 1, 85748 Garching, Germany

Neutral atoms in optical tweezer arrays have become a leading plat-
form for quantum simulation, metrology, and computation. We lever-
age these developments to realize a novel experiment that strongly
couples a rubidium atom array to a high-finesse optical resonator. We
will present our compact and versatile setup, our ability to trap and
manipulate individual rubidium atoms in optical tweezers inside the
resonator, and the first measurements of their coupling to the cavity
mode and coherent excitation to high-lying Rydberg states. This plat-
form enables fast, high-fidelity control and readout, and opens routes
toward cyclic error correction with real-time feedback, remote entan-
glement generation within and between atom arrays, and the quantum
simulation of open system dynamics.

Q 35.7 Wed 16:15 P 10
Photonic simulation of quantum field dynamics — eMauro
D’AcuiLLeE!, MARTIN GARTTNER!, and Tosias Haas? — 'FSU Jena
— 2Universitiat Ulm

Photonic multimode systems are an emerging quantum simulation
platform ideally suited for emulating non-equilibrium problems in
quantum field theory. I will present a new algorithm to decompose
the time evolution operator generated by a large class of field-theoretic
quadratic Hamiltonians in terms of optical elements. The peculiarity
of this decomposition consists of the way in which the time parameter
is taken into account. Indeed, for such a class, it is always possible to
decouple the time evolution in time-dependent phase shifters by means
of a proper time-independent symplectic transformation, composed by
squeezers and beam splitters. I will conclude by presenting physically
relevant examples and applications aimed to analyze and simulate how
the information measures associated to local and non-local theories
spread over time.

Q 36: Matter Wave Interferometry and Metrology |

Time: Wednesday 14:30-16:30

Q 36.1 Wed 14:30 P 11
Optimal Squeezing in Lossy Bragg Interferometers — eJULIAN
GontHERD2, Rur Li%2, Jan-NicLas KirsTEN-SiEmss?, NACEUR
GaaLour?, and KLemMeENs HAMMERER® — lInstitut fiir Theoretis-
che Physik, Leibniz Universitit Hannover, Germany — 2Institut fir
Quantenoptik, Leibniz Universitit Hannover, Germany — 2Institute

for Theoretical Physics, University of Innsbruck, Austria

Using entanglement for N-particle states in matter wave interferome-
ters allows one to outperform the standard quantum limit of —= for
the uncertainty in the phase measurement. We consider the use of
one-axis twisted, spin squeezed atomic states in light-pulse Bragg in-
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terferometers. We evaluate the interferometric phase uncertainty tak-
ing into account the fundamental multi-port and multi-path nature of
higher-order Bragg processes, and determine optimally squeezed states
for a given geometry and pulse shapes. For Gaussian temporal pulses
we demonstrate the necessary tradeoff between the squeezing strength
and momentum distribution of the incoming atomic state to benefit
from the entanglement.

This project was funded within the QuantERA II Programme that
has received funding from the European Union’s Horizon 2020 research
and innovation programme under Grant Agreement No 101017733 with
funding organisation DFG (project number 499225223).
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Q 36.2 Wed 14:45 P 11
Differential phase estimation and bias correction techniques
in cold atom interferometer experiments — eDaviD B. REIN-
HARDT and MATTHIAS MEISTER — German Aerospace Center (DLR
e.V.), Institute of Quantum Technologies, Ulm, Germany

Ellipses are omnipresent in mathematics, computer vision and science.
For instance, when analyzing differential interferometric data or per-
forming clock comparisons one often needs to fit an ellipse to a given
noisy data set. There are mainly two different approaches to achieve
this, the algebraic and the geometric method. However, all fitting
methods regardless of the approach typically have different accuracy
(bias) vs. precision(variance) trade-offs, and therefore can produce
quite different outcomes. In this talk, we present new insights re-
garding the origin of bias in the differential phase estimation. Fur-
ther, we show how this knowledge can be used to correct bias in cold
atom interferometry experiments and also provide rigorous bounds for
the achievable estimation precision. The new findings and methods
presented in this talk thus have significant consequences for the un-
derstanding and handling of measurement errors of quantum sensors
based on differential interferometers.

Q 36.3 Wed 15:00 P 11
Frequency shifts of a transportable AlT quantum logic opti-
cal clock — eJoosT HinricHs!'2, ConNsTANTIN Nauk!2, GAYATRI
SasIDHARAND2, M. MaziN AMIRD2, ALEXANDER BERNETDZ2, Pas-
caL ENGELHARDT!2, Soria HerBERs!, and Pier O. ScumipT!:2
— 1Physikalisch-Technische Bundesanstalt, 38116 Braunschweig, Ger-
many — 2Leibniz University Hannover, 30167 Hannover, Germany

Optical atomic clocks are the most precise measurement tools, achiev-
ing fractional frequency uncertainties below 10~18. Transportable
systems can exploit this accuracy in a broader range of applica-
tions. High-precision frequency ratio measurements on-site at various
metrology institutes contribute to fulfill the requirements towards a re-
definition of the SI second. Furthermore, transportable optical clocks
can be used for relativistic geodesy as they allow height measurements
on the cm level over large distances.

Our fully rack-integrated clock setup is based on the 1Sy—3 Py transi-
tion in 27Alt. A co-trapped *°Ca™ ion allows for sympathetic cooling
and state detection through quantum logic spectroscopy. We present
the results of our investigation of various frequency shifts in our op-
tical clock, with a focus on effects related to the linear segmented
multilayer Paul trap, like micromotion, heating rates, and ac magnetic
fields. Furthermore, we present ground state cooling of an Alt/Cat
two-ion crystal.

Q364 Wed 15:15 P 11
Ultra-low phase noise from X- to the THz-band enabled by
Difference Frequency Comb. — eSEBASTIAN MULLER, MIKHAIL
Vorkov, and THoMAS PurpPeE — Lochhamer Schlag 19, 82166 Grae-
felfing, Germany

Frequency-comb-based generation of RF and THz signals with record-
low phase noise becomes an enabling technology for a variety of appl-
ciations from spectroscopy to communication. Here, using an offset-
free difference frequency comb, we report ultra-low noise 9.6 GHz
microwaves reaching -165 dBc/Hz using optical frequency division
(OFD). We also show tunable sub-THz frequency synthesis (0.1-0.5
THz) for characterization of RF components.

Q 36.5 Wed 15:30 P 11
Theoretical optimization of BEC sources for Atom In-
terferometry eCrAaUDIA Pugrrrtas GonzALez!2, TiMOTHE
EsTrRAMPESY 2, NACEUR GaaLouL!, DaNna-CoDRUTA MARINICAZ,
and Eric CHARRON? — lInstitute of Quantum Optics, Leibniz Univer-
sity Hannover, Welfengarten 1, 30167, Hannover, Germany — 2Intitute
of Molecular Science of Orsay, University Paris-Saclay, 598 Rue André
Riviére, 91400, Orsay, France

Bose Einstein condensates (BECs) serve as excellent sources for atom
interferometry due to their intrinsic coherence, which can be exploited
to test the Universality of Free Fall. The key observable in such exper-
iments is the phase difference between the interferometer arms, that
depends on the interrogation time T. The Very Long Baseline Atom
Interferometry (VLBAI) experiment, a 10-m high atomic fountain in
Hannover, enables interrogation times of several seconds in both single-
and dual-species configurations.

Reaching such long T requires a drastic reduction of the BECs ex-
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pansion, as its natural expansion velocity is too large for precision mea-
surements. In-Trap Lensing (ITL) and Delta-Kick Collimation (DKC)
therefore play a crucial role in collimating the condensate prior to in-
terferometry. I present here a theoretical framework for optimizing
VLBALI source preparation and illustrate, using numerical simulations,
how ITL and DKC enhance collimation and improve overall source
quality. Efficient transport from the source to the launch position is
equally essential and can be realized through shortcuts to adiabaticity
(STA), which suppress excitations and help preserve coherence.

Q 36.6 Wed 15:45 P 11
Vortex NOON states in ring lattices — eLARS ARNE SCHAFER!
and REinHOLD WALSER? — llnstitut fiir Angewandte Physik, TU
Darmstadt — 2Institut fiir Angewandte Physik, TU Darmstadt

We study a gas of few bosons in a ring trap that can be superim-
posed with a light-induced azimuthal lattice potential. Light sculpting
permits almost arbitrary control of the potential [1]. We describe a
technique that uses time-dependent variations of the lattice to cre-
ate matter-wave vortex NOON states, where N particles are in an all-
or-nothing superposition of two counter-rotating states. To do that,
we load the gas adiabatically into the lattice, perform resonant state
transfer by Bragg scattering between the interacting many-body eigen-
states and release them adiabatically into the free ring. In a Sagnac
interferometer, the resulting state can improve measurement precision
beyond the standard quantum limit Afgsqr, to the Heisenberg limit
Afyr, = 1/N.

[1] G. Gauthier, I. Lenton, N. McKay Parry, M. Baker, M. J. Davis,
H. Rubinsztein-Dunlop, and T. W. Neely, Direct imaging of a digital-
micromirror device for configurable microscopic optical potentials, Op-
tica 3, 1136 (2016).

[2] L. Pezze, A. Smerzi, M. K. Oberthaler, R. Schmied, and P. Treut-
lein, Quantum metrology with nonclassical states of atomic ensembles,
Rev. Mod. Phys. 90, 035005 (2018).

Q 36.7 Wed 16:00 P 11
Diffraction-phase-free Bragg atom interferometry — eVicTor
JoseE MARTINEzZ LAHUERTA!, JAN-NicrLas KirsTEN-SiEmss!, KLE-
MENS HAMMERER?3%, and NacEUR GaaLouL! — !Leibniz University
Hannover, Institut of Quantum Optics, Welfengarten 1, 30167 Han-
nover, Germany — 2Institute for Theoretical Physics, University of
Innsbruck, 6020 Innsbruck, Austria — 3Institute for Quantum Op-
tics and Quantum Information of the Austrian Academy of Sciences,
6020 Innsbruck, Austria — #Institute for Theoretical Physics, Leibniz
University Hannover, Appelstrasse 2, 30167 Hannover, Germany

Bragg Diffraction of matter waves is an established technique used in
the most accurate quantum sensors. It is also the method of choice to
operate large-momentum-transfer, high-sensitivity atom interferome-
ters. It suffers, however, from an intrinsic multi-path character. Opti-
mal control theory has recently led to an improved robustness of atom
interferometers to a range of challenging environmental effects such as
vibrations or platform accelerations. In this theoretical work, we ap-
ply OCT protocols to control the Bragg diffraction phase shifts thereby
enhancing the metrological accuracy of the interferometer. We show
a minimization of the diffraction phase for realistic conditions of finite
temperature of the incoming wavepacket in a multi-path, high-order
Bragg interferometer in a Mach-Zehnder configuration. We study in-
put states with different momentum widths and find that our approach
mitigates diffraction phases below the microradian level in the case of
1% of the photon recoil, thereby eliminating one of the leading sys-
tematic effects in atom interferometry.

Q 36.8 Wed 16:15 P 11
’Goos-Hénchen’ shifts and tilts in Bragg-Beam splitters with
Bose-Einstein condensate — eABHAY MISHRA, ADAM ABDALLA,
OLEKSANDR V. MarcHUKOV, and REINHOLD WALSER — Institute
of Applied Physics, Technical University Darmstadt, Hochschulstr 4a,
D-64289, Darmstadt, Germany

The wave optical phenomena of shifts and tilts of finite sized beam
interacting with an interface was experimentally proven by F. Goos
and H. Hanchen, now collectively known as Goos-Hénchen (GH) effect
[1]. This lateral shift of beam was also observed before by Newton [2].

Our work here shows GH shifts in position and momenta of reflected
Bose-Einstein condensate (BEC) wavelets emerging from Bragg-beam
splitter.These effects become particularly important for precision mea-
surements in long-time atom interferometry, where it can accumulate
and result in loss of coherence. Using an analytical picture of super-
imposing Gaussian wavelets ansatz, we have quantified GH shifts of
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wavepackets from the expected classical trajectory. It matches with our
numerical results of (34+1)D Gross-Pitaeviskii simulations and, signifi-
cant for QUANTUS collaboration (DLR, grant number 50WM2450E)
and broader matter-wave community.

[1] F. Goos and H. Hénchen, Ann. Phys. (Leipzig) 436, 333 (1947).

[2] I. Newton, Opticks, or, A Treatise of the Reflections, Refractions,
Inflections and Colours of Light (Prometheus Books, New York, 2003),
4th ed.
[3] McKay, Samuel, et al.
(2025).

Physical Review Letters 134(9),093803

Q 37: Ultra-cold Atoms, lons and BEC Il (joint session A/Q)

Time: Wednesday 14:30-16:30

Invited Talk Q371 Wed 14:30 N 1
Three-body dynamics between an ion and two Rydberg
states — oJENNIFER KRAUTER!, MAXIMILIAN FUTTERKNECHT!, Os-
CcAR ANDREY HERRERA Sancuo!, FLoriaN AnscutTz!, UTzuri
HoécL VipaLl, MoriTz BERNGRUBER?, FLORIAN MEINERT!, ROBERT
Low!, and TiLman Praul — 15th Institute of Physics, University of
Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart — 2Max Planck Insti-

tute of Quantum Optics, Hans-Kopfermann-Str. 1, 85748 Garching

As a versatile tool, our high-resolution ion microscope has sucessfully
been used to study the dynamics between bound and unbound Rydberg
atom-ion pair states in the ultracold regime. With our experimental
apparatus we achieve high temporal and spatial resolution of at least
200 nm, which is well-suited for the real space study of these pair dy-
namics. Here, we want to show that the binding mechanism between
ions and Rydberg atoms is not limited to diatomic molecules but can
be extended to polyatomic systems, for which we expect interactions
that are even more intricate. We are particularly interested in bound
states that comprise two Rydberg atoms and one ion. For this scenario,
we predict a rich interaction potential that combines the interaction
between induced dipoles, ion-Rydberg atom interactions, and the Ry-
dberg blockade effect, leading to potential wells that support bound
molecular states between the three particles. Experimentally, we are
working toward realizing and studying these systems both spectroscop-
ically as well as in real space, hoping to gain insight into the underlying
fewbody physics.

Q372 Wed 15:00 N1
Measuring inter-atomic friction with ultracold gases — eSiLvia
HiEBEL, SABRINA BURGARDT, JuLIAN FEss, and ARTUR WIDERA —
RPTU University Kaiserslautern-Landau

Usually, friction is characterized at the macroscopic scale. Over the
past 25 years, microscopic measurements have become possible — for
example, by dragging single atoms across surfaces with lateral force
microscopes or by studying lubricity with dipole potentials acting on
trapped ions. Yet, to understand transport in complex media, we also
need direct access to friction at the level of individual atoms embedded
in a gaseous environment.

We present our measurements of the friction of single atoms in a
tilted optical lattice interacting with an ultracold atomic bath. A one-
dimensional lattice allows controlled transport of individual atoms with
tunable transport parameters, generating well-defined forces that can
exceed gravity by several orders of magnitude and enabling access to
distinct diffusion regimes. By pulling the single probe atoms through
a dense ultracold bath, we observe the interplay between the driven
impurity and its environment and extract the resulting effective fric-
tion.

Q37.3 Wed 15:15 N1
Fast Parallel Atom Sorting for a Rydberg Atom Quan-
tum Computer Demonstrator — eAcuiM Scuorz!2, CHRISTO-
PHER Bounps!:2, MANUEL MoRrcaDO!2, GovIND UNNIKRISHNANDZ,
RaLF BerRNERDZ, JiacHeN Znaol:2, Juria Hickrb2, MAXIMILIAN
Kos'2, SeBasTiAN WEBER®2, Hans-PETER BtcHLER®2, SIMONE
MonNTANGERO?, CHrisToPH TRESP®, JURGEN STUHLER®, TILMAN
Praul2, and FLoriaAN MEINERTY2 — 15th Inst. of Physics, Uni-
versity of Stuttgart — 2IQST — 3Inst. for Theoretical Physics III,
University of Stuttgart — %Inst. for Complex Quantum Systems, Uni-
versity of Ulm — STOPTICA Photonics AG

The QRydDemo project aims to realize a Rydberg atom quantum com-
puter demonstrator based on the fine-structure qubit in 88Sr. This
qubit not only allows for fast single-qubit gates via strong two-photon
Raman transitions but also enables triple-magic trapping at an ex-
pected wavelength of 592 nm, for both qubit states and the Rydberg
state are magically trapped. These conditions are promising for the
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realization of high-fidelity multi-qubit operations wherefore we employ
a novel all electro-optical tweezer setup comprised of 20 AODs at the
triple-magic wavelength. Each AOD can realize a 1D-array with up
to 64 tones to finally create a 500 qubit array by folding the indepen-
dent rows with a three-staged step mirror. Utilizing this architecture,
we present our progress on single atom loading and cooling, as well as
rearrangement towards sorting and dynamical pattern generation. The
availability of fast parallel reshuffling within the qubit coherence time
paves the way towards flexible qubit connectivity and operations.

Q374 Wed 15:30 N1
Towards Commissioning a Linear Surface Trap for Ions with
Real-Time Control and Open-Science Workflows — eToBIAS
SPANKE, FREDERIKE DORR, FLORIAN Hassg, Lucas EiSENHART, DE-
VIPRASATH PaLaNni, JORN DENTER, MARIO NIEBUHR, ULRICH WAR-
RING, and T'oB1As ScHATZ — Physikalisches Institut, Albert-Ludwigs-
Universitat, Freiburg

We present a modern trapped-ion platform that combines a micro-
fabricated surface-electrode trap, real-time control, and open-science
workflows for scalable quantum control and precision collision stud-
ies. We report on the commissioning of a linear surface-electrode ion
trap from Sandia National Laboratories [1] operated with ARTIQ real-
time control and versioned experiment pipelines for experiments with
25Mgt ions. A stabilized multi-wavelength laser system enables robust
loading, Doppler cooling, and coherent control [2]. As a first appli-
cation, we implement "Phoenix Flyby Calibration", a laser-triggered
neutral-gas source for time-resolved benchmarking of ion-neutral col-
lision dynamics in our trapped-ion apparatus. This commissioning
lays the groundwork for systematic studies of background-gas-induced
heating and loss in surface traps and for transferable protocols for real-
time control and open-science workflows in trapped-ion experiments.
[1] Revelle, M. C. (2020), Phoenix and Peregrine Ion Traps,
arXiv:2009.02398 [physics.app-ph| (2020)

[2] Palani, D. et al. (2023), High-Fidelity Transport of Trapped-Ion
Qubits in a Multi-Layer Array, arXiv:2305.05741 [quant-ph] (2023)

Q375 Wed 15:45 N1
Ultracold mixture of erbium and lithium atoms — eKiriLL
Karprov, ALEXANDRE DE MaRTINO, FLORIAN KIESEL, JONAS AUcCH,
Epuarp HemT, and CHRISTIAN GROss — Eberhard Karls Universi-
taet Tuebingen, Tuebingen, Germany

The extreme mass imbalance between Er and Li offers a unique plat-
form for exploring impurity physics and emergent many-body phenom-
ena. In this experiment, we produce a mixture of 166 Er and 6Li. We
achieve Bose-Einstein condensation for erbium via evaporative cooling,
while lithium is sympathetically cooled by the erbium. Furthermore,
the tune-out wavelength of Er enables species-selective confinement.
This allows for the far-detuned conservative trapping of Li without
perturbing the Er background. Such species-selective trapping schemes
open a new level of control in mixture experiments, paving the way for
studying the properties of moving Bose polarons.

Q37.6 Wed 16:00 N 1
Generation of Laughlin states of ultracold atoms exploit-
ing coherent driving — eALBERTO TABARELLI DE Fatis!, Iacoro
CarusorTo!, CHRISTOF WEITENBERG?, ALEXANDER SCHNELL®, and
ANDRE EckarpT?® — !'Pitaevskii BEC Center, CNR-INO and Dipar-
timento di Fisica, Universita di Trento, Trento, Italy — 2Department
of Physics, TU Dortmund University, 44227 Dortmund, Germany —
3Institut fiir Physik und Astronomie, Technische Universitit Berlin,
Berlin, Germany.

Realizing fractional quantum Hall (FQH) states in a well-controlled
environment such as neutral ultracold atoms, has proven extremely
challenging, restricting experiments to a very small number of parti-
cles N=2,3.
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I present a proposal to generate Laughlin states in an FQH system
coupled to a BEC reservoir via an angular-momentum-selective co-
herent pump. By adiabatically varying the strength and detuning of
the pump, vacuum is converted into a Laughlin state, without chang-
ing the system Hamiltonian, and avoiding gap closing associated with
the topological phase transition. This scheme allows the generation of
quite large (of order N=10) Laughlin states with excellent fidelity, as
well as quasihole excitations on top of it, without fine-tuning of the
driving parameters, and with reasonable preparation times.

An experimental realization of our proposal will open new perspec-
tives in the use of ultracold atoms as quantum simulators of condensed
matter systems and its extension to non-Abelian states will provide a
powerful platform for topological quantum computing.

Q377 Wed 16:15 N 1
Fractal ground state of mesoscopic ion chains in periodic
potentials — RapuaiL MEeNU!, JORGE Yaco MaLo?, eJosHuAa
WEISSENFELS!, VLADAN VULETIG?, MaRriA Luisa CHioraLo?, and

GrovanNa Moricr! ! Theoretische Physik, Universitit des Saar-

landes, D-66123 Saarbriicken, Germany — 2Dipartimento di Fisica
Enrico Fermi, Universita di Pisa and INFN, Largo B. Pontecorvo 3,
1-56127 Pisa, Italy — 3Department of Physics, MIT-Harvard Center
for Ultracold Atoms, and Research Laboratory of Electronics, Mas-
sachusetts Institute of Technology, Cambridge, Massachusetts 02139,
USA

Trapped ions in a periodic potential are a paradigm of a frustrated
Wigner crystal. The dynamics are captured by a long-range Frenkel-
Kontorova model. We show that the classical ground state can be
mapped to the one of a long-range Ising spin chain in a magnetic field,
whose strength is determined by the mismatch between the chain’s
and substrate lattice’s periodicity. The mapping is exact when the
substrate potential is a piecewise harmonic potential and holds for any
two-body interaction decaying as 1/r® with the distance r. We show
that the ground state is a devil’s staircase of regular, periodic struc-
tures as a function of the mismatch and of the interaction exponent
a. The predictions of the piecewise parabolic potentials are compared
with the case when the substrate is a sinusoidal potential.

Q 38: Precision Spectroscopy of Atoms and lons Ill (joint session A/Q)

Time: Wednesday 14:30-16:30

Invited Talk Q 38.1 Wed 14:30 N 3
Enhanced Sensitivity for Electron Affinity Measurements
— oFRANZISKA MARIA MAIER, ERICH LEISTENSCHNEIDER, LUTZ
SCHWEIKHARD, and STEPHAN MALBRUNOT-ETTENAUER — CERN

The electron affinity (EA) reflects the energy released when an elec-
tron is attached to a neutral atom and encodes key information about
atomic structure, electron correlation effects and chemical reactivity.
However, the EA of the heaviest elements of the periodic table remain
experimentally unexplored despite their fundamental importance to
benchmark atomic many-body calculations with implications across
atomic and nuclear physics, quantum chemistry and radiopharmaceu-
tical research. We have developed a novel technique to determine EAs
through Laser Photodetachment Threshold Spectroscopy, performed
in an electrostatic ion beam trap, a so called MR-ToF device [1].
Our method increases the sample’s exposure to laser photons and,
thus, enhances the experimental sensitivity by three orders of magni-
tude. By applying this technique, we measured the EA of 3°Cl to be
3.612720(44) eV, achieving state-of-the-art precision while employing
five orders of magnitude fewer anions. This unprecedented sensitivity
paves the way for systematic EA measurements across isotopic chains
- including isotope shifts and hyperfine splittings - and ultimately for
the first direct determination of electron affinities in superheavy ele-
ments. This presentation will introduce our novel method and present
our experimental results. [1] F. M. Maier, E. Leistenschneider et al.,
Nat. Commun. 16, 9576 (2025).

Q 38.2 Wed 15:00 N 3
High resolution dielectronic recombination of beryllium-
like heavy ions at the CRYRINGQESR storage ring —
eMirkO LoosHorRND2, CARSTEN BRrANDAU?, MikE FocLe?, Jan
Grorius®, ELena Hanu356 VoLker HANNEN?, PIERRE-MICHEL
HiLLENBRAND®, CLAUDE KRANTZ3, MIcHAEL LEsTINSKYS, ESTHER
Menz3:8, REINHOLD ScHUucH?, UWE SPiLLMANN®, KEN UEBERHOLZ?,
Suuxine Wancb2, and Steran ScuippErs!'? — 1Justus-Liebig-
Universitit Giefen — 2Helmholtz Forschungsakademie Hessen fiir
FAIR (HFHF), GSI Helmholtzzentrum fiir Schwerionenforschung,
Darmstadt — 3GSI Helmholtzzentrum fiir Schwerionenforschung,
Darmstadt — “Auburn University — °Helmholtz-Institut Jena —
6Goethe University Frankfurt — 7 Universitéit Miinster — 8 Universitét
zu Koln — 9Stockholm University

Electron-ion collision spectroscopy is a powerful tool for studying
highly charged ions. The heavy-ion storage ring CRYRING@ESR of-
fers excellent conditions for high-resolution dielectronic recombination
(DR) measurements due to its ultra-cold electron cooler. Such high-
precision DR spectroscopy enables sensitive tests of higher-order QED
contributions in strong fields. We present recent DR studies of heavy
berylliumlike systems, including fully evaluated results for Pb78+ [1]
and measurements of Au”®t, which are currently under analysis. Com-
parisons with state-of-the-art theory highlight the potential of these
systems to benchmark precision atomic-structure calculations in the
high-Z regime.
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[1] S. Schippers et al., Phys. Rev. Lett. 135, 113001 (2025).

Q 38.3 Wed 15:15 N 3
Adaptive, symmetry-informed Bayesian metrology for pre-
cise measurements — eMaTT OvERTON', JESUs RUBIO2, NATHAN
CooPErR!, JANET ANDERs®, and LuciaA HACKERMULLER! —
1University of Nottingham, Nottingham, UK — 2University of Sur-

rey, Guildford, UK — 3University of Exeter, Exeter, UK

High-precision measurements are crucial for addressing major scientific
and technological challenges; however, obtaining these measurements
can be time-consuming. Here, we present a systematic strategy for pa-
rameter estimation in the low-data limit that integrates experimental
control parameters and natural symmetries. The method is guided by
a Bayesian quantifier of precision gain, enabling adaptive optimisation
tailored to any experiment.

This adaptive strategy is demonstrated in a quantum technology
experiment, in which ultracold caesium atoms are confined in a mi-
cromachined hole in an optical fibre. We find a five-fold reduction in
the fractional variance of the estimated parameter, compared to the
standard measurement procedure. Equivalently, our strategy achieves
a target precision with a third of the data points previously required.
Such enhanced device performance and accelerated data collection will
be essential for applications in quantum computing, communication,
metrology, and the wider quantum technology sector.

Q384 Wed 15:30 N 3
Resolving the recoil splitting in Doppler-free spectroscopy of
calcium in a heat pipe — e ANDREAS REUSS and SIMON STELLMER
— Universitdt Bonn, Germany

Calcium, as an alkaline-earth metal, is of significant interest to both
the atomic and nuclear physics communities. The narrow intercombi-
nation line at 657 nm is of particular interest and can be probed in a
simple vapor cell using Doppler-free saturated absorption spectroscopy
to generate a narrow and stable reference signal. However, recoil ef-
fects lead to a splitting of the absorption line, introducing a variable
asymmetry in the lineshape that degrades the stability of this refer-
ence. In this work, we reduce all broadening mechanisms to a level
that allows us to resolve the recoil splitting. We lock a laser to one of
the recoil components and quantify the frequency stability.

Q385 Wed 15:45 N 3
Development of a cw laser system at 185nm — eJoNAas
GOTTSCHALK, SASCHA HEIDER, THORSTEN GROH, SIMON STELLMER,
and UVQuANT ConsorriuM — Universitat Bonn, Germany

Many of the strong transitions in diatomic molecules with double
bonds, such as Oz, N2 or NO, are located in the vacuum-UV part
of the spectrum between 100 and 200 nm. The generation of tunable
cw light in this wavelength range remains a major challenge, but recent
advancements in laser technology motivate new attempts.

‘We present a DUV laser system based on two continuous-wave VEC-
SEL lasers, one operating at 431.4 nm via intracavity frequency dou-
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bling and the other at 1299.8 nm.

The fundamental waves are combined in a sequence of sum-
frequency-generation stages to produce light at 185 nm.

We will use the system to perform spectroscopy on the 1Sy - 1P
transition of mercury and to explore molecular oxygen lines in the
Schumann-Runge bands, with implications for fundamental physics
and astrochemistry.

Q 38.6 Wed 16:00 N 3
A single frequency continuous wave OPO laser as pow-
erful and flexible tool for high resolution spectroscopy —
eJakoB Weiss!, KaTrriN WEIDNER!, RapPHAEL Hasse!, THOR-
BEN NIEMEYER!, Marou SteEMMLER!, KLaus WENDT!, and Sap-
DA AKHUNDzADA? — lJohannes Gutenberg-Universitit Mainz —

2Hiibner GmbH & Co. KG, Division HUBNER Photonics, Kassel

Optical parametric oscillators (OPOs) pumped at 780 nm provide
widely tunable laser radiation, covering almost the entire spectral
range from 510 nm up to 3400 nm (including SHG). The possibility of
automated continuous wave operation with line widths in the order of
1 MHz makes them extremely versatile tools for precision spectroscopy.
Remaining limitations in the width and speed of continuous frequency
scanning as well as coarse linewidth adjustment over large spectral
ranges are presently addressed for enabling specific spectroscopic ap-
plications in atomic and molecular spectroscopy.

Feasibility studies are carried out using the C-WAVE GTR (HUB-
NER Photonics) for investigations on the hyperfine structure of Fe
isotopes by resonance ionization spectroscopy and in photodetachment
studies on molecules, for which in both cases a smooth and well con-
trolled tuning behavior of the laser frequency is a fundamental re-
quirement. For this purpose a continuous, high-resolution fine-range
scan mode as well as a wide-range coarse-scan algorithm have been

developed to provide quick and flexible wavelength access, enhancing
the versatility of the C-WAVE GTR and its suitability for advanced
spectroscopic applications.

Q 38.7 Wed 16:15 N 3
A robust technique for ground-state cooling of antimat-
ter in cryogenic multi-Penning traps — eNikita PoLiakov!,
PuiLipp  HorrMANN!, MAREK Prasse!, JaN Scuaper!, JuLia
CoENDERs!, JuAN MANUEL CorNEJO2, KLEMENS HAMMERER?, STE-
FAN ULMER?®® and CHRIisTIAN OsPELKAUSH® — 1Leibniz Universitit
Hannover, Germany — 2Universidad de Cadiz, Spain — 3 Universitit
Innsbruck, Austria — #Ulmer Fundamental Symmetries Laboratory,
RIKEN, Japan — YHeinrich-Heine-Universitét Diisseldorf, Germany

— 6Physikalisch-Technische Bundesanstalt, Braunschweig, Germany

Within the BASE collaboration, we deployed a cryogenic multi-
Penning trap to contribute to high-precision (anti-)proton g-factor
measurements(!2] to test CPT symmetry via quantum logic spec-
troscopy (QLS)B] with a 9Bet cooling and logic ion. After demon-
strating key steps - optical sideband spectroscopy(4!, ground-state
cooling[s] of a 9Bet ion, and fast adiabatic transport[ﬁ] - we turn
to ground-state cooling of the (anti-)proton. We simulate its Coulomb
coupling to a 9Bet ion in a double-well potential in a microfabricated
Penning trap. The 9:1 mass ratio causes anharmonicities that hin-
der cooling of 4 K (anti-)protons under static potentials. A frequency
sweep of the °Be™’ well maintains resonance and enables ground-state
cooling. This technique is also applicable to other laser-inaccessible
(anti-)particles. [11G. Schneider et al., Science 358 (2017) [21C. Smorra
et al., Nature 550 (2017) BIP. Schmidt et al., Science 309 (2005) [41J.
Cornejo et al., Phys. Rev. Res. 6 (2023) (51J. Cornejo et al., Phys.
Rev. Res. 6 (2024) [6IM. Boehn et al., Comms. Phys. 8 (2025).

Q 39: Poster — Cold Molecules (joint session MO/Q)

Time: Wednesday 17:00-19:00

Q 39.1 Wed 17:00 Philo 1. OG
Progress on Zeeman slowing CaF — eJuLiUus NIEDERSTUCKE,
Timo PorL, PAauL KAEBERT, SEBASTIAN ANSKEIT, MIRCO SIERKE,
and SiLKE OSPELKAUS — Leibniz Uni Hannover

Significant advancements have recently been achieved in direct laser
cooling of molecules, bringing them to temperatures near absolute zero
[1, 2]. However, the number of molecules that can be captured from
molecular beams using conventional laser cooling methods remains a
limiting factor in such experiments [3, 4]. In this work, we present
strategies to enhance the yield of molecules in such experiments. To
this end, we present our experimental findings on the Zeeman slower
developed for directly laser-coolable molecules, as proposed by our
group [5], and outline the initial steps towards creating a sub-Doppler
engineered red magneto-optical trap [6,7]. [1] J. F. Barry et al. 2012
[2] Y. Wu et al. 2021 [3] S. Truppe et al. 2017 [4] L. Anderegg et al.
2017 [5] M. Petzold et al. 2018 [6] S. Xu et al. 2021 [7] S. Xu et al.
2022

Q 39.2 Wed 17:00 Philo 1. OG
Towards laser cooling of NH radical — eAsHISH M AHANGARE,
DanieL RoescH, and Epvarpas Narevicius — TU Dortmund, Ger-
many

Ultra-cold molecules open up a wide variety of applications like quan-
tum control, ultra-cold chemical dynamics, quantum information, tests
of fundamental constants and precision measurements. Laser cooling
has been applied for a few diatomic molecules such as SrF, CaF and
YO, YbF, AlF, BaF and a poly-atomic molecule CaOH.

Our goal is to laser cool 1>NH. The main transition of interest for
laser cooling is (X3X7)(v” =0,N” =1,J” = 1) to A3TI(v' = 0, N’
1,J’ = 0) at 336 nm. The excited state of this cooling transition has
a lifetime of around 400 ns. This electronic transition is rotationally
closed and has highly diagonal FCFs.

We performed laser-induced fluorescence (LIF) to study the hyper-
fine structure of laser cooling transition. I will also present Terahertz
rotational spectroscopy to pump molecules from N = 0 to N =1 state.
Terahertz spectroscopy is also performed to get highly precise hyper-
fine splitting in N = 0 and N = 1 rotational states for X3%~.

Q 39.3 Wed 17:00 Philo 1. OG

65
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Collisions in a quantum gas of bosonic 23Na?’K molecules
— oFRITz voN GIERKE!, MARA MEYER zUM ALTEN BorcLomu!,
JuLe Heier', PuiLipp GersEmal, Kar KoNrRaD Voces?, BArRAA
SuammouT!, EBERHARD TIEMANN!, LeoN Karpral, and SILKE
OsPELKAUSY — lInstitut fiir Quantenoptik, Leibniz Universitat Han-
nover — 2Centre for Cold Matter, Blackett Laboratory, Imperial Col-

lege London

We present our latest experimental results on ultracold NaK quantum
gases, focusing on atom-molecule and molecule-molecule collisions. In
particular, we report recent advances in the electric field control of
atom-molecule Feshbach resonances and shielding of collisions with
implications for future quantum simulations and many-body physics.

Q 394 Wed 17:00 Philo 1. OG
Crystal-to-droplet melting in ultracold polar molecules —
eWiLrLiaM FRrEITAS, PANAGIOTIS GIANNAKEAS, and JAN M Rost —
Max Planck Institute for the Physics of Complex Systems, Dresden,
Germany

Microwave-shielded polar molecules provide a novel platform for ex-
ploring dipolar matter in the strongly correlated regime, where dipole-
dipole interactions naturally confine molecular ensembles to quasi-two-
dimensional geometries. The competition between the long-range an-
tidipolar attraction and the anisotropic short-range repulsion leads to
a rich variety of phases, ranging from quantum droplets to crystalline
structures.

In this work, we investigate the transition between the crystal and
droplet phases, focusing specifically on the melting of crystalline order
for finite systems. For systems of up to N = 40 molecules, we observe
that the system develops droplet-ring configurations as an intermediate
state between the droplet and crystal phases, characterized by a su-
perfluid fraction below unity. Moreover, we show that the droplet-ring
state retains six-fold symmetry, a fingerprint of the underlying crystal
structure, as demonstrated by the pair-correlation function and struc-
ture factor.

Our simulations employ the Variational Monte Carlo method with
a neural-network quantum state as the trial wave function. This ap-
proach provides a highly flexible functional form and enables stable
energy minimization, yielding an accurate description of the ground
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state and an efficient treatment of strongly correlated finite systems.

Q 39.5 Wed 17:00 Philo 1. OG
Towards laser cooling of NH radical — eAsHISH MAHANGARE,
DanieL RogscH, and Ebpvarpas Narevicius — TU Dortmund, Ger-
many

Ultra-cold molecules open up a wide variety of applications like quan-
tum control, ultra-cold chemical dynamics, quantum information, tests
of fundamental constants and precision measurements. Laser cooling
has been applied for a few diatomic molecules such as SrF, CaF and

YO, YbF, AlF, BaF and a poly-atomic molecule CaOH.

Our goal is to laser cool 1°NH. The main transition of interest for
laser cooling is X3X~(v” = 0,N” = 1,J” = 1) to A3TI(v' = 0, N’ =
1,J" = 0) at 336 nm. The excited state of this cooling transition has
a lifetime of around 400 ns. This electronic transition is rotationally
closed and has highly diagonal FCFs.

We performed laser-induced fluorescence (LIF) to study the hyper-
fine structure of laser cooling transition. I will also present Terahertz
rotational spectroscopy to pump molecules from N = 0 to N =1 state.
Terahertz spectroscopy is also performed to get highly precise hyper-
fine splitting in N = 0 and N = 1 rotational states for X3X~.

Q 40: Poster — Photonics

Nanophotonics; 3D Printing; Microscopy; Biophotonics; General Photonics

Time: Wednesday 17:00-19:00

Q 40.1 Wed 17:00 Philo 1. OG
Photonic integrated top-hat beam profiler for multi-ion clock
application — eMarTHIAS Lubwic}2, CARL-FREDERIK GRIMPE!,
GuocHUN Dul, FaTeMEH SALAHSHOORI', ANDRE KuLosal, ELENA
Jorpan!, and Tansa E. MEHLSTAUBLER!:3:4 1 Physikalisch-
Technische Bundesanstalt, Braunschweig, Germany — 2Karlsruhe In-
stitute of Technology (KIT), Karlsruhe, Germany — 3Leibniz Uni-
versitdt Hannover, Institut fiir Quantenoptik, Hannover, Germany —
4Leibniz Universitat Hannover, Laboratorium fiir Nano- und Quante-

nengineering, Hannover Germany

Multi-ion optical clocks offer improved precision by reducing the aver-
aging time. To minimise intensity-dependent AC Stark shifts on indi-
vidual ions, highly homogeneous illumination is essential. The optimal
beam shape for this purpose is a top-hat intensity profile. This has
previously been achieved using holographic waveplates in free space,
but this approach limits spatial uniformity [1]. We demonstrate that
an extreme mode converter, implemented on an AloO3 photonic mate-
rial platform, can generate this top-hat profile for the 370 nm Doppler
cooling transition of Yb™T ions, thereby increasing the modal area of
the waveguide mode by a factor of ~ 10%. This integrated photonic
approach provides a path towards improved beam homogeneity and
scalable multi-ion clocks, overcoming the limitations imposed by free-
space optics.

[1] J. Yu et al., "Precision Spectroscopy in Yb+ ions," 2024 European
Frequency and Time Forum (EFTF), Neuchatel, Switzerland, 2024,
pp.- 334-336, doi: 10.1109/EFTF61992.2024.10722611.

Q 40.2 Wed 17:00 Philo 1. OG
Fabrication approach for all-diamond nano-cavity structures
in submicron membranes — eKirLiaAN MAaRK, JaN Fair, and
CHrisTOPH BECHER — Universitdt des Saarlandes, Campus E2.6,
66123 Saarbriicken, Germany

Tin-vacancy (SnV) centers in diamond combine excellent optical prop-
erties with long spin-coherence times, making them promising candi-
dates for spin-photon interfaces in quantum technologies [1]. However,
photon collection efficiency from bulk diamond is low due to total inter-
nal reflection at the diamond-air interface [2]. It is crucial for most ap-
plications to improve the collection efficiency of photons, which can be
achieved by using nanophotonic structures. This contribution presents
the individual fabrication steps towards bull’s eye cavities in thin dia-
mond membranes, focusing on the use of a thin silicon (Si) layer as a
hard mask to etch the diamond via inductively coupled plasma reac-
tive ion etching (ICP-RIE). The Si layer is patterned in an SFg:C4Fs
plasma to obtain sharp features with vertical sidewalls, which are sub-
sequently transferred into the diamond using an Ar:Og plasma. *Tests
on bulk diamond with feature dimensions adapted to the SnV emis-
sion wavelength (619 nm) show promising results with steep angles and
small roughness of the sidewalls. We will report on first experiments
on deterministic implantation of SnV centers at the center of the bulls-
eye structures. *[1] J. Gorlitz et al., npj Quantum Inf 8(45), 2022 *|2]
E. Janitz et al., Optica 7(10), 2020

Q 40.3 Wed 17:00 Philo 1. OG
Passive photonic structures in transition metal dichalco-
genides for integrated quantum photonics — e ANiTA KonrwEs!,
ZENGYA L1, TiMUR SHEGAI?, and Doris RerreErR! — 1TU Dortmund,

Germany — 2Chalmers University of Technology, Gothenburg Sweden
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Integrated photonics relies on nanostructured materials, including
single-photon emitters, waveguides, and photonic cavities. While most
existing approaches use different materials for the various components,
we aim to realize a single-material, all-in-one photonic platform based
on transition-metal dichalcogenides (TMDCs). With this goal in mind,
we simulate passive photonic TMDC structures using Maxwell solvers
such as FDTD or FEM and optimize their performance. The first part
of the study examines simple rectangular waveguides and how geome-
try affects mode confinement, effective index, and propagation. From
this, we derive clear design rules toward experiments that maximize
performance while remaining compatible with planar processing. In
the second part, we introduce a periodic array of holes in the waveg-
uide to create a photonic bandgap. By tuning the period and hole
diameter, we design efficient mirrors and a stopband at the target
wavelength for TMDC single-photon emitters. Our results represent a
first step towards a single-material TMDC photonic platform.

Q 40.4 Wed 17:00 Philo 1. OG

Cryogenic-Temperature ODMR Analysis of Nitrogen-

Vacancy Centers in Nanodiamonds — eWanroNnGg LI,
Keisuke OsuiMi?, Masazumi Fusiwara?, and OLIVER Benson! —
IHumboldt-Universitit, Berlin, Germany — 2Okayama University,

Okayama, Japan

Nitrogen-Vacancy (NV) defect centers in diamond have demonstrated
remarkable quantum properties and have enabled diverse applications
in quantum technology and sensing. NV centers in nanodiamond ex-
hibit temperature-dependent shifts in their zero-field splitting (ZFS),
but the underlying mechanisms may differ from those observed in bulk
diamond [1] due to surface effects [2], lattice strain, impurity-induced
perturbations, and other nanoscale mechanisms. In this work, we in-
vestigate the Optically Detected Magnetic Resonance (ODMR) of en-
semble NV centers in nanodiamond over a range of cryogenic tem-
peratures. These measurements enable direct probing and modeling of
the temperature-dependent NV zero-field splitting. Looking ahead, we
aim to investigate fundamental physical phenomena in nanodiamond
using single NV defects.

References

[1] M. C. Cambria et al., Physically motivated analytical expres-
sion for the temperature dependence of the zero-field splitting of the
nitrogen-vacancy center in diamond, Phys. Rev. B 108, 1180102
(2023).

[2] M. Sow et al., Millikelvin intracellular nanothermometry with
nanodiamonds, Adv. Sci. 12, e11670 (2025).

Q 40.5 Wed 17:00 Philo 1. OG
Light modulation in electrically switchable metasurfaces us-
ing organic electro-optical materials — ePauL BINGEL!, MONIKA
UsL!, Masis Sirim?, Patrick KerN2?, STEFAN BrAse?, and HaRr-
ALD GiessEN! — '4th Physics Institute and Research Center SCoPE,
University of Stuttgart, Germany — 2Institute of Organic Chemistry,
Karlsruhe Institute of Technology (KIT), Germany

Classical electro-optic materials, including liquid crystals, transition-
metal oxides, and conducting polymers, are widely used in display
technologies, adaptive optics, and tunable photonic systems. Recently
developed organic-electro-optic (OEO) materials have demonstrated
coefficients more than an order of magnitude higher than those of
conventional systems. This advancement enables the integration of
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plasmonic metasurfaces with the high-performance OEO chromophore
JRD1 to realize electrically switchable devices based on the Pockels
effect. In this presentation, we demonstrate that a gold metasurface
coated with JRD1 exhibits strong and fast electro-optic tunability.
By tailoring the metasurface geometry, we achieve exceptionally high
transmission modulation in the infrared, particularly at technologically
relevant telecom wavelengths. These active hybrid structures offer a
promising route toward compact, efficient, and reconfigurable compo-
nents for next-generation photonics and telecommunications.

Q 40.6 Wed 17:00 Philo 1. OG
Enhancing Light-Matter Interactions In Integrated Plat-
forms — eMarLaika WaHEED!, CHRISTIAN KoOLLER!, and SARAH
MARGARETHA BAYER-SKOFF? — 1FH Wiener Neustadt, Johannes
Gutenberg-Strafe 3, 2700 Wiener Neustadt 2700 Wiener Neustadt,
Austria — 2TU Wien, Stadionallee 2, 1020 Wien, Austria

Two-dimensional van der Waals materials, such as hexagonal boron
nitride hosting carbon-related defects, represent a versatile platform
for quantum technologies at room temperature. These defects offer
the properties of emitting single photons, as well as they offer opti-
cally detectable spin resonances under controlled environment. Also,
the single-photon detection and correlation need to be measured with
high time resolution to improve the quantum efficiency and fast detec-
tion. Thus, our work presents the study of carbon-related point defects
in hBN, including single photon emission and their optically detectable
magnetic resonances. For the detection system of these single photons,
the design and characterization of an on-chip CMOS-compatible sin-
gle photon detector with an integrated correlator module is important
to implement. With on-chip detector design and behavioural analysis
of point defects in hBN, this work will potentially contribute towards
scalable, high-performance solutions for quantum photonics and sens-
ing applications.

Q 40.7 Wed 17:00 Philo 1. OG
Optical feedback for the photo-induced deformation of thin
films — eKENNETH LUTTICKE and CARSTEN HENKEL — Universitit
Potsdam, Institut fiir Physik und Astronomie, Germany

Photo-induced deformations in photoactive polymer thin films have
been intensively studied for decades due to their potential use in in-
scribing topographical relief patterns with high information density.
These deformations arise from trans—cis photoisomerization cycles, and
various theoretical models have been developed to bridge the molecu-
lar processes with the resulting macroscopic structures [1,2,3]. While
several theoretical frameworks address mass transport or anisotropic
reorientation [4,5], they fall short of predicting realistic deformation
scales or feedback effects during holographic exposure. In this work,
we analyze the possibility of an optical feedback where holographic
illumination gets reinforced by the growing relief, as an alternative to
the conventional orientation approach.

[1] M. Saphiannikova, V. Toshchevikov and N. Tverdokhleb, Soft Mat-
ter 20 (2024) 2688

[2] M. Merkel, A. Elizabeth, M. Bockmann, H. Ménig, C. Denz and N.
L. Doltsinis, J. Chem. Phys. 158 (2023) 104905

[3] H. Leblond, R. Barille, S. Ahmadi-Kandjani, J.-M. Nunzi, E. Ortyl
and S. Kucharski, J. Phys. B 42 (2009) 205401

[4] F. Ledoyen, P. Bouchard, D. Hennequin and M. Cormier Phys.
Rev. A 41 (1990), 4895

[5] M. Saphiannikova, V. Toshchevikov, and J. Ilnytskyi, Nonlin. Opt.
Quantum Opt. 41 (2010) 27

Q 40.8 Wed 17:00 Philo 1. OG
Polarization measurements of nanophotonic outcouplers for
quantum technology applications — eNAsIMALSADAT MoUusAavi
SavaDpkoUHIY, CARL-FREDERIK GRIMPE2, GuocHUN Du?, STEF-
FEN SAUERD3, Anastasina LUssmanN-SorokiNal:3 Aronso Ar-
cAPE MEYER!3, Liam SHELLING NETO!3, ELENA JORDANZ, TANJA
E. MeHLsTAUBLER?%® and STEraniE Kroker!2:3 — llnstitut fiir
Halbleitertechnik, Technische Universitat Braunschweig, Germany —
2Physikalisch-Technische Bundesanstalt, Braunschweig, Germany —
3Laboratory for Emerging Nanometrology, Braunschweig, Germany —
4Institut fiir Quantenoptik, Leibniz Universitdt Hannover, Germany
— 5Laboratorium fiir Nano- und Quantenengineering, Hannover, Ger-
many

Controlling the polarization state of light is crucial for photonic and
quantum optical applications, such as cooling and state preparation
of ions for quantum computing and quantum sensing. Integrated
nanophotonic outcouplers provide an on-chip interface for directing
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light fields onto these quantum emitters, making their ability to gen-
erate well-defined circular polarization important. In this work, we
investigate the polarization of light emitted from an outcoupler at 760
nm based on a QR-Code structure. We use a rotating quarter-wave
plate method to characterize the polarization state, reconstruct the
set of Stokes parameters, and obtain the degree of linear and circular
polarization of the outcoupled beam. We demonstrate that this mea-
surement method enables verification of the circular polarization by
the outcoupler and allows quantification of polarization imperfections.

Q 40.9 Wed 17:00 Philo 1. OG
Simulation Framework for Athermal Silicon Nitride Waveg-
uide Design — eEKIN BircaAN Bospurmaz, Max DE JAGER, and
Pepun W. H. PiNksE — MESA+ Institute for Nanotechnology, Uni-
versity of Twente, PO Box 217, 7500 AE Enschede, The Netherlands

We present a simulation framework to engineer athermal integrated
waveguides in silicon nitride photonic platforms. Starting from real-
istic SizN4/SiO2 stacks with optional overlay layers, we compute the
temperature dependence of the guided modes by combining electro-
magnetic eigenmode solvers with temperature-dependent refractive in-
dex models. Thermo-optic finite-element simulations provide the local
temperature distribution allowing us to find contributions to the effec-
tive index shift. By sweeping core geometry, cladding composition, and
overlay thickness, we map the design space where the net thermo-optic
coefficient of the fundamental mode approaches or crosses zero, and we
quantify the spectral bandwidth over which this athermal condition is
maintained. The methodology provides a practical, simulation-driven
route to identify and optimize athermal SizN4/SiO2 waveguide geome-
tries for temperature-stable operation in precision photonic integrated
circuits.

Q 40.10 Wed 17:00 Philo 1. OG
Fabrication of High Quality Factor Resonators in TaxOs
for Integrated Nonlinear Photonics — eJaN WuLkoTTEN?:3,
Davip LEmui'»23 Tmv Buskasperb2:3, and CarsTEN Scuuck!?3
— 1Department for Quantum Technology, University of Miinster,
Heisenbergstr. 11, 48149 Miinster, Germany — 2Center for Soft
Nanoscience, Busso-Peus-Str. 10, 48149 Miinster, Germany — %Center
for Nanotechnology, Heisenbergstr. 11, 48149 Miinster, Germany

Integrated nonlinear photonics enables the generation of quantum
light through sub-wavelength waveguide confinement and high-quality-
factor resonators to enhance nonlinear light-matter interactions.
Within this framework, tantalum pentoxide (Ta2Os) has emerged as
a compelling material platform owing to its high refractive index, low
propagation loss, and strong third-order optical nonlinearity.

Efficient nonlinear processes require precise dispersion engineering,
which necessitates the use of thick films and introduces substantial
nanofabrication challenges. In this work, we demonstrate microring
resonators with high quality factors at 1550 nm based on 600 nm-thick
TazOs5 films on SiOg substrates with air cladding. In addition, we
show an efficient coupling scheme based on polymer-printed couplers
with minimal simulated back reflection, which is expected to facilitate
precise control of Kerr nonlinear dynamics.

These high-quality-factor TapOs microring resonators constitute a
key building block for integrated nonlinear and quantum photonic cir-
cuits, paving the way toward on-chip Kerr nonlinear processes and the
generation of non-classical states of light.

Q 40.11 Wed 17:00 Philo 1. OG
Enhanced light matter interaction for quantum technolo-
gies and sensing applications — eApaM LAFFERTY, RAPHAEL
NEUBACHER, HEeELMuUT HORNER, MALAIKA WAHEED, AMBIKA
SHORNY, FRITZ STEINER, ALEX GOTZ, ADARSH PRASAD, STEFAN
WALSER, and SARAH M. SKOFF — Atominstitut, TU Wien, Stadion-
allee 2, 1020 Vienna, Austria

Strong light-matter interactions are important both for quantum net-
works and for sensing applications.

Achieving such coupling has long been a challenge for conventional
bulk optical platforms. Recent advances in nanofabrication have
opened the door to nanophotonics as a powerful platform for enhanc-
ing light matter interaction. Here, we will show how different types
of nanophotonics can be employed to enhance the interaction between
single quantum emitters and a light field. We will also show that such
platforms can be employed for sensing applications, even in the wider
context of environmental sensing, where we have demonstrated that we
can detect and identify nanoplastic particles down to sizes of 100nm.
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Q 40.12 Wed 17:00 Philo 1. OG
Investigating Non-Hermiticity in Photonic Waveguides With
Higher Modes — eSABRINA HamMmEL, Junian ScHuLz, and
CHRISTINA JORG — Physics Department and Research Center OP-
TIMAS, RPTU Kaiserslautern-Landau, Germany

Non-Hermitian photonic systems host a range of striking physical phe-
nomena - such as loss-induced topological states, exceptional points,
and non-orthogonal mode dynamics - that are impossible in Hermitian
settings [1]. These effects are typically realized by engineering spatial
distributions of gain and loss. Here, we demonstrate a fundamentally
different and highly versatile approach: implementing non-Hermiticity
directly in the orbital degree of freedom. Using 3D micro-printed in-
verse waveguides infiltrated with absorptive materials, we create pho-
tonic structures that support both the fundamental mode (T'EMoqo)
and higher-order transverse modes. Certain geometries, such as an el-
liptical shape, allow the orthogonal T'EMig and T E Mgz modes to cou-
ple between neighboring sites, while experiencing different amounts of
absorption. This mode-dependent loss produces a non-Hermitian two-
mode system without requiring spatially patterned gain or loss. Cru-
cially, because the non-Hermiticity resides in the modal degree of free-
dom, it can be externally switched simply by choosing which mode is
guided. This enables a new class of reconfigurable non-Hermitian pho-
tonic platforms capable of realizing and dynamically controlling non-
Hermitian phenomena, including exceptional points and loss-stabilized
topological states.
[1]: S. K. Gupta et al., Adv. Mater. 32, 1903639 (2020)

Q 40.13 Wed 17:00 Philo 1. OG
The SSH model in non-dimerized chains via multimode
waveguides — elaNn HEeiL, JurLiaN ScHULz, and CHRISTINA JORG
— Physics Department and Research Center OPTIMAS, RPTU
Kaiserslautern-Landau

Topological photonic waveguide arrays based on the Su-Schrieffer-
Heeger (SSH) model typically rely on an alternating spacing between
neighboring waveguides. Therefore, the distinction between the triv-
ial and topological phases is sensitive to the geometric layout and the
presence or absence of individual sites. In this work, we introduce a
fundamentally different strategy. We investigate a non-dimerized chain
of multimode waveguides whose elliptical geometry enables control over
the coupling between s-, p-, and d-like modes [1]. Here, the topology
arises because two distinct transverse modes form an effective two-site
basis within each real-space waveguide, yielding a synthetic dimeriza-
tion even though the physical lattice contains only a single site per
unit cell. This effective model reproduces SSH-like physics without
requiring any spatial alternation of waveguide positions. Because the
topological phase is encoded in the modal degrees of freedom rather
than real-space geometry, edge states persist regardless of the number
of waveguides, and adding or removing sites at the boundaries does
not affect the topological character. Through changes in ellipticity or
spacing between waveguides, we demonstrate controllable transitions
between trivial and topological phases. This mode-based strategy of-
fers a route to reconfigurable topological photonic systems.
[1] G. Liu et al. PRB 110, 214110 (2024)

Q 40.14 Wed 17:00 Philo 1. OG
Integrated Optics for efficient Fluorescent collection for sin-
gle NV centers — eRoBERT Bruss!, Lucas KircaBacu!:2, and
AnDREAS STUTED2 — Faculty AMP, KeRlerpl. 12, 90489 Niirnberg
— 2Faculty EFI, Wassertorstr. 10, 90489 Niirnberg

Efficient collection of fluorescence light is essential for all optically
adressable qubit platforms. For the nitrogen-vacancy (NV) center in
diamond, the high refractive index of the host medium poses a ma-
jor challenge as it limits the solid angle under which fluorescence light
can leave the crystal. To enhance collection efficiency from single NV
centers, we design and simulate micro-optical elements that shall be
directly fabricated on the diamond surface using two-photon polymer-
ization. Several optical designs and photoresists are evaluated for their
expected coupling efficiency into single-mode fibers and their tolerance
to fabrication errors. Additionally, an analytical solution for single lens
collimation of the emission of a point source in diamond at a specific
wavelength is presented, as well as considerations regarding the degra-
dation of wavefront quality in multi-wavelength Fresnel designs.

Q 40.15 Wed 17:00 Philo 1. OG
Refractive index characterization and luminescence spectra
of photoresists for 3D printing — eLEONARDO GUIMARAES, LE-
ANDER SIEGLE, and HARALD GIESSEN — 4th Physics Institute and
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Research Center SCoPE, University of Stuttgart, Pfaffenwaldring 57,
70569 Stuttgart, Germany

With the development of two-photon polymerization 3D printers, op-
tical and mechanical characterization of their printing material, the
photoresist, became crucial. Properties such as transmission have been
well characterized recently. The luminescence of these photoresists, of
major interest for biomedicine and quantum applications, however,
has been underreported. In this work, we characterize the spectral
response at multiple excitation wavelengths in the ultra-violet and vis-
ible. The refractive index of these photoresists is a key parameter for
any optical component. We measure the refractive index of several
photoresists over the visible and near-infrared spectral region. Our
data shortens the search for the ideal photoresist across a different
range of applications, be it the required low autofluorescence necessary
for biomedicine, quantum light devices, or optimal refractive index for
micro-optical components.

Q 40.16 Wed 17:00 Philo 1. OG
Complex-structured beam produced by modulated phase
mask — eZiHAo ZHANG and HARALD GIESSEN — 4th Physics Insti-
tute and Research Center SCoPE, University of Stuttgart, Germany

Super-resolution technologies for both imaging and measurement have
become major research frontiers over the past decade, driven by ad-
vances such as Stimulated Emission Depletion (STED) microscopy and
Structured Illumination Microscopy (SIM). STED routinely achieves
resolutions down to 30 nm with strong depletion, while SIM offers
enhanced resolution with compatibility for live-cell imaging. How-
ever, both methods rely on complex-structured beams, typically donut-
shaped or otherwise spatially engineered, whose generation often re-
quires bulky and intricate optical assemblies. Many practical applica-
tions, therefore, demand compact, easily integrated solutions for pro-
ducing such illumination fields. In this work, we exploit state-of-the-art
Two-Photon Grayscale Lithography (2GL) to fabricate customizable,
continuous, and freeform microscale phase masks capable of generating
advanced beam profiles. We demonstrate multiple design strategies,
including aspect-ratio tuning, controlled phase-rotation gradients, and
phase extraction from superposed fields. These approaches enable the
realization of complex-structured beams in a highly compact form fac-
tor, suitable for straightforward implantation into existing optical sys-
tems. Our results establish 2GL-fabricated phase masks as a versatile
platform for next-generation super-resolution illumination engineering.

Q 40.17 Wed 17:00 Philo 1. OG
Mid- to long-wave-infrared nanoscopy with lanthanide trans-
ducers — eJunvyu Guan!, Hanvu Zuanc!, Yanan Li1%2, Kun
Huana?, and Kanawer X1al — Laboratory of Spin Magnetic Res-
onance, School of Physical Sciences, University of Science and Tech-
nology of China — 2State Key Laboratory of Precision Spectroscopy,
East China Normal University

Mid- to long-wave infrared (MIR-LWIR) microscopy provides a non-
invasive and label-free tool to acquire rich spectroscopic and struc-
tural information about chemical materials and biomedical samples.
However, the lateral resolution is typically limited by severe opti-
cal diffraction at long infrared wavelengths, which hinders imaging
systems from observing intricate details beyond the diffraction limit.
Here, we report a MIR-LWIR to near infrared (NIR) transducer based
on a rare-earth-doped crystal, which enables room-temperature MIR-
LWIR imaging within a broad spectral coverage of 7-10.6 pm. The
presented lanthanide-based transducer is compatible with close posi-
tioning to nano-/micro-structures, facilitating near-field MIR-LWIR
imaging with an improved spatial resolution from 50 pum to sub-pm.
Notably, hidden objects can be accurately identified with high axial
precision owing to the confocal excitation configuration, which enables
high-resolution MIR-LWIR depth imaging. In addition, experimental
validation using two-dimensional materials such as hexagonal boron
nitride reveals distinct MIR-LWIR response characteristics, demon-
strating the system’s capability for high-resolution imaging and spec-
troscopic characterization across extended infrared wavelengths.

Q 40.18 Wed 17:00 Philo 1. OG
Machine learning driven texture analysis of laser speckle
imaging for early breast cancer detection — eDoAA YOUSSEF —
Department of Engineering Applications of Lasers, National Institute
of Laser Enhanced Sciences (NILES), Cairo University, Egypt

Breast cancer remains one of the most prevalent malignancies, and
early detection is crucial for improving patient outcomes. We present
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an image-guided breast cancer detection method based on laser speckle
imaging and machine learning. The approach exploits the distinct ab-
sorption and scattering properties of healthy and malignant breast
tissue. A dual-wavelength optical system using low-power 532 nm
and 632 nm lasers was developed to record speckle patterns from
ex vivo breast samples. Diagnostic information is extracted using a
strategy that combines multi-neighborhood local entropy with a Ga-
bor filter bank to generate texture maps that reveal subtle structural
changes. These maps are fused to form a single informative image, from
which texture features are obtained using two histogram-based meth-
ods and refined through data reduction techniques. The discriminative
capability of the extracted features was assessed using three super-
vised classification models: support vector machine (SVM), ensemble
k-nearest neighbor (E-kNN), and extreme gradient boosting (XGB).
Combining information from both wavelengths improved overall diag-
nostic performance, yielding an accuracy of 98.48% and a weighted F1
score of 98.54%. These findings demonstrate the potential of laser
speckle-based optical diagnostics integrated with Al for affordable,
non-destructive early breast lesion detection.

Q 40.19 Wed 17:00 Philo 1. OG
Fiber Fabry-Perot Cavities: Design, Arrays, and Interfaces —
eJANA BLECHMANN, DANIEL StAcHANOW, LUKAs TENBRAKE, FLO-
RIAN GIEFER, GIAN-MARCO SCHNUERIGER, HANNES PFEIFER, and
SEBASTIAN HOFFERBERTH — Institute of Applied Physics, University
of Bonn, Germany

Fiber Fabry-Perot cavities (FFPCs) offer many advantages, including
their miniature size and robustness, in applications like sensing. In the
Bonn Fiber Lab, we specialize in the precise fabrication and analysis
of FFPCs and the integration with fiber interfaces.

This poster will showcase three ongoing projects, focusing on both
the development of fiber cavities and their applications.

We will present our current research on a novel, monolithic, pas-
sively stable, fiber-based crossed-cavity, including the manufacturing
of fiber mirrors with the in-house shooting setup.

Further, we will showcase our recent steps in manufacturing cav-
ity arrays on optical multicore fibers. Among the numerous possible
applications, we aim to use them as an interface for mechanical meta-
materials.

We will also present our latest progress in the investigation of inter-
faced micro-mechanical resonators fabricated through 3D direct laser
writing, covering techniques for optimizing Q-factors, such as dissipa-
tion dilution and the use of glassy structures with inherently higher
intrinsic Q.

Q 40.20 Wed 17:00 Philo 1. OG
Rydberg quantum optics based on integrated photonic
waveguides immersed in a hot atomic vapor — e ALEXANDRA
Koprb2 Annika Berz!, Xiaoyu CHENG!, BENYAMIN SHNIRMANDZ,
Hapisen ALAEIAN3, HARALD KUBLER!, RoBERT Low!, and TiLMAN
Praul — 15, Physikalisches Institut and Center for Integrated
Quantum Science and Technology, Universitat Stuttgart, Germany —
2Institut fiir Mikroelektronik Stuttgart (IMS-Chips), Stuttgart, Ger-
many — S3Departments of Electrical & Computer Engineering and
Physics & Astronomy, Purdue University, West Lafayette, USA

The combination of thermal atomic vapors with nanophotonic struc-
tures provides a unique platform for the exploitation of atom-photon
and light induced atom-atom interactions. One major goal is to en-
hance the corresponding non-linearities from the few to the single pho-
ton level by either strong enough coupling or the Rydberg blockade ef-
fect. In detail, we study a chip-scale platform based on silicon nitride
waveguides integrated into a rubidium vapor cell where the evanescent
fields of the photonic waveguides can interact with the atoms in spe-
cific regions. By underetching the structures we can further enhance
the coupling of the evanescent fields with the atomic vapor. The main
focus lies currently in the combination of underetched tapered waveg-
uides with high resolution spectroscopy. In a first experiment it was
shown that the transit time broadening is reduced to a level, that sub-
Doppler features can be observed, such as EIT. In a second approach
we excite Rydberg atoms (in the 32S state) within the evanescent field
of a tapered nanowaveguide.
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Q 40.21 Wed 17:00 Philo 1. OG
Simulations of inverse taper structures for efficient edge cou-
pling in TFLIN — eMicHA JonNas, FiLip SosNicki, LAURA PADBERG,
HaraLD HERRMANN, and CHRISTINE SILBERHORN — Paderborn Uni-
versity, Integrated Quantum Optics, Institute for Photonic Quantum
Systems (PhoQS), Warburger Str. 100, 33098 Paderborn, Germany

Thin-film lithium niobate (TFLN) emerges as a promising platform for
photonic integrated circuits due to notably electro-optic and nonlinear
properties. It makes it particularly suitable for quantum photonics
where one can apply frequency-mixing schemes or electro-optic mod-
ulation to single-photon pulses. Such applications require low losses
within a broad spectral bandwidth. Currently, in- and out-coupling
efficiencies are fundamental limitations due to the mode-mismatch of
waveguide eigenmodes (MFD ca. 1upm) and fiber mode (MFD ca.
10um). Here we investigate inverse tapers that enlarge the optical
mode at the waveguide facet to match it to the fiber mode increasing
coupling efficiency. We perform numerical simulations of taper struc-
tures in TFLN to optimize fiber in- and out-coupling of a waveguide.
For this purpose, we use Eigenmode Expansion (EME) to calculate
the optical mode distribution at the end of the taper while varying its
dimensions, compatible with TFLN chip fabrication tolerances. We in-
vestigate impact of the inverse taper on the edge-coupling efficiency for
various in-coupling optical beam dimensions as well as possible align-
ment tolerances and their spectral bandwidth. Our work will enable
low-loss coupling into TFLN photonic integrated circuits paving the
way for on-chip quantum photonics.

Q 40.22 Wed 17:00 Philo 1. OG
Simulating Surface Roughness Effects on TIR Coupling
Losses in Thermally Annealed SLE Structures — eTHILO DAN-
NER, VERONICA MONTOYA, PATRICK HILDEBRAND, YASSIN NASR, AN-
DREAS MicHALoOwsSKI, and ToBias MENOLD — Institut fiir Strahlw-
erkzeuge (IFSW), Pfaffenwaldring 43, 70569 Stuttgart, Germany

Femtosecond laser-written structures in fused silica offer a versatile
platform for integrated photonic devices, leveraging their 3D process-
ing capabilities to enable integrated light handling, including guid-
ing, reflecting, and focusing. Integrated light reflection is achieved
via Selective Laser Etching (SLE) on a specific surface, where light
is reflected through total internal reflection (TIR). Unfortunately, the
SLE process inherently yields a rough surface, introducing scattering
losses that degrade performance and cause unwanted mode distortion.
Thermal annealing is a common method of reducing surface rough-
ness. Using experimental roughness data, we simulated the influence
of roughness after various annealing times to obtain the resulting cou-
pling losses of a Gaussian beam into a waveguide. Various design pa-
rameters are simulated using electromagnetic solvers, specifically the
Finite-Difference Time-Domain (FDTD) and Finite Difference Eigen-
mode (FDE) methods, to evaluate how much annealing is required to
approach the surface quality demanded for low-loss coupling.

Q 40.23 Wed 17:00 Philo 1. OG
Simulation of light guiding and coupling in direct laser-
written integrated optical elements — eVERONICA MONTOYA,
THiLO DANNER, PaTricKk HILDEBRAND, YASSIN NASR, ANDREAS
MicHaLowskl, and ToBias MENoOLD — Universitat Stuttgart, Institut
fiir Strahlwerkzeuge (IFSW), Pfaffenwaldring 43, 70569 Stuttgart

The trend to construct on-chip three-dimensional devices is growing,
and direct laser-written structures (DLW) in glass represent a versatile
key technology for integrated photonic systems. Major challenges lie in
the currently insufficient theoretical understanding of the influence of
the resulting refractive index profiles of DLW waveguides, as well as in
the development of scalable and robust light coupling between a waveg-
uide and other integrated optical element. Therefore, simulation-based
preliminary work is essential. The goal of this project is to analyze and
optimize the light-guiding behavior and coupling properties of DLW
waveguides and coupling structures using simulation tools such as An-
sys Lumerical. A realistic implementation of the refractive index profile
resulting from DLW, along with the resulting mode structure, losses,
and coupling functionality facilitated by Ansys’ time, space, and fre-
quency solutions, can provide the foundation for the targeted design
of complex structures in the future.
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Q 41.1 Wed 17:00 Philo 2. OG
Implementation of ground separation boards for DC and
RF supply devices in trapped-ion experiments — eJANNIK
MarTiL!, SuoBHIT SaHEB Dev!, ANDRE PHiLIPP Kurosal,
Jonas KerLLer!, MarriN Lubpwic Hesse!2, RanjT KUMAR
Sinan'?, Nicoras SPETHMANN!, and TANJA MEHLSTAUBLERDZ
! Physikalisch-Technische Bundesanstalt (PTB), 38116 Braunschweig,
Germany — 2Leibniz-Universitat Hannover, 30167 Hannover, Welfen-
garten 1, Germany

Ion traps have matured into commercially available quantum tech-
nology products, used in high-precision applications such as optical
clocks [1]. These applications demand highly sensitive spectroscopic
measurements, making the suppression of perturbations essential. The
trap control electronics can couple electro-magnetic noise into the trap
electrodes. This electromagnetic field noise originating from inade-
quate grounding of electronic devices —ground loops— leads to in-
creased motional heating and instability in precision measurements.
We report about plug-and-play ground isolation boards designed to
separate the DC and RF ground connections explicitly for usage of
the Sinara hardware [2]. Three different isolation boards (capacitive,
inductive, opto-coupled) have been designed and characterized to iden-
tify the best performance in noise suppression via heating rate mea-
surements with trapped ions. [1] Jordan E., Brinkmann M., Didier
A., Jansson E., Steinel M., Huntemann N., Shao H., Siebeneich H.,
Wunderlich C., Johanning M. und Mehlstdubler T. E., Quantum Sci.
Technol. 10, 045005 (2025). [2] https://github.com/sinara-hw

Q 41.2 Wed 17:00 Philo 2. OG
Database for UHV and XUHYV suitable materials for use
in quantum technologies — eVaNEssa GALBIERz!, PascaL
ENGELHARDT!2, Soria HerBErs!, and PiET OLIVER ScHMIDT!:2
— 1Physikalisch-Technische Bundesanstalt, 38116 Braunschweig, Ger-
many — 2Leibniz Universitit Hannover, Institut fiir Quantenoptik,

30167 Hannover, Germany

The background pressure of a vacuum system is one major limiting
factor when it comes to the lifetime and coherence time of atomic
quantum systems. Hence, potentially suitable materials for use in
such experiments need to be assessed carefully regarding their out-
gassing behavior. To address this issue, we developed a strategy to
identify, measure, and classify applicable materials, thereby assessing
their suitability for use in UHV and XUHV environments. Identified
materials, as well as subassemblies and commercially available parts,
are then collected and indexed into a comprehensive database. We will
present the prototype of this database in detail, including the outline
structure and first results. We will demonstrate how standardization
for the tabulation could work and which information is required to
provide the data for even an inexperienced user, highlighting possible
use cases and benefits for all types of vacuum-based experiments.

Q 41.3 Wed 17:00 Philo 2. OG
Sub-kHz, RF-traceable Frequency Comb with Dual-Domain
Stabilization and Automated Locking — eAL1 SEER, JAE-IHN
Kiv, Frorian Ficce, THomAs Puppe, CHRISTOPH STIHLER, and
MarTHIAS ScHOLZ — TOPTICA Photonics SE, Gréfelfing, Germany

We present a dual-loop-stabilized DFG frequency comb providing si-
multaneous spectral purity and Sl-traceable frequency accuracy. The
scheme avoids the cost and complexity of high-finesse cavity-stabilized
systems while delivering sub-kHz linewidths. A comb-comb compari-
son demonstrates an H-maser-like long-term stability limit. Fully au-
tomated locking and a unified GUI make the system a universal optical
reference for quantum-optics experiments.

Q 41.4 Wed 17:00 Philo 2. OG
MEMS scanner mirrors for integration of an optical cavity
in an ion trap — eCaN LreicuTwEiss!, PAUL RASCHDORFZ, JAN
MULLER!, Jonas VoceL!3, JaNINE HILDER!'3, BJOrRN LEkiTscHD3,
SHANSHAN Gu-StoppEL?, and FERDINAND ScuMIDT-KALERDS —
IQUANTUM, Institut fiir Physik, 55128 Mainz — 2Fraunhofer-

Institut fiir Siliziumtechnologie, 25524 Itzehoe — 3neQxt GmbH
The high fidelity readout of trapped ion qubits is based on the obser-

70

Location: Philo 2. OG

vation of laser-induced fluorescence. However, photons are randomly
scattered in angle, which reduces the collection efficiency and increases
the time required for readout. We plan to use the Purcell effect by de-
ploying a resonant optical cavity such that photons are scattered into
the cavity mode, which in turn could reduce the qubit detection time
to a few us.

We fabricate and test MEMS mirror devices, which allow for length
stabilization and alignment of a high finesse cavity. We will position
the cavity waist to the ion position without moving the ion itself, avoid-
ing excess micromotion. Furthermore, a small footprint is required for
an integration to an ion trap. We report results from a cavity with
a ion-mirror distance of 0.8 mm, characterizing the finesse, waist size
and adjustment features. In future, and with enhanced coupling [1],
such cavity-enabled ion-light interface may allow for interconnecting
trapped ion quantum processor modules.

[1] Takahashi, et al. PRL 124, 013602 (2020)

Q 41.5 Wed 17:00 Philo 2. OG
Simulation-Based Approach for Programming a Spatial Light
Modulator for Deterministic fs-Laser Writing of NV-Centers
in Diamond — eJuLiaN STaNiEwski', Lucas Kircuacu'?, An-
prEAs GiesE?, BERND Braun?, and ANDREAs STUTED? — 1Faculty
of Electrical Engineering, Precision Engineering, Information Technol-
ogy, Technische Hochschule Niirnberg, Kefslerplatz 12, 90489 Niirnberg
— 2Faculty of Applied Mathematics, Physics and Humanities, Tech-
nische Hochschule Niirnberg, Keflerplatz 12, 90489 Niirnberg

To generate deterministically placed vacancies in a diamond crystal, a
high spatial-temporal energy density must be achieved in the crystal.
Consequently, the wavefront of a fs-laser shall be corrected via a spatial
light modulator (SLM) prior to entering the high numerical aperture
focusing optics. This work presents an optical model that allows for
calculating the phase mask to be imposed by the SLM. To validate the
accuracy of the model, crystal samples of different thickness are used
in a test setup to intentionally introduce aberrations. The model is
verified via comparing such wavefront measurements with the model
predictions.

Q 41.6 Wed 17:00 Philo 2. OG
Highly-efficient, low noise quantum frequency conversion of
single photons from a tin-vacancy center in diamond —
eMARLON SCHAFER, DAVID LINDLER, TOBI1AS BAUER, and CHRISTOPH
BecHER — Universitit des Saarlandes, Campus E2 6, 66123 Saar-
briicken

Quantum frequency conversion (QFC) is a key enabling technology for
quantum repeaters and large-scale quantum networks, as it connects
quantum memories with optical transitions in the visible and near-
infrared spectrum to the low-loss telecommunication bands used in
optical fiber networks. Here, we demonstrate a highly efficient and low-
noise QFC device for single photons resonant with tin-vacancy (SnV)
centers in diamond. Using difference-frequency generation in periodi-
cally poled lithium niobate waveguides, single photons at 619 nm are
mixed with a strong 2062 nm pump beam to generate light at an inter-
mediate wavelength of 885 nm, followed by a second conversion stage
to 1550 nm. This two-step conversion scheme strongly suppresses noise
from pump-induced spontaneous parametric processes as well as Ra-
man scattering, resulting in an exceptionally low noise level of less than
4 photons per second per gigahertz of filter bandwidth. In addition,
the device achieves a fiber-to-fiber conversion efficiency of 45%, includ-
ing an 8 GHz bandwidth filtering stage. Measurements of second-order
correlation functions for the converted photons confirm the preserva-
tion of nonclassical photon statistics after frequency conversion.

Q 41.7 Wed 17:00 Philo 2. OG
Comparison of High-Precision PM-Fiber Alignment Meth-
ods for Integrated Photonic Devices — ePuiLipp WiLL!, Lucas
KircuBacH!2, ALEXANDER BACHMANN®, RAINER ENGELBRECHT 3,
and ANDREAS STUTED2 — !Technische Hochschule Niirnberg, faculty
efi, Nuremberg, Germany — 2Technische Hochschule Niirnberg, fac-
ulty amp, Nuremberg, Germany — 3Technische Hochschule Niirnberg,
Polymere Optical Fiber Application Center (POF-AC), Nuremberg,
Germany
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This work compares three experimental methods for determining the
rotation angle and position of polarization-maintaining fibers for use
in integrated fiber arrays: detection of the front-face panda structure,
polarization measurements of the light guided by the fiber, and imag-
ing the panda structures via the lateral view of the fiber. Position and
rotational angle of the PM fiber are detected via image recognition
algorithms. Achieved positional accuracies lie in the sub-micrometer
range, rotational accuracies in the range of 0.01 rad corresponding to
a polarization extinction ratio of > 40 dB.

Q 41.8 Wed 17:00 Philo 2. OG
Characterization of photonic qubit conversion from polar-
ization to time-bin in the telecom range — eJuLiAN GROSs-
Funkb2, CHrisTiaN HAEN!, and JURGEN EscHNER! — 1Universitét
des Saarlandes, Experimentalphysik, 66123 Saarbriicken, Germany —
2see below

Many photonic quantum memory implementations rely on the time-bin
degree of freedom, which protects against decoherence in fiber trans-
mission, in contrast to polarization encoding. Time-bin qubits, how-
ever, lack compatibility with photonic polarization qubit implementa-
tions, such as single photons emitted by single trapped ions [1].

In this poster, we present a fiber-based converter for photonic
1550 nm polarization qubits to the time-bin degree of freedom, enabling
quantum experiments between different platforms. The fundamental
setup is based on an unbalanced interferometer for conversion and a
second one for measurement and reconstruction of the converted states.
The 18 m imbalance of the interferometer arms induces a sensitivity to
temperature variations in the millikelvin range, that we compensate
by an active temperature and phase stabilization scheme based on a
reference laser beam.

We investigate the influence of the temperature on the reconstruc-
tion fidelity, characterize the device by its ability to preserve the quan-
tum information and evaluate its performance with regard to other
applications.

[1] M. Bock et al., Nature Commun. 9, 1998 (2018).
?presently at German Aerospace Center (DLR), Institute of Quantum
Technologies, 89081 Ulm, Germany

Q 41.9 Wed 17:00 Philo 2. OG

Cryogenic integrated circuits for scalable trapped-ion

based quantum computers — oSEBASTIAN Haramal, Marco

Bonkowskl', PeTER ToTH2, ALEXANDER MEYER2, MARIUS
2 1,4

NeuMANNS, Vapim Issakov?, and CHRISTIAN OSPELKAUS
Hnstitut fiir Quantenoptik, Leibniz Universitdt Hannover, Welfen-
garten 1, 30167 Hannover, Germany — 2Institut fiir CMOS De-
sign, Technische Universitdt Braunschweig, Hans-Sommer-Strafle 66,
38106 Braunschweig, Germany — 3Institut fiir Elektrische Messtech-
nik und Grundlagen der Elektrotechnik, Technische Universitdt Braun-
schweig, Hans-Sommer-Strafe 66, 38106 Braunschweig, Germany
— 4Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116
Braunschweig

State of the art quantum computers are still too small and have a
too high error rate to tackle any useful problem. Surface-electrode
ion traps are a promising platform to overcome both issues. However,
with increased size the number of required electrical signal grows. Spe-
cially for cryogenic vacuum chambers, this will eventually result in a
non tolerable heat load originating from cables. A possible solution is
to hybrid-integrate control electronics together with the ion trap [1,
2]. This can potentially reduce the number of externally applied con-
trol signals to only a few, while it is still possible to supply hundreds
of electrodes with suitable voltages. We present our latest work on
integrating DC and microwave generators with a cryogenic ion trap.

[1] A. Meyer et al., DOI: 10.1109/TIM.2025.3571087

[2] P. Toth et al., DOI: 10.1109/ISSCC49661.2025.10904696

Q 41.10 Wed 17:00 Philo 2. OG
Sub-natural linewidth absorption filter based on Raman reso-
nance in hot atomic vapour — eVIOLA-ANTONELLA ZEILBERGER!,
INNAa Kviarkovsky!, Lucas PacHe!, LEONID YATSENKO?, PHILIPP
ScuneewEiss!, JORGEN Vorz!, and ArRNo RAUSCHENBEUTEL! —
Hnstitute of Physics, Humboldt University of Berlin, Berlin, Germany
— 2Institute of Physics, National Academy of Sciences of Ukraine,
Kyiv, Ukraine
Narrow optical band-stop filters are essential for fundamental research
and a wide range of photonic technologies, including quantum mem-
ory and low-frequency Raman spectroscopy. Experimentally, narrow
absorption features are realised using optical resonators or Faraday
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filters. In this work, we present an experimental realisation of a sub-
natural linewidth filter based on Raman resonance in hot 87Rb vapour.
The filter builds on a three-level lambda scheme on the D1 line, where
two optical fields couple the hyperfine ground states to a common ex-
cited state. By driving Raman transitions at single-photon detunings
larger than the Doppler width of the atomic vapour, we are able to
obtain absorption features in the kilohertz regime, well below the nat-
ural linewidth. We further investigate the influence of buffer gas and
the addition of a repump field for achieving higher optical depth. This
implementation of an optical notch-filter combines the advantages of a
spectral narrow-band absorption window with high off-resonant trans-
mission and thus can be crucial for applications where narrow spectral
features have to be attenuated without affecting the rest of the spec-
trum.

Q 41.11 Wed 17:00 Philo 2. OG

Zerodur-Based Compact Laser and Vacuum Systems
— eBosan Hansen!, Nora Bipzinski', RoBIN LELEWEL!,
TAKESHI Marsuyamal, Davib LATORRE BasTipAs?, ANDRE

WEeNzLAWSKIZ, PaTRICK WINDPASSINGER?, OrTwIN HELLMIG!, and
Kraus SenagsTock! — lInstitute for Quantum Physics, University
of Hamburg, Germany — 2Institut fiir Physik, Johannes Gutenberg-
Universitat Mainz, Germany

Adapting ultra cold atom experiments for portable applications de-
mands strict constraints on size, energy consumption, and environmen-
tal resilience. We present a compact, energy-efficient Zerodur-based
MOT laser system that employs optical cavities as frequency refer-
ences not only for fast frequency switching but also for stabilising the
cooling and repumping lasers against a laser with an atomic reference.
This approach significantly reduces system footprint, enhances energy
efficiency, and introduces redundancy and autonomy. Complementing
this, we develop a flange-free, ultra-portable Zerodur vacuum chamber
operating without an active getter pump. Together, these innovations
advance the realisation of robust, compact, and portable quantum de-
vices, potentially fitting within a shoebox-sized form factor.

Q 41.12 Wed 17:00 Philo 2. OG
Packaging of All-Laser-manufactured Vapor-cell for Inter-
poser integrated Quantum sensing — ePATRICK HILDEBRAND,
Yassin Nasr, VERONICA MonNTOva, THILO DANNER, ANDREAS
Micuavowski, and ToBias MENoLD — University of Stuttgart, In-
stitut fiir Strahlwerkzeuge (IFSW), Stuttgart, Germany

This work presents a concept for a fully laser-fabricated, photonic-
integrated vapor cell intended for compact quantum sensors such as
chip-scale magnetometers and gyroscopes. The approach combines
femtosecond direct writing for waveguide formation with Selective
Laser Etching (SLE) to create the vapor-cell cavity and internal micro-
optics. Elements such as micromirrors and integrated miniature lenses
are designed to reduce coupling losses between the waveguides and
the vapor cell as well as to a flip-bonded laser diode and photodiode.
Laser-based bonding is proposed for hermetic sealing without mechan-
ical alignment or additional materials.

Compared with conventional MEMS vapor cells relying on free-space
optics, this glass-based architecture embeds all optical paths directly
into the substrate, eliminating external alignment components and re-
ducing sensitivity to vibration and temperature variations. Combin-
ing waveguide writing, cavity formation, micro-optics fabrication, and
bonding into a single laser-based process chain is expected to simplify
assembly and improve reproducibility. The concept outlines a path
toward integrated vapor-cell modules that are robust, compact, and
scalable for industrial production.

Q 41.13 Wed 17:00 Philo 2. OG
Towards time-reversing an exponentially rising pulse with a
single ground state cooled 74YbT jon — eSEBAsTIAN LuUFr1:2
Hans Dancb2, MarTIN FiscHER!, MARKUS SONDERMANNDZ, and
Gerp Lrucus!? — 'Max Planck Institute for the Science of Light,
Erlangen, Germany — 2Friedrich-Alexander-Universitit Erlangen-
Niirnberg, Erlangen, Germany

Deterministic excitation of a single ion by a single photon can be re-
alized when the temporal envelope of the photon matches the time-
reversed waveform of a spontaneously emitted photon from the same
atomic transition [1]. In this work, we implement such a scheme by
sending an exponentially rising pulse onto a 174Yb™ ion, driving its
strong dipole transition (370 nm wavelength, 8.1 ns life time). To en-
hance the photon-ion coupling efficiency, the ion is positioned inside
a deep parabolic mirror that covers nearly the full solid angle of the
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incident light field [2]. This geometry enables near-maximal spatial
mode overlap between an incident doughnut-shaped mode and the ion’s
dipole radiation pattern. Furthermore, the ion is cooled well below the
Doppler limit through resolved sideband cooling, reducing its spatial
extent to a size smaller than the focal spot of the parabolic mirror.
We report on our progress towards achieving the maximum coupling
possible with this system.

1. Leuchs, G. & Sondermann, M. Phys. Scr. 85, 058101 (2012).

2. Maiwald, R. et al., Phys. Rev. A 86, 043431 (2012).

Q 41.14 Wed 17:00 Philo 2. OG
Parallel cryogenic setups for scalable quantum computa-
tion with surface ion traps — eMaRrco ScHMAUSER!', MaRco
VaLenTINIY, Eric Koppl!, MicHAEL PasqQuini!, JakoB WAaHL!,
Joser Scuupp®, PHILIPP

ANDREAS WENDL?, PuiLip HoLz3,
ScHINDLER!, THoMAS Monz!3, and RAINER BrarT! — lInistitut fiir
Experimentalphysik, Universitiat Innsbruck, Austria — 2kiutra, Mu-

nich, Germany — 3 Alpine Quantum Technologies, Innsbruck, Austria

Trapped-ion (TI) quantum systems are promising candidates for future
quantum computing applications. TI devices based on macroscopic
linear Paul traps are practically limited to a maximum of 30 ions.
Microfabricated surface traps are an alternative approach that allow
for improved scalability though modular design, integrated optics, and
additional electronic trap layers.

Here we present the implementation of parallel cryogenic setups, one
rack-based, and one table-based for rapid testing and characterization
of such surface traps. Each setup features an independent cryostat
able to cool to a base temperature of 5K within 12 hours. Trap in-
tegration is realized via a standardized socket interface, reducing trap
exchange time to approximately 2 hours. The setups feature 128 (100)
DC electrodes, 6 RF electrodes, 21 in-vacuum fibers for 40Ca+ wave-
lengths, and two independent resonators to enable concurrent axial and
radial shuttling. The rack-based setup additionally features a novel
hermetic interface to facilitate rapid swapping of vacuum chambers
without venting, thus minimizing experimental downtime.

Q 41.15 Wed 17:00 Philo 2. OG

Quantum characterization and control of single molecules —
eMax KopPPELSTATTER — Universitdt Innsbruck, Innsbruck, Austria

The QCosmo team studies quantum states and dynamics in trapped
polyatomic molecular ions with quantum logic spectroscopy (QLS).
This method maps molecular transitions to a co-trapped atomic logic
ion, enabling robust and efficient state readout. We focus on novel
spectroscopy techniques, rovibronic state preparation and control, and
the possibilities and limitations of applying quantum information pro-
cessing techniques to molecular ions. We have recently measured the
infrared vibrational transition frequency in the OH stretch mode of
a single trapped CaOH™T molecular ion using cat state recoil spec-
troscopy. This method uses cat states to amplify the detection of the
recoil of a single absorbed photon via an accumulated geometric phase.
We are also developing Raman QLS to enable molecular hyperfine and
rotational spectroscopy and control. Ongoing work includes planning
and development of a second-generation cryogenic experiment with a
segmented ion trap. The segmented design enables axial control for
optimal ion positioning, while the cryogenic environment suppresses
quantum jumps from thermal radiation and background gas collisions,
extending ion storage and coherence times. Another component cur-
rently under development is the ion-injection system, which introduces
molecular ions into the cryogenic environment.

Q 41.16 Wed 17:00 Philo 2. OG
A laser system for cooling 87Rb atoms in an optical cavity
— eDaNIEL REIGEL, Luis WEISS, SEBASTIAN ALEJANDRO MORALEZ
RaMIrREZ, RAPHAEL BENz, MicHA KAPPEL, MAURIZIO TRIGILIA, VIN-
CENT BEGUIN, LEON LAYER, VIOLET RUF, and STEPHAN WELTE for
the QNN-Collaboration — 5. Physikalisches Institut, Center for Inte-
grated Quantum Science and Technology and CZS Center QPhoton,
Universitat Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart, Germany

Arrays of neutral atoms at the center of an optical cavity are a promis-
ing platform for implementing quantum-coherent network nodes, which
can be interconnected using flying optical photons. To prepare such
a system, laser-cooling techniques are required to cool the atoms,
such that they can be trapped in optical potentials. We present our
laser setup for cooling neutral 87Rb atoms in a magneto-optical trap
(MOT). This serves as a source of cold atoms for the planned experi-
ments. Our cooling laser is locked to an ultra-low-expansion (ULE)
cavity. We describe our locking scheme as well as the subsequent
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acousto-optic modulators used to tune the lasers to the respective cool-
ing transitions. We also present the development and implementation
of a two-dimensional MOT that relies on the laser system described
above. In the planned experiments, we aim to generate an intra-cavity
atom-tweezer array with individual-atom addressing. We designed a
2D MOT in a glass cell attached to the main chamber. We discuss the
design of the components of this MOT, and the mechanical mounting
of our dispensers in the glass cell. Finally, we provide an outlook on
the planned experiments with the new quantum-network setup.

Q 41.17 Wed 17:00 Philo 2. OG
Atomic Dynamics in Time-Dependent Optical Dipole Traps
using GPU Computing — ePauL CHRIST and REINHOLD WALSER
— Institut fiir Angewandte Physik, TU Darmstadt, Hochschulstrafe
4A, 64289, Darmstadt

We investigate the classical non-equilibrium dynamics of neutral 8”Rb
atoms confined in optical dipole traps. Motivated by experiments in
the group of Prof. Birkl at TU Darmstadt [1,2], our work focuses
on a crossed-beam dimple trap geometry, where a deep, tightly con-
fining potential minimum at the beam intersection is used to enhance
phase-space density. This will lead to the reversible creation of a Bose-
Einstein condensate (BEC).

To optimize the evaporative cooling, we implement time-dependent
potentials that accurately describe the dynamic lowering of the trap
depth. The project utilizes classical molecular dynamics (MD) sim-
ulations using Graphics Processing Units (GPUs). The evaluation of
the binary forces acting on a particle benefits significantly from the
massive parallelization. To ensure long-term numerical stability and
energy conservation, we employ and compare higher-order symplectic
integration algorithms.

From the MD simulation, we find the relaxation dynamics (collision
rates, scaling laws and thermodynamic relations) of the gas and obtain
the critical experimental parameters.

[1] D. Pfeiffer, Dissertation TU Darmstadt,
10.26083/tuprints-00031145, (07/2025)
[2] T. Lauber et al., Phys. Rev. A 84, 043641 (2011)

Q 41.18 Wed 17:00 Philo 2. OG
Pulsed UV Laser System for Laser Cooling of Relativistic
Bunched Ion Beams — eHarrr Laral, Tamina GrunwiTz2,
BENEDIKT LANGFELD'2, and THomAs WALTHER!:2 — !TU Darm-
stadt — 2HFHF Campus Darmstadt

At FAIR’s synchrotron SIS100, laser cooling is the planned method
for narrowing the momentum distribution of relativistic bunched ion
beams. Due to the specific demands of the SIS100, three lasers will be
used: Two pulsed lasers for pre-cooling that can address ions over a
wide range of velocity classes due to their spectral width and one con-
tinuous wave laser to further cool the ions to the coldest temperatures.

In this contribution, we present our pulsed UV laser system with a
centre wavelength of 257 nm. For the purposes of laser cooling appli-
cation, the UV pulsed system produces pulses between 46 and 734 ps
with a repetition rate between 1 and 10 MHz. Additionally, an aver-
age power output of 5.3 W has been achieved at 257 nm. Since the
construction of this pulsed laser system, we have begun to duplicate
it for use at the SIS100 and we will also present the progress made on
the development of this duplicated system.

Q 41.19 Wed 17:00 Philo 2. OG
Towards ground state cooling of 115IntT —172Yb* Coulomb
crystals — eMoUHAMED-OMAR MaNa1'»?, INGRID M. RicHTER!,
H. NmMrop Hausser!, SuosuiT S. Dev!, Doncriane Concl,
Jonas KeLLER!, and Tansa E. MEHLSTAUBLER!*? — 1 Physikalisch-
Technische Bundesanstalt, Braunschweig, Germany — 2Leibniz Uni-

versitat Hannover, Hanover, Germany

One of the major contributions to the error budget of state-of-the-art
optical clocks is second-order Doppler shift, also referred to as time
dilation (TD) shift. Ground-state (GS) cooling of the clock ions not
only suppresses this TD shift as well as line broadening beyond what
is achievable with Doppler cooling alone, but also allows for the ma-
nipulation of the motional state by single quanta.

Our multi-ion clock features a mixed-species Coulomb crystal
trapped in a radiofrequency Paul trap [1]. Clock campaigns have been
conducted with up to eight 1'®°In* clock ions, which are sympathet-
ically cooled by twelve 172Yb1 ions. The systematic uncertainty in
this configuration is at the 1 x 10718 level, with TD shift being one of
the limiting contributions.

We are currently implementing GS cooling on the 1Sy — 3P; in-



Mainz 2026 — Q

Wednesday

tercombination transition of Int, in an intermediate regime with a
linewidth of v = 360 kHz. This will allow for spectroscopic investiga-
tions of the TD shift, in turn allowing us to further reduce our clock
uncertainty, along with tests of relativity.

[1] H. N. Hausser et al., Phys. Rev. Lett. 134, 023201 (2025)

Q 41.20 Wed 17:00 Philo 2. OG
Rotational state preparation of CaOHt — eMiriam KAuTzKY,
BraNnDON FUREY, ZHENLIN Wu, MARIANO IsAaza-MoNsALVE, Tim
Duka, Max KOPPELSTATTER, and PHILIPP SCHINDLER — Institut fiir
Experimentalphysik, Universitdt Innsbruck, Austria

Molecules possess complex degrees of freedom not available in atoms,
making them excellent systems for testing fundamental physics
through spectroscopy of their internal structure. Their quantum me-
chanical rotation is a potential resource for quantum technologies and
enables quantum error correction (QEC) codes that protect against
spontaneous decay. Preparing molecules in pure rotational states is
essential for implementing such codes and for spectroscopic methods
relying on quantum logic. We aim to cool molecules to low rotational
levels and prepare specific rotational levels with Raman interactions.
We are developing an experimental setup to achieve rotational level
cooling and level preparation of CaOH™T ions with spectrally shaped
broadband laser pulses on a vibrational transition. Spectral shaping
enables rotational cooling by driving only specific rovibrational tran-
sition bands and thus allowing selective population transfer. It re-
quires precise control of the laser spectrum to target only P-branch
transitions. While rotational ground-state cooling has previously been
demonstrated, precise control over rotational states, particularly in
polyatomic molecules, remains less explored. Achieving this control
could enable exploration of quantum information processing and QEC
with trapped molecular ions.

Q 41.21 Wed 17:00 Philo 2. OG
KOAQS — novel design for compact cold-atom sources —
oCONSTANTIN AvvacuMov, ALEXANDER HEerBsT, WEI Liu, AsH-
WIN RajacopaLaN, KNUT STOLZENBERG, DaipA THOMAS, ERNST M.
RaAsEeL, and DENNIS SCHLIPPERT — Leibniz Universitdt Hannover, In-
stitut fiir Quantenoptik

Atom interferometers are powerful instruments for fundamental re-
search and geodesy, including applications such as gravimetry. Quan-
tum projection noise and the demand for high sampling rates motivate
the development of new high-flux sources of cold atoms. The typical
first atom cooling stage of atom interferometers is a two-dimensional
magneto-optical trap (2D-MOT). Recent efforts to reduce the SWaP
(size, weight and power) of 2D-MOTs have raised questions about the
feasibility of integrating optics more closely into the vacuum chamber
and the long-term compatibility of high-reflectivity optical coatings
exposed to alkali vapor such as potassium or rubidium.

In this poster, we present KOAQS (Kompakte Atomquelle fiir Quan-
tensensoren) — a novel high-flux 2D-MOT design with improved SWaP
characteristics. To ensure long-term performance, we conduct a sys-
tematic analysis of the interaction between Rb vapor and various
highly reflective coating materials using accelerated aging tests. The
best-performing mirror type is implemented in our 2D-MOT, and we
present its functionality and characterization of its performance.

Q 41.22 Wed 17:00 Philo 2. OG
Optimierung des Kopplungslasers zur Vorbereitung auf LWI
im UV-Bereich — eToBiAs NEUMANN, THORSTEN FUHRER und
TroMas WALTHER — TU Darmstadt

Lasing without Inversion (LWI) stellt einen vielversprechenden Ansatz
zur Erzeugung kohédrenter Strahlung im UV- und VUV-Bereich dar,
wobei auf die hohen Pumpintensitdten konventioneller Laserquellen
verzichtet werden kann. Frithere Arbeiten im Quecksilber-Vier-Niveau-
System identifizierten dabei entscheidende Parameter fiir Amplificati-
on without Inversion (AWTI)[1]. Um diese zu erreichen, ist insbesondere
eine hohere Leistung des Kopplungslasers bei 435,8 nm erforderlich.
Aus diesem Grund wird derzeit ein umfassender Neuaufbau dieses La-
sersystems umgesetzt. Geméaf dem neuen Konzept ist eine vollstandige
Entkopplung der Regelkreise fiir Frequenzstabilisierung und Frequenz-
verdopplung vorgesehen. Die fiir die Frequenzstabilisierung erforder-
liche 435,8-nm-Strahlung wird durch Single-Pass-Frequenzkonversion
erzeugt, wihrend die fiir das AWI-Experiment relevante Verdopplung
in einem Uberhdhungsresonator stattfindet. Dariiber hinaus werden
Steuerungs- und Elektronikhardware modernisiert, um die Stabilitét
und Langzeitzuverléssigkeit zu erhdhen. Die Implementierung dieser
Mafsnahmen zielt darauf ab, die Rahmenbedingungen fiir zukiinftige
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AWI- und LWI-Messungen im UV-Bereich zu ermoglichen. Es werden
erste Ergebnisse des neu aufgebauten Lasersystems sowie der néchsten
experimentellen Schritte prasentiert.

[1] Daniel Preifler (2024) doi.org/10.26083/tuprints-00027578

Q 41.23 Wed 17:00 Philo 2. OG
Continuous Wave UV Laser System for Cooling Relativistic
Bunched Ions — eDeNise Scuwarz!, JEns GumMm!, and THOMAS
WaLTHER!2 — ITechnische Universitat Darmstadt — 2HFHF Darm-
stadt

Bunched relativistic ion beams with a narrow momentum distribution
are essential for precision experiments at modern accelerator facilities.
Laser cooling presents a promising approach to further reduce the rel-
ative momentum distribution of such ion beams.

This work presents the high power UV cw laser system for laser cool-
ing at the SIS100 at FAIR. The laser system can be scanned without
experiencing mode-hops over 25 GHz in the infrared. In two cavities,
frequency conversion is employed to achieve the necessary wavelength
of 257 nm for laser cooling. The second enhancement cavity employs an
elliptical focus to avoid degradation of the BBO crystal while achieving
a high an stable output in the UV.

Q 41.24 Wed 17:00 Philo 2. OG
Laser frequency noise measurement close to the shot noise
limit — eCurisTorPH RaaB!, Jonas VocEeL3, BidrN LEkiTscu3, and
FERDINAND ScHMIDT-KALER?3 — 1Hochschule Darmstadt, Darm-
stadt, Germany — 2QUANTUM, Universitit Mainz, Mainz, Germany
— 3neQxt GmbH, Erlenbach, Germany

Frequency-stabilized laser sources are used in many industrial or scien-
tific applications like spectroscopy, frequency standard, interferometry
and quantum technology. Typically, the freqency noise of a source is
characterized by a beat note with a second laser. Here, we present a
measurement setup to precisly characterise the frequency and phase
noise of a cw laser without this significant overhead. The setup em-
ployes an interferometric approach to convert frequency fluctuations
into an amplitude signal, detected by a photo diode. We find that the
noise limit of the interferometer is dominated by the detection noise.
Therefore, we carefully select and optimize the photodetector and the
digitizing system, reaching a lower limit for the frequency noise density
of a few Hz?/Hz or an equivalent laser linewidth of about 10 Hz. Our
setup is optimzed for laser sources in the wavelength range of 620 nm
to 870 nm, but the setup can be adapted over the entire range of visible
to IR wavelengths.

Q 41.25 Wed 17:00 Philo 2. OG
Active Feedback for relative intensity noise reduction in
solid-state lasers — eTHoMAs Konrap!, Toias STEINLE!, Ro-
MAN BEK?, MICHAEL SCHARWAECHTER?, MATTHIAS SEIBOLD?, ANDY
STEINMANN?, and HARALD GiesseN! — 14th Physics Institute and Re-
search Center SCoPE, University of Stuttgart — 2Twenty-One Semi-
conductors GmbH, Stuttgart

Fast and precise measurements are key for many challenging laser ap-
plications, such as biological and biomedical imaging. The precision
is limited by the noise of the systems we use. Once the measurement
precision reaches the laser noise level, the measurement time must
be increased quadratically for further improvement. Especially with
biological samples, a significant longer measurement time can alter
the specimen and/or results. Therefore, exploiting the optimum noise
characteristic of the driving source is superior to increasing measure-
ment time. In this work, we investigate noise reduction of a solid-state
laser in the spectroscopically relevant 1 kHz - 10 MHz frequency range.
Our approach differs from traditional subsequent noise eaters, since we
reduce the noise within the laser oscillator itself. In contrast to compa-
rable commercial solutions with monolithic crystal oscillators, we use a
free space cavity with two gain materials. To compensate the noise of
our laser, we use a second high-speed gain medium in the cavity whose
pump is modulated by a PID feedback loop, while the main medium
remains constantly pumped. So far, we achieved a noise reduction of
more than 18 dBc/Hz at the relaxation oscillation frequency.

Q 41.26 Wed 17:00 Philo 2. OG

Development of cw laser systems in the deep-UV and
vacuum-UV ranges — eJonas GoTTscHALK!, Lukas MOLLER!,
BiorN-BENNY Bauer!, FeLix WALDHERR!, SascHA HAIDER!,
THORSTEN GRrRoH', STEPHAN HaNNIGZ?, STEFAN TRUPPES, SID
WRIGHT?, 1 and UVQuaNT Consorrium?

4 SiMON STELLMER —
IUniversitdt Bonn, Germany — 2Agile Optics GmbH — 3Imperial
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College London — *Fritz Haber Institute of the Max Planck Society

Reliable and tunable ultraviolet (UV) laser sources are increasingly im-
portant for applications in spectroscopy and precision metrology, yet
many UV wavelengths remain difficult to access efficiently.

We present a set of UV laser systems that employ cascaded sum-
frequency-generation (SFG) stages in nonlinear crystals using different
phase matching schemes.

The fundamental light is provided by Diode, VECSEL and Ti:Sa
lasers.

The SFG stages are implemented in both single-pass and cavity-
enhanced configurations, including one system employing an elliptical
cavity mode.

The resulting systems deliver stable, narrowband radiation across
multiple regions of the UV spectrum, from 185 nm to 310 nm, demon-
strating a versatile and scalable platform for advanced UV laser gen-
eration.

Q 41.27 Wed 17:00 Philo 2. OG
Automated Calibration of a MZI-Mesh based Optical Com-
puter — eOkAN AKYUz!, KONRAD TSCHERNIG!, MINGWEI YANGLZ,
FeLix KUBLER!, LENNART MANNTEUFFEL!, ENrico StoLL!, and
Janik Worrers!2 — 1Technische Universitdt Berlin, Berlin, Ger-
many — 2Deutsches Zentrum fiir Luft- und Raumfahrt, Institut fiir

Weltraumforschung, Berlin, Germany

Optical computing uses light instead of electronic signals for computa-
tion, with hardware such as Mach-Zehnder-interferometer (MZI)-based
systems that implement programmable linear optical networks. A ma-
jor challenge is individually calibrating each unique phase shifter for
applications ranging from Vector-Matrix Multiplication (VMM)[1] to
quantum computation|2]. In this work, we demonstrate the automated
calibration of a 12x12-mode MZI-mesh based optical processor. We use
external optical switches to feed a laser into input ports and measure
the output intensity from the corresponding output ports. A tailored
algorithm allows isolating the effect of each of the 132 phase shifters

and determining the heating power to phase calibration. After isolating
each phase shifter, we can perform a voltage sweep to determine the
voltage-to-phase calibration curve. We give an outlook on how this
calibration can be used to realize efficient optical VMM in machine
learning problems.

[1] Shen, Y., et al. Deep learning with coherent nanophotonic cir-
cuits. Nature Photon 11, 441-446 (2017).

[2] Sergei Slussarenko, et al.; Photonic quantum information pro-
cessing: A concise review. Appl. Phys. Rev. 1 December 2019.

Q 41.28 Wed 17:00 Philo 2. OG
Progress of the BECCAL Laser System for Cold Atom

Experiments onboard the ISS — eHamisn Brck!, Hrubva
THAIVALAPPIL SUNILKUMAR!, Marc KiTzmMANN!, CHRISTOPH
Weise!, BastiaN Levkaur!, Eveeny KovaLcuuk!, Joun

DavenporT!, JakoB PonL!, AcuiM PETERs!, and THE BECCAL
CoLLABORATION'2:3:4:5,6,7,8,9,10 ___ 1HUB, Berlin — 2FBH, Berlin
— 3JGU, Mainz — 4LUH, Hanover — 5DLR-SI, Hanover — ’DLR-
QT, Ulm — “UULM, Ulm — 8ZARM, Bremen — °DLR, Bremen —
10DLR-SC, Braunschweig

The Bose-Einstein Condensate and Cold Atom Laboratory (BECCAL)
is designed for operation onboard the International Space Station
(ISS). This multi-user facility will enable experiments with Rb and
K ultra-cold atoms and BECs in mircogravity. Fundamental physics
will be explored at longer time- and lower energy-scales compared to
those achieved on earth.

The BECCAL laser system is comprised of micro-integrated diode
lasers, miniaturized free-space optics on Zerodur boards, and a system
of fibres to bring light to the physics package. The design is subject to
strict size, weight, and power (SWaP) constraints, and the operation
of the system is supported by extensive ground-based systems.

The ground-based systems built for validation and testing will be
presented alongside the design of the flight model.

This work is supported by the DLR with funds provided by the
BMWK under grant number 50WP2102.

Q 42: Poster — Ultracold Matter (joint session Q/A)

Bosons; Fermions; Rydberg Systems; Experimental Methods

Time: Wednesday 17:00-19:00

Q 42.1 Wed 17:00 Philo 2. OG
Pattern coarsening in dipolar quantum gases — e ANDREEA-
Maria Oros!, Wryarr Kirky!2, LaurRiaANE CHomaz2, and
Tuomas Gasenzerb? — 1Kirchhoff-Institut fiir Physik, Universitit
Heidelberg, Im Neuenheimer Feld 227 — 2Physikalisches Institut, Uni-
versitit Heidelberg, Im Neuenheimer Feld 226 — 3Institut fiir Theo-

retische Physik, Universitdt Heidelberg, Philosophenweg 16

Ultracold dipolar gases have garnered increasing interest over the past
years. The anisotropic and long-range character of the dipolar inter-
action and the stabilizing nature of the LHY correction give rise to
supersolidity, superglasses, and exotic states of matter. Depending
on the atom number, scattering length, and trapping geometry, dif-
ferent supersolid morphologies, such as triangular, honeycomb, and
labyrinthine, have already been theoretically predicted to be the pos-
sible ground states of such a system. Owur work expands on these
phases by considering the out-of-equilibrium dynamics of a three-
dimensional dipolar condensate, trapped only along the polarisation
direction. Therein, we aim to bridge the theory of supersolid dipolar
condensates to that of phase transitions present in melting dynam-
ics. Furthermore, we investigate the crystalline properties across the
superfluid-supersolid transition by extending procedures employed in
Kosterlitz-Thouless-Halperin-Nelson-Young theories, and as a result
observe coarsening behaviour in the local orientation.

Q 42.2 Wed 17:00 Philo 2. OG
Stability analysis of a holographic superfluid — eMARTIN
ZBoRON!, GREGOR BaLs?3, CarrLo EwEerz23, and THOMAS
Gasenzer!:23 — TKirchhoff-Institut fiir Physik, Univ. Heidelberg,
Im Neuenheimer Feld 227, 69120 Heidelberg — Z2Institut fiir Theo-
retische Physik, Univ. Heidelberg, Philosophenweg 16, 69120 Heidel-
berg — 3ExtreMe Matter Institute EMMI, GSI Helmholtzzentrum fiir

Schwerionenforschung, Planckstrafe 1, 64291 Darmstadt, Germany
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Gauge-gravity duality establishes a connection between strongly corre-
lated quantum systems and higher-dimensional gravitational theories
at weak coupling. Utilising an Abelian Higgs model in an asymptot-
ically anti-de Sitter spacetime, one obtains the so-called holographic
s-wave superfluid. Due to Bekenstein-Hawking entropy, a black brane
provides a finite temperature to this system. Allowing particles and
energy to fall behind the horizon relates to a strong dissipation in
the superfluid. A Bogoliubov-type analysis of small excitations in the
bulk reveals their dispersion relation as well as their damping rates,
granting insights into the relevant dissipation mechanisms. Numerical
results of this analysis enable comparisons of the holographic superfluid
to phenomenological models of finite-temperature superfluids, such as
the dissipative Gross-Pitaevskii equation, as well as experimentally re-
alised superfluids.

Q 42.3 Wed 17:00 Philo 2. OG
Universal scaling and emergent symmetries in a spin-1
Bose gas far from equilibrium — eIpo SioviTz, ANNA-MARIA
E. GrUck, Yannick DELLER, HELMUT STROBEL, MAaARrkus K.
OBERTHALER, and THomAs GasenNnzErR — Kirchhoff Institute for
Physics, Universitdt Heidelberg

Quantum many-body systems driven far from equilibrium can show
universal self-similar scaling dynamics associated with an approach to a
non-thermal fixed point. The characterisation of non-equilibrium uni-
versality classes remains an open problem. Here we show the thorough
investigation of non-equilibrium universality using the spin-1 Bose gas
as a platform. We identify rogue waves in the velocity fields of the
single components, leading to real-time instantons in the transverse
spin degree of freedom. We derive a low-energy effective field theory of
the spin-1 gas, taking the form of a double sine-Gordon model for the
spinor phase. This model accounts for the subdiffusive and diffusion-
type scaling observed in the full microscopic theory. We show Numer-
ical as well as experimental results that support the validity of the
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effective model. Lastly, we demonstrate that different quenches can
lead to two distinct non-thermal fixed points, each associated with a
different emergent symmetry signaled by symmetry witnesses derived
from Ward identities.

Q 424 Wed 17:00 Philo 2. OG
Universal dynamics of 3D Bose gases near the superfluid
transition in the collective-scattering regime — ¢ ANNE-SOLENE
BorneEeNs, ELisaBeTH GrLioTT, and NicoLas CHERRORET — Labora-
toire Kastler-Brossel, Sorbonne Université, CNRS, ENS-PSL, Collége
de France, Paris, France

Understanding the many-body dynamics of a quantum system after
a quench is a central challenge in modern physics. In particular,
quantum gases quenched across a phase transition display especially
intriguing dynamics, as they generically evolve toward a nonthermal
fixed point, i.e. a self-similar evolution of correlations with universal
dynamical exponents and a critical slowing down. Recently observed
experimentally, this phenomenon compellingly extends the notion of
universality classes to nonequilibrium statistical physics.

In this work, we theoretically investigate the universal many-body
dynamics of three-dimensional Bose gases suddenly cooled across their
superfluid phase transition. Using a quantum kinetic framework that
captures the collective-scattering regime emerging in the highly occu-
pied part of the spectrum, we uncover a crossover between two dy-
namical universality classes controlled by the quench depth. For weak
quenches, we find early-time inverse and direct energy cascades char-
acteristic of weak turbulence, where collective scattering plays little
role. For deep quenches, collective scattering dominates and a turbu-
lent fixed point emerges, marked by modified dynamical exponents, a
more pronounced bidirectional cascade, and an overall slowing down
of the dynamics.

Q 42.5 Wed 17:00 Philo 2. OG
The Slox Trap: Absorptive Boundaries for Infinitely Ex-
tended Physics — eNikoras LiessTER!:2, JELTE DucHENE!,
Erinor Karn!, Hanyr Janc!, HELmur STrROBEL!, and MARKUS
OBERTHALER! — 1Kirchhoff-Institut fiir Physik, Universitit Heidel-
berg, Im Neuenheimer Feld 227, 69120, Germany — 2Department of
Physics, Ludwig-Maximilians-Universitdt Miinchen, Schellingstr. 4,
80799 Munich, Germany

A common impediment to the comparison between theoretical models
and experimental results is finite size effects, which are an experi-
mental reality but a theoretical challenge. One solution is periodic
boundaries, which can be implemented experimentally by embedding
a D-dimensional system in a D-+1-dimensional space (e.g. a torus), but
this can be challenging and introduces curvature. An alternative ap-
proach is to implement absorptive boundaries, such that reflections and
pinning of excitations is avoided, and dynamics in the bulk mimic an
infinitely extended system. Here, we experimentally investigate bound-
ary effects in a slanted box, i.e. slox potential, which is homogeneous in
the center and rises linearly at the boundary. We compare dynamics in
slox and standard box traps, by studying wavepacket dynamics and re-
flections of high-momentum modes at the boundary. We show that the
slox effectively absorbs excitations above a certain momentum-scale,
which can be described in terms of finite-temperature dynamics, where
damping locally increases at the boundary due to the inhomogeneous
(thermal) density distribution.

Q 42.6 Wed 17:00 Philo 2. OG
Dynamics of trapped dipolar Bose gases at BEC-quantum
droplet crossover — eDENIS Mujol!, Ivana Vasié!, MiLan
Raponié?!, and AXeEL PeLsTER? — lInstitute of Physics Belgrade,
University of Belgrade, Serbia — 2I. Institute of Theoretical Physics,
University of Hamburg, Germany — 3Physics Department, Rheinland-
Pfilzische Technische Universitiat Kaiserslautern-Landau, Germany

Since the first realization of quantum droplets [1], various experiments
have indicated that quantum droplets in a dipolar Bose system are
stabilized due to quantum fluctuations [2,3], correcting the ground-
state energy. Here we study the dynamics of trapped dipolar Bose
gases using both time-dependent variational methods and full three-
dimensional simulations of the extended Gross-Pitaevskii equation.
Our focus is on the crossover region between a BEC and a quantum
droplet, where the system becomes highly sensitive to parameter vari-
ations such as changes of the s-wave scattering length or the strength
of the trapping confinement. We identify the critical conditions re-
quired to maintain droplet stability when these parameters are varied,
including the effects of different variation rates and a complete removal

(0]

of the trapping potential. And we examine the behavior of collective
excitation modes in the vicinity of the BEC-quantum droplet crossover.

[1] H. Kadau et al., Nature 530, 194 (2016).
[2] A.R.P. Lima and A. Pelster, Phys. Rev. A 84, 041604(R) (2011).
[3] F. Wichtler and L. Santos, Phys. Rev. A 93, 061603 (2016).

Q 42.7 Wed 17:00 Philo 2. OG
Supersolid from first principles with Complex Langevin. —
eLuca Farzoni', PuiLipp HeINEN!, and THomas GASENzZERDZ3 —
IKirchhoff-Institut fiir Physik, Uni Heidelberg, Im Neuenheimer Feld
227, 69120 Heidelberg — 2Institut fiir Theoretische Physik, Uni Heidel-
berg, Philosophenweg 16, 69120 Heidelberg — 3ExtreMe Matter Insti-
tute EMMI, GSI Helmholtzzentrum fiir Schwerionenforschung, Planck-
strafse 1, 64291 Darmstadt, Germany

The experimental observation of supersolidity in dipolar gases preceded
its theoretical understanding, as the supersolid phase is predicted to
be unstable within the extended Gross—Pitaevskii equation (eGPE).
Current theoretical stabilization relies on heuristic corrections, typi-
cally implemented via an ad-hoc \1[)\5 term motivated by the Lee—
Huang—Yang (LHY) contribution. To consistently go beyond the LHY
correction, a quantum-exact approach is required. In this work, we
demonstrate that the Complex Langevin method provides a fully non-
perturbative, first—principles description of the supersolid regime and
successfully captures the emergence of stable supersolid states.

Q 42.8 Wed 17:00 Philo 2. OG
Phase diagrams for dipolar interacting quantum gases
— eRoBIN RUEDIGER KRiLL!, JAN ALEXANDER KozioL?, ANJA
LanGHELD?, CawviN KrAMERZ?, Giovanna Moricr!, and Kar
PHILLIP ScHMIDT?2 — !Theoretische Physik, Universitdt des Saar-
landes, 66123 Saarbriicken, Germany — 2Department fiir Physik,
Friedrich-Alexander Universitdt Erlangen-Niirnberg, Staudtstrafle 7,
91058 Erlangen, Germany

We present phase diagrams for ultracold quantum gases of dipolar
bosons in an optical lattice. In the low-density regime, we map the
quantum gas to a hardcore-bosonic model, where we then can use an
extended Stochastic Series Expansion quantum Monte Carlo algorithm
to obtain the ground state phase diagrams. Recent investigations of
such systems with mean-field approaches indicate rich quantum phase
diagrams including a devil’s staircase of solid phases and a plethora
of exotic lattice supersolids [1]. The quantum Monte-Carlo approach
allows us to extend this mean-field study by fully incorporating quan-
tum fluctuations, and thus to analyse the interplay among frustration,
long-range interactions, and quantum fluctuations. We determine the
phase diagram and verify the existence of supersolid phases in the
low-density limit.

[1] J.A Koziol, G.Morigi, K.P. Schmidt, SciPost Phys. 17, 111 (2024)

Q 42.9 Wed 17:00 Philo 2. OG
Sine-Gordon solitons in a spinor Bose-Einstein condensate
— oFLORIAN ScHMITT, IDO S1ovITZ, YANNICK DELLER, ALEXANDER
ScHMUTZ, RAPHAEL SCHAFER, ALEXANDER Framm, HELMUT STRO-
BEL, MARKUS K. OBERTHALER, and THOMAS GASENZER — Kirchhoff-
Institut fir Physik, Universitdt Heidelberg, Im Neuenheimer Feld 227,
69120 Heidelberg, Germany

This contribution is concerned with the theoretical analysis of topolog-
ical defects in a Bose gas governed by the spin-1 Gross-Pitaveskii equa-
tion (GPE). We find that for a spinor gas consisting of Rubidium-87
atoms a local imprint in the spinor phase leads to a stable topological
defect both in experiment and numerical time evolution. It exhibits
key features of a kink solution of the sine-Gordon model, and we can
calculate its velocity depending on the quadratic Zeeman shift from
the spin-1 GPE Lagrangian as well as from its corresponding effective
sine-Gordon theory. We investigate dynamics of kink collisions with
respect to the observables of the spin-1 gas and are able to relate this
defect living at low spin interaction strength to the exactly solvable
regime of the spin-1 GPE Lagrangian.

Q 42.10 Wed 17:00 Philo 2. OG
Topological properties of lattice solitons in the two-
dimensional Harper-Hofstadter model — eHuco GERLITZ,
Jurius BouMm, and MicHAEL FLEISCHHAUER — Department of Physics
and Research Center OPTIMAS, University of Kaiserslautern-Landau,
67663 Kaiserslautern, Germany

Since the discovery of the integer quantum Hall effect, topological 2D
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lattice models have attracted significant interest in many-body physics.
Recent experiments investigating solitons in waveguides with nonlinear
Kerr media [1] have observed interaction-induced transitions between
phases of integer and fractional quantized topological transport in 1D
lattice models. In one-dimensional systems a quantum mechanical de-
scription of lattice solitons is typically done by exact diagonalization
or tensor network approaches. These approaches are however strongly
limited by system size or not suitable in higher dimensions. Mapping
the interacting many-body model of quantum solitons to an effective
description of compact objects in a reduced Hilbert-space was success-
ful in reproducing topological properties in 1D models [2]. Motivated
by this we here present an effective description of quantum solitons in
an interacting two-dimensional Harper-Hofstadter model. With this
we show the emergence of effective Peierls phases for the composite
object which vary with the particle number and in particular cases
can destroy the system*s topological properties altogether.

[1]: Jiirgensen et. al., Nature 596, 63-67 (2021) [2]: Bohm et. al.,
arXiv:2506.00090 (2025)

Q 42.11 Wed 17:00 Philo 2. OG
Observation and detection of crystal phases with vari-
able structures in dipolar quantum gases — eJiANSHUN Gao,
KArRTHIK CHANDRASHEKARA, CHRISTIAN GOLZHAUSER, LiLy PraTT,
Jurian KuschH, REmY DoLBeEauLT, and LAURIANE CHOMAZ —
Physikalisches Institut, Im Neuenheimer Feld 226, Heidelberg, Ger-
many

Dipolar quantum gases have been found to display exotic phases from
anisotropic superfluids, to sefl-bound fluids, and to crystalline states,
also including supersolids. These phases spontaneously arise depend-
ing on the interactions parameters, trap geoemtries, and atom number
in the system. In planar trap geometries, while only triangular crys-
talline states have yet been observed, various structures of the crys-
talline states have been predicted. In our experiment, we explore the
phase diagram of a quantum gas of Dysprosium atoms in a surfboard-
shaped trap by independently controlling the contact interaction and
the dipole orientation angle. We observe that the gas transitions from
a uniform superfluid to density-modulated states, with either triangu-
lar or stripe arrangement. In this poster, we will present an analyse
protocol for detecting the density-modulated patterns from the high-
intensity in-situ absorption imaging, and extracting the important in-
formation: number, dimensions, and anisotropy of the crystal struc-
tures, number of neighboring structures and typical distance between
them.

Q 42.12 Wed 17:00 Philo 2. OG
Theoretical analysis of the mitigation of Floquet heating with
multi-tone drives in a Hubbard lattice — eCarLOoTTA KOROLL
and eFraNcEsco PETizioL — Technische Universitédt Berlin, Germany

Floquet engineering allows for the realization of effective Hamiltoni-
ans that are difficult to access in static systems. This is achieved by
driving a highly controllable quantum system with a periodic signal.
However, one limitation is the gradual absorption of drive energy over
time, which drags the system towards a featureless state in the long
run, a process known as Floquet heating. One technique for minimiz-
ing this effect is the design of driving schemes that effectively close
energy absorption channels through destructive interference. This has
recently been demonstrated in experiments with ultracold atoms in
optical lattices using a two-tone drive. We present a theoretical and
numerical study of this mechanism in a driven Hubbard lattice. Our
goal is to develop a clearer understanding of the underlying heating
processes and to determine under which conditions multi-tone driving
can effectively mitigate Floquet heating in interacting lattice systems.

Q 42.13 Wed 17:00 Philo 2. OG
Quantum gas microscopy of exotic Hubbard systems
ePuiLip  Kimmre!, Jan Deppe!, Livu L2, Jmravu
MoNGKOLKIATTICHAI?, Davis Garwoobp?, JIN Yanc?, and PETER
Scuauss! — lnstitute for Quantum Physics, University of Hamburg

— 2University of Virginia

This poster presents our recent developments in quantum simulation
of electronic systems using ultra-cold atoms in geometrically frustrated
lattices, as well as three-component fermionic systems that reflect the
three flavors in quantum chromodynamics. We illustrate the achieve-
ment of a Mott insulator with lithium-6 on a symmetric triangular
lattice, featuring a lattice spacing of 1003 nm. Through spin removal
techniques, we can isolate individual spins and measure nearest neigh-
bor spin-spin correlations across varying interaction strengths. Ad-
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ditionally, we expand quantum gas microscopy to three-flavor Fermi
lattice gases in the Hubbard regime. Using site- and flavor-resolved
detection, we investigate the phase diagram of the three-flavor Hub-
bard model, revealing signs of flavor-selective localization and selective
pairing at temperatures as low as the tunneling energy scale. Future
work aims to explore dynamical systems through transport measure-
ments in a triangular lattice combined with digital micromirror device
(DMD) and spatial light modulator (SLM) potentials, facilitating the
study of transport dynamics in customized potential landscapes.

Q 42.14 Wed 17:00 Philo 2. OG
Developing a quantum gas microscope with programmable
lattices — eSaumya Suan'?2, ConsTanze VoceL!?2, SARAH
WabpiNaToND 2, IsaBELLE Saral2, Robprico Rosa-MEebinal:2,
and Junian L#onarpb2 — lInstitute of Science and Technology
Austria (ISTA), Am Campus 1, 3400 Klosterneuburg, Austria —
2 Atominstitut TU Wien, Stadionallee 2, 1020 Wien, Austria

Experiments involving ultra-cold atoms in optical lattices provide pow-
erful ways for engineering and probing strongly correlated quantum
matter. The field has advanced significantly in the past few decades,
offering exceptional single-site resolution and single-atom addressing.
However, current setups are often restricted by rigid lattice configura-
tions and slow cycle times. In this poster, we showcase our endeavors
in building a next-generation quantum gas microscope for fermionic
and bosonic lithium atoms. Utilizing auxiliary optical tweezers and
direct optical cooling techniques, we aim to assemble small lattice sys-
tems with sub-second experimental cycles. We build tailored optical
lattices with dynamically reconfigurable geometries by leveraging holo-
graphic projection techniques. Our approach paves the way for multi-
ple research areas, which range from quantum simulations of fractional
quantum Hall states to frustrated phases with unconventional geome-
tries.

Q 42.15 Wed 17:00 Philo 2. OG
Programmable State Preparation of Ultracold Fermions Us-
ing Optical Tweezer Arrays — eFraNceEsco TesTi!:2, MARCUS
CuLeMANN', JIN Zuanc!, Naman Jain!, and PuiLipp Preissh3 —
IMax Planck Institute of Quantum Optics, Garching — 2Ludwig-
Maximilians-Universitit Miinchen — 3Munich Center for Quantum
Science and Technology, Munich, Germany

Ultracold atoms in optical lattices offer a powerful platform for study-
ing interacting quantum many-body systems and non-equilibrium dy-
namics. However, the preparation of arbitrary initial states remains a
major challenge, as conventional cooling and loading protocols natu-
rally yield only a limited set of configurations such as Mott insulators
or charge-density waves. The UniRand experiment aims to overcome
this limitation by integrating an optical lattice with an array of dy-
namically reconfigurable optical tweezers for the preparation of pro-
grammable site- and spin-resolved arrangements of fermionic lithium-
6 atoms. The poster showcases high-fidelity spin-resolved imaging,
efficient loading and evaporation within the tweezer array, and deter-
ministic control over the atomic density in each individual trap. These
capabilities allow us to assemble arbitrary spin and density configura-
tions across an 8x8 array with a rapid experimental cycle time of 2-3 s.
By combining precise state preparation with fast repetition rates, this
programmable-state architecture opens new opportunities for realiz-
ing fermionic quantum information protocols and engineering tailored
non-equilibrium states to explore previously inaccessible regimes of the
Fermi-Hubbard model.

Q 42.16 Wed 17:00 Philo 2. OG
Experimental realization of quantum Hall states with few ro-
tating fermions — ePauL HiLL, JOHANNES REITER, MACIE] GALKA,
and SELIM JocHIM — Physikalisches Institut, Universitat Heidelberg,
Im Neuenheimer Feld 226, 69120 Heidelberg (Germany)

Integer and fractional quantum Hall states constitute topological
phases of matter featuring exotic macroscopic properties such as the
quantization of the transverse resistivity and emergence of edge cur-
rents. Expanding upon our deterministic preparation of a spinful two-
particle Laughlin state [arXiv:2402.14814], we present the recent obser-
vation of an integer quantum Hall state of six rapidly rotating fermions
confined in a tight optical tweezer. Furthermore, we discuss how to ex-
plore topological transitions between integer and fractional quantum
hall states with our platform, and how off diagonal elements of the
density matrix, in the form of probability currents, can be measured.

Q 42.17 Wed 17:00 Philo 2. OG
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Phases of Matter in Few Fermions with Dipolar Interac-
tions — e¢T1M PoHLMANN, XIMENG SONG, PAULA SEYFERT, LENNART
NAEVE, LENNART HOENEN, PHILIPP LUNT, and LAURIANE CHOMAZ —
Physikalisches Institut Universitdt Heidelberg, Im Neuenheimer Feld
226, 69120 Heidelberg

In this poster, we theoretically investigate few spin-polarized fermions
with strong dipolar interactions in a two-dimensional harmonic trap.
This project comes alongside of the construction of a new 161Dy ex-
periment. We numerically find the ground states of the Hamiltonian
by exact diagonalization for different particle numbers and various
tilting angles of the dipoles. The competition of the dipolar inter-
action strength and directivity, Fermi energy and harmonic oscillator
frequency results in a rich phase diagram|1]. This includes anisotropic
pairing suggesting the emergence of p-wave superfluidity, and Wigner
crystallization at large dipolar interactions|2, 3.

References: [1] Anne-Louise Gadsbglle and G. M. Bruun. Harmon-
ically trapped dipolar fermions in a two-dimensional square lattice.
Phys. Rev. A, 85:021604, Feb 2012. [2] G. M. Bruun and E. Tay-
lor. Quantum phases of a two-dimensional dipolar fermi gas. Phys.
Rev. Lett., 101:245301, Dec 2008. [3] J. C. Cremon et al. Tunable
wigner states with dipolar atoms and molecules. Phys. Rev. Lett.,
105:255301, Dec 2010.

Q 42.18 Wed 17:00 Philo 2. OG
Shielding of ultracold Lithium-6 — eFINN LuUBENAU, DANIEL
Dux, Tim ScHIFrer, ToBias HamMEL, MAXIMILIAN KAISER,
MarTHIAS WEIDEMULLER, and SELIM JocHIM — Physikalisches In-
stitut, Heidelberg, Germany

We are presenting the Heidelberg Quantum Architecture [1], a modu-
lar quantum gas platform creating a degenerate fermi gas of SLi, that
combines individual modules to implement a large variety of function-
alities, that can be quickly updated and exchanged.

Here, we will report on the implementation of an optical dipole trap
module at 812 nm near the 2P <— 35 resonance. While the imaging
transition used in our system is the D2-line of 6Li at 671 nm between
the 25 and 2P fine structure levels, the 812 nm trap introduces a large
light shift of the 2P level, as this level has a diverging polarisability at
this wavelength, effectively detuning the imaging transition from the
imaging laser. This allows for site selective shielding of the atoms and
thus enables partial probing of the system.

Additionally, we present a spatial light modulator (SLM) module to
create precise and reproducible tuneable light fields, including the abil-
ity to correct for optical aberrations and in-shot dynamic repositioning
of the atoms.

[1]: T. Hammel, M. Kaiser et al., Modular quantum gas platform,
Phys. Rev. A 111, 033314

Q 42.19 Wed 17:00 Philo 2. OG
Upgrades for the modular quantum gas platform — eTim
ScHIFFER, ToBias HaMMmEL, DaNIEL Dux, FINN LUBENAU, MAX-
IMILIAN KAISER, MATTHIAS WEIDEMULLER, and SELIM JOCHIM —
Physikalisches Institut, Heidelberg, Germany

The Heidelberg Quantum Architecture [1] is a modular quantum gas
platform, consisting of disentangled modules forming a versatile cold
atom experiment.

Here, optical units allow flexible trap geometries, fast reconfiguration
and precise mechanical alignment, enabling straightforward adaptation
to evolving experimental requirements in our Lithium-6 experiment.

On this poster, we report on the progress made implementing self-
aligning modules and modules with increased stability. We discuss the
already implemented experimental toolbox, containing optical tweez-
ers, repulsive potentials shaped by a DMD and single-atom and spin-
resolved imaging.

[1]: T. Hammel, M. Kaiser, et al., Modular quantum gas platform,
Phys. Rev. A 111, 033314

Q 42.20 Wed 17:00 Philo 2. OG
Design and Optimization of a Zeeman Slower for Ultra-
cold Fermionic Dysprosium Experiments — eXIMENG SoNga,
Paura SEYFERT, TiM PoHLMANN, LENNART NAEVE, LENNART HOE-
NEN, PHiLiPP LUNT, and LAURIANE CHOMAZ — Physikalisches Institut
(Universitat Heidelberg), Im Neuenheimer Feld 226, 69120 Heidelberg

Producing a high-flux, cool beam of atoms from a high-temperature,
effusive oven is a fundamental prerequisite for any ultracold quantum
gas experiment. The complex hyperfine structure of lanthanide atoms,
such as Dysprosium, can render standard two-dimensional magneto-
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optical traps (2DMOT) inefficient due to optical pumping into dark
states.

In this work, we present detailed analysis and optimization of a
combined Zeeman slower (ZS) and 2DMOT as a primary cooling stage
for 11Dy, based on analytical modelling and numerical simulations
using the full 216-level hyperfine structure of the 421-nm cycling tran-
sition. We determine optimal magnetic-field profiles, laser detunings,
and capture velocities. Crucially, the output of the ZS is matched to
a low-gradient 2DMOT, whose parameters were likewise optimized for
efficient capture of 161Dy at the reduced velocities. The combined ZS-
2DMOT system yields a substantial increase in expected atomic flux
into the science chamber, providing an experimentally feasible design
for the precooling stage of our new fermionic dysprosium experiment.

References: S. Eckel, D. S. Barker, E. B. Norrgard, and J. Scher-
schligt. PyLCP: A Python package for computing laser cooling physics.
Computer Physics Communications 270 (2022).

Q 42.21 Wed 17:00 Philo 2. OG

Hybrid analog-digital quantum simulation with a quan-

tum gas microscope — eDoroTHEE TELL!, S1 Wang!, PETAR
Bojovié!, JoHANNEs OBERMEYER!, MARNIX BARENDREGT!, IM-
MANUEL Brocu!:2, and Titus Franz! — Max Planck Institute

of Quantum Optics, Garching, Germany — Z2Fakultit fiir Physik,
Ludwig-Maximilians-Universitat, 80799 Munich, Germany

Simulating strongly correlated electronic systems is a significant chal-
lenge for classic numerical methods which can be overcome by native
quantum systems. Both analog simulators that reconstruct the Hamil-
tonian and allow reading out snapshots of the wave function, or digital
systems where the problem is encoded in a qubit platform have shown
impressive results exploring special phases of matter.

In our quantum gas microscope we observe fermionic lithium atoms
with single-site and spin resolution. We demonstrate state-of-the-art
analog and digital tools, which have recently allowed us to study the
universal scaling of correlations in doped Fermi-Hubbard systems at
the onset of the pseudogap phase [1], high-fidelity collisional quantum
gates [2]|, and spontaneous strong-to-weak symmetry breaking. With
these methods at hand, we are aiming towards measuring signatures of
high-temperature superconductivity by using a hybrid analog-digital
scheme that allows us to perform basis transformations and thereby
enables us to measure more relevant quantities [3].

[1] T. Chalopin et al., arXiv:2412.17801 (2024)

[2] P. Bojovi¢ et al., arXiv:2506.14711 (2025)

[3] H. Schlémer et al., PRX Quantum 5 (2024)

Q 42.22 Wed 17:00 Philo 2. OG
Towards Fermionic Systems with Dipolar Interactions —
ePAuLA SEYFERT, TiM POHLMANN, XIMENG SONG, LENNART NAEVE,
LeENNART HOENEN, PHiLipp LunT, and LAURIANE CHOMAZ —
Physikalisches Institut (Universitdt Heidelberg), Im Neuenheimer Feld
226, 69120 Heidelberg

We are constructing a new experimental platform to study spin-
polarized fermionic systems with strong dipolar interactions under the
microscope. The competition of the Fermi energy with the long-range
dipolar interactions, alongside the high degree of control on atom num-
ber, dipolar strength and orientation offer a rich platform to study
exotic quantum many-body phenomena [1].

We adapt the species-agnostic modular quantum gas platform [2]
originally developed for 6Li in the group of Selim Jochim to fermionic
161Dy, which possesses one of the largest magnetic moments (u =
10up). To tackle the more complicated cooling of this lanthanide
atom encompassing a complex hyperfine structure, we implement a
compact design of a permanent-magnet Zeeman-Slower and 2D MOT.
In the science chamber, consisting of a nano-textured glass cell, the
final trapping stage will be a core-shell 3D MOT. In this poster, I will
showcase the current status of the design and construction.

References: [1] A.-L. Gadsbglle and G. M. Bruun, 'Harmonically
trapped dipolar fermions in a two-dimensional square lattice’, Phys.
Rev. A 85.2 (Feb. 2012). [2] Tobias Hammel et al., 'Modular quan-
tum gas platform’, Phys. Rev. A 111, 033314 (Mar. 2025).

Q 42.23 Wed 17:00 Philo 2. OG
Individual cooler and repumper power stabilisation for count-
ing 6Li-atoms — e ArRMIN MIrzAE!l KiaN, JOHANNES REITER, PauL
HiLL, Macies GALKA, and SELiM JocHIM — Physikalisches Institut,
Universitat Heidelberg, Deutschland

Precise counting of the number of atoms in a magneto-optical trap
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down to the single atom level relies on the high-fidelity discrimination
between atoms based on their total fluorescence intensity. Experimen-
tally, the latter is altered by laser power fluctuations. In this work
we present a technique to improve the signal to noise ratio of count-
ing 6Li-atoms by frequency modulation of the cooler and repumper
beams. This method is chosen since the combined beam is indinstin-
guishable in its properties like polarisation and mode except the small
frequency difference resulting in a beat note. Modulating the Acousto-
Optic-Modulators of both cooler and repumper by two frequencies re-
spectively, additional sidebands are generated whose amplitudes are
proportional to the optical powers of the beams. With subsequent de-
modulation these signals can be used to feedback and stabilise cooler
and repumper power individually, leading to a stronger discrimination
of atom number.

Q 42.24 Wed 17:00 Philo 2. OG
Experimental setup for trapping ultracold atoms near 4K
solid state samples — oVALERIE LEuU, JuLiA GAMPER, CEDRIC
WinD, WoLFGAaNG ALT, and SEBASTIAN HOFFERBERTH — Institute
of Applied Physics, University of Bonn, Germany

In our experiment we are developing an experimental platform that
couples Rydberg atoms to an electromechanical resonator on an atom
chip operated in a cryogenic environment. To support the use of in-
terchangeable atom chips, both the experimental apparatus and the
cryostat must be engineered so that the chip assembly can be me-
chanically decoupled from the surrounding system, ensuring reliable
removal and replacement of the chips.

This poster presents our progress on constructing this platform. The
setup consists of a region for trapping and cooling rubidium atoms in a
magneto-optical trap, as well as a cryogenic stage in which the atoms
will be coupled to an electromechanical resonator integrated on the
atom chip. We describe the design of the cryogenic system and the
implementation of a rail-based mechanism that allows the system to
be opened, the atom chip to be inserted or exchanged, and the entire
assembly to be closed again in a controlled and reproducible manner.
This will allow future studies of Rydberg atoms near 4 K surfaces and
pave the way for initial experiments on coupling of the atoms to an
on-chip microwave source.

Q 42.25 Wed 17:00 Philo 2. OG
Stabilizing a continuous family of quantum many-body
scarred states in the PXP model using periodic driving —
oSTEFAN MALLEVIC and ANA HupomaL — Institute of Physics Bel-
grade, University of Belgrade, Serbia

Experiments on Rydberg atom arrays have revealed a novel class
of quantum systems in which a small subset of atypical eigenstates,
known as quantum many-body scars, gives rise to persistent revivals
and suppresses thermalization for specific initial states [1]. In the
strongly interacting regime, this behavior is effectively captured by
the PXP model. Recent experiments have shown that periodic driving,
when tuned to optimal parameters, can further enhance scar-induced
revivals [2]. However, previous studies of the driven PXP model have
primarily focused on a few simple initial product states [3]. In this
work, we consider a recently discovered continuous family of scarred
states in the PXP model with chemical potential, which includes highly
entangled states near the quantum phase transition [4]. Using numer-
ical simulations of the periodically driven model, we analyze the re-
sponse of these states to different driving protocols and identify regimes
in which periodic modulation most effectively stabilizes the scarred dy-
namics.

[1] M. Serbyn et al., Nat. Phys. 17, 675 (2021).

[2] D. Bluvstein et al., Science 371, 1355 (2021).

[3] A. Hudomal et al., PRB 106, 104302 (2022).

[4] A. Daniel et al., PRB 107, 235108 (2023).

Q 42.26 Wed 17:00 Philo 2. OG
Imaging transverse interactions between Rydberg polari-
tons — eDANIIL SvIRSKIY!, BANKkIM CHANDRA DAs?, MATTHIAS
MEeTTERNICH!, ENrRIcO HurLanp!, BenepikT Beck!, Nina
StiespaLl, WoLrcana Arr!, OFER FIRSTENBERGZ, and SEBASTIAN
HorrerBERTH! — lInstitute of Applied Physics, University of Bonn,

Germany — 2Weizmann Institute of Science, Rehovot, Israel

Realization of photon-photon interaction is possible via a medium with
strong optical nonlinearities, for instance, with a cloud of ultracold
Rydberg atoms, where single photons propagate through the atomic
medium as interacting Rydberg polaritons under the condition of elec-
tromagnetically induced transparency. Most experiments to date were
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aiming towards 1D systems, where the Rydberg polaritons only in-
teract along their propagation direction and also, only time domain
correlations were mainly studied.

On our poster, we will discuss the current approach to probing
transverse interactions by detecting transmitted photons with a single-
photon-sensitive EMCCD camera. We will also show first experimen-
tally measured images and compare them with numerical simulations
based on our 2D model that captures how transverse interactions be-
come imprinted on the outgoing light field. These measurements will
provide us with an access to the direct observation of the transver-
sal Rydberg blockade effect. Furthermore, we show the integration of
the EMCCD camera in our experimental setup. The EMCCD timing,
the pulse sequence in the experiment and the synchronization will be
discussed in detail.

Q 42.27 Wed 17:00 Philo 2. OG
Nonlinear Quantum Optics and Rydberg Molecules in Ul-
tracold Ytterbium — eAnTHEA Nitscu!, Curis GEorRGE!, TaNGI
LEGrAND!, MiLENA Smmé?, Epuarpo UruReLal, XN Wana!,
WorrcanG Arr!, MarTuEw EiLes?, and SEBAsTIAN HOFFERBERTH!
— lInstitute of Applied Physics, University of Bonn, Germany —

2Max Planck Institute for the Physics of Complex Systems, Germany

Mapping the strong interactions between Rydberg excitations in ultra-
cold atomic ensembles onto photons enables the achievement of high
optical nonlinearities at the single-photon level. Previous demon-
strations of this concept have relied exclusively on alkali atoms.
contrast, two-valence-electron species like ytterbium offer unique ad-
vantages, including narrow-linewidth laser cooling and, as we show
for 174YDb, longer coherence times of polaritons compared to earlier
Rubidium-based experiments.

In this poster, we present the latest upgrades and results from our
ytterbium apparatus, featuring a flat-top beam to suppress repulsion
of ground state atoms and realize photon-photon interactions via Ryd-
berg polaritons. By minimizing frequency noise, we may extend Ryd-
berg polariton coherence times. This is demonstrated by characterizing
near-UV laser noise using a portable Mach-Zehnder interferometer. We
show electromagnetically induced transparency and Rydberg blockade
induced anti-bunching of photons and slow light. We also report the
spectroscopic characterization of ultra-long-range ytterbium Rydberg
molecules that arise as bound states in the low energy scattering of a
highly excited Rydberg electron and a ground state atom.

In

Q 42.28 Wed 17:00 Philo 2. OG
Long-Range Enhanced Robust Quantum State Transfer in
Topological Rydberg Models — eSir1 RaupacH, Marhias B. M.
SVENDSEN, and BeaTriz OLMOs — Institut fiir Theoretische Physik,
Universitat Tibingen, Auf der Morgenstelle 14, 72076 Tiibingen, Ger-
many

Fast and robust quantum state transfer (QST) between distant nodes
in a quantum network is essential in quantum information processing.
We present a framework for robust topological QST in a quantum opti-
cal realization of the extended SSH and Rice-Mele model with bipartite
long-range hoppings. In quasi one dimensional chains of long-range
dipole-dipole coupled Rydberg atoms on two spatially offset sublat-
tices, the topological phase depends on this spatial offset and manifests
as topologically protected edge states in the non-trivial regime. Thus,
robust edge-to-edge QST of a Rydberg excitation can be achieved by
varying the sublattice offset adiabatically. In chains consisting of both
odd and even numbers of atoms, the transfer efficiency depends on the
specifics of the transfer path. Notably, we find that the transfer effi-
ciency is significantly improved when considering realistic long-range
hoppings compared to the standard case of nearest neighbor hoppings.
The resulting transfer can be implemented well within the lifetime of
the Rydberg atoms, and due to its topological nature is robust against
positional disorder of the atoms within experimentally realistic toler-
ances.

Q 42.29 Wed 17:00 Philo 2. OG
Effects of spin-phonon coupling on Rydberg facilitation in
a lattice — eBENNO Bock, DaNIEL Brapy, and MicHAEL FLEIs-
CHHAUER — University of Kaiserslautern-Landau, Kaiserslautern, Ger-
many

In recent years, Rydberg atoms have proven themselves as a power-
ful tool for quantum simulators, one of the reasons being their strong
and long-ranged interactions. One interesting phenomenon resulting
from these interactions is Rydberg facilitation, or anti-blockade, where
an atom excited to the Rydberg state moves a neighboring atom into
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resonance with a laser field, thus facilitating a fast excitation cascade
in a regular lattice of trapped atoms. However, along with strong
dipolar interactions between Rydberg atoms (spins), come mechanical
forces coupling Rydberg atoms to high motional states (phonons) in
their respective tweezer traps. For a chain of atoms trapped in tweezer
arrays under the facilitation constraint, we numerically simulate the
dynamics of the spin-phonon coupling. To this end, we approximate
the van-der-Waals interaction potential up to second order. In par-
ticular we investigate how the motional degrees of freedom affect the
spreading dynamics of Rydberg excitations and indentify parameter
regimes of distinct behaviors not seen in previous work [PRL 132,
133401 (2024)], such as Bloch oscillations of excitation chains and a
localization regime.

Q 42.30 Wed 17:00 Philo 2. OG
Active magnetic field stabilization for a dipolar quantum
gas experiment — eT1M JEGLORTZ, PAuL UERLINGS, FioNA HELL-
STERN, KEVIN NG, MIicHAEL WISCHERT, STEPHAN WELTE, RALF
KremT, and TiLMAN Prau — 5. Physikalisches Institut and Center
for Integrated Quantum Science and Technology (IQST), Universitit
Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart, Germany

We aim to experimentally investigate the fundamental low-lying exci-
tations of a dipolar quantum gas of dysprosium atoms in a toroidal
trap. In particular, we focus on the emergence of the Higgs ampli-
tude mode across the transition from a superfluid to a supersolid as
an indicator of spontaneous symmetry breaking. Precise control of the
magnetic field is crucial, as the excitation energy close to the critical
point in the phase diagram has a steep dependence on the relative
dipolar interaction strength, serving as the control parameter, which
is in turn set by a magnetic offset field in the vicinity of a Feshbach
resonance. This necessitates sub-mG magnetic field stability.

This poster presents a solution for an active magnetic field stabiliza-
tion setup that allows to attenuate fluctuations relative to an arbitrary
offset magnetic field using an array of fluxgate sensors placed outside
the science chamber. A digital stabilization loop that runs on a fast
microcontroller including high-resolution analog-to-digital and digital-
to-analog converters in combination with a dedicated set of field coils
allows to infer and control the magnetic field at the site of the atoms
and reduce the background noise, particularly power line noise at 50
Hz, up to a bandwidth of 1 kHz.

Q 42.31 Wed 17:00 Philo 2. OG
Velocity field extraction from ultracold gases using bragg
scattering — ®HANYI JANG, ELINOR KATH, JELTE DUCHENE, HEL-
MUT STROBEL, and MARKUS K. OBERTHALER — Kirchhoff-Institut fiir
Physik, Heidelberg, Germany

An ultracold quantum gases velocity field offers information about
phase, topological defects and transport mechanisms. We have devel-
oped a method of estimating the velocity field by Bragg scattering from
a moving optical lattice, which enables velocity selective two-photon
transition between momentum states. To reconstruct the spatial ve-
locity field of a 2-dimensional Bose-Einstein condensate (BEC), we
explored two techniques. A short Bragg pulse generates a broad band
response that simultaneously probes a spectrum of velocities, which
is advantages for non-reproducible systems. In contrast, a long Bragg
pulse produces narrow spectral response that probes single velocity
with a higher precision. To assess the performance of the two meth-
ods, we benchmark them experimentally on a well-controlled scenario
of stationary single vortex in the BEC. We extract the radial veloc-
ity profile centered on the vortex core and compare it to the analytic
theory prediction and Gross-Pitaevskii simulation.

Q 42.32 Wed 17:00 Philo 2. OG
Towards an optical lattice for lithium-6 at 841 nm —
CHRISTIAN PARTES and eMacNus RuscH — Universitat Tiibingen,
Physikalisches Institut, Auf der Morgenstelle 14, 72076 Tibingen

We present the status of our technical preparation for imaging lithium-
6 (Li) atoms in a two-dimensional optical lattice using optical tweezers.
The lattice operates at 841 nm to match the tune-out wavelength of
erbium which is used for sympathetic cooling.

Due to the low mass of the Li atoms, high-frequency intensity noise
of the lattice beam may cause significant heating of the gas, so the laser
power has to be actively stabilized up to the MHz-range. We provide
insight into the current status of our intensity control setup making
use of an acousto-optic modulator and an FPGA-based PI-controller.

Additionally, we present the preparation of a two-dimensional op-
tical tweezer array using a spatial light modulator (SLM) and near-
resonant light. The SLM phase pattern is controlled by a two-stage
Gerchberg-Saxton algorithm, employing both numerical and camera
feedback. We aim for a tweezer distance equal to twice the lattice
spacing.

Q 43: Poster — Quantum Systems
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Q 43.1 Wed 17:00 Philo 2. OG
Markovian feedback control of interacting models — e ALLANO
GREGOR JOHANNES CELESTINO MARITANO!, ANDRE EckarDpT!, and
LinG-Na Wu? — !Technische Universitét Berlin, Berlin, Germany —
2Hainan University, Haikou, China

We study Markovian feedback control for state preparation and cooling
of bosonic atoms in a one-dimensional optical lattice, building on a re-
cently proposed scheme for measurement-based feedback. Using weak
homodyne detection and feedback control, we explore how to steer the
system towards selected many-body eigenstates with high fidelity in
regimes dominated by strong interactions.

In this context, we analyze the time evolution of the system under
feedback, exploring optimal control strategies for settling to the steady
state and the relation between the Hamiltonian eigenstates and the re-
sulting steady state. Overall, the project aims at identifying feedback
and measurement operator structures that accelerate convergence to
steady states in strongly interacting systems, thereby improving con-
trol performance and enabling future experiments on excited eigen-
states and quantum transport phenomena in optical lattices.

Q 43.2 Wed 17:00 Philo 2. OG
Absence of Entanglement Growth in Dicke Superradiance
— eNico BassLer — TU Darmstadt, Institute for Applied Physics,
Hochschulstrafe 4A, D-64289 Darmstadt, Germany

Dicke superradiance describes an ensemble of N permutationally in-
variant two-level systems collectively emitting radiation with a peak
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radiated intensity scaling as N2. Individual Dicke states are typically
entangled. However, the density matrix during superradiant decay is a
mixture of such states, raising the subtle question of whether the total
state is entangled or separable. We resolve this by showing analytically
that for any N, starting from the fully excited state, the collective de-
cay preserves separability for all times. This answers a longstanding
question on the role of entanglement in Dicke superradiance and un-
derscores that, despite collective dissipation, separable states remain
separable under these dynamics.

Q 43.3 Wed 17:00 Philo 2. OG
Optimal control of arbitrary perfectly entangling gates for
open quantum systems — eADRIAN ROMER, DANIEL REICH, and
CHRISTIANE P. KocH — Dahlem Center for Complex Quantum Sys-
tems, Freie Universitiat Berlin, Berlin, Germany

Perfectly entangling gates (PE) are crucial for various applications in
quantum information. One method to realize these gates is with the
help of an external control field, whose concrete shape is found using
optimal control theory. Instead of optimizing the shape that realizes
a specific gate, the optimization target can be extended to the full set
of PE. This increases the flexibility of optimization and allows to find
the best PE from the set of all PE. First, we show that it is possi-
ble to construct the unitary part of an unknown coherent evolution by
propagating specifically tailored density matrices. We then extend this
construction method to approximate the unitary part of a non-unitary
evolution. Lastly, we employ this method to superconducting qubits,
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where we numerically find optimized control fields that generate max-
imally entangled states for a desired gate duration, even if dissipation
is present in the system.

Q 43.4 Wed 17:00 Philo 2. OG
Perturbative Construction of Thermodynamically Consistent
Master Equations — eSHREESHA SHREEPAD HEGDE and CHRIS-
TIANE KocH — Freie Universitidt Berlin, Berlin, Germany

Constructing thermodynamically consistent master equations for mul-
tipartite open quantum systems requires knowledge of the energy
eigenbasis of the total system. However, this is a computationally
demanding task that typically involves the diagonalisation of large
Hamiltonians. The so-called local approach circumvents this problem
by constructing the master equation in the product basis of the local
energy eigenbases. This is consistent with zeroth-order perturbation
theory with respect to the interactions within the system, but gives
rise to thermodynamically inconsistent master equations in the strong
coupling regime [1].

Here we suggest approaching thermodynamic consistency by ac-
counting for the interactions within the multipartite system iteratively.
To this end, we combine a perturbation theory with block diagonalisa-~
tion of the total Hamiltonian. This allows us to iteratively add higher-
order corrections to the zeroth-order energy eigenbasis provided by the
local approach. Subsequently, using the corrected eigenbasis, we derive
master equations whose thermodynamic consistency can be tested at
higher orders.

[1] A. Levy, R. Kosloff, “The local approach to quantum trans-
port may violate the second law of thermodynamics”, EPL 107, 20004
(2014).

Q 43.5 Wed 17:00 Philo 2. OG

Cavity-induced chiral states in two-dimesional fermi gas —
e ALEKSANDER WAGNER — Physikalisches Institut, University of Bonn

We investigate topological out-of-equilibrium phases in a driven two-
dimensional Fermi-Hubbard model with strong light-matter interac-
tions induced by a dissipative optical cavity. The cavity induces phase-
imprinted hopping along a lattice direction where tunneling is other-
wise suppressed. Above a critical light-matter coupling strength, this
process leads to a collective amplification of hopping and generates
a dynamical gauge field, yielding an effective description reminiscent
of the Hofstadter Hamiltonian. Moving beyond purely Hamiltonian
frameworks, we characterize the steady state of the resulting open
quantum system, shaped by the interplay of external driving, quan-
tum fluctuations, and dissipation. We map out the associated non-
equilibrium phase diagram and examine the emergence and stability
of localized edge states and chiral edge currents in the presence of
fluctuations. Our results provide insights into how robust topological
phenomena in open quantum systems can be engineered and controlled.

Q 43.6 Wed 17:00 Philo 2. OG
Imaginary-Time Truncated Wigner Approximation for the
simulation of many-body spin-1/2 systems — ¢ToM SCHLEGEL,
JENs HaArTMANN, DENNIS BrEU, and MICHAEL FLEISCHHAUER —
RPTU Kaiserslautern, Kaiserslautern, Germany

The recently developed Truncated Wigner Approximation (TWA) for
spins [1] is a semiclassical method to describe interacting spin-1/2-
systems including dephasing and decay. Instead of finding exact solu-
tions in the exponentially growing Hilbert space, the method employs a
mapping from the equation of motion of many-body density matrix to
stochastic differential equations of classical variables in a continuous
phase space. The method, which improves on a mean-field descrip-
tion by including leading order quantum corrections, was successfully
employed to simulate the real-time dynamics of several models.

We here further develop the TWA method to an imaginary-time evo-
lution, i.e. for the simulation of finite-temperature states and ground
states of interacting spin systems. Specifically we derive the imaginary-
time TWA for spin-1/2-systems, highlight emerging problems and dis-
cuss how to deal with them. We then benchmark the method for
single-particle Hamiltonians. In order to assess the ability of the TWA
method to faithfully describe quantum phase transitions, we analyze
the one and two-dimensional transverse-field Ising model finding rather
good agreement of the critical behavior simulated by TWA with exact
results.

[1] C. Mink et al., PhysRevResearch.4.043136

Q 43.7 Wed 17:00 Philo 2. OG

Floquet theory for quantum systems driven by nonclassical
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light fields — eVLADISLAV SUKHARNIKOV and FRANK SCHLAWIN —
Universitdt Hamburg, Luruper Chaussee 149, 22761 Hamburg, Ger-
many

Controlling properties of materials by periodic drive has become an im-
portant research frontier, typically referred to as Floquet engineering.
It has already enabled many advances in condensed-matter physics,
such as inducing topological effects and nontrivial energy bands. Here,
we explore Floquet engineering when the drive is a quantum light field.
This introduces additional degrees of freedom and opens new possibil-
ities for manipulating matter far from equilibrium.

We analyze how a nonclassical drive—for example, a bright squeezed
vacuum-—alters the properties of periodically driven quantum systems.
Building on a previously developed approach to open-system dynam-
ics [arXiv:2511.01358], we recast the interaction between a quantum
system and a squeezed light into a time-local master equation with
periodic coefficients. This framework allows us to study how time-
periodic driving reshapes the effective Hamiltonians of quantum ma-
terials through Floquet engineering. We examine drive-induced corre-
lations and analyze the potential for enhancing effects achievable with
classical light.

Q 43.8 Wed 17:00 Philo 2. OG
Quantum Many-Body Dynamics in a Discrete Phase Space
— oeMAaXENCE PANDINI and JOHANNES SCHACHENMAYER — CESQ,
University of Strasbourg, France

The Discrete Truncated Wigner Approximation (DTWA) is a powerfull
tool to simulate many-body dynamics of finite size quantum systems.
Coupled to the Truncated Wigner Approximation, this opens the pos-
sibility to simulate many-body spin-boson systems with a high number
of particles (N710000) with only a linear numerical complexity. In this
work, we show the advances of finding rigorously a DTWA with a Dis-
crete Phase Space formalism of quantum mechanics, doing a direct
parallel with the continuous Wigner-Weyl phase space formalism of
quantum mechanics.

Q 43.9 Wed 17:00 Philo 2. OG
Fluctuations of thermal Lorentz-Hall forces inside a nonlocal
conductor — e ALEXANDER SCHOMBURG and CARSTEN HENKEL —
Universitat Potsdam, Institut fiir Physik und Astronomie, Germany

The Brownian motion of charges inside conductors can be treated as a
fluctuating macroscopic current density, giving rise to fields that inherit
the sources’ stochastic properties [1]. The mean magnetic (Lorentz)
force density [2] represents a second-order correlation function of these
quantities while the force autocorrelation is given in turn by fourth-
order correlations. These can be reduced to the spectrum of current
fluctuations. In the nonlocal treatment, the resulting expressions in-
volve both the transverse and longitudinal parts of the dielectric func-
tion. We analyse the convergence of the frequency integrals and of the
Lorentz force evaluated at the surface.

[1] S. Rytov, Y. Kravtsov and V. Tatarskii, Principles of Statistical
Radiophysics 3: Elements of Random Fields (Springer, 1989)

[2] C. Henkel, Physics 6 (2024) 568

Q 43.10 Wed 17:00 Philo 2. OG
Experimental study of collective scattering beyond short-
term burst dynamics — eBENEDIKT SAALFRANK, YOAN SPAHN,
Tuomas HALFMANN, and THORSTEN PETERs — Institut fiir Ange-
wandte Physik, Technische Universitat Darmstadt, Hochschulstrafe 6,
64289 Darmstadt, Germany

We experimentally investigate collective light scattering in a dilute, dis-
ordered ensemble of atoms confined within a hollow-core fiber. Start-
ing from a fully inverted effective two-level system, we observe - under
specific experimental conditions - scattering dynamics that persist be-
yond the short-term superfluorescent burst, indicating the presence of
subradiant decay channels. By analyzing the autocorrelation function
of the emitted light while accounting for temporal jitter and technical
noise, we extract the intrinsic temporal correlations of the collective
emission. In addition, we perform time-resolved measurements of the
excited-state population during the decay. This combined approach
allows us to quantify the fraction of atoms remaining in the initial
state and relate it to the observed late-time decay rate.

Q 43.11 Wed 17:00 Philo 2. OG
Simulation of motion-induced unidirectional collective emis-
sion with the Truncated Wigner Approximation — eJENS

HARTMANN!, YOAN SPAHN?, BENEDIKT SAALFRANKZ2, THORSTEN
b 9 b
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PETERS?, and MIcHAEL FLEISCHHAUER! — 1RPTU Kaiserslautern-
Landau, Kaiserslautern, Germany — 2TU Darmstadt, Darmstadt,
Germany

We discuss the first observation of motion-induced unidirectionality in
the collective emission of atoms confined within a hollow-core waveg-
uide. To understand the underlying effect we use the Truncated
Wigner Approximation for spins [1, 2] to simulate the collective emis-
sion of an effective number of moving atoms coupled to a waveguide.
We see good agreement between experimental results and the theo-
retical description and can show that this behaviour arises because
the decay occurs via a Raman-process-based effective two-level sys-
tem with a spatially-dependent phase of the transition dipole moment.
We derive a simple effective model of static emitters that includes
positional uncertainty and leads to an effective non-isotropic collective
coupling. Furthermore, we study the second-order correlation function
of the emitted light close to and well above the threshold to collective
emission, showing a buildup of coherence during the superfluorescent
bursts while the emitted light below the threshold exhibits thermal
statistics.

[1, 2] C. Mink et al., 10.21468/SciPostPhys.15.6.233, PhysRevRe-
search.4.043136

Q 43.12 Wed 17:00 Philo 2. OG
Simulations of superradiance in cold atom experiments —
eRiEMy DoLBeaurT!, ARFOR HouwMmaN?, LAURIANE CHomAz!,
Wyart KirkBy!, KARTHIK CHANDRASHEKARA!, JiansHUN Gaol,
CHRISTIAN GO6LzZHAUSER!Y, LiLy PLaTT!, and FRANCEscA FERLAINO2

— 1Universiy of Heidelberg — 2University of Innsbruck

We present simulations of superradiance in ultracold gases of highly
magnetic atoms with specific geometries (lattice or self-ordering
droplets).

Superradiance occurs when an initially excited system of interact-
ing atoms decays faster than independent atoms due to the build-up
of interatomic correlations. As density (and geometry in the case of
anisotropic interactions) plays a key role in the evolution of superra-
diant systems, two different situations were investigated:

- An optical lattice of Erbium atoms, corresponding to the setup
of the Erbium team in Innsbruck, and the diminishing effect of the
magnetic dipole-dipole interaction on superradiance

- Quantum droplets of Dysprosium atoms corresponding to the BoDy
experiment in Heidelberg

Using a symbolic derivation of the meanfield plus correlations equa-
tions from the Lindblad master equation, the simulation of the time
evolution of up to 75 atoms can be performed, giving access to first
insights into the dynamics of real experimental systems (with atom
number typically around 104 atoms).

Q 43.13 Wed 17:00 Philo 2. OG
Disorder-Enhanced and Disorder-Independent Transport
with Long-Range Hopping: Application to Molecular Chains
in Optical Cavities Nanum C. CzAvez!, eFRANCEScO
MatTtiorTi?, J. A. MENDEZ-BERMUDEZ?, FausTo Borconovil?,
and G. Luca CELARDO® — !Dipartimento di Matematica e Fisica,
Universita Cattolica, Brescia, Italy — 2Theoretische Physik, Univer-
sitat des Saarlandes, Saarbriicken, Germany — 2Benemeérita Univer-
sidad Auténoma de Puebla, Instituto de Fisica, Mexico — 4INFN,
Sezione di Milano, Milano, Italy — 5Department of Physics and As-
tronomy, University of Florence, Italy

Overcoming the detrimental effect of disorder at the nanoscale is very
hard since disorder induces localization and an exponential suppres-
sion of transport efficiency. Here we unveil novel and robust quantum
transport regimes achievable in nanosystems by exploiting long-range
hopping. We demonstrate that in a 1D disordered nanostructure in
the presence of long-range hopping, transport efficiency, after decreas-
ing exponentially with disorder at first, is then enhanced by disorder
|[disorder-enhanced transport (DET) regime| until, counterintuitively,
it reaches a disorder-independent transport (DIT) regime, persisting
over several orders of disorder magnitude in realistic systems. To en-
lighten the relevance of our results, we demonstrate that an ensemble of
emitters in a cavity can be described by an effective long-range Hamil-
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tonian. The specific case of a disordered molecular wire placed in an
optical cavity is discussed, showing that the DIT and DET regimes
can be reached with state-of-the-art experimental setups.

Q 43.14 Wed 17:00 Philo 2. OG
Feedback cooling scheme for small nanoparticles based on
single-photon detection — eL.uis KuNKEL GARcia, KLaus HORN-
BERGER, and HENNING RuboLpH — University of Duisburg-Essen,
Faculty of Physics, Lotharstrafe 1, 47057 Duisburg, Germany

Recent experiments have demonstrated center-of-mass ground state
cooling of optically levitated nanoparticles by combining efficient ho-
modyne detection of the scattered light with feedback [1,2]. Here, we
theoretically analyze a feedback cooling scheme based solely on the de-
tection of individual scattered photons, which paves the way for ground
state cooling in previously inaccessible mass regimes. The scheme in-
volves a continuous measurement of photon counts, generating a state
estimation, from which a stochastic feedback force is determined. Us-
ing realistic assumptions about the detection efficiency and dark count
rates, we assess the lowest attainable temperature.

[1] Magrini et al., Real-time optimal quantum control of mechanical
motion at room temperature, Nature 595, 373 (2021) [2] Tebbenjo-
hanns et al., Quantum control of a nanoparticle optically levitated in
cryogenic free space, Nature 595, 378 (2021)

Q 43.15 Wed 17:00 Philo 2. OG
Symmetry assignment of few-electron states and their
Coulomb splitting on molecular networks — Lupwic ScHULZ,
ANTON BAUER, and e CARSTEN HENKEL — Universitdt Potsdam, In-
stitut fiir Physik und Astronomie, Germany

We investigate few-electron states on a graph, as a tight-binding model
of a small molecule. For rings, the dihedral group provides a complete
classification of degeneracies in terms of its irreducible representations
(Mulliken symbols) [1]. We sketch a graph-theoretical explanation of
energy splittings due to the Coulomb interaction between electrons.
Similar arguments are applied to rings with ligands and to (avoided)
crossings of Zeeman spectra in a magnetic field. A key technique in-
volves adjacency matrices for many-electron states in the occupation
number representation, that encode the hopping of one or more elec-
trons and include signs due to the fermionic symmetry and Peierls
phase factors in a magnetic field.

[1] P. Atkins and R. Friedman, Molecular Quantum Mechanics (Oxford
Univ Press 2005)

Q 43.16 Wed 17:00 Philo 2. OG
Bogoliubov theory of 1D anyons in a lattice — Bin-Han Tanc!,
e AXEL PELSTER?, and MARTIN BoNkHOFF3 — 1University of Trento,
Italy — 2RPTU Kaiserslautern-Landau, Germany — 3University of
Hamburg, Germany

Anyons of the Hubbard type in 1D interpolate between bosonic and
fermionic particle statistics. Their exclusion behavior is encoded in
that of their parent particles, including statistical interactions depen-
dent on the connectivity and form of the underlying Hamiltonian.
Their exchange phase emerge via non-gaugable hopping processes that
characteristically break spatio-temporal symmetries, away from their
canonical limits. Both effects originate from density-dependent Peierls
phases that are essentially non-perturbative. This results in a rich phe-
nomenology but also in experimental challenges and the necessity of a
careful theoretical treatment. To this end, we develop a generalized Bo-
goliubov theory for the bosonic version of the anyon-Hubbard model,
maintaining periodicity in the statistical parameter and incorporating
a condensation at finite momenta. We investigate the stability of the
condensate and find a mean-field manifestation of the Pauli princi-
ple while transmuting from bosons to pseudo-fermions. We regularize
characteristic divergences in the thermodynamic limit by the maximal
momentum resolution of a finite periodic lattice. We determine the
condensate depletion as well as its momentum self-consistently, and
with this investigate excitations above ground-state as well as their
universal parameters. We find a good agreement with Luttinger the-
ory at weak coupling.
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Q 44: Laser Technology and Applications

Time: Thursday 11:00-13:00

Q 44.1 Thu 11:00 P 2
Hybrid FDTD-transfer matrix framework for fast Bragg grat-
ing response modeling — eYasmin Ranimor, Icor A. NECHEP-
URENKO, M. R. MaHANI, and ANDREAS WIcHT — Ferdinand-Braun-
Institut (FBH), Berlin, Germany

Bragg gratings play a central role in integrated photonics because they
enable fine control over reflection and transmission spectra. Numeri-
cal solvers such as the finite-difference time-domain (FDTD) method
can capture their full electromagnetic behavior but quickly become
impractical when simulating long or complex structures due to heavy
computational demands. To overcome this limitation, we introduce a
modeling strategy that derives a transfer matrix method (TMM) from
short-segment FDTD simulations and then reuses it to predict the re-
sponse of extended gratings. By composing transfer matrices obtained
from short FDTD simulations, we can rapidly reconstruct spectra for
gratings that are orders of magnitude longer than the original simula-
tion domain. This method reproduces both reflection and transmission
with errors consistently under 4% compared to full FDTD, while cut-
ting computational time by more than an order of magnitude. Our
study demonstrates that the TMM provides a reliable and scalable
surrogate model, enabling efficient design exploration for structures
ranging from tens to hundreds of grooves. The framework offers a
powerful balance between accuracy and speed, making it particularly
valuable for the development of large-scale photonic components.

Q44.2 Thu 11:15 P 2
Tunable Pulsed UV Laser System for Laser Cooling of Rela-
tivistic Bunched Ion Beams — eTamiNaA GRUNWITZY2, BENEDIKT
LancrFeLDY2, and Tuomas WALTHER!"2 — 1TU Darmstadt —
2HFHF Campus Darmstadt

In contrast to established cooling methods (e.g. electron cooling), laser
cooling promises to efficiently generate narrow longitudinal momentum
distributions in relativistic bunched ion beams, even at large gamma
factors. Therefore, laser cooling is the only planned cooling method
for the upcoming heavy-ion synchrotron SIS100 at the FAIR facility,
using three laser systems simultaneously.

In this talk, we present one of these laser systems, which deliv-
ers optical pulses with adjustable durations between 46 and 734 ps
at repetition rates from 1 to 10 MHz. The systems achieves the high
power output required for the laser cooling applications. By employing
second-harmonic generation, the system can operate at wavelengths of
both 514 nm and 257 nm, with maximum average output powers of
34 W (green) and 5 W (UV), respectively. Additionally, the system
can be tuned continuously in its frequency over a range of 3.4 THz in
the UV, making the laser system also suitable for laser spectroscopy
applications.

Q44.3 Thu11:30 P 2
Ultrafast optical Kerr Gate at 1 GHz repetition rate with
BBS glass and thin graphite films under focused illumination
— eAMR Farrac!, Assecip M. Fratae!, LENoraH M. StoTT?,
ALESSANDRO LAcATTI?®, ANDREA LAPINI3#, Doris MONCKE?, and
Magrio Acio!3® — 1LaboratoryofNano-Optics, University of Siegen,
57072 Siegen, Germany — 2Inamori School of Engineering at the New
York State College of Ceramics, Alfred University, Alfred, NY, 14802,
USA — 3European Laboratory for Non-Linear Spectroscopy, 50019
Sesto Fiorentino, FI, Italy — %Dipartimento di Scienze Chimiche,
della Vita e della Sostenibilitd Ambientale, Universita di Parma, 43124
Parma, PR, Italy — °Istituto Nazionale di Ottica (INO), Consiglio
Nazionale delle Ricerche (CNR), 50019 Sesto Fiorentino (FI), Italy

Ultrafast optical detection is vital for quantum technologies and
nanophotonics, yet sub-picosecond processes remain challenging to re-
solve, especially at the single-emitter level. Optical Kerr gating (OKG)
offers high detection efficiency and broadband operation, making it a
strong candidate for ultrafast single-photon measurements.

We demonstrate a 1-GHz OKG scheme using bismuth-borosilicate
(BBS) glass and thin graphite films, requiring <1 nJ gate-pulse energy
under focused illumination. Temporal resolutions of 175 fs (BBS) and
141 fs (graphite films) are achieved. BBS glass provides a high nonlin-
ear coefficient and sub-ps response, whereas graphene-based graphite
films deliver exceptionally strong nonlinearity and are promising for
integration in future on-chip ultrafast optical platforms.
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Q444 Thull45 P2
Development of dynamic time over threshold method for
signal processing in cavity ring-down spectroscopy — Kon-
rRAD KLEINEIDAMY:2, HIDEKI ToMmiTal, TakuMmi MocHaizuki!, RYOHEI
TERABAYAsHI!, eERrik THIEL?, KLAUS WENDT?, KENJI SHIMAZOE?,
Hisasur ABe?, and Noriniko NisHizawal — !Department of Applied
Energy, Nagoya University, Japan — 2Institut fiir Physik, Johannes
Gutenberg-Universitat Mainz, Germany — 3The University of Tokyo,
Japan — *National Metrology Institute of Japan (NMILJ/AIST), Japan

Cavity ring-down spectroscopy (CRDS) is a highly sensitive technique
for detecting elements and isotopes in gas samples by measuring the de-
cay rate (i. e. ring-down rate) of transmitted laser light in a high-finesse
optical cavity. Typically, a high-resolution data acquisition system is
used to record the time-dependent change in signal and calculate the
ring-down decay rate through exponential fitting, in order to measure
the molecular number density inside the cavity. By injecting photons
of different wavelengths, multiple molecules can be measured simul-
taneously by recording their respective ring-down rates. This study
explores a simplified method for acquiring decay rates using dynamic
time over threshold (dToT) analysis. This method relies on the discrete
recordings of timing over two dynamically changing threshold voltages
instead of the full curve recording by conventional ADCs. Preliminary
results suggest that this approach can effectively determine the ring-
down decay rate, offering a potentially lower-cost, faster and simpler
alternative to the post exponential fitting process in CRDS measure-
ments.

Q 44.5 Thu 12:00 P 2
On-axis Laser Ranging Interferometer for Grace-like Mission
— eDarkaNne WEI — Max Planck Institute for Gravitational Physics
(Albert Einstein Institute), Hannover, Germany

The GRACE Follow-On mission’s laser ranging interferometer (LRI)
has demonstrated sub-nanometer precision for inter-satellite length
tracking. We present a novel interferometric architecture for future
GRACE-like missions, featuring an on-axis LRI that enables monoax-
ial transmission and reception of laser beams between two spacecraft.
Our laboratory-scale prototype establishes a transponder-based laser
interferometric link between two optical benches, with phase readout
at a heterodyne signal of 7.3 MHz. Two independent active beam
steering loops employ differential wavefront sensing (DWS) to co-align
the transmitting (TX) and receiving (RX) beams. Under simulated
angular jitters, the beam pointing stability is maintained below 10
urad/m in the frequency range between 2 mHz and 0.5 Hz, and the
fluctuation of the TX beam’s polarization state induces a reduction of
0.14% in the carrier-to-noise-density ratio. Additionally, we investigate
the tilt-to-length (TTL) coupling of the optical bench using dedicated
rotations of the hexapod. Our results show that the on-axis LRI en-
ables inter-spacecraft ranging measurements with nanometer accuracy,
making it a potential candidate for future GRACE-like missions.

Q44.6 Thu 12:15 P2
Quantum-Correlated Biphotons for Two-Photon Absorption
in Biomimetic Photoswitches — eGonca UNDER and OLEG Ko-
RNILOV — Max-Born-Strafte 2A, 12489, Berlin, Germany

Spontaneous parametric down-conversion (SPDC) provides a reliable
technique for generating quantum-correlated photon pairs, enabling
various quantum sensing and spectroscopic applications. In this work,
we demonstrate the generation and detection of biphotons produced
via type-I SPDC and their characterization using a single-photon de-
tection setup. The photon pairs are separated at a beam splitter and
routed directly into two independent single-photon detectors, allowing
coincidence-based identification of quantum-correlated events. After
establishing the coincidence detection scheme, we couple the biphoton
state into a single spatial mode to form a well-defined quantum optical
probe intended for future two-photon absorption (TPA) experiments
on novel biomimetic photoswitches. Owing to their non-classical corre-
lations, such photon pairs can achieve two-photon excitation at optical
powers significantly lower than classical limits, paving the way for sen-
sitivity enhancements compared to classical illumination in quantum-
enhanced spectroscopy.

Q 44.7 Thu 12:30 P 2
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Heterodyne Interferometry for a Measurement of Vacuum
Magnetic Birefringence — eLLAURA ROBERTS!, AARON SPECTOR?,
and Topp Kozrowski? — !Max-Planck-Institut fiir Gravitation-
sphysik (Albert-Einstein-Institut) and Leibniz Universitdt Hannover,
30167 Hannover, Germany — 2Deutsches Elektronen Synchrotron
DESY, 22603 Hamburg, Germany

Vacuum magnetic birefringence (VMB) is a long predicted consequence
of quantum electrodynamics which describes the effect where an ex-
ternal magnetic field turns the vacuum into an anisotropic, polarizable
medium. Despite more than 40 years of experimental effort, there has
yet to be a direct laboratory detection of VMB due to its incredi-
bly small amplitude. The Any Light Particle Search II (ALPS II) at
DESY currently operates a string of 24 superconducting HERA dipole
magnets, each generating a 5.3 T field, with an effective length of 212
meters, along with a high-finesse optical cavity whose eigenmode prop-
agates through the magnet bore. The ALPS II infrastructure therefore
can produce a vacuum birefringence 600 times larger than the previous
best VMB search, making its future for VMB promising. We discuss
an optical system to perform a measurement of VMB by sensing the
differential frequency changes of two orthogonal fields stabilized to res-
onances of a 246 m long optical cavity whose eigenmode propagates
through the ALPS II magnet string. In the following we present the
results of implementing a prototype of this scheme on a 19 m cavity
and discuss the prospects of the full scale experiment.

Q 44.8 Thu 12:45 P 2
Probing Vacuum Magnetic Dichroism with Precision In-
terferometry — eAarRoN SpeEcTOR! and LAURA ROBERTS? —
!Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany
— 2Max-Planck-Institut fiir Gravitationsphysik (Albert-Einstein-
Institut) and Leibniz Universitdt Hannover, Hannover, Germany

An exciting new frontier in the search for physics beyond the standard
model is emerging as experiments are using precision interferometry to
probe the vacuum magnetic dichroism effect. Here, light propagating
through a vacuum could experience additional polarization dependent
optical losses in the presence of a magnetic field as some of its en-
ergy is transferred to hypothetical fields such as axion-like-particles,
millicharged fermions, and dark matter “chameleons.” In this talk, we
propose a new method to test this effect by continuously characteriz-
ing the complex reflectivity of an optical cavity for polarization states
aligned parallel and perpendicular to a modulated external magnetic
field. Using this technique, it could be possible to disentangle the
changes of conventional loss channels in an optical cavity, such as scat-
tering and absorption at the mirror coatings, from sources induced by
new physics interacting with the magnetic field. I will also discuss the
discovery prospects of a setup utilizing the ALPS II infrastructure (24
HERA dipole magnets each providing 5.3 T magnetic fields for a length
of 8.8 m) along with a 246 m long cavity and give a status report of a
prototype setup implemented on a 19 m long cavity.

Q 45: Plasmonics and Metasurfaces

Time: Thursday 11:00-13:00

Invited Talk Q 45.1 Thu 11:00 P 3
Quantum geometry in plasmonic metasurfaces and signatures
of collective quantum phenomena — eJavier CUERDA — Institut
fiir Angewandte Physik, TU Darmstadt, Hochschulstrafe 4A, D-64289
Darmstadt, Germany — Department of Applied Physics, Aalto Uni-
versity School of Science, Aalto FI-00076, Finland

Plasmonic nanoparticles radiatively coupled in two-dimensional lat-
tices, combined with organic quantum emitters, enable strong light-
matter coupling, lasing, and BEC [1]. Their highly dispersive,
polarization-dependent band structure, combined with time-reversal-
symmetry breaking [2], produces a non-trivial quantum geometry. The
organic emitters feature vibrational modes, hinting at novel collective
light-matter coupling effects.

We present recent progress on these aspects. We have measured the
quantum geometric tensor of a plasmonic lattice, finding a non-trivial
quantum metric and a purely non-Hermitian Berry curvature [3]. We
also show how vibrational modes affect dynamical superradiance in a
cavity [4], enabling studies on collective quantum coherence in plas-
monic metasurfaces.

[1] A. I. Vikevéinen, et al. Nature Comm. 11, 3139 (2020).

[2] F. Freire-Fernandez, J. Cuerda, et al. Nature Phot.
(2022).

[3] J. Cuerda, J. M. Taskinen, N. Kallman, L. Grabitz, and P. Tormaé.
Phys. Rev. Res. 6 (2), L022020 (2024).

[4] L. Freter, P. Fowler-Wright, J. Cuerda, B. W. Lovett, J. Keeling,
and P T6rmi. Accepted for publication. arXiv:2305.13244 (2025).
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Q452 Thull:30 P 3
UV-Compatible Mie Void Metasurfaces — eSERKAN ARSLAN,
JuriaN ScuwaB, HARALD GIESSEN, and MARIO HENTSCHEL — Uni-
versity of Stuttgart, 4th Physics Institute

In recent years, metasurface design has increasingly shifted toward di-
electric platforms rather than plasmonic systems. While plasmonic
resonances are limited by intrinsic ohmic losses in metal nanostruc-
tures, high-refractive-index dielectrics support low-loss Mie resonances
in the infrared and visible spectral ranges. However, this advantage
diminishes in the ultraviolet (UV), where nearly all dielectric materials
become highly absorptive at sufficiently high photon energies. Conse-
quently, UV metasurface research has largely focused on identifying
wide-bandgap materials with minimal absorption.

Here, we take a different approach based on Mie void resonances,
which have emerged as a complementary concept in dielectric nanopho-
tonics. By confining light in air within a high-refractive-index host, Mie
voids circumvent material losses and enable dispersion-free resonance
tuning extending into the UV.
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We introduce polarization-dependent elliptical Mie voids and in-
vestigate their polarization-resolved resonances and mode forma-
tion. Exploiting this polarization degree of freedom, we fabricate
Pancharatnam-Berry (PB) phase metasurfaces on GaAs substrates.
These metasurfaces demonstrate 90° off-axis reflective focusing in the
visible range with numerical apertures up to 0.25, as well as orbital
angular momentum (OAM) generation.

Q453 Thull45 P 3
A new framework for topological plasmonics — eJurius T.
Gounsrica!2, NorMaN S. IsraiEL?, Lora RaMunno?, and FLorE K.
Kunst!2 — IMax Planck Institute for the Science of Light, Erlangen,
Germany — 2Department of Physics, Friedrich-Alexander Universitit
Erlangen-Niirnberg, Erlangen, Germany — 2Department of Physics
and Nexus for Quantum Technologies Institute, University of Ottawa,
Ottawa, Canada

Plasmonics is the study of the interaction between light and free
electrons at metal-dielectric interfaces at the nanoscale. A versatile
platform in this field are systems of coupled metallic nanoresonators
(MNRs), which are for example used to construct metasurfaces for
sensing applications. Topological phenomena can provide novel func-
tionalities to the already rich physics of such structures.

I will present a new framework to analyze the topology of coupled
MNRs. Having all relevant properties of the constituent MNRs, the
properties of the coupled MNR system are encoded in the solutions
of a non-Hermitian eigenvalue problem. Employing our method, we
analyze a plasmonic SSH model, and compare our results with full-
wave numerics. Our approach allows different approximations, result-
ing in computational efficiency and scalability compared to full-wave
numerics, making it a powerful tool for analyzing topological plasmonic
structures and shaping our understanding of these. Beyond that, the
presented methods allow for the optimization and design of topolog-
ical plasmonic nanostructures with potential applications in sensing,
microscopy and optical communication.

Q454 Thu 12:.00 P 3
Periodic light meets periodic matter — eFriEDER LINDELD2:3,
Carros J. SANcHEZ Martinez!2, Jonannes Frist!2, and FRAN-
c1sco GARrcia-VipaLl?2 — 1Departamento de Fisica Teérica de la
Materia Condensada, Universidad Auténoma de Madrid, Spain —
2Condensed Matter Physics Center (IFIMAC), Universidad Auténoma
de Madrid, Spain — S3Institute for Theoretical Physics, ETH Ziirich,
Switzerland

Strong light-matter coupling is a key requirement for many quantum
technologies, typically achieved through field enhancement in optical
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cavities or antennas. It leads to the hybridisation of light and matter
excitations into polaritons.

In my talk, the concept of crystal polaritons will be introduced [1],
which arise when collective excitations of periodic arrays of quantum
emitters are strongly coupled to the light modes supported by a meta-
surface. We will construct an ab initio few-mode quantization scheme
for metasurface resonances based on macroscopic quantum electro-
dynamics, which provides a framework for analyzing the emergence
of strong light-matter coupling in metasurfaces and the formation of
crystal polaritons. We will see how the interactions between crystal
polaritons lead to single photon nonlinearities for extremely low po-
lariton densities, allowing resonant quantum light generation orders of
magnitude higher than in state-of-the-art nonlinear metasurfaces.

[1] F. Lindel, C. J. S. Martinez, J. Feist, F. J. Garcia-Vidal, arXiv
preprint: arXiv:2508.00797 (2025).

Q45.5 Thu12:15 P 3
Interaction of Structured Light with Nanostructured Mat-
ter — eNoaH APosToLicO, LEANDER SIEGLE, LucAa ScumIiD, TiMm-
Dowminik GOMEZ, MARIO HENTSCHEL, and HARALD GIESSEN — 4th
Physics Institute and Research Center SCoPE, University of Stuttgart,
Pfaffenwaldring 57, 70569 Stuttgart, Germany

Although structured light has been extensively studied, its interac-
tion with nanoscale matter has remained largely unexamined. Here,
we demonstrate a symmetry-dependent interaction between struc-
tured light and nanostructured absorbers by investigating the orbital-
angular-momentum-dependent extinction of gold nanodisk oligomers.
Using a rigorous design framework, we fabricate diffractive optical el-
ements via two-photon-polymerization grayscale lithography to gener-
ate three distinct flower-like beam modes. Scanning these beams across
oligomers of different symmetries reveals that extinction is maximized
when the beam and structure share the same rotational symmetry and
reduced otherwise. A semi-analytical overlap model reproduces the
observed trends with deviations consistently below 10%, confirming
the robustness of the symmetry-based interaction mechanism.

Q 45.6 Thu 12:30 P 3
Nanoscale free-electron dynamics in plasmonic nanostruc-
tures — eFABIAN SCHEIDLER, JESsicA MEIER, and BErRT HECHT —
Experimental Physics 5, University of Wiirzburg, Am Hubland, 97074
Wiirzburg, Germany

Intense laser pulses give rise to strong-field phenomena, where the ex-
ternal electromagnetic field exceeds the binding field of electrons in
matter [1]. At sharp metallic nanotips, this leads to a nonlinear pho-

tocurrent driven by multiphoton and strong-field photoemission [2].

Plasmonic nanoantennas fabricated by focused helium ion beam
milling from monocrystalline gold microplatelets provide large field en-
hancements stemming from both an asymmetric nanotip-shaped gap
and plasmonic hotspots [3]. Such structures have been shown to yield
a geometry-dependent photocurrent across small gaps when driven by
a femtosecond Ti:Sa laser in the visible to infrared spectral regime.

Our goal is to employ nanoantenna systems as local electron sources
with designed plasmonic near fields for electron control. To describe
the free-electron dynamics, we develop a semiclassical simulation
scheme to analyze free-electron motion as well as the resulting nonlin-
ear photocurrent.

(1) Dombi, P. et al. Rev. Mod. Phys. 2020, 92, 025003.

(2) Kriiger, M. et al. Journal of Physics B: Atomic, Molecular and
Optical Physics 2018, 51, 172001.

(3) Meier, J. et al. Advanced Optical Materials 2023, 11, 2300731.

Q45.7 Thu 12:45 P 3
Near-field metasurfaces for light shaping — eLuca ScuwmID!,
Jurian ScawaBl, Car Li2, Kauian XiNG?2, STEFAN MAIERZ, HARALD
Giessen!, HaoraN REN?, and Mario HEnTscHEL! — 14th Physics
Institute and Research Center SCoPE, University of Stuttgart, Pfaf-
fenwaldring 57, 70569 Stuttgart, Germany — 2School of Physics and
Astronomy, Monash University, Clayton, Victoria, Australia

Plasmonic and dielectric nanophotonic building blocks allow for shap-
ing the flow of light at boundaries and interfaces. They have opened
the field of metasurfaces, which until now mostly allow for the creation
of nearly arbitrary intensity distributions in the far-field. Drawing in-
spiration from this concept, we introduce metasurfaces for near-field
light shaping. Desired near-field intensity distributions can be cre-
ated by engineering the distribution of individual scatterers on metallic
surfaces and hence the interference of the individually launched sur-
face plasmons. Using this ansatz, we demonstrate metasurfaces which
enable to direct, focus, and demultiplex incident light. We imple-
ment these structures by a peel-off process from molds, which results
in ultra-smooth metallic surfaces, maximizing the plasmon propaga-
tion length. Far-field measurements based on a k-space spectroscopy
setup allow us to image the local near-field and show excellent agree-
ment with modelling and simulation. We envision that the creation of
nearly arbitrary near-field distributions will enable nanoscale routing
and sorting of light based on polarization, orbital angular momentum,
and wavelength, as well as help realize novel coupling schemes to emit-
ters and nanoscale systems.

Q 46: Open Quantum Systems Il

Time: Thursday 11:00-13:00

Invited Talk Q 46.1 Thu 11:00 P 4
Squeezed Light and Optimal Phase Estimation for Quan-
tum Metrology — eMoJipEH SHIKHALI NajaraBapi!, Luis L.
SANcHEZ-SoTo?, JoEL F. Corney?, and GERD LEUucHs* — Max
Planck Institute for the Science of Light — 2Departamento de Op-
tica, Facultad de Fisica, Universidad Complutense, 28040 Madrid,
Spain — 3School of Mathematics and Physics, University of Queens-
land, Brisbane, Queensland 4072, Australia — “Institut fiir Optik,
Information und Photonik, Friedrich-Alexander-Universitiat Erlangen-
Niirnberg, 91058 Erlangen, Germany

Quantum metrology has progressed rapidly over the past decade, yet
many approaches still rely on idealised models or tightly controlled
laboratory conditions that limit their practical relevance. At its core,
quantum metrology relies on four key stages -probe preparation, pa-
rameter encoding, measurement, and estimation- each of which must
be optimised to achieve precision beyond classical limits. In this talk,
I focus on some central components of this framework. First, I in-
troduce squeezed states and phase-space approaches, with emphasis
on the generation of quantum resources using resonance-based light-
matter interactions and Kerr nonlinearities. I present our theoretical
study of squeezing mechanisms arising from resonant nonlinear interac-
tions between a coherent optical pulse and an atomic vapour confined
within photonic crystal fibres. Finally, I discuss an asymptotically
optimal phase-estimation protocol based on Adaptive Quantum State
Estimation (AQSE) for squeezed vacuum states and present recent
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results from our work.

Q46.2 Thu11:30 P4
From lasers to photon Bose—Einstein condensates: A uni-
fied description via an open-dissipative Bose—Einstein dis-
tribution — eJosHua Krauss, ENrico STEIN, and AXEL PEL-
sTER — Physics Department and Research Center OPTIMAS, RPTU
Kaiserslautern-Landau, Kaiserslautern, Germany

Photon condensation was first observed in 2010 within a dye-filled mi-
crocavity at room temperature [1] and gained interest since then. In
this study we examine how the driven-dissipative nature of a pho-
ton Bose—Einstein condensate modifies the condensation process [2].
To this end, we consider a rate-equation model, which can be de-
rived microscopically [3-5]. It depends on external parameters such as
emission and absorption rates as well as cavity photon losses [6]. In
steady state, the photon occupation follows an open-dissipative Bose—
Einstein distribution whose chemical potential is set self-consistently
by the dye’s ground- and excited-state populations. We show that
driven-dissipative parameters strongly alter the distribution and use
these results to distinguish photonic condensation from both atomic
condensation and lasing [2].

[1] J. Klaers et alii, Nature 468, 545 (2010)

[2] J. KrauR et alii, ArXiv:2510.05917 (2025)

[3] P. Kirton and J. Keeling, Phys. Rev. Lett. 111, 100404 (2013)

[4] M. Radonji¢ et alii, New J. Phys. 20, 055014 (2018)

[5] E. Stein, PhD. Thesis, TU Kaiserslautern, (2022)



Mainz 2026 — Q

Thursday

[6] J. Schmitt et alii, Zenodo, DOI: 10.5281/zenodo.10852935
(2024)

Q46.3 Thu 11:45 P4
Towards an autonomous optomechanical Maxwell Demon en-
gine — eSANDER STAMMBACH und STEFAN NIMMRICHER — Univer-
sitdt Siegen
We present a fully autonomous model for a mechanical Maxwell demon
engine that converts heat absorbed by a qubit into population inver-
sion of an attached quantum battery system. A damped mechanical
oscillator acts as a pointer that incorporates the essential demon func-
tion of information acquisition about the qubit state and subsequent
feedback into the system dynamics, replacing external measurements
and control operations. This is achieved by means of the Holstein Ha-
miltonian, which makes the pointer*s equilibrium position depend on
the qubit state and thereby leads to a state-dependent effective reso-
nance shift. The mechanism enables a selective energy transfer to an
attached spin system that acts as the quantum battery. We derive both
local and global Lindblad master equations for the coupled system and
identify the parameter regimes in which the engine operates efficiently.
The figure of merit is the resulting steady-state population inversion
of the battery, quantified in terms of ergotropy. Based on these results,
we discuss the necessary conditions for practical implementations of
the demon engine on realistic experimental platforms.

Q 46.4 Thu 12:00 P 4
Dissipative generation of currents by nonreciprocal local and
global environments — eCATALIN-MiHAr Havatt — Max Planck
Institute for the Physics of Complex Systems, Nothnitzer Str. 38,
01187 Dresden, Germany

We investigate the mechanisms necessary for the stabilization of com-
plex quantum correlations by exploring dissipative couplings to non-
reciprocal reservoirs. We analyze the role of locality in the coupling
between the environment and the quantum system of interest, as we
consider either local couplings throughout the system, or a single global
coupling. We contrast the results obtained for the two scenarios in
which a chain of strongly interacting hardcore bosonic atoms is cou-
pled directly to Markovian kinetic dissipative processes, or experiences
effective dissipation through the mediation of the field of a lossy opti-
cal cavity. To investigate the dissipative dynamics of the many-body
quantum systems considered we perform numerical simulations em-
ploying matrix product states methods. We show that by coupling
atomic tunneling terms to the global field of a dissipative cavity we can
stabilize at long times both finite currents and current-current corre-
lations throughout the atomic chain. This is in contrast to the setup
in which dissipation acts directly via local tunneling processes, where
currents arise in a narrow region of the system and the current-current
correlations are rapidly decaying.

Q 46.5 Thu 12:15 P 4
Dissipative loading of ultracold atom tweezer arrays — eLLARA
GIEBELER!, ALEXANDER ScHNELL!, MONIKA AIDELSBURGERZ3%
and ANDRE EckarDpT! — !nstitute for Physics and Astronomy, Tech-
nical University Berlin — 2Munich Center for Quantum Science and
Technology — 3Max-Planck-Institut fiir Quantenoptik — *Fakultit
fir Physik, LMU Munich

Using ultracold atoms in quantum computing and simulation often
requires arbitrary single-atom control, typically achieved with optical
tweezer arrays. However, defect-free loading of large-scale arrays re-

mains challenging due to the slow speeds and limited loading fidelities
of stochastic preparation methods.

To overcome these limitations, in this work we introduce a dissipa-
tive scheme for loading atoms into tweezers, mediated by laser-coupled
interactions with a fermionic bath. In particular, we explore the trade-
off between loading time and fidelity depending on the strength of the
system bath coupling and the impact of reservoir size and temperature.

Q46.6 Thu 12:30 P 4
Time complexity of dissipative quantum search with reset-
ting — eSavan Rov!h2, Emma Kine!2, FRANCESCO MATTIOTTIZ,
Markus Briser®?, and Giovanna Moriar®* — 'Equal contribu-
tion — 2Theoretical Physics, Saarland University, 66123 Saarbriicken,
Germany — 3FR Informatics, Saarland University, 66123 Saarbriicken,
Germany — “4Center for Quantum Technologies (QuTe), Saarland Uni-

versity, Campus, 66123 Saarbriicken, Germany

Searching a database is a central task in computer science and is
paradigmatic of transport and optimization problems in physics. For
an unstructured search, Grover’s algorithm predicts a quadratic scal-
ing of the search time with the database size N, ts ~ v/N. Numerical
studies suggest that the time complexity ts can change in the presence
of feedback, injecting information during the search. We determine
the time complexity of the quantum analog of a randomized algo-
rithm, which implements feedback in its simplest form. The search is
a continuous-time quantum walk on a complete graph, where the target
is continuously monitored by a detector. Additionally, the quantum
state is reset to the initial state if the detector does not click within
a specified time interval. This yields a non-unitary, non-Markovian
dynamics. We optimize the search time as a function of the hopping
amplitude, detection rate, and resetting rate. We identify parameter
regimes in which the search time scales as ts ~ N% with o < 1/2,
achieving a time complexity that may surpass the Grover optimal
bound.

Q46.7 Thu 1245 P4
Adiabatic steering and entanglement generation using dis-
sipative quantum systems — eKEsHAV VENKATARAMAND2:3
ADRIAN ParRRA-RoODRIGUEZ!23, MaRKO LiuBoTiNa2:3, and PETER
RaBL!:23 — 1Walther-Meifiner-Institut, Bayerische Akademie der
Wissenschaften, 85748 Garching, Germany — 2Physics Department,
Technical University of Munich, TUM School of Natural Sciences,
Lichtenbergstr. 4, 85748 Garching, Germany — 3Munich Center for
Quantum Science and Technology (MCQST), Schellingstr. 4, 80799
Miinchen, Germany

Adiabaticity represents one of the most versatile tools to engineer
quantum states of a coherent system, but these schemes typically re-
quire large run-times to achieve high fidelities. Various ”Shortcuts
to Adiabaticity” have been proposed to counteract these losses, to
carry out adiabatic sweeps faster than uncontrolled dissipation pro-
cesses. When the family of target states is known, a new scheme
called "Leakage minimization”(PRX Quantum 3, 030343 (2022)) can
be used to optimize either the path taken by the tunable parameter
or the time-varying amplitudes of auxilliary control fields required to
minimize non-adiabatic losses.

This talk focuses on extending this scheme to the dissipative regime,
using the steady state entanglement generation protocol of Phys. Rev.
A 91, 042116. Such schemes generically involve trade-offs between the
entanglement content of the final dark state and its relaxation time
(PRX Quantum 5, 040305). Adiabatic manipulations, in contrast, can
generate highly entangled states much quicker.

Q 47: Quantum Technologies — Sensing Il

Time: Thursday 11:00-13:00

Q 47.1 Thu 11:00 P 5
Advancing geophysical research using optically pumped
magnetometers — eMarco DeckkR!'?2, RAFAEL ROTHGANGER
pE Paival3, RaQueL Frores', DiMiTril GRIGOREV!, and RENE
ReiMANN! — lQuantum Research Center, Technology Innovation
Institute, Abu Dhabi, UAE — 2Department of Physics and Re-
search center OPTIMAS, RPTU University Kaiserslautern-Landau —
3Universidade Federal do ABC, Santo Andre, Sao Paulo, Brazil

Highly precise and accurate magnetic field sensing has real-world ap-
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plications in biomedical imaging [1], positioning and navigation [2].
In this work, we present the magnetic analysis of rock samples with-
out remanent magnetization using optically pumped magnetometry,
opening applications in paleomagnetic research and geological explo-
ration [3]. The core samples are placed inside a shielded environment
with a known, uniform static magnetic field of up to 5 mT. Utilizing
a commercial SERF magnetometer, we measure the samples magnetic
susceptibillity with pT precision and millimeter-scale resolution. The
setup is characterized with well-known test samples and then tested
with real-world limestone samples. Linear and rotational translation
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enable the scanning of 2D cylindrical surface maps of the magnetic
field, which can then be used to infer the samples internal magnetic
properties. The analyzed data is in general accordance with dipole
simulations, also confirming clear limitations of the setup.

[1] P. K. Mandal, Front. Comput. Neurosci. 12 (2018); [2] M.
Muradoglu, arXiv, 2504.08167 (2025); [3] C. Deans, Appl. Opt. 57,
2346-2351 (2018)

Q472 Thull:15 P5
The boundary time crystal as a light source for quantum
enhanced sensing beyond the heisenberg limit — eMaALIK
Jirasek!, Icor LEsaNovsky!2, and ALBERT CABOT® — 1 Universitét
Tiibingen, Tiibingen, Germany — 2University of Nottingham, Not-
tingham, United Kingdom — 3Universitat de les Illes Balears, Palma
de Mallorca, Spain

Modern precision measurements, such as interferometry for detecting
gravitational waves, rely on the estimation of optical phases encoded
in light fields. We propose to exploit the collectively enhanced output
field of a driven-dissipative many-body open quantum system as a light
source in order to improve the precision of estimating optical phases
[1]. These systems can generate emission patterns that are drastically
different than those of conventional sources, for example lasers. For
instance, the output fields of time crystals can exhibit intricate time-
correlations. We find, that these benefit the sensitivity of measurement
protocols for phase shifts, which we show theoretically by employing
a boundary time crystal (BTC) as a light source. The fundamental
bound on the precision of such estimation shows scaling with system
size of the BTC that surpasses the Heisenberg limit. This scaling can
be partially harnessed by a protocol, in which the phase shifted light
field is guided into an auxiliary replica system, which serves as a de-
tector that is sensitive to non-trivial temporal correlations of the light.
[1] M. Jirasek, et al., arXiv:2511.23416 (2025)

Q473 Thu11:30 P 5
Part 1: Optically Addressable Molecular Spins at 2D sur-
faces — eYanTunG Kong, XuanKar Zuou, CHEUK KiT CHEUNG,
Ruowming PENg, and JORG WRAcCHTRUP — 3. Physikalisches Institut,
University of Stuttgart, 70569 Stuttgart, Germany

Optically addressable surface spins constitute a long-sought goal in
quantum sensing, offering a pathway to probe quantum phenomena
with atomic-scale precision. Here, we introduce a novel architecture
in which pentacene spin molecules are anchored onto two-dimensional
hexagonal boron nitride (hBN) and self-align with the underlying lat-
tice. This configuration yields robust optically detected magnetic res-
onance (ODMR) signals from 4 K to room temperature. We further
demonstrate ensemble spin sensing of Fe3GaTe2 (FGT), as well as
controlled positioning of Pc molecules. This work represents the first
demonstration of a surface molecular spin sensor that integrates long
coherence, optical addressability, and interfacial functionality, thereby
enabling quantum sensing capabilities beyond those of conventional
solid-state spin systems.

Q474 Thulli4s P5
Nanodiamond surface chemistry for improved quantum co-
herence in zero-field — eTuLIKA AGRAWAL for the AK Weil MPIP-
Collaboration — Max Planck Institute for Polymer Research, Mainz,
Germany

Nitrogen vacancy (NV) in diamond results in the application of dia-
mond in quantum technologies such as sensing, computing and navi-
gation. This is possible due to the sublevels of NV center which can
be manipulated with microwave/RF and yet optically detectable. NV
center has been proven to be a promising candidate due to their long
coherence times (T2) at room temperature. However, the T2 times of
NVs suffer drastic reduction when they are in nanodiamonds (NDs)
instead of bulk diamond. Moreover, NDs are functionalized with a
variety of chemical groups to make them compatible for desired appli-
cation. This surface modification can cause a significant impact on T2
times of NV centers. Therefore, it has become crucial to investigate
deeper into the relationship between surface chemistry and T2 times.
In this work, T2 times have been investigated in two types of func-
tionalized NDs, nanogel coated NDs (NDNG) and polyglycerol coated
NDs (NDPG). To obtain T2 times in zero magnetic field, two different
pulse sequences, Hahn-echo and geometric spin, have been employed.
While the conventional EPR study has shown a reduction in surface
spin noises upon functionalization, T2 measurements have distinctly
shown the change in T2 times from NG to PG.
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Q47.5 Thu 12:00 P 5
Magnetic Field Imaging in SiC Quantum Microscope —
eAvisua Sunanal:2) Tatiana A. U Svetikoval:2, CHRIsTOPH
ScHNEIDER!, MaNrrep HeLm!':2, Anprer N Anisimov!, and
Georay V Astaknov! — 'Helmholtz-Zentrum Dresden-Rossendorf,
Dresden, Germany — 2Technische Universitat Dresden, Dresden, Ger-

many

Studying neuronal activity requires detecting ultra-weak, dynamic
magnetic fields generated by neural electrical signals. Quantum sen-
sors based on spin defects, specifically NV centers in diamond, have
demonstrated applications from action-potential detection to battery-
current monitoring and geological mapping. These advances motivate
the exploration of wide-bandgap semiconductors, such as silicon car-
bide (SiC) and hexagonal boron nitride for scalable quantum sensing.

We used silicon vacancy centers in SiC for wide-field magnetic imag-
ing using optically detected magnetic resonance with dual-frequency,
microwave-free [1], and time-resolved sensing protocols. The magnetic
fields from continuous and pulsed currents in a wire beneath the sam-
ple are reconstructed using a Python-based workflow. The quantum
silicon carbide microscope achieves a 50 * 50-pixel field of view with
30 *m spatial and 50 ms temporal resolution, enabling magnetic field
imaging in current-carrying structures [2], with potential applications
in biomedical research.

[1] D. Simin et al., Phys. Rev. X 6, 031014 (2016) [2] A. Suhana et
al., arXiv:2509.14888 (2025)

Q47.6 Thu 12:15 P 5
High-Sensitivity NV-Diamond Magnetometry for Non-
Invasive Detection of Magnetocardiography — eMIicHAEL
KUBLER, JixING ZHANG, MacNUus BENKE, Y1 HuA WanG, CHEUK
CHEUNG, and ANDREJ DENISENKO — 3rd Institute of Physics, Uni-
versity of Stuttgart, 70569 Stuttgart, Germany

We demonstrate detection of weak cardiac magnetic signals using high-
sensitivity NV-diamond magnetometers enhanced by magnetic flux
concentrators and CW-ODMR readout. With this scheme, we achieve
effective sub-pT sensitivity and reliably detect temporal fluctuations
corresponding to the propagation of cardiac action potentials. The
signals show close agreement with conventional electrophysiology elec-
trodes, but without direct tissue contact.

This method enables non-invasive and high-resolution monitoring
of the heart’s electrical activity, offering potential for early diagnosis
and continuous real-time monitoring of cardiovascular health. These
results highlight NV-diamond magnetometry as a promising platform
for biomedical applications, bridging quantum sensing and clinical di-
agnostics, and supporting future integration into wearable devices for
arrhythmia detection and other cardiovascular disorders.

Q477 Thu12:30 P 5
Calibrated Generation of Heralded Single Photons — eDANIEL
BorrerRO LanDAzABAL and Kaisa LaiHo — German Aerospace Cen-
ter (DLR), Institute of Quantum Technologies, Wilhelm-Runge-Str.
10, 89081 Ulm, Germany

Heralded single-photon sources based on parametric down-conversion
(PDC) are indispensable in many quantum sensing applications. To
characterize such emitters conventionally the second-order correlation
function g}<‘2) of the heralded state has been used. However, the
practical deployment of such sources demands a more rigorous, loss-
tolerant characterization. We employ a waveguided type-II PDC pro-
cess pumped by a pulsed laser, generating orthogonally polarized pho-
ton pairs with a low optical mode number. After separating the photon
pairs—signal and idler— from each other, the detection in idler with a su-
perconducting nanowire single-photon detector heralds the target state
in signal. By recording counts of coincidences and singles, we measure
g}(]2> and extract loss-tolerantly the mean photon number and photon-
number parity with a high accuracy. The former delivers access to the
residual multiphoton contamination, while the latter provides a direct
measure of the non-classicality of the heralded states. We demonstrate
that these figures of merit provide a stringent benchmark for a high-
qualitg single-photon generation, surpassing the information delivered
by g}(l2 alone. Our results pave the way for the generation of calibrated
single-photon probes and may find usage for example in quantum ra-
diometry to achieve precision in quantum optics experiments.

Q478 Thul245 P5

Multiparametric sensing with the nitrogen-vacancy color cen-
ter in diamond — eLEoN ApvenAl, ToriaNME SorcwEi!, FLo-
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RIAN SLEDZ!, MaRrIO Acrol:2, and AsseciD MENGISTU FLATAE!

ILaboratory of Nano-Optics, University of Siegen, 57072 Siegen, Ger-
many — 2National Institute of Optics (INO), National Research Coun-
cil (CNR), 50125 Florence, Italy

Modern sensing applications increasingly require the simultaneous
measurement of multiple physical parameters with high sensitivity.
Nitrogen-vacancy centers in diamond present a promising solution to
the various challenges associated with multiparametric sensing appli-
cations. These atomic-scale defects can be optically initialized, ma-
nipulated, and read out via laser excitation using optically detected
magnetic resonance (ODMR). They are capable of operation under

ambient and harsh conditions. Here, we demonstrate a simultane-
ous and internally cross-validated sensing platform capable of detect-
ing both magnetic fields and temperature with sensitivities of around
500 nT/\/E and 10 mK/\/m, respectively. Our method integrates
ODMR, zero-phonon line (ZPL) spectral shifts, and linewidth broad-
ening, each providing independent spectral signatures sensitive to dis-
tinct physical effects. This approach enhances measurement precision,
enables internal consistency checks, and decouples intertwined phe-
nomena such as temperature-induced variations in magnetization. The
demonstrated technique significantly expands the functional capabili-
ties of N'V-based sensors, advancing their potential for high-precision
metrology in complex environments.

Q 48: QuanTour IV — Building Blocks

Inspired by QuanTour, the traveling quantum-dot light source, the sessions QuanTour I-V focus on the
physics of quantum light generation in solid-state systems and applications in quantum networks.

Time: Thursday 11:00-13:00

Invited Talk Q 48.1 Thu 11:00 P 7
Quantum teleportation with remote quantum dots in a
metropolitan hybrid quantum network — A. Lanevel, G.
Ronco!, M. Beccackct!, F. SaLusti?, N. CLarRo-RoDRIGUEZZ, G.
DE Pascauis!, E. Scuonn?, L. Hanscuke?, T. M. KRriEGer®, Q.
BucHINGER®, S. F. CovrRE pa Sivab, S. Stroi?, S. HorLING?, T.
Huser-LovorLa®, M. A. Usuca Castanepa?, G. Carvacno!, N.
SpacNoLol, eM. B. Roral, F. Basso Basser!?, A. RasteLLi®, F.
SciarriNo!, K. D. Jons2, and R. TrorTal — 1Sapienza Universita
di Roma, Italy — 2Paderborn University, Germany — 3Johannes Ke-
pler University, Austria — 4Technical University of Munich, Germany
— SUniversity of Wiirzburg, Germany — %Universidade Estadual de
Campinas, Brazil — 7Vorarlberg University of Applied Sciences, Aus-
tria — ®Karlsruhe Institute of Technology, Germany — 9Single Quan-
tum B.V., Delft, The Netherlands — '°Politecnico di Milano, Italy

We demonstrate the first all-photonic quantum teleportation protocol
using dissimilar semiconductor quantum dot (QD) emitters, deployed
in a hybrid fiber + free-space metropolitan link. Two independent
GaAs quantum dots, engineered via nanophotonic cavities, piezoelec-
tric strain tuning and magnetic-field control, serve as the sender and
entangled-photon source. The emitters are initially spectrally distinct,
through tailored tuning we surpass the classical fidelity limit more
than ten standard deviations (0.82(1)). This successful demonstration
constitutes a key step toward scalable, QD-based quantum relays and
repeaters.

Q 48.2 Thu 11:30 P 7
Full photonic quantum teleportation with remote quan-
tum dots — eSiMoNE Luca PorraLupi!, Tim STROBEL!, MIcHAL

T
VyvLeckal, ILENIA NEUREUTHER!, ToBias BaAUER?, MARLON
RAPHAEL

ScHAFER2, STEFAN KazMAIER!, NAND LAL SHARMAZ,
Joos!, Jonas H. WEBER!, CornELIUS Nawrara!, WELIE Nig3,
Guata Buavant®, Caspar Hoprmann®, CHrisToPH BECHER?, and
PeETER MicHLER! — lInstitut fiir Halbleiteroptik und Funktionelle
Grenzflachen, Center for Integrated Quantum Science and Technology
(IQST) and SCoPE, University of Stuttgart, Stuttgart, Germany —
2Fachrichtung Physik, Universitit des Saarlandes, Saarbriicken, Ger-
many — 3Institute for Integrative Nanosciences, Leibniz IFW Dresden,
Dresden, Germany

The realization of a multinode quantum network is the first necessary
step towards the implementation of the quantum internet. With this
target in mind, we will report on a recent experiment where successful
full-photonic quantum teleportation has been achieved, employing two
remote quantum dots as sources of quantum light. This experiment ex-
ploited quantum frequency conversion to enable operation at telecom
wavelength. [1] The successful teleportation achieved with two distinct
sources lay the foundation to future experiments: it shows scalability
of this approach, compatibility with fibre networks, interoperability of
different systems (as semiconductor quantum dots and frequency con-
version elements), and operation of distinct nodes. All are necessary
steps towards the implementation of a realistic quantum network.
[1] T. Strobel, et al., Nat. Commun. 16, 10027 (2025).

Q48.3 Thu 1145 P 7
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AlGaAs nanowires as a universal platform for GaAs, In-
GaAs, and InAs quantum dots — eROHAN RADHAKRISHNAN!,
RopioN REzNIk2, GILLES PATRIARCHE®, GEORGE CIRLINZ, and NIKA
AxopPiaN! — 1DTU Department of Electrical and Photonics Engineer-
ing, Technical University of Denmark, 2800 Kongens Lyngby, Denmark
— 28t. Petersburg, Russia — 3Centre de Nanosciences et Nanotech-

nologies, Université Paris Saclay, CNRS, 91120 Palaiseau, France

Optical quantum dots are at the core of quantum communication and
quantum photonic technologies, requiring precise control over emission
wavelengths spanning from 780 nm to 1.55 pm. However, no existing
host material enables the full compositional tuning needed to cover
the range from GaAs through InGaAs to InAs quantum dots. Here,
we demonstrate that embedding InGaAs quantum dots in AlGaAs
nanowires provides a universal platform capable of spanning this entire
spectral range. By growing 2 s and 5 s long sections of InGaAs, we form
quantum dots emitting at 780 nm and 920 nm, respectively, showcasing
control of emission wavelength via growth parameters. Unlike previous
systems, our approach offers continuous compositional control without
compromising optical quality, establishing AlGaAs nanowires as a ver-
satile host for scalable, high-performance quantum light sources.

Q 484 Thu 12:00 P 7

Universal super-resolution framework for imaging of quan-
tum dots DomINIK VASINKA', JaEwoN LEr?, eCHARLIE
STALKER?, VIicTOR MITRYAKHINS, IvaN SoLoveEv3, SVEN
StepHANY4 SvEN HOFLING®, FALK ELENBERGERS 78 SETH ARIEL
ToNGgAY?, CHRISTIAN SCHNEIDER3, MirosLav JEZEK', and ANA
PrEDOJEVIGZ — 1Department of Optics, Faculty of Science, Palacky
University, 17. listopadu 12, 77900 Olomouc, Czechia — 2Department
of Physics, Stockholm University, 10691 Stockholm, Sweden —
3Institut of Physics, University of Oldenburg, D-26129 Oldenburg,
Germany — “University of Applied Sciences Emden/Leer, 26723
Emden, Germany — °Technische Physik, Physikalisches Institut
and Wiirzburg-Dresden Cluster of Excellence ct.qmat, Universitét
Wiirzburg, Am Hubland, D-97074 Wiirzburg, Germany — SInstitute
of Applied Physics, Abbe Center of Photonics, Friedrich Schiller Uni-
versity Jena, 07743 Jena, Germany — ?Fraunhofer-Institute for Ap-
plied Optics and Precision Engineering IOF, 07743 Jena, Germany —
8 Max-Planck-School of Photonics, 07743 Jena, Germany — ?Materials
Science and Engineering, School for Engineering of Matter, Transport,
and Energy, Arizona State University, Tempe, Arizona 85287, United
States

We present a universal deep-learning method that reconstructs super-
resolved images of quantum emitters from a single camera frame mea-
surement. This method was then validated experimentally on various
quantum dot samples and allows for rapid super-resolution for quan-
tum photonic device fabrication.

Q48,5 Thu 12:15 P 7
Quantum communication protocols with Quantum Dots as a
source of Polarization-entangled photons — MicHELE Rotal,
FrancEsco Basso BasseT!2, ALEssANDRO LANEVE!, e FRANCESCO
SaLusTi®, NicoLas CLARO RopriGUEZ3, GiusepPE RoNcol, MATTIA
Beccackct!, Tobias M. KrieGer?, QUIRIN BUCHINGER®, SAIMON
F. CovrE DA Siva®, SANDRA STrR0OJ7, MARIIA GUMBERIDZES, VLA-
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pysLav Usenko®, SveN HoOrLing®, Tosias Huser-LoyvorLa®9:10,
Mario A. Usuca Castanepall, Armanpo RasTeLLi?, Kraus D.
Jons?, and RinaLpo TroTTAl — 1Department of Physics, Sapienza
University of Rome, Rome, Italy — 2Dipartimento di Fisica, Po-
litecnico di Milano, Milano, Italy — 3PhoQS Institute, CeOPP, and
Department of Physics, Paderborn University, Paderborn, Germany
— “4Institute of Semiconductor and Solid State Physics, Johannes
Kepler University, Linz, Austria — 5Technische Physik, University
of Wiirzburg, Wiirzburg, Germany — ©%Universidade Estadual de
Campinas, Instituto de Fisica Gleb Wataghin, Campinas, Brazil —
"Research Center for Microtechnology, Vorarlberg University of Ap-
plied Sciences, CAMPUS V, Dornbirn, Austria — $Department of
Optics, Palacky University, Olomouc, Czech Republic — “Institute of
Photonics and Quantum Electronics, Karlsruhe Institute of Technol-
ogy, Karlsruhe, Germany — '%Center for Integrated Quantum Science
and Technology (IQST), Karlsruhe Institute of Technology, Karlsruhe,
Germany — !!Single Quantum B.V., Delft, The Netherlands

We demonstrate entanglement swapping exploiting a quantum dot in
a cavity, using entangled photons for a modified Ekert91 protocol.

Q48.6 Thu 12:30 P 7
Mode-engineering in quantum dot single photon sources
to increase collection and excitation efficiency — eSAMUEL
Huser!, ALBERT ADIYATULLIN?, VIVIANA VILLAFANEZ, DARIO A.
FioreTTO!, SEBASTIEN Boissier?, Huong Tui Au?, and PAscALE
SENELLART! — 12N, Palaiseau, France — 2Quandela, Massy, France

The development of photonic quantum technologies requires high qual-
ity single photon sources in terms of brightness, purity, and indistin-
guishability. In my PhD, I aim to improve these metrics in micropillar
quantum dot single photon sources by studying the optical eigenmodes
in the micropillar. The eigenmodes spatial overlap with the mode of
the collection path directly contributes to the single photon source
brightness. Quantifying this coupling efficiency also reveals new path-
ways to enhance the efficiency of detuned quantum dot excitation pro-
tocols. Standard detuned-pulse schemes are fundamentally constrained

Q 49: Quantum Communication,

Time: Thursday 11:00-13:00

Q 49.1 Thu 11:00 P 10
Optical quantum storage of cold atomic ensemble mediated
by light-induced fictitious magnetic field — Lianc Donc!,
Linyu CrEN!, Xinccuang Wang!, Xinvun Lianc!, eYiNne Zuo?,
GEeorcIos SrviLocLou?3, and JiEFE! CHEN'2 — 1Department of
Physics, Southern University of Science and Technology, Shenzhen
518055, China — 2International Quantum Academy, Shenzhen 518048,
China — 3Department of Physics, University of Crete, Heraklion,
Greece

Optical quantum memory is a critical component in quantum comput-
ing, sensing, and communication. A major obstacle limiting practi-
cal quantum memory based on cold atomic ensemble is the reduced
storage lifetime caused by spatiotemporal inhomogeneity in ambient
magnetic fields along the elongated atomic cloud. To address this
challenge, we demonstrate a method to prolong the storage lifetime
of single-photon quantum states using a combination of optically in-
duced virtual magnetic fields and DC bias field. By precisely tailoring
the polarization, spatial distribution, and temporal waveform of the
AC Stark beam, the generated virtual magnetic field compensates in
real-time for spatial inhomogeneities and temporal fluctuations. This
high-speed, high-spatial-resolution compensation technique overcomes
the limitations of conventional current-coil methods, such as slow re-
sponse and low spatial resolution, effectively suppressing decoherence
in magnetically sensitive quantum states. Furthermore, we propose a
scheme for storing time-bin entangled photon pairs prepared at two
distinct time bins.

Q 49.2 Thu 11:15 P 10

Towards a spin-exchange collision-based optical quantum
memory in noble-gas spins — eALEXANDER ERLD2, NorRMAN
VinceNz EwaLph2, ANDrEs MEDINA HERRERAZ, DENIS UHLANDS,
Worrcane Kinian?, Jens Voier?, ILja GERHARDT®, and JANIK
Worrers!? — 1DLR, Institute of Space Research, Berlin — 2PTB,

8.2 Biosignals, Berlin — 3LUH, Institute of Solid State Physics, Han-
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by the micropillar stopband, which suppresses field penetration into
the cavity mode, increasing the required excitation power. To miti-
gate this limitation, I am exploring the coupling of the detuned pulses
to higher-order cavity modes, as well as to auxiliary modes engineered
through additional spacer layers within the Bragg-mirror stack. These
engineered modes provide improved spectral overlap and field confine-
ment for off-resonant driving, enabling a viable route towards high-
efficiency Swing-Up (SUPER) excitation in micropillar resonators.

Q48.7 Thu 1245 P7
Decoy-state quantum key distribution over 227 km
with a frequency-converted telecom single-photon source
— oFREDERIK BROOKE BarNEs!, RoBERT GONzALEz-Pousa?,
CHRISTOPHER L. Morrison!, Zue Xian Koonc!, Josepn Hol,
Francesco GRAFFITTI!, JouN JEFFERS?, DaNIEL K. L. O12, BRIAN
D. GerarDOT!, and ALEssaNDRO FEDRizzi! — llInstitute of Pho-
tonics and Quantum Sciences, School of Engineering and Physical Sci-
ences, Heriot-Watt Univer- sity, Edinburgh, EH14 4AS, UK — 2SUPA
Department of Physics, University of Strathclyde, Glasgow, G4 ONG,
UK

We implement a decoy-state quantum key distribution scheme using a
quantum dot frequency-converted to the telecom C-band. The decoy
states are created by varying the optical excitation of the quantum
emitter to modulate the photon number distribution. We provide an
analysis of our scheme based on existing security proofs, allowing the
calculation of secret key rates including finite key effects. This enables
us to demonstrate, with a realistic single-photon source, positive secret
key rates using our scheme over 227 km of optical fibre, equivalent to
an increase in loss tolerance greater than one order of magnitude com-
pared to non-decoy schemes, and within 2dB of the tolerable loss when
using a single-photon source with similar brightness but perfect single-
photon purity. We provide a short perspective on how our methods
could be applied to other quantum communication protocols, such as
those compatible with quantum memories, to extend secure transmis-
sion distances beyond the repeater-less limit.

Networks, Repeaters, & QKD |
Location: P 10

nover — 4TUB, Institute of Physics and Astronomy, Berlin

A critical limitation on current room-temperature quantum memory
systems [1] is the maximum achievable storage time on the order of a
few ps, which must be extended for various quantum communication
applications. We report on our first steps towards a long-lived quan-
tum memory with an all-optical interface based on a mixture of 129Xe
noble gas and '33Cs alkali metal vapor, both confined in a glass cell
at near room temperature. The interface relies on EIT, implemented
through a A-scheme in the Zeeman sublevels of the long-lived hyperfine
ground states of 133Cs, coupled to an excited state via the Dy line at
895nm [2]. A sufficiently long-lived Cs spin coherence is essential for
entering the strong spin-exchange coupling regime, where collisions can
efficiently transfer the stored quantum excitation from the alkali vapor
to the noble-gas ensemble [3]. The coherence time of 12°Xe, which
can extend up to several hours [4], offers the potential for long-term
storage of quantum information in collective atomic excitations. [1] M.
Jutisz et al., Phys. Rev. Applied 23, 024045 (2025); [2] G. Buser et
al., PRX, 020349 (2022); [3] O. Katz et al., PRA 105, 042606 (2022);
[4] C. Gemmel et al., EPJ D 57, 303-320 (2010)

Q49.3 Thu 11:30 P 10
Exploring the nuclear spin environment of individual erbium
emitters — ALEXANDER UraNowsKI, OLIVIER KUIJPERS, BENJAMIN
MERKEL, ADRIAN HoOLzZAPFEL, eNoAH WEINHOLD, and ANDREAS
REISERER — Technical University of Munich, TUM School of Nat-
ural Sciences, Physics Department and Munich Center for Quantum
Science and Technology (MCQST), 85748 Garching, Germany

Nuclear spins in solids exhibit exceptional coherence times and present
promising candidates for nuclear spin registers and robust quantum
memories. In this work, we focus on the nuclear spin of 167Er dopants,
which feature an optical transition within the low-loss wavelength win-
dow of optical fibers. Using a high-finesse cryogenic Fabry-Perot cav-
ity, we achieve all-optical control and readout of 67Er dopants in
a 10 pm thin yttrium orthosilicate crystal. We further implemented
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spectroscopy techniques to characterize the superhyperfine interaction
with Y nuclear spins surrounding individual Er dopants [1]. This may
be used as a resource in quantum technology e.g. enabling the en-
tanglement of nuclear spins with emitted photons or targeting nearby
nuclear spins for quantum memories.

[1] A. Ulanowski, O. Kuijpers, B. Merkel, A.Holzépfel, and A. Reis-
erer, PRX Quantum 6, 020344 (2025)

Q494 Thu 1145 P 10
Characterization of Pulsed Entangled Photon Emission via
SFWM in Warm Rubidium Vapors — eGiorcio DE PascaLis!,
Toannis Carrzipis!, RUBEN KAMPEL!, SHANE ANDREWSKIZ, MAEL
FLAMENT?, ALEXANDER N. CRADDOK?, SONJA BARKHOFEN!, MEHDI
Namazi?, and Kraus D. Jons! — lInstitute for Photonic Quantum
Systems (PhoQS), Center for Optoelectronics and Photonics Pader-
born (CeOPP) and Department of Physics, Paderborn University,
Paderborn, Germany — 2Qunnect Inc, Brooklyn, USA

The development of robust sources capable of reliably emitting entan-
gled photon pairs-compatible with both current communication sys-
tems and emerging quantum devices-is of paramount importance for
quantum information applications [1,2]. Practical implementations in
deployed quantum networks require both high emission rates and high
state fidelity. Spontaneous four-wave mixing (SFWM) has emerged
as a promising technique to use in a real telecommunication network
[3]. Typically, these sources are driven using continuous-wave coupling
and pump fields, a configuration that limits the possibility of controlled
synchronized quantum network protocols. We present a comprehensive
characterization of the source’s emission properties, combining theo-
retical modeling and experimental measurements, including a CHSH
measurement and quantum state tomography of the generated entan-
gled photon pairs. [1] Yin, J. et al. Nature 582, 501-505 (2020) [2]
Bennett C. H. et al. Phys. Rev. Lett. 68, 557 (1992) [3] M. Sena et
al. arXiv: 2504.08927 [quant-ph]|

Q49.5 Thu 12:00 P 10
What can the experimentalist learn from Bell polytopes? —
eToMm Hosas and ILsA GERHARDT — light & matter group, Institute
for Solid State Physics, Leibniz University Hannover, Appelstrasse 2,
D-30167 Hannover, Germany

Measurements on entangled systems can produce correlations which
are stronger than those predicted by local theories of physics. For a
particular experimental configuration, the set of outcomes allowed by
local models forms a Bell polytope. Meanwhile, quantum theory al-
lows for a larger outcome set, comprising the whole local polytope plus
additional nonlocal correlations. For applications such as quantum key
distribution (QKD) or randomness generation, it is important to know
whether the measured correlations lie inside or outside the local re-
gion. This is typically done by checking if the correlations violate a
particular Bell inequality.

In our work we investigate how experimental flaws, such as imper-
fect state preparation, detector noise, and mismatched measurement
bases, affect the set of correlations that can be measured. We show how
these correlations can be visualized, and how varying the experimental
settings can move the measured correlations inside or outside the Bell
polytope. We aim to link our results to a practical entanglement-based
QKD scenario.

Q49.6 Thu 12:15 P 10
Purcell-Enhanced Er3+ Dopants in Silicon Nanophotonics for
Quantum Networks — eFrRANCEscA MoOLTENI, ANDREAS GRITSCH,
JakoB PFrorR, BENEDIKT BRAUMANDL, ALEXANDER ULANOWSKI,
AraNTZA PINEDA GoONZALEZ, and ANDREAS REISERER — Techni-
cal University of Munich, TUM School of Natural Sciences, Physics
Department and Munich Center for Quantum Science and Technology

(MCQST), James-Franck-Strafe 1, 85748 Garching, Germany

Erbium in silicon provides a promising route towards scalable quan-
tum networks, offering telecom-band emission compatible with low-
loss fibers and narrow transitions [1], while enabling the integration of
quantum emitters into photonic circuits [2].

We investigate Er3t dopants in a silicon-on-insulator platform,
where on-chip photonic crystal cavities produce strong Purcell en-
hancement via high Q factors and sub-wavelength mode volumes. This
enables fast spin initialization and optical single-shot readout [3].

Optical coherence is probed through Rabi oscillations and photon-
echo measurements, revealing coherence times exceeding 80% of the
lifetime limit and interference of sequentially emitted photons demon-
strates high indistinguishability. We will present recent advances that
allow for increased Purcell enhancement factors.

These results establish erbium in silicon as a highly promising and
scalable platform for future quantum network architectures.

[1] Reiserer, Rev. Mod. Phys. 94, 041003 (2022); [2| Gritsch et al.,
Phys. Rev. X 12 (4), 041009 (2022); [3] Gritsch et al., Nat. Commun.
16, 64 (2025).

Q49.7 Thu 12:30 P 10
Shot-noise limited discrete QAM signals for airborne quan-
tum communication — STEFAN RicHTER!:2, e HUSEYIN VURAL!2,
Tromas DirMEIER?!, SHENG-Hsuan Huanc!2, and CHRISTOPH
MARQUARDT!2 — 1Chair of optical quantum technologies, Friedrich-
Alexander- Universitit Erlangen-Niirnberg, Erlangen — 2Max Planck
Institute for the Science of Light, Erlangen

To ensure continuity of operation in quantum communication networks
when terrestrial fiber links are (temporarily) unavailable, methods to
quickly (re-)establish secure links between access nodes are required.
One promising approach is the deployment of airborne mobile nodes
to bridge outages and extend secure connectivity. As part of the Ger-
man QuNET initiative, such a scenario was investigated using a flying
transmitter aboard a research aircraft of the German DLR and an op-
tical ground station (OGS) operated by Fraunhofer IOF during two
measurement campaigns in April and October 2025 in Erlangen.

Here, we report on our transmitter system and its deployment for
testing the feasibility of continuous-variable (CV) QKD over such a
dynamic free-space link. Our system is capable of generating discrete
quadrature amplitude modulation (QAM) of coherent states required
for CV-QKD protocols under the restrictive conditions of a flying plat-
form, while the receiver is connected via fiber to the OGS. Our find-
ings indicate the feasibility of CV-QKD in this harsh environment and
over a strongly fluctuating link by successfully exchanging shot-noise-
limited signals.

Q 49.8 Thu 12:45 P 10
Non classicality in frequency multiplexed quantum networks
— oTHERESA KEUTER, PATRICK FOLGE, ABHINANDAN BHATTACHAR-
JEE, BENJAMIN BRrREcCHT, and CHRISTINE SILBERHORN — Paderborn
University, Integrated Quantum Optics, Institute for Photonics Quan-
tum Systems (PhoQS), Warburger Str. 100

Linear optical quantum networks are a key building block for many
quantum technologies, such as Gaussian Boson Sampling. However,
previous implementations based on spatial encoding are difficult to
scale. We propose a new system, which operates on modes of different
frequencies. By employing a dispersion-engineered sum-frequency gen-
eration (SFG) process, interactions between these frequency modes can
be mediated, enabling a fully programmable, frequency-encoded quan-
tum network within a single spatial and polarization mode. Quantum
input states for this network are provided by the strong frequency en-
tanglement of a type-0 parametric down-conversion (PDC) source. In
this work, we investigate signatures of non-classicality in such systems
as an essential step toward assessing their quantum properties.

Q 50: Matter Wave Interferometry and Metrology I

Time: Thursday 11:00-13:00

Q 50.1 Thu11:00 P 11
Quantum Metrology of Spin Sensing with Free Space
Electrons — SANTIAGO BELTRAN ROMERO!, eMICHAEL GAIDAZ,
PuiLipp HasLINGER!, DENNIs RATzEL!, and STEFAN NIMMRICHTERS

— 1Atominstitut, Technische Universitit Wien, Stadionallee 2,
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Location: P 11

1020 Vienna, Austria — 2Institute for Complex Quantum Sys-
tems and Center for Integrated Quantum Science and Technol-
ogy, Ulm University, Albert-Einstein-Allee 11, 89069 Ulm, Germany
— 3Naturwissenschaftlich-Technische Fakultdt, Universitit Siegen,
Walter-Flex-Str. 3, 57068 Siegen, Germany
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Advances in transmission electron microscopy (TEM) are bringing
single-spin-sensitive spin-resonance spectroscopy within reach. We an-
alyze the quantum precision limits for sensing magnetic moments with
free-electron probes using a scattering model of an electron wavepacket
interacting with a localized spin. We study two tasks: estimating the
magnitude of a magnetic moment and detecting the presence of a spin.
For estimation, we compare the classical Fisher information for typical
measurements with the quantum limit and find that standard TEM
imaging can saturate this bound when probe backaction is negligible.
When backaction is significant, measuring the electron‘s orbital angu-
lar momentum can offer higher sensitivity. Our results establish the
quantum limits of spin sensing in TEM and guide the design of exper-
iments targeting individual electron spins or nanoscale nuclear-spin
ensembles.

Q 50.2 Thu 11:15 P 11
Optimal Ramsey protocols employing QND-squeezed states
— eMaja ScHARNAGL! and KLEMENS HaMMERER!2 — lInstitute
for theoretical physics, Leibniz Universitdt Hannover, Germany —
2Institute for theoretical physics, Universitit Innsbruck, Austria

We investigate quantum non-demolition (QND) measurements and
their application in Ramsey protocols. In doing so, we optimize the
axes of signal imprint and measurement and perform clock simula-
tions for comparing the optimized protocols to QND-protocols with
feedback, aligning the squeezed state with the equator of the Bloch
sphere. We include individual and collective dephasing in our descrip-
tion and minimize the analytically calculated Allan deviation of these
protocols over the QND-squeezing-strength.

Q 50.3 Thu11:30 P 11
An industrial single-ion optical frequency standard with a

systematic uncertainty below 2 x 10717 — AxEL FRIEDENAUER!,

ePIERRE THoUMANY!, CHrisTorH TRrEsP!, DanierL HeiNrica!,

SAASWATH JEYALATHAA KARTHIKEYAN?, BURGHARDT LIPPHARDTZ,
Nis HunTEMANNZ, STEPHAN RITTER!, and JURGEN STUHLER! —
ITOPTICA Photonics SE, Grifelfing, Germany — 2Physikalisch-

Technische Bundesanstalt, Braunschweig, Germany

Rapid advances in research on optical frequency standards (OFS) have
enabled ultra-precise instruments and plans for a redefinition of the sec-
ond. While most of the current OFS are highly specialized laboratory
systems, development of commercially available optical clocks that are
robust and transportable with high uptime and high performance is
crucial for applications such as timing, geodesy and navigation. Build-
ing on the expertise obtained within the funded research project opti-
clock, we present here a commercial OFS prototype, TOPTICLOCK,
based on the 251/2(F =0) — 2D3,5(F = 2) electric quadrupole tran-
sition (E2) at 435.5 nm of a single 1" Yb™ ion and contained in two 19"
racks. The OFS has been transported to the German metrology insti-
tute PTB in June 2025 for a full metrological evaluation within the EU
project Qu-Test. In comparison with the more stable optical frequency
standard PTB-Yb1E3, using a difference frequency comb (TOPTICA
DFC) a frequency instability of 5 x 10~1% /\/7 with a total systematic
uncertainty below 2 x 10717 of the OFS was demonstrated. Even for
averaging times beyond 10° s, the system shows white frequency noise
behavior.

Q 50.4 Thu 11:45 P 11
Anomalous tilts and shifts of diffraction orders in Bragg
beam-splitters — eApaMm ABDALLA, ABHAY MISHRA, OLEKSANDR
MarcHUKOV, and REINHOLD WALSER — TU Darmstadt, Institute of
Applied Physics, Darmstadt, Germany

Interferometric measurements can be used for quantum metrology
and inertial sensing or fundamental physics in space [1]. Atomic
beam-splitters are integral devices for in three-dimensional matter-
wave interferometers. In typical interferometric experiments with
Bose-Einstein condensates, one has a superposition of several wavelets
(diffraction orders) that extend in the longitudinal z-direction over
many optical wavelength Ay and are much smaller than the Gaussian
laser waist wg >> oy, in the transversal direction [2].

In this contribution, we analyze the Bragg beam splitting of a de-
centered BEC in real three-dimensional Gaussian laser beams. We find
that a Bragg pulse leads to a spatial displacement (shift) of the diffrac-
tion wave packets as well as a correction (tilt) to the Bragg momentum
2k, [3]. This is analogous to the Goos-Hénchen effect in optics [4]. The
results are supported by (3+1)D simulations of the Gross-Pitaevskii
equation. This results will be relevant for any matter-wave interferom-
eters experiments, for example the QUANTUS Collaboration (DLR,

90

grant number 50WM2450E).

[1] D. Becker, et al., Nature 562, 391 (2018)

[2] A. Neumann, et al., Phys. Rev. A 103, 043306 (2021)

[3] A. D. Ludlow, Yun Je, et al., Rev. Mod. Phys. 87, 637 (2015)
[4] F. Goos and H. Hanchen, Annalen der Physik 436, 333 (1947)

Q 50.5 Thu 12:00 P 11
Unified Theory of Large Momentum Transfer in Optical
Lattices — ePATRIK MONKEBERG!, ASHKAN ALIBABAEI?, NACEUR
GaaLour?, and KLEMENs HaAMMERERD34 — lInstitute for Theoreti-
cal Physics, Leibniz University of Hannover, Germany — 2Institute
of Quantum Optics, Leibniz University of Hannover, Germany —
3Institute for Theoretical Physics, University of Innsbruck, Austria
— 4Institute for Quantum Optics and Quantum Information of the
Austrian Academy of Sciences, Innsbruck, Austria

Large-momentum-transfer techniques are essential tools to enhance the
sensitivity of atom interferometers. So far, elastic scattering processes
like Bloch oscillations and sequential Bragg diffractions have proven to
be effective means of implementing large momentum transfer. To fully
exploit the potential of these methods, an accurate theoretical descrip-
tion is crucial. In this work, we utilize a Floquet-theoretical approach
to describe both Bloch oscillations and sequential Bragg diffractions
as two special cases of a more general framework. We compare differ-
ent regimes by analyzing losses and phases and offer criteria to reach
the fundamental efficiency and accuracy limits. We verify the accu-
racy of our model through comparisons with exact numerical solutions
of the Schrédinger equation and current state-of-the-art experiments
[Rodzinka et al., Nat Commun 15, 10281 (2024)].

Q 50.6 Thu 12:15 P 11
Composite light-pulse atom interferometry with Bragg
and Raman double diffraction — eSmmon KanTHAK!, EKIM
T. HaniMELI?, MaTrTHIAS GERSEMANN®, MIkHAIL CHEREDINOVS,
Markus Krurzik!, SvEN HERRMANNZ, SVEN ABEND®, ERnNsT M.
RaseL?, and THE QUANTUS trAM!:2:3:4 — lnstitut fiir Physik, HU
Berlin — 2ZARM, Universitit Bremen — 3Institut fiir Quantenoptik,

LU Hannover — *Technische Universitéit Darmstadt

Double diffraction in light-pulse atom interferometry gives rise to sym-
metric interferometer geometries via oppositely directed momentum
transfers. This technique intrinsically doubles the phase sensitivity of
the interferometer and suppresses systematic uncertainties, however
suffers from spurious atoms in parasitic interferometer paths. While
double-diffraction schemes have been implemented using either Bragg
or Raman transitions, one has to decide between an enhanced noise-
suppression and the straight-forward application of blow-away pulses
depending on the absence or presence of internal state changes.

This talk presents a composite light-pulse approach, which relies on
a sequence of Bragg and Raman pulses rather than individual ones
to exploit manipulations of both the internal and external degrees of
atoms. Specifically, we demonstrate the application of Raman state-
flips in double Bragg interferometry to recover the interferometric con-
trast alongside a reduction of the intrinsic phase noise.

The project is supported by the German Space Agency DLR with
funds provided by the Federal Ministry for Economic Affairs and Cli-
mate Action (BMWK) under grant number DLR 50 WM 2450B.

Q 50.7 Thu 12:30 P 11
Operation of a ring-laser-gyroscope using beam ellipticity —
eMARLON DEMMERLE, THOMAS GEREONS, JANNIK ZENNER, and Si-
MON STELLMER — Universitat Bonn, Germany

This work introduces a ring-laser-gyroscope exploiting the Sagnac ef-
fect to achieve precise rotation sensing, focusing on long-term fre-
quency stability. It uses an ellipticity based locking scheme that lever-
ages higher-order spatial modes without relying on conventional mod-
ulation techniques and is directly applicable to all non-linear resonator
geometries. By analyzing subtle, mode-dependent changes in the beam
shape, the setup attains robust cavity locking while effectively sup-
pressing technical noise. This enables a compact, low-complexity plat-
form for precision rotation measurements and advanced optical metrol-

ogy.
Q 50.8 Thu 12:45 P 11

Quantum state-selective matter wave diffraction of cold
molecules — eSHILPA YaDAV, SEJUN AN, KiLiaN HUceL, JUHYEON
Lee, GERARD MEUJER, and SANDRA EIBENBERGER-ARIAS — Fritz-
Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195
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Berlin, Germany.

We propose a novel scheme to spatially separate quantum states of
molecules in the gas-phase. In our experiment, we will demonstrate
quantum state-selective matter-wave diffraction at an optical grating.
In combination with enantiomer-specific quantum state control [1, 2],
this will even allow for the spatial separation of chiral molecules in the
gas-phase. In my presentation, I will give details on the underlying
motivation and physical principles [3,4], as well as information on the
current status of the experiment.

1. S. Eibenberger, J. Doyle, and D. Patterson: Enantiomer-Specific

Q 51: Ultra-cold Atoms, lons
Time: Thursday 11:00-13:00

Invited Talk Q51.1 Thull:00 N1
Quantum-enabled active matter at the atomic scale —
eSABRINA BURGARDT!, JurLian Frss!, Suvia HieBer!, ALEXAN-
DER GUTHMANN!, ARITRA K. MUKHOPADHYAY?, SANGYUN LEES,
MicHAEL TE VRUGT?, BENNO LiEBCHEN?, HARTMUT LOWEN?,
RAPHAEL WITTKOWSKI®® and ArTUurR WipErRA!l — lDepartment
of Physics and State Research Center OPTIMAS, RPTU Univer-
sity Kaiserslautern-Landau, Erwin-Schrodinger-Str. 46, 67663 Kaiser-
slautern, Germany — 2Institute for Condensed Matter Physics, Tech-
nical University of Darmstadt, Hochschulstrafe 8, 64285 Darmstadt,
Germany — 3Institute of Physics, Johannes-Gutenberg University
Mainz, Staudingerweg 9, 55128 Mainz, Germany — “Institute of The-
oretical Physics II: Soft Matter, Heinrich-Heine University Diisseldorf,
Universititsstrafe 1, 40225 Diisseldorf, Germany — 5Department of
Physics, RWTH Aachen University, Forckenbeckstr. 50, 52074 Aachen,
Germany — SDWI — Leibniz Institute for Interactive Materials, For-
ckenbeckstr. 50, 52074 Aachen, Germany

Active particles, which are able to extract energy from their local
environment and convert it into motion, have been widely studied
in robotics, biology, and soft matter science. So far, it is unclear
whether activity can be realized on the much smaller scale of indi-
vidual quantum systems. Here, we experimentally demonstrate that
optically trapped 133Cs atoms are able to extract energy via nonrecip-
rocal quantum-mechanical spin-exchange interactions from a thermal
cloud of 8"Rb atoms and convert this energy into active motion. It
is found that the quantum-enabled activity has significant effects on
the in-trap dynamics. We quantitatively reproduce the experimental
findings with numerical Monte-Carlo collision simulations and with an
active Langevin model for the motion of the 33Cs atoms. Our results
open the door to combining effects of quantum mechanics and activity,
allowing to design novel exotic far-from-equilibrium systems.

Q51.2 Thull:30 N1
In-situ observation of density-wave ordering in strongly inter-
acting Fermi gases — o#ZEvanc XUE, Gaia S. BorLogNinNI, TABEA
BUHLER, AURELIEN FABRE, KYUHWAN LEE, TIMO ZWETTLER, GIULIA
D. PacEg, VicTor HELsoON, and JEAN-PHILIPPE BRANTUT — Institute
of Physics and Center for Quantum Science and Engineering, Ecole
Polytechnique Fédérale de Lausanne, CH-1015 Lausanne, Switzerland

We study quantum many-body phenomena of strongly correlated
fermions. Our setup includes atoms cooled to the degenerate regime
and a high-finesse optical cavity. The atoms inside the cavity combine
the short-range contact interaction between atoms with the cavity-
mediated long-range interaction induced by atoms exchanging photons
of the cavity mode. When the strength of the long-range interaction ex-
ceeds a critical threshold, the system undergoes a phase transition into
a density-wave ordered state. The talk focuses on the first in-situ ob-
servation of density-wave ordering. The local density-wave information
is extracted by a high-resolution microscope with a numerical aperture
of 0.39. We obtain direct information about the phase transition order
parameter by quantifying the density-wave modulation contrast. We
further investigate the correlation between atomic and photonic signa-
tures of the density-wave ordering phase transition by recording the
amplitude and phase of the photonic signal through heterodyne de-
tection. We anticipate further experimental implementations enabled
by the high-resolution microscope. For instance, a digital micromirror
device (DMD) to apply arbitrary trapping potentials to atoms.

Q51.3 Thull:45 N1

State Transfer of Chiral Molecules.
123002 (2017)

2. J. H. Lee, E. Abdiha, B. G. Sartakov, G. Meijer, and S.
Eibenberger-Arias: Near-complete chiral selection in rotational quan-
tum states. Nature Communications 15, 7441 (2024)

3. A. D. Cronin, J. Schmiedmayer, and D. E. Pritchard: Optics and
interferometry with atoms and molecules. Reviews of Modern Physics
81, 1051-1129 (2009)

4. K. Hornberger, S. Gerlich, P. Haslinger, S. Nimmrichter, and M.
Arndt. Colloquium: Quantum interference of clusters and molecules.
Reviews of modern Physics 84, 157-173 (2012)

Physical Review Letters118,

and BEC Il (joint session A/Q)
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Time resolved formation dynamics of a heavy Fermi po-
laron — eToBias Krom!, MicHAEL RAUTENBERG!, EUGEN DizERZ,
RicHARD ScHMIDT2, OLIVIER BLEU2, TiLMAN EnNss?, LAURIANE
Cuomaz!, and MartHiAs WEIDEMULLER! — !Physikalisches Insti-
tut, University of Heidelberg — Z2Institute for Theoretical Physics,

University of Heidelberg

We study the decoherence of 33Cs impurities within a Fermi sea (3D)
of SLi. As we show, this interacting system of impurities and a de-
generate Fermi sea can be well described by the quasiparticle picture
introduced by Landau’s Fermi liquid theory [1]. The behavior of these
emerging quasiparticles scales with the Fermi sea characteristics which
allows for complementary studies on different systems. While in metals
the Fermi Energy is a few electron volts and its corresponding shortest
reaction time 7y is on the order of 100 attoseconds, ultracold atoms ex-
periments provide much more accessible timescales in the microsecond
regime [2].

The chosen combination of atomic species provides the highest mass
ratio of 22.2 which can be realized with alkali atoms. Due to this,
current quasiparticle theory models cannot fully predict the dynamics,
making this experiment a perfect testbed for state-of-the-art polaron
theories [3,4].

[1] G. Baym and C. Pethick, Landau Fermi Liquid Theory, 1991

[2] M. Cetina et al 2015 Phys. Rev. Lett. 115, 135302

[3] R. Schmidt et al 2018 Rep. Prog. Phys. 81 024401

[4] Chen et al 2025 Phys. Rev. Lett. 135, 193401

Q514 Thu12:00 N1

Spectroscopic structure of the heavy Fermi polaron —
eMicHAEL RAUTENBERG!, ToBias Krom!, EuceEn Dizer2, OLIVIER
BLeEu?, RicHarD ScumIDT?, TiLMAN ENss?, LAURIANE CHomAz!,
and MarTHiAS WEIDEMULLER! — 1 Physikalisches Institut, Heidelberg

University — 2Institut fiir Theoretische Physik, Heidelberg University

I am going to present our latest spectroscopic measurements on the
structure of the heavy Fermi polaron. In our experiment, this system
is realized by a few heavy Caesium (133Cs) impurities immersed in a
deeply degenerate Fermi gas of much lighter Lithium (6Li) atoms.
While Fermi polarons - quasiparticles formed by impurities dressed
by the excitations of a surrounding Fermi sea - are interesting in their
own right, the large mass ratio in the Li-Cs system additionally en-
ables addressing questions about the fate of quasiparticles close to the
infinitely heavy impurity limit. At this point, Landau’s quasiparticle
picture [1] breaks down and the system is best described by a new
state that is fully orthogonal to the Fermi sea without the impurity -
a phenomenon dubbed “Anderson orthogonality catastrophe” [2].
Using tuneable impurity-bath interactions close to a magnetic Li-Cs
Feshbach resonance, we can investigate both ground and excited states
of the polaron using spectroscopy between two Cs hyperfine states. A
careful comparison to different theoretical models sheds light onto the
effects of finite temperature and finite mass of the heavy Fermi polaron.
[1] L. D. Landau, Phys. Z. Sowjetunion, 3:644 (1933)
[2] P. W. Anderson, Phys. Rev. Lett. 18, 1049-1051 (1967)

Q51.5 Thu12:15 N1
Determination of the dissipative response of a circularly
driven atomic erbium quantum Hall system — eFraNnz
RicuArRD HuyBrEcHTS!, ARIF WARsI LAskar?, and MARTIN WEITZ!
— 1University of Bonn, Germany — 2IIT Guwahati, India

Cold atomic gases are an attractive system for studying topological
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states and phases. We examine the dissipative response of a synthetic
erbium quantum Hall system to two different circular shaking modes.
The dissipative response of a quantum Hall system to such a drive
is linked to the transport properties, and associated with topological
states. In our experiment, the quantum Hall geometry is realised in
the two-dimensional state space consisting of one spatial dimension
and one synthetic dimension. The latter is encoded in the Zeeman
quantum number of erbium atoms in the electronic ground state. Our
measurements provide evidence for a difference in the excitation rates
between left- and right-handed driving. We will report on the current
status of this experiment.

Q 51.6 Thu 12:30 N1

Exploring dynamic properties of finite-temperature Bose-

Einstein condensed bubbles in microgravity — eBRENDAN
Ruynol, TiMoTHE EsTraMPEs! 2, CHARLES GARCION!, ZAIN
Mespr®, ABeL Berecr?, Jean-BaptTiste GERENT?, NATHAN

LunpsrLap?, Kuer Sun®, SmitHA VisHVESHWARAS, and NACEUR
GaarLouL! — !Leibniz Universitit Hannover — 2Université Paris-
Saclay — S3Australian National University — “Bates College —

5Washington State University — SUniversity of Illinois at Urbana-
Champaign

Since the first observation of ultracold bosonic bubbles with the Cold
Atom Lab (CAL) aboard the International Space Station, interest in
the structure and properties of Bose-Einstein condensate (BEC) bub-
bles has grown steadily. Motivated by ongoing CAL operations and
upcoming microgravity experiments using the Einstein-Elevator at the
Leibniz University of Hannover, we discuss our efforts to model the dy-
namic properties of quantum bubbles. Starting from an initial thermal
state, we develop a formalism to compute n-point correlation functions
while varying the shell radius and thickness, utilizing an isotropic ‘bub-

ble trap’ potential. In the ultra-dilute limit, we study nonequilibrium
expansions and contractions of the system in the vicinity of the BEC
phase transition. In the ultra-thin spherical-shell limit, we develop
Bogoliubov techniques for computing nonequilibrium correlators. We
conclude by highlighting the relevance of our results to ongoing exper-
imental efforts.

Q51.7 Thul2:45 N1
Towards a dual-species dipolar quantum gas microscope
— oGERARD SoLA BEercal, CLEmENs Urm!:2, Eva Casorti':?,
ANDREA LiTviNnov!, Manrrep J. Mark"2, and FRANCEsca
FerLaINOY2 — Mnstitute for Quantum Optics and Quantum Informa-
tion Austrian Academy of Sciences, Innsbruck, Austria — 2Institute

for Experimental Physics, University of Innsbruck, Innsbruck, Austria

Ultracold atoms in optical lattices have been established as a power-
ful toolbox for quantum simulation, enabling the study of many-body
physics and strongly correlated condensed matter. In the last decade,
single-site imaging and addressing of these lattice-confined atoms has
been achieved by the experimental realization of quantum gas micro-
scopes. Until 2023, quantum gas microscopes utilized atomic species
with a negligible magnetic moment, which interact exclusively via
short-range contact interaction. The addition of long-range interac-
tions in a lattice leads to new exotic phases of matter, such as the
Haldane insulator, an interaction-induced topological phase.

Here, we report on the progress towards a quantum gas microscope
utilizing the highly dipolar species erbium and dysprosium, which will
allow the study of both single- and dual-species physics on the single-
atom level. With this new setup, we aim to probe extended Bose- and
Fermi-Hubbard models, entering a new quantum simulation frame-
work, beyond the capabilities of conventional short-range interaction
setups.

Q 52: Ultra-cold Plasmas and Rydberg Systems Il (joint session A/Q)

Time: Thursday 11:00-13:00

Invited Talk Q521 Thu11:00 N 2
Long-lived giant circular Rydberg atoms at room temper-
ature — eFABIAN THIELEMANN, EINIUS PULTINEVICIUS, AARON
GOTZELMANN, CHRISTIAN HOLzL, and FLORIAN MEINERT — 5 .
Physikalisches Institut and Center for Integrated Quantum Science
and Technology, Universitat Stuttgart, Germany

Atoms in Rydberg states feature long-lived coherent electronic excita-
tions and strong dipolar interactions, making them an attractive plat-
form for quantum simulation and computation. Spinning them up to
their maximum allowed angular momentum, to so called circular Ryd-
berg states (CRS), can significantly enhance these desirable properties,
e.g. boosting their lifetime from micro- to millisecond timescales. In
our experiment we prepare 88Sr atoms in CRS and optically trap them
within a room-temperature capacitor structure made from indium-tin-
oxide-coated glass. The capacitor inhibits blackbody radiation with
wavelengths longer than twice its plate distance, thus significantly
suppressing transitions between neighboring CRS with large principal
quantum number n. Here, we coherently link CRS with n ranging
from 79 up to 101 and demonstrate a capacitor-enhanced lifetime of
10ms [1]. We further show that, owing to their divalent structure, the
88Sr in high angular momentum Rydberg states can be trapped in
regular optical tweezers with trapping times exceeding 100ms.

[1] Pultinevicius et al., arXiv:2510.27471 (2025)

Invited Talk Q52.2 Thull:30 N 2
Dynamical decoupling in a dipolar Rydberg gas — eMENY
MENAsHES, EDUARD BRAUN, MarTHIAS LOTZE, MAHARSHI PRAN
Bora, GERHARD ZURN, and MaTTHIAS WEIDEMULLER — Physikalis-
ches Institut, Heidelberg, Germany

We present our ongoing effort to measure out-of-time-order correlators
(OTOCs) in a disordered, dipolar Rydberg gas. Building on our recent
time-reversal experiments in a dipolar quantum many-body spin sys-
tem and advances in microwave Hamiltonian engineering, we aim to re-
alize a novel dynamical decoupling protocol based solely on microwave
control. This approach enables precise time reversal and suppression
of higher-order interactions, providing a clean platform to study in-
formation scrambling and quantum dynamics. Via state-selective ion-
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ization field tomography reconstruction of the global magnetization is
measured, granting access to both global and local observables. The
experiment represents a step toward controlled investigations of ther-
malization, localization, and dynamical quantum phase transitions in
isolated long-range interacting spin systems

Q52.3 Thu12:00 N 2
Stabilizing a Dissipative Non-Equilibrium Phase Transition
— ePaTricKk MiscHKE, HErRwIG OTT, and THOMAS NIEDERPRUM —
Rheinland-Pfilzische Technische Universitit Kaiserslautern-Landau

We experimentally investigate the facilitation dynamics in an ultra-
cold Rydberg system. In the facilitation (= anti-blockade) regime, a
non-equilibrium phase transition emerges from the interplay between
driving and excitation decay.

In an off-resonantly driven cloud of atoms, the strong dipole-dipole
interactions between two Rydberg states compensates the laser detun-
ing for a specific interatomic distance, allowing resonant excitations to
occur. At sufficiently high atomic densities, this facilitation process
leads to the spreading of excitations, forming an active phase, whereas
at low densities excitations decay faster than they can propagate, re-
sulting in an absorbing phase. Rydberg excitations that decay to ions
are lost from the system and observed at our detector. In order to
stabilize the system, this loss must be balanced by a gain process.
We implement such gain by optically pumping atoms from a differ-
ent hyperfine state, allowing us to tune the steady-state density. This
stabilization enables measurements of the system dynamics, includ-
ing correlation functions, over time scales orders of magnitude longer
than previously accessible, allowing a systematic characterization of
the associated dissipative non-equilibrium phase transition.

Q 524 Thu 12:15 N 2
Cryogenic Strontium Quantum Processor — eXINTONG Su,
RoBERTO FRANCO, VALERIO AMICO, JONAS DROTLEFF, and CHRIs-
TIAN GROss — Physikalisches Institut, Eberhard Karls Universitét
Tiibingen, Germany

With the increasing perfection in the control of quantum mechanical
many-body systems, first steps for the realization of simple quantum
computers have been made. Various physical systems can serve as a
basis for such quantum computers. Neutral Rydberg atoms in opti-
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cal tweezers are among the most promising technologies in the race to
build a quantum computer. This platform unites fundamentally indis-
tinguishable qubits and precise control via light fields with scalability
in the size of the qubit register. In our project, we work with fermionic
87Sr. The qubit states are defined on two hyperfine sublevels of the
ground state. Our goal is to combine the optical tweezer technology
with a carefully designed cryogenic setup at 4K. This will result in
exceptionally long coherence and lifetime of the atoms in the optical
tweezer array and forms the basis for scalability to large atom num-
bers. Furthermore, the intensity of black-body radiation is strongly
reduced in cryogenic environments. Therefore, detrimental coupling
between neighbouring Rydberg states, a potential source for collective
decoherence in a quantum processor, is suppressed. Finally, the cryo-
genic environment enables the usage of superconducting coils, which
offers outstanding passive stability of the magnetic field and thereby
increases the qubit coherence.

Q52,5 Thu12:30 N 2
Entanglement of mechanical oscillators mediated by a Ry-
dberg tweezer chain — eCuris NiLrL!:?2, Cepric WinD?, JuLia
GaMPER?, SAMUEL GERMER2, VALERIE MAuUTHZ, WOLFGANG ALTZ,
Icor Lesanovsky!3, and SEBasTIAN HOFFERBERTH? — !Institut fiir
Theoretische Physik, University of Tiibingen, Auf der Morgenstelle 14,
72076 Tiibingen, Germany — 2Institute for Applied Physics, Univer-
sity of Bonn, Wegelerstrafe 8, 53115 Bonn, Germany — 3School of
Physics and Astronomy and Centre for the Mathematics and Theoret-
ical Physics of Quantum Non-Equilibrium Systems, The University of
Nottingham, Nottingham, NG7 2RD, United Kingdom

Mechanical systems provide a unique test bed for studying quantum
phenomena at macroscopic length scales. However, realizing quantum
states that feature quantum correlations among macroscopic mechan-
ical objects remains an experimental challenge. Here, we propose a

quantum system in which two micro-electromechanical oscillators in-
teract through a chain of Rydberg atoms confined in optical tweez-
ers [1]. We demonstrate that the coherent dynamics of the system
generate entanglement between the oscillators. Furthermore, we uti-
lize the tunability of the radiative decay of the Rydberg atoms for
dissipative entanglement generation. Our results highlight the poten-
tial to exploit the flexibility and tunability of Rydberg atom chains to
generate nonclassical correlations between distant mechanical oscilla-
tors.

[1] C. Wind, C. Nill et al., arXiv:2510.08371 (2026).

Q 52.6 Thu 12:45 N 2
Probing localization in a bond-disordered power-law interact-
ing system using time-reversal based protocols — eEDUARD
JURGEN BRAUN, MarTHIAS LOTZE, ADRIAN BRAEMER, GERHARD
ZURrN, and MaTTHIAS WEIDEMULLER — Physikalisches Institut, Uni-
versitdt Heidelberg, Im Neuenheimer Feld 226, 69120 Heidelberg

Quantum thermalization raises intriguing questions about the fate of
isolated many-body systems. In conventional one-dimensional systems
at finite system size, many-body localization (MBL) appears to defy
thermalization, often understood through the emergent integrability
encoded in local integrals of motion (LIOMs). However, in systems
with long-ranged power-law interactions, the standard LIOM picture
is not expected to hold, and recent studies in a bond-disordered model
have revealed level statistics markedly different from standard MBL
systems. Here, we investigate whether time-reversal-based methods,
such as Loschmidt echoes, can uncover distinctive signatures of local-
ization in these bond-disordered power-law interacting systems. Our
results suggest that localization in such systems is qualitatively differ-
ent from conventional MBL, providing new insights into the interplay
of disorder and long-ranged interactions.

Q 53: Precision Spectroscopy of Atoms and lons IV (joint session A/Q)

Time: Thursday 11:00-13:00

Invited Talk Q53.1 Thull:00 N3
An optical clock with entangled trapped %°Cat ions.
oKar Dierze'2, LENNaRT PeLzZERD'2, BENNET BENNY!D?2, FABIAN
DawerLb2, Mirza A. Arib2, DerweLL Drapier!, and PieT O.
ScumipT!?2 — TQUEST Institute for Experimental Quantum Metrol-
ogy, Physikalisch-Technische Bundesanstalt, 38116 Braunschweig, Ger-

many — 2Leibniz Universitit Hannover, 30157 Hannover, Germany

Optical atomic clocks based on trapped ions reach fractional system-
atic uncertainties in the low 1078 range. The statistical uncertainty,
however, is typically limited by the quantum projection noise due to
the small number of ions, requiring long averaging times to reach a
comparable level in uncertainty. Entanglement-assisted interrogation
schemes can lower this limit by providing a gain in signal-to-noise ratio.
We discuss entanglement-based measurement schemes in the presence
of spontaneous emission and magnetic-field fluctuations [2] and present
our experimental realization of an optical clock employing two entan-
gled 4°Cat ions prepared in a decoherence-free subspace. We experi-
mentally compare a classical correlated protocol with an entanglement
enhanced protocol based on a magnetically insensitive multi-ion state,
demonstrating lifetime-limited coherence times and their applicability
within an optical clock comparison [2].

[1] T. Kielinski et al., Sci. Adv. 10, eadr1439 (2024)

[2] K. Dietze et al., arXiv:2506.11810 (2025)

Q 53.2 Thu 11:30 N 3
Precision Angular Profiling of a Thermal Hydrogen Dissoci-
ation Source via Recombination Calorimetry — eMAXIMILIAN
BarLTtHAsAR HONEBORN, SEBASTIAN BOSeER, and MARTIN FERTL
for the Project 8-Collaboration — Johannes Gutenberg-Universitéit
Mainz, Mainz, Germany

Project 8 aims for a 40-meV neutrino mass sensitivity using cyclotron
radiation emission spectroscopy (CRES) with atomic tritium to avoid
molecular energy uncertainties. At JGU Mainz, the test setup charac-
terizes beam dynamics using a thermal hydrogen dissociation source.
Molecular hydrogen flows at up to 20 SCCM through a 1 mm in-
ner diameter tungsten capillary heated to approximately 2200 K, with
differential pumping suppressing recombination backgrounds. Precise
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angular beam profiling is essential to study the beam formation pro-
We measure the beam profile via a calorimetric wire detector
that quantifies recombination heat on a movable tungsten wire, en-
abling minimally disruptive measurements of beams. A newly built
tilt mechanism overcomes the limited angular coverage (-15° to +30°)
of the standard translation stage, allowing comprehensive characteri-
zation of the beam’s full divergence profile. This enables direct com-
parison between calorimetric and mass spectrometry data, confirming
theoretical models of capillary beam output and validating the source
geometry’s role in atomic beam formation for future tritium operation.

cess.

Q53.3 Thull4s N3
Spin noise spectroscopy of hot rubidium vapor under two-
photon excitation — eOskar SunND and ILjaA GERHARDT — light
and matter group, Institute for Solid State Physics, Leibniz University
Hannover, Appelstrasse 2,D-30167 Hannover, Germany

Doppler free realized S-P-D transitions in hot rubidium vapor have
emerged as a promising contender as stable, compact and low-cost fre-
quency references, potentially superseding the chip-scale atomic clocks
of today. Unlike the conventional approach of the two-photon exci-
tation in rubidium at 778.1 nm, a two-color approach would require
significantly lower optical powers and vapor densities while achieving
comparable frequency stability [1]. In this work, we present two-color,
two-beam spin noise spectroscopy: one laser (780 nm) probes ground-
state spin fluctuations, while a second laser (776 nm) completes the
5S-5D ladder-type two-photon transition. By measuring the spin noise
on both beams, as well as their noise correlation, we investigate how
the two-photon excitation perturbs ground-state spin dynamics and
whether additional spin noise features or dynamic back-action from
excited states can be observed. Such measurements provide new in-
sights into nonlinear spin-light interactions, potentially relevant for
precision metrology, quantum sensing and future frequency standards.

[1] Ahern, E. J., Scholten, S. K., Locke, C. et al. Tailoring the sta-
bility of a two-color, two-photon rubidium frequency standard. Phys.
Rev. Applied 23, 044025 (2025)

Q 53.4 Thu 12:00 N 3

High-resolution laser spectroscopy on iron — eKATRIN



Mainz 2026 — Q

Thursday

WEIDNER!, THORBEN NIEMEYER!, JakoB WEIss!, SEBASTIAN
BerNDT!, Pia BREINBAUER!, CHurisTorH E. DULLMANNDZ3,
RaPHAEL Hasse!, Dennis Reniscab?, Jore RunNkel2, Martou

STEMMLER!, DOMINIK STUDER?, SEBASTIAN RAEDER?, and KLAUS
3 b 9

WEeNDT! — !Johannes-Gutenber-Universitit Mainz — 2Helmholtz-
Institut Mainz — 3GSI Helmholtzzentrum fiir Schwerionenforschung
Darmstadt

High-resolution laser spectroscopy on free atoms provides access to
fundamental properties of the atomic and nuclear structure of matter.
Iron is among the most abundant metals on Earth and also plays a
major role in astronomical observations.

We present high resolution measurements on iron isotopes, address-
ing the first measurement on the hyperfine structure of the radioiso-
tope °°Fe . An efficient three-step ionization scheme is used for exci-
tations with high-power tunable Titan:Sapphire lasers, including sec-
ond harmonic generation. To investigate the hyperfine structure we
explore injection locking with a commercial Optical Parametric Oscil-
lator (OPO).

Q 53.5 Thu 12:15 N 3
DRALS: A new tool to investigate the hyperfine structure
in highly charged ions — eDimiTrIOS Zisis for the LIBELLE-
Collaboration — Institut fiir Kernphysik, Technische Universitit
Darmstadt, Germany — Helmholtz Forschungsakademie Hessen fiir
FAIR, Campus Darmstadt, Germany

We report on the first laser excitation of the ground-state hyperfine
transition in lithium-like 2°8Bi®%*, The experiment was performed at
the ESR, in May 2025. Detection of the transition was enabled through
a new measurement scheme that combines laser excitation with dielec-
tronic recombination (DR). In this approach, the electron cooler is set
to a voltage that leads to the DR process predominantly from the up-
per hyperfine state. Resonant laser driving of the transition to the
upper state thus leads to an enhancement of the DR recombination
rate detected with particle detectors behind the electron cooler.

This technique has been successfully demonstrated for the first time
using the radioactive isotope 208Bi in the lithium-like charge state, a
species that is inherently difficult to produce, decelerate, and store at
the required energies in the ESR. These results establish the feasibility
of the method and pave the way for precision measurements during the
next beam time, which has already been approved by the GPAC (Pro-
posal G-24-00290). This research was funded by BMFTR, Contract
numbers 05P24RD5, 05P21RGFA1 and 5P24RG2.

Q53.6 Thu12:30 N 3

The long range validity of the Wigner law - experimen-
tal test on negative oxygen — THORBEN NIEMEYER!, OLIVER
ForsTNER?34, Vapim GADpELsHIN!, RapuaeL Hasse!, LorHAr
5 Dowminik

ScHMIDT®, MARKUS SCHOFFLER®, MATOU STEMMLER!,

Stuper!, and Kraus WENDT! — 1Johannes Gutenberg-Universitit

Mainz — 2Friedrich-Schiller-Universitit Jena — 3GSI Darmstadt —
4Helmholtz Institut Jena — %Johann Wolfgang-Goethe Universitét
Frankfurt am Main

Negative atoms are quantum systems in which an additional electron
is bound to the neutral core because of electron correlation effects.
Correspondingly, its binding energy is one of the most fundamental
properties and its knowledge is important for understanding those
fragile quantum systems. The detachment of the additional electron
by a photon via laser-ion interaction is a well-established measure-
ment technique. It was recently performed on negative oxygen ions at
the Frankfurt Low-energy storage ring FLSR. While the cross section
curves near the energy threshold obtained in those kinds of measure-
ments are typically well described by the Wigner law, the description
further off from thresholds demands a more elaborate theory.

The measured detachment curve on negative oxygen comprises six
photodetachment channels distributed over about 50 meV. We dis-
cuss the description of the combined threshold curve, in the Wigner
appraoch in comparison to the more refined zero-core contribution the-
ory.

Q 53.7 Thu 1245 N 3
Assessment of the differential polarizability of Ybt and Srt
clock transitions — eMARTIN STEINEL!, THOoMAS LINDVALLZ, MAR-
IANNA SAFRONOVA3, MELINA FiLzINGER!, JIAN JiaNGg!, SAASWATH
JK!, EkkenarD PEik!, and NiLs HunTeEMANN! — !Physikalisch-
Technische Bundesanstalt, Bundesallee 100, 38116 Braunschweig —
2VTT Technical Research Centre of Finland, National Metrology Insti-
tute VI'T MIKES, P.O. Box 1000, 02044 VT'T, Finland — 3 University
of Delaware, Newark, USA

Optical clocks are leading candidates for a redefinition of the second,
with estimated fractional uncertainties at the 6x 10719 level [1]. Room-
temperature 171 YbT clocks operating on the S1/2 — Fyo electric-
octupole (E3) transition currently reach 3 x 10718 [2], limited by the
blackbody-radiation (BBR) shift Avggr o« AaT?*. The dominant
uncertainty arises from the ~ 2% accuracy of the differential polariz-
ability Ac«, determined from measurements of the light shift induced
by an infrared laser with calibrated optical power and in-situ estimate
of the beam profile. In contrast, a method balancing the Stark and
Doppler shift caused by excess micromotion yields a Aa uncertainty
of 0.04% for 88SrT [3]. We present direct comparisons of both tech-
niques using 88Srt and determine the ratio of A« for 1"1Yb™ and
88Grt enabling a potential reduction of the E3 BBR-shift uncertainty
to 2 x 10719,

[1] M. C. Marshall et al., Phys. Rev. Lett. 135, 033201 (2025) [2] N.
Huntemann et al., Phys. Rev. Lett. 116, 063001 (2016) [3] T. Lindvall
et al., Phys. Rev. Lett. 135, 043402 (2025)

Q 54: Members’ Assembly

This is the annual assembly of the Quantum Optics and Photonics Division (FV Q). All members are
invited to attend. Snacks will be provided. Agenda items may be suggested by e-mail to the Speaker,

juergen.eschner@physik.uni-saarland.de.

Time: Thursday 13:15-14:15

60 min. discussion

Location: P 10

Q 55: Optomechanics

Time: Thursday 14:30-16:30

Q55.1 Thu14:30 P 2
Phase-adaptive cooling of fringe-trapped nanoparticles in
hollow-core fiber — Soumya CHAKRABORTY!2, eGorpoN K. L.
Wona!, Parbeep Kumar!, Hyunsun Nam!:2, Craubpiu GenesS!,
and Nicoras Y. Jory?! — Max Planck Institute for the Science of
Light, Staudtstrasse 2, D-91058 Erlangen, Germany — 2Department of
Physics, Friedrich-Alexander-University Erlangen-Nuremberg, Staudt-
strasse 7, D-91058 Erlangen, Germany — 3TU Darmstadt, Institute
for Applied Physics, Hochschulstrasse 4A, D-64289 Darmstadt, Ger-
many
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Freezing thermally driven center-of-mass (CoM) motion is essential
for accessing quantum effects in macroscopic systems. Here, we exper-
imentally demonstrate a novel phase-adaptive feedback cooling of opti-
cally levitated silica nanoparticles inside a hollow-core photonic crystal
fiber at room temperature. The particle is tweezed in a standing-wave
potential formed by two co-linearly polarized counterpropagating fiber-
guided modes. Its axial CoM motion is cooled by adjusting the relative
optical phase of the modes as a response to the particle’s momentum,
generating a dissipative force without recoil heating. The method is
applicable to neutral particles. Using this approach, the CoM tem-
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perature of a 195 nm silica particle is reduced to 58.6 K at 0.5 mbar,
while for a 400 nm particle the temperature reaches 11 K at the same
pressure. A stochastic analytical model accurately reproduces the ex-
perimental results. This approach enables long-range, coherent control
of mesoscopic particles in fiber-based platforms for future quantum ap-
plications.

Q 55.2 Thu 14:45 P 2
Dissipation dilution in 3D direct laser written mechanical
resonators — eDANIEL STacHANOW!, Lukas TENBRAKE!, FLORIAN
GIEFER!, WoLFGANG ALT!, SEBASTIAN HOFFERBERTH', and HANNES
PreIFER? — !Institute of Applied Physics, University of Bonn, Ger-
many — 2Department of Microtechnology and Nanoscience, Chalmers
University of Technology, Gothenburg, Sweden

Optomechanical platforms with high-quality mechanical and optical
resonators have a wide application potential ranging from sensing
to long-lived storage of quantum information. Recent developments
in polymer-based 3D direct laser written structures allow for new
paradigms in manufacturing micromechanical resonators due to their
flexible geometries, but so far suffer from strong mechanical dissipa-
tion. Here, we present our recent progress in implementing and improv-
ing this platform. The mechanical Q-factor of the resonator in vacuum
is primarily limited by intrinsic losses within the material. However,
these losses can be significantly reduced by introducing strain on the
membrane, leading to so-called dissipation dilution. This is done by
engineering the geometry of the resonator for optimized aspect ra-
tios and adjusting the fabrication process. To quantify the results, a
scannable vacuum-integrated fiber cavity setup for probing mechanical
resonators is used. We demonstrate the impact of shrinkage-induced
strain on the mechanical Q-factor of polymeric bridge-like resonators.
Additionally, we report the status of our current developments using
post-fabrication treatment of applying oxygen-plasma to further opti-
mize the surface properties and aspect ratios of the structures.

Q 55.3 Thu 15:00 P 2
Coherent scattering of an optically levitated nanoparticle to
an ultrahigh-Q microtoroidal cavity — eZuir SHENG!, SEYED
KHALIL Avavil, HaneuL Lee2, Hansuek Lee?3, and SUNGKUN
Hong! — lInstitute Institute for Functional Matter and Quantum
Technologies and Center for Integrated Quantum Science and Technol-
ogy (IQST), University of Stuttgart, DE — 2Department of Physics,
Korea Advanced Institute of Science and Technology (KAIST), Repub-
lic of Korea — 3Graduate School of Quantum Science and Technology,
KAIST, Republic of Korea

Optically levitated dielectric nanoparticle offers a versatile platform for
studying quantum physics beyond microscopic domain. Coupling its
mechanical motion to the optical cavity enables the investigation of di-
verse optomechanical phenomena, which rely strongly on the strength
of optomechanical coupling. An effective approach to enhancing the
coupling is cavity-enhanced coherent scattering, where the cavity mode
is driven by photon coherently scattered from the nanoparticle. Us-
ing this scheme, quantum ground state cooling has been achieved with
the conventional Fabry-Pérot mirror cavity in weak coupling regime.
Here we present the coherent scattering of the nanoparticle trapped by
optical tweezer to a silica toroidal optical microcavity, where the signif-
icantly reduced mode volume enhances the optomechanical coupling,
placing our platform in the ultrastrong coupling regime (g > w). We
will report the key findings in this regime, together with the significant
anomalous cooling to be explained.

Q 55.4 Thu 15:15 P 2
Amplification of optical forces via interference in levitated op-
tomechanics — oY ousser Ezzo, SEYED KHALIL ALavi, AsHIK Pu-
LIKKATHARA, and SUNGKUN HoNG — Institute for Functional Matter
and Quantum Technologies and Center for Integrated Quantum Sci-
ence and Technology (IQST), University of Stuttgart, 70569 Stuttgart,
Germany

Precise tailoring of optical forces is fundamental to the control of levi-
tated mesoscopic particles. While direct radiation pressure is typically
the dominant mechanism, interference effects offer a powerful route
to engineer light-matter interactions. In this work, we demonstrate
the significant amplification of optical forces exerted by weak light
fields through their interference with a strong trapping beam. By
co-propagating a weak signal field with the optical tweezer, we exploit
the interference term to generate an enhanced force that scales linearly
with the signal field amplitude, rather than its intensity. We exper-
imentally characterize this force enhancement using a silica nanopar-
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ticle, resolving the mechanical motion driven by weak fields with a
sensitivity of 37.2 pW/Hz. We further discuss how this interference-
based force scaling can be extended to counter-propagating geometries
to maximize interaction strengths, enabling zeptowatt-level force con-
trol and efficient 3D all-optical cooling.

Q555 Thul15:30 P2
Release and recapture of millikelvin cooled levitated nanopar-
ticles in microgravity conditions — eGOVINDARAJAN PRAKASH!,
SveN HERRMANN!, RALF B. BErGMANNZ, and CHRISTIAN VoGT?
— 1Zentrum fiir Angewandte Raumfahrttechnologie und Mikrograv-
itation (ZARM), Universitit Bremen, Bremen, Germany — 2BIAS -
Bremer Institut fiir Angewandte Strahltechnik GmbH, Klagenfurter

Str. 5, 28359 Bremen, Germany

Optomechanical levitation of nanoparticles provides a promising plat-
form to perform tests with macroscopic particles on the interface be-
tween quantum and classical regimes. Many proposed schemes involve
free evolution of such a particle after preparation in a known quantum
state. Increasing mass requires increased free evolution times for which
even space-based experiments have been proposed. As a first step in
this direction, we have performed experiments with a millikelvin cooled
levitated silica nanoparticle at the Gravitower Bremen Pro. We use
the microgravity conditions of the facility to try and extend the free-
fall duration of the nanoparticle to greater than what is possible on
ground[1]. So far, we have achieved up to 300 microseconds of free-fall
duration with a single beam trap. In this talk, we will present the
analysis of the first results, limitations, and possible improvements to
our current setup.

[1]. Prakash, G., Herrmann, S., Bergmann, R. B. & Vogt, C. Release
and recapture of silica nanoparticles from an optical trap in weight-
lessness. arXiv:2509.08666 |physics.optics| (2025)

Q 55.6 Thu 15:45 P 2
Probing Quantum Mechanics with Nanorotors — STEPHAN
TrovER!, eFLORIAN FrcuTEL!, HENNING RupoLpu?, BENJAMIN
STicKLER®, Uros DEeLIG*, and Markus ARNDT! — 1University of
Vienna, VDS, VCQ, Faculty of Physics, Boltzmanngasse 5, A-1090
Vienna, Austria — 2University of Duisburg-Essen, Faculty of Physics,
Lotharstrafe 1, 47057 Duisburg, Germany — 3Ulm University, Albert-
Einstein-Allee 11, 89069 Ulm, Germany — *TU Wien, Stadionallee 2,
1020 Vienna, Austria

Levitated nanoparticles are promising candidates for observing quan-
tum effects and even matter-wave interference at unprecedented mass
scales. In this regime, the rotational dynamics are particularly in-
triguing, as the nonlinear motion on a compact, closed configuration
space provides a rich platform for phenomena such as interference or
quantum tunnelling. To access these effects, quantum control over
the rotational motion is essential. For instance, rotational revival ne-
cessitates a tightly aligned nanorotor, motivating cooling of at least
two librational modes. Coherent scattering cooling provides a versa-
tile method capable of coupling simultaneously to multiple motional
degrees of freedom. In our implementation, a cavity supporting two
orthogonal optical modes couples each mode to one librational mode.
When the frequency splitting between the librational modes is compa-
rable to the cavity linewidth, efficient two-mode cooling becomes ex-
perimentally feasible. Aligning a nanorotor with a well-characterized
geometry that supports millisecond-scale revival times will open the
door to future experiments on rotational interference.

Q 55.7 Thu 16:00 P 2
Tunable light induced dipole-dipole interactions — eLivia
Ecvyep!, ManuaL REsENBAUER!, HENNING RuporLpu3, MURAD
ABuzarLI?, Kraus HORNBERGER?, ANTON ZASEDATELEV®, BEN-
JAMIN STicKLER?, and Uros DEeric! — !Atominstitut, Technische
Universitit Wien, A-1020 Vienna, Austria — 2Vienna Center for
Quantum Science and Technology (VCQ), Faculty of Physics, Univer-
sity of Vienna, A-1090 Vienna, Austria — 3Faculty of Physics, Uni-
versity of Duisburg-Essen, 47048 Duisburg, Germany — “Institute for
Complex Quantum Systems, Ulm University, D-89069 Ulm, Germany
— SDepartment of Applied Physics, Aalto University School of Sci-
ence, FI-00076 Espoo, Finland

Tweezer arrays can be used to trap, arrange, and control atoms or di-
electric nanoparticles, while ensuring strong environmental isolation.
Our platform of programmable arrays of levitated nanoparticles with
highly tunable optical interactions provide access to a wide range of
system parameters, enabling us to adjust the coupling between the
particles from fully reciprocal to uni-directional and up until fully anti-
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reciprocal by modifying their trapping fields. In case of anti-reciprocal
coupling, we observe PT-symmetry breaking, and for strong coupling
rates the system transitions into a mechanical lasing phase. Further-
more, dynamically modulating the trapping potential of particles with
non-degenerate mechanical frequencies allows us to engineer an arbi-
trary combination of beamsplitter and two-mode squeezing type inter-
actions between them.

Q 55.8 Thu 16:15 P 2
Entanglement of nanoparticles via Coulomb force under op-
timal control — eNancy Guptal2, Avus Kuoparr'?, KLe-
MENS WINKLER!, KASPAR SCHMERLING®, ANDREAS DEUTSCHMANN-
OLek®, Nikorar KieserL!, ANTON ZASEDATELEV®, Uros DrLi¢?,
and MaARkuUs AspPELMEYERD2 — lUniversity of Vienna, Faculty of
Physics, Vienna Center for Quantum Science and Technology (VCQ),
Boltzmanngasse 5, A-1090 Vienna, Austria — 2Institute for Quan-
tum Optics and Quantum Information, Austrian Academy of Sci-

ences, A-1090 Vienna, Austria. — 3 Automation and Control Institute
(ACIN), TU Wien, 1040 Vienna, Austria — 4Atominstitut, TU Wien
— 5Department of Applied Physics, Aalto University

Optomechanics with levitated particles offers a powerful route to ex-
plore quantum behavior at macroscopic scales, including ground-state
cooling. A central goal is to entangle the motion of two levitated
nanoparticles to study decoherence, but weak interactions have lim-
ited the experimental progress. We address this challenge using elec-
trostatic Coulomb forces between two optically trapped silica parti-
cles. By employing active and passive charging, we achieve strong
coupling with an interaction strength of 17 percent of the mechani-
cal frequency and realise cooling and readout of the coupled modes.
Because steady-state entanglement demands stronger coupling, we in-
troduce an optimal-control protocol that exploits time-dependent in-
teractions in a continuously measured system. This approach relaxes
coupling requirements and enables unconditional entanglement while
addressing stabilization, feedback, and noise near the ground state.

Q 56: Quantum Optics and Control |

Time: Thursday 14:30-16:30

Invited Talk Q 56.1 Thu 14:30 P 3
Quantum logic control of transition metal and molecular
ions — TiLL ReEHMERTY2, MAXIMILIAN J. ZAWIERUCHAD2, KAI
Dierze!2, Pier O. ScamipT!?, SERGEY G. Porsev®, DMYTRO
FiLin3, CHARLES CHEUNG?, MARIANNA S SAFRONOVA®, and eFABIAN
WoLr! — !Physikalisch-Technische Bundesanstalt, Bundesallee 100,
38116 Braunschweig — 2Institut fiir Quantenoptik, Leibniz Univer-
sitat Hannover, Welfengarten 1, 30167 Hannover — 3Department of
Physics and Astronomy, University of Delaware, Delaware 19716, USA

Extending quantum control to increasingly complex systems, such as
molecular ions, is essential for advancing quantum technologies and
probing fundamental physics.

Quantum logic spectroscopy offers a promising route to controlling
molecular ions: a well-controlled atomic ion is co-trapped with a molec-
ular ion and enables manipulation and readout of its quantum state
via shared motional modes. As we move toward quantum logic spec-
troscopy of single molecular MgH' ions, we are also exploring the
applicability of these techniques to other species. Recently, we demon-
strated quantum logic control of a single titanium ion, showing that
these methods extend to previously inaccessible atomic systems.

By expanding quantum control to new classes of ions, our work en-
ables new opportunities in precision spectroscopy, quantum technology,
and fundamental physics.

Q 56.2 Thu 15:00 P 3
Multi-Path and Multi-Particle Tests of Complex versus
Hyper-Complex Quantum Theory — EcCE IPEK SARUHAN,
JOACHIM VON ZANTHIER, and e MARC-OLIVER PLEINERT — Quantum
Optics and Quantum Information Group, Friedrich-Alexander Univer-
sitdt Erlangen-Niirnberg, Staudtstr. 1, 91058 Erlangen, Germany

The axioms of quantum mechanics provide limited information regard-
ing the structure of the Hilbert space, such as the underlying number
system. The latter is generally regarded as complex, but generaliza-
tions of complex numbers, so-called hyper-complex numbers, cannot
be ruled out in theory. Therefore, specialized experiments to test for
hyper-complex quantum mechanics are needed. To date, experimental
tests are limited to single-particle interference exploiting a closed phase
relation in a three-path interferometer called the Peres test. The latter
distinguishes complex quantum mechanics from quaternionic quantum
mechanics. Here, we propose a general matrix formalism putting the
Peres test on a solid mathematical ground. On this basis, we introduce
multi-path and multi-particle interference tests, which provide a direct
probe for any dimension of the number system of quantum mechanics.
[Phys. Rev. Lett. 134, 060201 (2025)]

Q 56.3 Thu 15:15 P 3
Towards generalized pump beam engineering for maxi-
mal entanglement in Laguerre-Gaussian modes — eRICHARD
BERNECKER!'2, BAGHDASAR BAGHDASARYAN®, and STEPHAN
FritzscHE! 2 — lnstitute for Theoretical Physics, Friedrich Schiller
University Jena, Frobelstieg 1, 07743 Jena, Germany — 2Helmholtz
Institute Jena, Frobelstieg 3, 07743 Jena, Germany — 3Institute of
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Applied Physics, Friedrich Schiller University Jena, Albert-Einstein-
Str. 6, 07745 Jena, Germany

The spatial entanglement of photons in Laguerre-Gaussian (LG) modes
has proven to be a powerful resource for high-dimensional quantum in-
formation processing. LG modes are indexed by a radial number p and
an azimuthal number £, the latter being associated with orbital angu-
lar momentum (OAM). While most studies over the past decades have
focused on the OAM, recent advances now enable full-mode charac-
terization, including the radial index p. However, no general strategy
exists to generate specific high-dimensional target states in the full LG
basis.

In this contribution, we present a generalized approach to spatial
pump-beam engineering that enables the generation of maximally en-
tangled states (MESs) from spontaneous parametric down-conversion.
MESSs constitute the high-dimensional analogue of Bell states and form
ideal resources for quantum information tasks. We show that a tai-
lored superposition of LG pump modes, combined with an optimized
choice of the detection subspace, allows for the controlled engineering
of MESs across both radial and azimuthal mode indices.

Q 56.4 Thu 15:30 P 3
Observation of entanglement between free electrons and pho-
tons — eJaN-WiLkE HENkED2, Hao JENGD2, MuRraT Sivis!»2, and
Craus Ropers!2 — Max Planck Institute for Multidisciplinary Sci-
ences, Gottingen, Germany — 2University of Géttingen, 4th Physical
Institute, Gottingen, Germany

Entanglement is central to most emerging quantum technologies from
quantum computation to quantum sensing. Generating entangled
quantum states is thus highly relevant for future applications, and
has been achieved in various combinations of quantum systems. Here,
we demonstrate the quantum entanglement between free electrons and
photons [1]. In a quantum eraser-type scheme [2], we use a coherently
split electron beam to generate photons of distinct polarisation at a
specifically designed nanostructure placed in a transmission electron
microscope. Performing electron-photon coincidence measurements in
different bases, we reconstruct the joint electron-photon state and show
that it violates the Peres-Horodecki entanglement criterion by more
than 7 standard deviations. Laying the basis for quantum-enhanced
sensing in the electron microscope, the proof of electron-photon entan-
glement represents a cornerstone of free electron quantum optics. [1]
J.-W. Henke et al., arXiv:2504.13047 (2025); (2] J.-W. Henke, H. Jeng
& C. Ropers, Phys. Rev. A 111, 012610 (2025)

Q 56.5 Thu 1545 P 3
Single- and many-body interference in a generalized Mach-
Zehnder interferometer — eFAROUK ALBALACY, GABRIEL Du-
FOUR, and ANDREAS BUCHLEITNER — Physikalisches Institut & EU-
COR Centre for Quantum Science and Quantum Computing, Albert-
Ludwigs-Universitat Freiburg

We study the interplay of single- and many-body interference effects by
injecting one quantum object per port in a generalized Mach-Zehnder
interferometer with three ports. Single-body interference is controlled
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by the phase shifts between the paths of the interferometer. The effect
of bosonic many-body interference is singled out by tuning the indi-
vidual constituents’ mutual distinguishabilities through their internal
states. We analyze the output counting statistics for three partially
distinguishable bosons, as a function of their internal states and of the
interferometer phases.

Q 56.6 Thu 16:00 P 3
Entanglement shortcuts in the geometry of micromaser
state preparation — eMarTHIAS BUNnDY!, CHRISTOPH DITTELD?,
and ANDREAs BucHLEITNERD2 — 1Physikalisches Institut, Albert-
Ludwigs-Universitdt, Hermann-Herder-Strafte 3, 79104 Freiburg, Ger-
many — 2EUCOR Centre for Quantum Science and Quantum Com-
puting, Albert-Ludwigs-Universitdat Freiburg, Hermann-Herder-Strafe
3, 79104 Freiburg, Germany

Any desired state of a single, quantized cavity mode can be prepared
by sequentially interacting with a string of two-level atoms. However,
the fidelity of the preparation process much depends on the desired
target state, the number of atoms, and the degree of their mutual en-
tanglement. Here we investigate the state preparation process from a
geometric perspective, by establishing an appropriate metric for the
length of state preparation trajectories. We quantify how the entan-
glement of the atomic string shortens the path from the cavity mode’s
initial to target state, and discuss how these trajectories differ for clas-
sical and non-classical target states.

Q 56.7 Thu 16:15 P 3
Phase-sensitivity enhancement in Mach-Zehnder interferom-
eter via local Gaussian operations — TAj KumMmaRr, Krisuna Mo-
HAN MisHRA, AVIRAL KUMAR PANDEY, Vikas KUMAR PRAJAPATI,
and eDEVENDRA KUMAR MIisHRA — Department of Physics, Institute
of Science, Banaras Hindu University, Varanasi-221005, Uttar Pradesh,
India

We investigate the role of local Gaussian operations, specifically local
displacement operation (LDO) and local squeezing operation (LSO),
in enhancing the phase sensitivity of the Mach-Zehnder interferometer
(MZI). We considered two scenarios: when these operations are ap-
plied in a single arm only and when they are applied in both arms of
the MZI. Using coherent and squeezed vacuum states as inputs and ho-
modyne detection, we analyze the phase sensitivity and the quantum
Cramér-Rao bound (QCRB) under both ideal and lossy conditions.
Our study reveals that both single- and dual-arm LDO schemes offer
equivalent improvements in phase sensitivity. However, the single-arm
LSO scheme offers improved phase sensitivity that is superior to its
dual-arm counterpart as well. In short, the single-arm configuration
is found to be more resource-efficient, providing improved phase sen-
sitivity and enhanced robustness against photon losses. These results
emphasize the advantages of the Gaussian operations, such as LDO
and LSO, as an experimentally feasible approach with a low imple-
mentation cost for achieving enhanced phase sensitivity and robustness
against photon losses.

Q 57: Open Quantum Systems Ill

Time: Thursday 14:30-16:30

Q 57.1 Thu 14:30 P 4
Non-unitarity maximizing unraveling of open quantum dy-
namics — eRUBEN DARABAN, FaBRizio SaLas-RAMIREZ, and Jo-
HANNES SCHACHENMAYER — University of Strasbourg

The dynamics of many-body quantum states in open systems is com-
monly numerically simulated by unraveling the density matrix into
pure-state trajectories. In this work, we introduce a new unraveling
strategy that can adaptively minimize the averaged entanglement in
the trajectory states. This enables a more efficient classical represen-
tation of trajectories using matrix product decompositions. Our new
approach is denoted non-unitarity maximizing unraveling (NUMU).
It relies on the idea that adaptively maximizing the averaged non-
unitarity of a set of Kraus operators leads to a more efficient trajec-
tory entanglement destruction. Compared to other adaptive entangle-
ment lowering algorithms, NUMU is computationally inexpensive. We
demonstrate its utility in large-scale simulations with random quan-
tum circuits. NUMU lowers runtimes in practical calculations, and it
also provides new insight on the question of classical simulability of
quantum dynamics. We show that for the quantum circuits consid-
ered here, unraveling methods are much less efficient than full matrix
product density operator simulations, hinting to a still large potential
for finding more advanced adaptive unraveling schemes.

Q 57.2 Thu 14:45 P4
Deterministic Quantum Jump (DQJ) Method for Weakly
Dissipative Systems eMaRrcUs MEescHEDE! and Lubpwic
MatHEY!2 — 1Center for Optical Quantum Technologies and Insti-
tute for Quantum Physics, University of Hamburg, 22761 Hamburg,
Germany — 2The Hamburg Center for Ultrafast Imaging, Luruper
Chaussee 149, 22761 Hamburg, Germany

Simulating large open quantum systems is computationally expensive
due to the complexity scaling of the density matrix formalism. Instead
of time evolving the total density matrix, Quantum jump methods ap-
proximate the evolution through a statistical ensemble of quantum
jump trajectories. In this work, we propose the Deterministic Quan-
tum Jump (DQJ) method for the weak dissipation limit of the Lind-
blad master equation. In DQJ, quantum jumps are deterministically
placed on a suitable jump time grid. For time evolutions in which the
probability of trajectories with few jumps dominate higher order jump
trajectories N, we show that the infidelity of the DQJ method with
the true evolution can scale with oc 1/N4 in the number of trajecto-
ries. This drastically outperforms the Standard Quantum jump (SQJ)
method, scaling with o« 1/N. We demonstrate the improved scaling
on the evolution of a system of coupled qubits as well as on the the
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spectrum of a Kerr-anharmonic oscillator. Generally, our DQJ method
is suitable to all systems in which quantities are sensitive to weak cou-
pling to the environment. In particular, it is native to the field of
quantum computing, e.g. cQED setups, in which the weak coupling to
the environment is crucial in evaluating quantum protocols.

Q573 Thu15:00 P4
Stable Quantum Trajectories for Pseudo-Lindblad Equations
— eLorRENZ WANCKEL and ANDRE EcKARDT — Technical University
of Berlin, Institute for Physics and Astronomy

In open quantum systems beyond the ultraweak coupling regime, mas-
ter equations such as the Redfield equation, which are not of Lindblad
but of pseudo-Lindblad form, are often used. This prevents the ap-
plication of the standard Monte Carlo wave-function unraveling intro-
duced by Dalibard et al. The Pseudo-Lindblad Quantum Trajectory
(PLQT) approach, introduced by Becker et al., provides an unraveling
of pseudo-Lindblad equations without the need to enlarge the Hilbert
space, but it exhibits inherent long-time instabilities due to exponen-
tially growing fluctuations. We present a stabilized PLQT algorithm
that suppresses these fluctuations, thereby enabling reliable simula-
tions up to and including the steady state.

Q574 Thu15:15 P4
Open quantum system dynamics with semi-group influence
matrices — oVALENTIN LiNnk!, Honce-Hao Tu?, and WALTER
STrUNZ? — lInstitut fiir Physik und Astronomie, Technische Univer-
sitét Berlin, 10623, Berlin, Germany — 2Faculty of Physics and Arnold
Sommerfeld Center for Theoretical Physics, Ludwig-Maximilians-
Universitit Miinchen, 80333 Miinchen, Germany — 3Institut fiir Theo-
retische Physik, Technische Universitiat Dresden, 01062, Dresden, Ger-
many

Approaching the long-time dynamics of non-Markovian open quantum
systems presents a challenging task when the bath is strongly cou-
pled. Recent proposals address this problem by representing temporal
correlations encoded in the environmental influence matrix in terms
of a compressed matrix product operator (MPO). I present a highly
efficient algorithm to generate such an MPO form, utilizing infinite
tensor-network methods. The resulting uniform MPO representation
defines a dynamical semigroup in a reduced auxiliary space, allowing
us to directly target long evolution times. I demonstrate the capabili-
ties of this approach for computing dynamical quantities in spin-boson
and single-impurity Anderson models.

[1] V. Link, H. H. Tu, W. T. Strunz, Phys. Rev. Lett. 132, 200403
(2024) [2] M. Sonner, V. Link, D. A. Abanin, Phys. Rev. Lett. 135,
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Q575 Thu 15:30 P4
A witness of superluminal signalling in quantum theory
and its modifications. — eARITRO MUKHERJEE — University of
Duisburg-Essen

Linearity of the master equations in quantum theory and in many
of its proposed modifications is often taken to guarantee the absence
of superluminal signalling, thereby preserving causality. However, in
many scenarios, master equations are not always available in a closed
analytic form, limiting the applicability of this argument. To address
this, we first introduce a general operational witness for detecting su-
perluminal signalling which does not rely on explicit knowledge of a
master equation and is easily assessed when analytical methods are not
available. Furthermore, applying this witness reveals a surprising re-
sult: even linear master equations can permit superluminal signalling
unless a specific locality condition is satsfied by the master equations.
Hence we show that linearity of the corresponding master equations is
not sufficient towards preserving causality. In contrast, the witness we
propose provides a necessary and sufficient criterion for ruling out su-
perluminal signalling in full generality. Ref: arXiv:2410.08844 / Phys.
Rev. A 112, 062202 (2025)

Q 57.6 Thu 15:45 P4
Perturbative and non-perturbative continuous similarity
transformations for Lindbladians — eLeA LENKE and Kar
PHiLLip ScumipT — FAU Erlangen-Niirnberg

We study the Lindbladian of the dissipative transverse field Ising chain
by continuous similarity transformations (CSTs). The latter are the
two flow equation methods pcsttt and directly evaluated enhanced
perturbative continuous unitary transformations (deepCUTs) which
both generate effective block-diagonal operators. The first method,
pestt T, is a generalization of the method of perturbative continuous
unitary transformations (pCUTs) to non-Hermitian operators like the
Lindbladian and multiple quasiparticle types. The second method,
deepCUT, uses a perturbative truncation scheme to generate a non-
perturbative expansion of the effective operator. We apply the same
generator as in the definition of the pcst™ to generalize deepCUT
to non-Hermitian operators. We apply both methods to the Lind-
bladian describing the dissipative transverse field Ising chain. In the
subsequent treatment of the obtained effective Lindbladian, we take
advantage of its block-diagonal structure and perform a linked-cluster
expansion obtaining results that are valid in the thermodynamic limit.

Q 57.7 Thu 16:00 P 4

Recursive perturbation approach to time-convolutionless
master equations: Explicit construction of generalized Lind-

blad generators for arbitrary open systems — eALESSANDRA
CoLral2:3 Hrinz PeTeErR BrEUER®?, and GrurLio GasBARRI®® —
IDipartimento di Fisica Aldo Pontremoli, Universita degli Studi di
Milano, Via Celoria 16, 1-20133 Milan, ItalyDipartimento di Fisica
*Aldo Pontremoli*, Universita degli Studi di Milano, Via Celoria 16,
1-20133 Milan, Italy — 2INFN, Sezione di Milano, Via Celoria 16,
1-20133 Milan, Italy — 3Institute of Physics, University of Freiburg,
Hermann-Herder-Strake 3, D-79104 Freiburg, Germany — “*EUCOR
Centre for Quantum Science and Quantum Computing,University
of Freiburg, Hermann-Herder-Strafte 3, D-79104 Freiburg, Germany
— SNaturwissenschaftlich-Technische Fakultdt, Universitit Siegen,
Siegen 57068, Germany — SFisica Teodrica: Informacié i Fenomens
Quantics, Department de Fisica, Universitat Autonoma de Barcelona,
08193 Bellaterra (Barcelona), Spain

We present a recursive perturbative expansion for the time-
convolutionless (TCL) generator of an open quantum system that pre-
serves a generalized Lindblad-like structure at every order, assuming
only an initially uncorrelated system*environment state. The genera-
tor is cast in a canonical, minimal-dissipation form that uniquely splits
coherent (Hamiltonian) and dissipative contributions

Q 57.8 Thu 16:15 P 4
Artificial discovery of lattice models for wave transport —
eJonas Lanpcrar!2, CLara WanNjural, ViTToRrio PEANO!, and
FLORIAN MARQUARDT!H2 — 1Max Planck Institute for the Science of
Light, Erlangen — 2University of Erlangen-Nuremberg

Wave transport devices, such as amplifiers, frequency converters, and
nonreciprocal devices, are essential for modern communication, sig-
nal processing, and sensing applications. Of particular interest are
traveling wave setups, which offer excellent gain and bandwidth prop-
erties. So far, the conceptual design of those devices has relied on
human ingenuity. This makes it difficult and time-consuming to ex-
plore the full design space under a variety of constraints and target
functionalities. In our work, we present a method that automates this
challenge. By optimizing the discrete and continuous parameters of
periodic coupled-mode lattices, our approach identifies the simplest
lattices that achieve the target transport functionality, and we apply
it to discover new schemes for directional amplifiers, isolators, and
frequency demultiplexers. Leveraging automated symbolic regression
tools, we find closed analytical expressions that facilitate the discov-
ery of generalizable construction rules. Moreover, we utilize important
conceptual connections between the device transport properties and
non-Hermitian topology. The resulting structures can be implemented
on a variety of platforms, including microwave, optical, and optome-
chanical systems. Our approach opens the door to extensions like the
artificial discovery of lattice models with desired properties in higher
dimensions or with nonlinear interactions.

Q 58: Quantum Technologies — Color Centers |

Time: Thursday 14:30-16:30

Q581 Thu 14:30 P 5
Critical Discrete Time Crystal with 3D-dipolar-coupled Nu-
clear Spins in Diamond — eCHRISTINA IoaNNoul, KAI-NIKLAS
ScuyMmik!, DaN YubpiLevicH!, MADHUMATI SEETHARAMAN!, BEN-
JAMIN Pincaurr?, Francisco MacHapo!, and Ty Taminiavl —
ITU Delft, Delft, Netherlands — 2 Argonne National Laboratory/ Uni-
versity of Chicago, Chicago, USA

We investigate the thermalization dynamics under Floquet driving of
a 3D-dipolar-coupled many- body system of 13C nuclear spins in dia-
mond. Microscopic control and readout of 40 individual spins gives in
depth insight into many-body dynamics and allows for the observation
of novel non-equilibrium phenomena. In the case of a disordered Ising
type Hamiltonian, with a local disorder term, long range interactions
between spins cause the slow down of thermalization dynamics leading
to a long lived critical discrete time crystal (DTC) order. We demon-
strate the stability of the DTC order, attributed to critical dynamics
and we analyze the underlying thermalization mechanism caused by
two spin correlated decays.

Q 58.2 Thu14:45 P 5

Exact Computation of Lock-In Amplifier Outputs for Ar-
bitrary Frequency Modulations Using Gauss-Chebyshev
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Quadrature — eDENNIS LONARD, STEFAN JOHANSSON, ALENA ER-
LENBACH, JoNaAs GurscHE, and ARTUR WIDERA — Department
of Physics and State Research Center OPTIMAS, University of
Kaiserslautern-Landau, 67663 Kaiserslautern, Germany

Lock-in detection is everywhere, from precision sensing to quantum ex-
periments, but the theoretical treatment of frequency-modulated sig-
nals often relies on approximations for small modulation deviations.
These approximations are especially prominent in fields like nitrogen-
vacancy-center magnetometry and laser spectroscopy, where frequency
modulation is used to generate an error signal for locking. These ap-
proximations break down precisely in the regime where optimal sensi-
tivity is achieved, leading to inaccurate predictions of optimal modu-
lation depth, lineshape, and ultimately experimental performance.

In this talk, we introduce an approximation-free numerical method
based on Gauss-Chebyshev quadrature that computes lock-in ampli-
fier outputs for any modulation waveform, modulation function, signal
shape, or deviation. This method is exact, fast, and simple to imple-
ment, making it applicable to all lock-in-based experiments.

We demonstrate the approach using nitrogen-vacancy-center magne-
tometry, which reveals the true optimal modulation parameters beyond
the commonly assumed small-modulation regime. An open-source
Python package accompanies our work, providing a ready-to-use ref-
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erence implementation.

Q 58.3 Thu 15:00 P 5
Optically Detected Magnetic Resonance on Carbene Molec-
ular Qubits — eSmMmoN Roccors!?3, Nico STRIEGLERDZ:3,
Tuaomas UNDEN!, OLEksry KuavrRyucHENKOD%® ALoN SaLuov!6,
JocHEN ScHARPF!, MarrTiN B. PLeEN1O®7, ALEXx RETZKER®, FE-
DOR JELEZKO?3, MATTHIAS PFENDER!, PuiLipp NEUMANN!, TIim
R. Eicanorn!, Tosias A. Scuaus!?3 and Inai Scawartz! —
INVision Imaging Technologies GmbH, Wolfgang-Paul-Str. 2, Ulm
89081, Germany — 2Institute for Quantum Optics (IQO), Ulm Uni-
versity — 3Center for Integrated Quantum Science and Technology
(IQST), Ulm — “4Shupyk National Healthcare University of Ukraine —
S5Institute of Organic Chemistry of the National Academy of Sciences
of Ukraine — %Racah Institute of Physics, The Hebrew University of
Jerusalem — 7Institute of Theoretical Physics, Ulm University

Solid-state quantum systems that integrate optical and spin degrees of
freedom are central to emerging quantum technologies, yet their scala-
bility and tunability remains challenging. Molecular qubits embedded
in crystalline host matrices offer a promising path forward due to their
engineerable optical and spin properties. Here, we introduce ground-
state triplet carbenes as fully organic systems that enable spatially
precise photoactivation, exhibit large zero-field splitting, and provide
clear optical initialization and readout of their spin states with high
fluorescence contrast. These systems also maintain remarkably long co-
herence times at cryogenic temperatures, underscoring their potential
as versatile and scalable building blocks for future quantum applica-
tions.

Q 584 Thu 15:15 P 5
of Chlorine-Based Emitters in
e ASHIN VARGHESE

Mavripoul, UtL-
1

Engineering New Family
Silicon Carbide for Telecom Band
MatHeEwsb2,  ANDREI AnisiMov!, KALLIOPI

ricH KenTscu!, MaANFRED HeLm!:2, and GEORGY ASTAKHOV
Helmholtz-Zentrum Dresden-Rossendorf, 01328 Dresden, Germany —
2Technische Universitit Dresden, Germany 01069

Efforts to find silicon carbide (SiC) color centers emitting in the tele-
com O- and C-bands are crucial for quantum communication [1]. While
existing defects like Vanadium (V) are promising (O-band emission, co-
herent control), they require sub-Kelvin temperatures [2]. Theoretical
work proposed the chlorine-vacancy (ClV) center as a new, NV-like
defect covering 1330nm to 1590nm |[3].

This work reports the first experimental observation of CIV centers.
Photoluminescence studies show that their emission, spanning the O-
and C-bands, is inherently compatible with telecom infrastructure and
remains stable up to 30 K. This establishes C1V centers as a highly po-
tential family of SiC defects for scalable quantum technologies [4]. In
order to enhance the optical collection efficiency of the CIV, nanopil-
lars are fabricated with different diameters for optimization and the
results are presented within this study.

[1] Z. Mu, et al., Adv. Quantum Technol. 4, 2100076 (2021) [2] T.
Astner, et al., Quantum Science and Technology 9(3), 035038 (2024)
[3] O. Bulancea-Lindvall, et al., Phys. Rev. B 108, 224106 (2023) [4] A.
N. Anisimov, et al., arXiv.org, quant-ph, arXiv:2510.25008 [quant-ph]
(2025)

Q 58.5 Thu 15:30 P 5
Optical Integration of single N'V-centers for Quantum Com-
puting and Sensing — eLucas KircuBacu?2, ANDREAS GIESE!,
JuLiAN STaNiEwsKI?2, MANUEL RIEDMANN?, RoBERT Bruss!, BERND
Braun!, and ANprREAs STuTE!2 — 1Technische Hochschule Niirn-
berg Faculty AMP, Niirnberg, Germany — 2?Technische Hochschule
Niirnberg Faculty EFI, Niirnberg, Germany

Single Nitrogen-Vacancy centers (NV-centers) in diamond can be op-
erated at ambient conditions as qubits in quantum memories and
nanoscale quantum sensors. At TH Niirnberg, we plan to determin-
istically generate single NV-centers via femtosecond-laser pulses and
integrate them into photonic platforms via 3D-printed microoptics and
fs-written waveguides. This presentation gives a summary about our
activites: The design and analysis of micro-lens systems to be manufac-
tured via Two-Photon Polymerization on top of individual, self-written
NV-centers for increased photon-collection efficiency, the programming
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of a spatial light modulator for wavefront optimization, the setup of
a confocal scanning fluorescence microscope that addresses individual
NV-Centers and laser material processing that allows to shape the di-
amond surface and to fabricate waveguides in the diamond for efficient
optical coupling.

Q 58.6 Thu 15:45 P 5

Towards large-scale characterization of color centers in dia-
mond through automated photoluminescence excitation mea-
surements — eMARIE L. STURM!, MAARTEN H. VAN DER HOEVEN!,
MaLo Bgzarp'?2, Jurian M. Bopp'2, and Tim ScuHRODERDZ
— 1Department of Physics, Humboldt-Universitiit zu Berlin, 12489
Berlin, Germany — 2Ferdinand-Braun-Institut (FBH), Gustav-

Kirchhoff-Str. 4, 12489 Berlin, Germany

Spectrally indistinguishable single-photon emitters are a fundamental
requirement for generating entanglement in photonic quantum net-
works. Identifying such emitters demands precise knowledge of their
optical transition frequencies and linewidths.

We demonstrate a scalable characterization approach for color cen-
ters in diamond based on automated photoluminescence-excitation
(PLE) spectroscopy. A large-scale characterization capability can be
enabled by full automation of the experimental control, including tun-
ing of a continuous-wave laser with MHz frequency precision. By ex-
citing a large field of view rather than addressing individual emitters,
the overall characterization throughput can be significantly enhanced.

Using this technique, we investigate the spectral homogeneity of
tin-vacancy centers in diamond. This method enables identification of
spectrally indistinguishable emitters for deterministic integration into
quantum devices and is applicable to various solid-state platforms,
paving the way for scalable on-chip quantum-photonic architectures.

Q 58.7 Thu16:00 P 5
Creation and cavity coupling of a single SnV- center in nan-
odiamond — eSELENE SAcHERO!, RoBERT BERGHAUs!, FLORIAN
Frucumayr!, EmiLio CorTe?, ELENA NieTo HERNANDEZZ, JENS
FunrMAN?!, SviaTrosLav Ditania Tcuerni?, FEDOR JELEzZKO!, and
ALEXANDER KUBANEK! — 1Ulm university, Ulm, Germany — 2Turin

university, Turin, Italy

Efficient coupling between quantum emitters and optical cavities is es-
sential for scalable quantum photonic technologies. Group IV vacancy
centers in diamond, particularly the negatively charged tin-vacancy
center, have emerged as promising candidates due to their spectral sta-
bility, high Debye-Waller factor and large orbital splitting in ground-
states. Reduction of the diamond host size to the nanoscale enables
new opportunities in terms of integration and scalability. However, cre-
ating optically coherent quantum emitters in nanodiamonds remains
a major challenge. Here, we present the fabrication of tin- vacancy
(SnV ™) centers by means of ion implantation and describe the optical
properties of the created color centers. We achieve high-purity single-
photon emission via resonant excitation and strong coherent drive.
Moreover, we demonstrate controlled coupling of a single SnV ™~ center
in a nanodiamond to a fully tunable Fabry-Perot microcavity. At 4 K,
lifetime reduction due to the Purcell effect is achieved. The obtained
results demonstrate the potential of SnV ™ centers in nanodiamonds as
a coherent single-photon source for quantum networks

Q 58.8 Thu 16:15 P 5
SiV color centers in diamond as Quantum Network Nodes
— eLeoNIE Eccers!2, Donika IMERI}2, KONSTANTIN BErck!,
Nick BRINKMANND2, FLORIAN RickERT!, SUNIL KUMAR Manarol2,
Rixknav Suan', and RALF RiepiNgeEr!? — 1Zentrum fiir Optische
Quantentechnologien, Universitit Hamburg, 22761 Hamburg — 2The
Hamburg Centre for Ultrafast Imaging, 22761 Hamburg, Germany

Silicon vacancy color center(SiV) in diamond, when combined with
nanophotonic cavities, are a promising platform for network-based
quantum solid-state processors. This is due to their spin transition be-
ing photonically addressable and a high noise tolerance. Pairing these
processors with a fiber network can enable efficient long-distance quan-
tum communication. It also presents a modular approach to building
larger quantum processors. Here we present our experimental platform
and first results.
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Q 59: QuanTour V — Protocols

Inspired by QuanTour, the traveling quantum-dot light source, the sessions QuanTour I-V focus on the
physics of quantum light generation in solid-state systems and applications in quantum networks.

Time: Thursday 14:30-16:30

Invited Talk Q59.1 Thu 14:30 P 7
High-Speed Quantum Key Distribution using Single Pho-
tons from Defects in Hexagonal Boron Nitride — FURKAN
Aérarct!, OMER S. Tapsin!, CAGLAR SAMANER!, SERKAN PagaLl,
and eSERKAN ATrs'2 — !Department of Physics, Izmir Institute of
Technology, Izmir, Tiirkiye — 2Faculty of Engineering and Natural
Sciences, Sabanci University, Tuzla, Istanbul, Tiirkiye

We present an experimental demonstration of free-space Quantum Key
Distribution (QKD) utilizing single photons generated from optically
active defects in hexagonal boron nitride (hBN) operating at room
temperature (RT). In our implementation of the B92 protocol, we suc-
cessfully integrated the hBN single-photon source (SPS) with a reso-
nant electro-optic modulator, enabling dynamic polarization encoding
at a 40 MHz clock rate. This high-speed operation yielded a sifted
key rate of 17.5 kbps and a secure key rate (SKR) of 7 kbps with a
Quantum Bit Error Rate of 6.49%, representing one of the highest re-
ported SKRs for a RT-SPS with active polarization modulation. We
benchmark this performance against other quantum emitters and an-
alyze the potential of hBN defects in a hypothetically secured BB84
framework. We show that with achievable improvements, such as mi-
crocavity coupling, the source has the potential to reach an SKR in the
Mbps range. This work highlights the versatility and maturity of hBN
defects as bright, RT-SPS, paving the way for practical, high-speed,
and miniaturized quantum communication systems, including future
space-based QKD missions.

Q59.2 Thul5:00 P7
GHz-clocked Single-photon Quantum Key Distribution in

the Telecom C-band — eMAREIKE Lacu!, Koray KaymMazLar!,

RosEeRT B. BEHRENDS!, Lucas RICKERT!, MARTIN VON HELVERSEN!,
Jocuen Kaupp?, Yorick Raum?, Topias HuBer LovorLa?:3,
SveN HorLINGZ, ANDREAs PrENNINGZ, and Tobias HeINDEL? —
nstitute of Physics and Astronomy, Technische Univeristét Berlin
— 2Technische Physik, Physikalisches Institut and Wiirzburg-Dresden
Cluster of Excellence — 3Karlsruher Institut fiir Technologie, Institute
of Photonics and Quantum Electronics — 4Department for Quantum

Technology, Univeristdt Miinster

High speed operation is one of the most desired properties for imple-
mentations of quantum key distribution (QKD). This requires however
the generation and state-preparation of photonic qubits at high speed.
Here, we report on a QKD system based on the BB84 protocol that
operates at GHz clock-rates using a highly Purcell-enhanced single-
photons source emitting in the telecom C-band. We use a laser with
a repetition rate of 2.5 GHz to pump the quantum dot source and
prepare the polarization states fot the protocol using a customized
fiber-based electro-optic modulator (EOM) controlled by an arbitrary
waveform generator (AWG) using the trigger output of the pump laser
as common clock. Our results show that our system performs the BB84
protocol succesfully with a quantum bit error ratio (QBER) around 5
% at these unprecendeted high clock-rates.

Q 59.3 Thu 15:15 P 7
Deployed entanglement-based BBM92 quantum key distri-
bution using frequency-converted photons emitted by a
quantum dot — eMicHAL VyVLEcCKA!, RAPHAEL Joos!, BEN-
JAMIN Bremorz!', AURBLIEN MaRMasse!, ILENIA NEUREUTHER!,
Tmo ScHNIEBER!, ANNA FrREDERIKE KOHLER!, Tim STROBEL!, To-
BIAS BAUER?, MARLON ScHAFER?, NAND LaL SHARMAS3, CAsPAR
HorMaNN3, SiMONE Luca PorraLupi!, CHRisToPH BECHER?, and
PeETER MicHLER! — llnstitut fiir Halbleiteroptik und Funktionelle
Grenzflachen, Center for Integrated Quantum Science and Technol-
ogy (IQST) and SCoPE, 70569 Stuttgart, Germany — 2Fachrichtung
Physik, 66123 Saarbriicken, Germany — S3Institute for Integrative
Nanosciences, 01069 Dresden, Germany

We implemented an entanglement-based BBM92 quantum key distri-
bution (QKD) protocol over approximately 700 m across the univer-
sity campus buildings using the existing deployed fiber network. The
entangled-photon pair at wavelength of 780 nm was emitted by an epi-
taxially grown droplet-etched GaAs quantum dot (QD) embedded in
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a dielectric antenna. The QD was excited via two-photon excitation
using a pulsed laser that emits 10 ps pulses at 779 nm with a 380 MHz
repetition rate. To minimize losses in silica fibers, we employed bidirec-
tional, polarization-conserving quantum frequency conversion to shift
the QD emission to a telecom wavelength. We achieved stable QKD
operation for more than 10 hours, with a raw key rate exceeding 200 Hz
and a quantum bit error rate below 4.5 %. After error correction and
privacy amplification, we distilled a secure key at a rate of 100 Hz.

Q594 Thuls30 P7
Experimental Quantum Strong Coin Flipping - An Applica-
tion of QTorch — eKoray KaymazLar!, DANIEL VAJNER!, FENJA
DrAUsSCHKE2, Lucas RICKERT!, MARTIN voN HELVERSEN!, SHU-
LUN L3, ZuicnuaN Ni1u3, AnNa Pappa2, and ToBias HEeINDEL*
— lInstitute of Physics and Astronomy, Technische Univeristét
Berlin, Germany — 2Electrical Engineering and Computer Science
Department, Technische Univeristéit Berlin, Germany — 3Institute
of Semiconductors, Chinese Academy of Sciences, Beijing, China —
4Department for Quantum Technology, University of Miinster, Ger-
many

Strong coin flipping is a fundamental cryptographic protocol allowing
two distrustful parties to agree on randomly generated bits. We report
the first implementation of a quantum strong coin flipping using sin-
gle photons and demonstrate a quantum advantage compared to both
classical protocols and implementations using weak coherent pulses [1].
The quantum advantage is enabled by employing a state-of-the-art de-
terministic single-photon source from the same family of the one used
in QuanTour outreach project based on a quantum dot embedded in a
high-Purcell microcavity. Our QSCF implementation, operating at an
80 MHz clock-rate enables a coin flipping rate of 1.5 kHz and an aver-
age QBER below 3%, sufficient to realize a quantum advantage. [1] D.
A. Vajner, K. Kaymazlar, F. Drauschke, L. Rickert, M. von Helversen,
H. Liu, S. Li, H. Ni, Z. Niu, A. Pappa, T. Heindel, Single-Photon Ad-
vantage in Quantum Cryptography Beyond QKD, arXiv:2412.14993
(2024)

Q59.5 Thulb4s P7
Benchmarking quantum key distribution by mixing single
photons and laser light — eYaNN PorreLLal, PETR STEINDL!,
JuaN RaraEL Awvarez!, TiM HEBENSTREITZ, ARISTIDE LEMAITRE!,
MARTINA Morassi!, NiccoLo SomascHi®, Loic Lancol, FiLip
Rozprepek?, PascaLE SENELLART!, and Dario A. FiorerTo!3 —
LCentre de Nanosciences et de Nanotechnologies, Université Paris-
Saclay, CNRS, Palaiseau, France — ?Max Planck Institute for the Sci-
ence of Light, Erlangen, Germany — 3Quandela SAS, Massy, France
— “4College of Information and Computer Science, University of Mas-
sachusetts Amherst, Amherst, Massachusetts, USA

Quantum key distribution stands out as a major application of quan-
tum technologies, alongside quantum computing and quantum sens-
ing. Many protocols require single photons, often approximated by
dim laser pulses. Here, we propose a hybrid approach where the infor-
mation is encoded with an incoherent mixture of single photons gen-
erated by a micropillar-embedded quantum dot and laser pulses. We
show that there is an optimal mixture at any distance maximizing the
secret key rate, benefiting both from the long distance scaling of single
photons and high rate at short distance of laser light. This provides a
flexible technology compensating for limited collected brightnesses of
single-photon sources as well as a thorough investigation of advantage
scenarios for single-photon and hybrid statistics. We highlight an ef-
ficiency threshold for unconditional advantage of single photons over
laser light, and show insights on the interplay between single-photon
purity and collected brightness in the performances of BB84.

Invited Talk Q59.6 Thu16:00 P 7
Metropolitan Quantum Key Distribution based on Room
Temperature Single Photon Source — eHAORAN ZHANG —
School of Electrical and Electronic Engineering, Nanyang Technologi-
cal University, Singapore, Singapore

Quantum Key Distribution (QKD) is a cryptographic technology that
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supports the negotiation and sharing of private keys with unconditional
security between authorized parties. As QKD scales to a global level, it
must address performance limitations, high costs, and practical secu-
rity concerns. For the deployment of QKD using single-photon sources
(SPSs), existing demonstrations are still limited to operation at cryo-

genic temperatures. We realized the first demonstration of QKD based
on a telecommunication-wavelength SPS operating at room tempera-
ture, as well as the first metropolitan-scale SPS-based QKD experiment
at room temperature, paving the way for the commercial deployment
of SPS-based QKD systems.

Q 60: Quantum Communication, Networks, Repeaters, & QKD I

Time: Thursday 14:30-16:30

Invited Talk Q 60.1 Thu 14:30 P 10
Towards entangling distributed registers of atoms — eBEN
LanvyoNn — Institut fiir Experimentalphysik, Universitat Innsbruck,
Technikerstasse 25, 6020 Innsbruck, Austria

We are developing methods to entangle remote registers of atoms over
distances ranging from a few meters to hundreds of kilometers or more.
Such distributed atomic quantum networks could enable new applica-
tions in sensing, timekeeping, computing, and communication, and
are being pursued worldwide using a variety of approaches. Our ap-
proach employs network nodes that each consist of a register of electri-
cally trapped atomic ions (calcium), integrated with an optical cavity
for efficient atom-photon interaction, and a separate nonlinear optical
process to convert ion emitted photons to telecom wavelengths. Full
deterministic quantum logic is available on qubits encoded within the
atomic register, allowing each node to function as a small-scale, pho-
ton interfaced quantum processor. In this talk, I will summarise one
or two of our recently published results — including a photon inter-
faced ten qubit register of trapped ions [1] — or alternatively present
some unpublished work, depending on progress in the months before
the conference.

[1] M. Canteri et al., Photon interfaced ten qubit register of trapped
ions, Phys. Rev. Lett. 135, 080801 (2025).

Q 60.2 Thu 15:00 P 10
Highly Indistinguishable Single Telecom Photons from a
Tin-Vacancy-Center in Diamond — eDaviD LINDLER, TOBIAS
BaugERr, DENNIS HERRMANN, ROBERT MORSCH, M ARLON SCHAFER,
and CHRIsTOPH BEcCHER — Universitat des Saarlandes, FR Physik,
Campus E2.6, 66123 Saarbriicken

Tin-vacancy centers (SnV) in diamond are a promising platform for
quantum nodes in quantum communication networks, exhibiting ex-
cellent optical and spin coherence [1,2]. To connect these nodes over
long distances via optical fiber links, such as in a quantum repeater,
it is necessary to first generate entanglement between each quantum
node and a photon. The photons are then converted into the low-loss
telecom C-band using quantum frequency down-conversion to miti-
gate the high losses associated with the visible wavelength of the SnV
center photons. Performing a Bell-state measurement on the photons
enables entanglement swapping, resulting in a pair of entangled remote
quantum nodes. Achieving a quantum-repeater advantage over direct
transmission requires the photons to be highly indistinguishable to en-
sure successful Bell-state measurements with high fidelity.

We present the generation of highly indistinguishable photons in the
telecom band that are emitted sequentially by a single SnV center. The
indistinguishability of the photons, measured via Hong-Ou-Mandel in-
terference, reaches a visibility of over 95% before, and over 90% after
frequency conversion to the telecom C-band, respectively.

[1] J. Gorlitz et al., npj Quant. Inf. 8, 45 (2022).

[2] I. Karapatzakis et al., Phys. Rev. X 14, 031036 (2024).

Q 60.3 Thu 15:15 P 10
Quantum repeater segment based on trapped ions with tele-
com interface — eMAX BERGERHOFF, PAscAlL BAuMGART, JONAS
MEieRs, CHRISTIAN HAEN, T'oBiAs BAUER, CHRISTOPH BECHER, and
JURGEN EscHNER — Universitat des Saarlandes, Experimentalphysik,
66123 Saarbriicken, Germany

The quantum repeater (QR) segment enables the connection between
distant quantum computers and is, as part of a QR link [1], a fun-
damental building block for the realization of large-distance quantum
networks. By dividing a transmission link in segments and cells [2], it
is possible to overcome the exponential attenuation of direct transmis-
sion. To reduce losses, the photonic channel must operate at telecom
wavelength.

We report on the implementation of a QR segment with free-space
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coupled photons from two 4°Cat ions in the same Paul trap as quan-
tum memories. Atom-photon entanglement is generated [3] by con-
trolled emission of single 854-nm photons from the ions after excitation
with nanosecond laser pulses and separate single-mode fiber coupling.
Atom-atom entanglement is then generated by a photonic Bell-state
measurement after conversion of the 854 nm photons to 1550 nm. In
this context, the perspective of a heterogeneous QR segment using a
trapped 49Cat ion and a SnV color center in diamond is discussed.
[1] P. van Loock et al., Adv. Quantum Technol., 3: 1900141 (2020).
[2] M. Bergerhoff et al., Phys. Rev. A 110, 032603 (2024).

[3] M. Bock et al., Nat. Commun. 9, 1998 (2018).

Q 60.4 Thu 15:30 P 10
The influence of back-decays on the indistinguishability of
single Raman photons — ePascaL BauMcAaRT, MAXx BERGER-
HOFF, JONAS MEIERS, STEPHAN KUCERA, and JURGEN ESCHNER —
Universitdt des Saarlandes, Experimentalphysik, 66123 Saarbriicken,
Germany

The ability to generate indistinguishable single photons capable of
high-contrast Hong-Ou-Mandel (HOM) interference is the keystone for
implementing entanglement swapping protocols based on photonic Bell
state measurements, which may be used to realise quantum repeater
schemes [1] or connect quantum processing units in distributed quan-
tum computing [2]. One method to generate single photons is laser
excitation of a Raman transition with a stable ground state and a
short-lived excited state that decays to a third meta-stable state un-
der the emission of a Raman photon. However, the indistinguishabil-
ity of these photons is influenced by the possibility of back-decay to
the ground state and subsequent re-excitation on the driven transition,
which broadens the photonic temporal wave packet beyond the Fourier
limit [3]. We investigate this behavior for trapped 4°Ca™ ions using
few-nanosecond excitation pulses. Numerical simulations identify the
mean number of back-decays as a measurable quantity that correlates
with achievable HOM visibility. This is supported by experimental
data.

[1] P. van Loock et al., Adv. Quantum Technol. 3, 1900141 (2020)

[2] J. O'Reilly et al., Phys. Rev. Lett. 133, 090802 (2024)

[3] P. Miiller et al., Phys. Rev. A 96, 023861 (2017)

Q 60.5 Thu 15:45 P 10
Long-distance quantum communication sending single pho-
tons and keeping many — eSTEFAN HAussLER and PETER
vaN Loock — Institute of Physics, Johannes Gutenberg-Universitét
Mainz, Staudingerweg 7, 55128 Mainz, Germany

We describe all-optical memory-based quantum repeaters for long-
distance quantum communication, with memories realized in the form
of fiber loops located in the repeater stations. The memories can
be used to store components of logical Bell states encoded in quan-
tum error correction codes and offer the possibility of performing
teleportation-based error correction. By sending only single-photon
states through the fibers connecting the stations, such repeaters can
operate in the long-segment regime compatible with existing fiber-
based communication infrastructure. We analyze the performance of
our scheme for the Gottesman-Kitaev-Preskill code, including a con-
catenation with the Steane code, as well as the Quantum Parity Code,
identifying operational regimes for total distances up to 10000km.

Q 60.6 Thu 16:00 P 10
Advanced Quantum Communication and Quantum Networks
- From basic research to future applications — BJOrRN KuBALA,
ALEXANDER SAUER, @ ALESSANDRO TARANTOLA, and MATTHIAS ZIM-
MERMANN — German Aerospace Center (DLR), Institute of Quantum
Techologies, Wilhelm-Runge-Strafe 10, Ulm, 89081, Germany

The fast and reliable global classical communication enabled by the
birth of the Internet brought about a cultural, economic and social
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revolution, and opened the door to previously unthinkable applica-
tions. Many observers believe a similar revolution is bound to take
place, once the Quantum Internet, coherently connecting quantum de-
vices (sensors, computers, memories,...), is established. In this talk,
we provide an overview of concrete distributed quantum applications,
mainly in the field of quantum security, that will be made feasible
by the rise of the Quantum Internet. Moreover, we argue that the
theoretical investigation of distributed quantum protocols is crucial in
steering the next hardware- and infrastructure-development steps.

This talk is based on joint work within the “Physikalische Grundlagen
der Quanteninformation, -kommunikation und -verarbeitung" project.

Q 60.7 Thu 16:15 P 10
Connecting Neutral-Atom Quantum Nodes across a
metropolitan fiber link — eToBias Frank!, Poosa MALIK?,
Mava Buki!, Gianviro CHIARELLA', FLoriaAN FErTIGZ, YIRU
Znou?, PAau FARRERAD3, HARALD WEINFURTER!"2, and GERHARD
RemMPE! — !Max Planck Institute of Quantum Optics, Garching,

Germany — 2Ludwig-Maximilians-University, Munich, Germany —

3Munich Center for Quantum Science and Technology (MCQST),
Munich, Germany

Neutral atoms are promising candidates for quantum networking due
to their long coherence times, uniform optical transitions, and efficient
light-matter interfaces. A central challenge is distributing high-fidelity
entanglement between remote network nodes over metropolitan fiber
links, where loss and environmental noise are significant.

We address this by interconnecting two neutral-atom quantum nodes
via a 23.7 km deployed telecom fiber link in the Munich metropolitan
area. Using active polarization stabilization and quantum frequency
conversion to the telecom S-band at the sender, we distribute atom-
photon entanglement with minimal transmission loss. At the receiver,
telecom photons are back-converted to 780 nm and stored in a pas-
sively heralded memory, providing a low-noise indication of success-
ful storage. With Spin-echo techniques we extend the memory co-
herence time, while using microwave qubit rotations combined with
fluorescence-based detection we can enhance the readout efficiency,
both essential requirements for high-fidelity entanglement distribution
between the two distant nodes.

Q 61: Matter Wave Interferometry and Metrology Il

Time: Thursday 14:30-16:30

Q 61.1 Thu 14:30 P 11
Electron induced Raman interferometry with ’large’ mass
particles — eCHRISTIAN VoGT — BIAS - Bremer Institut fiir ange-
wandte Strahltechnik GmbH

General relativity and quantum mechanics provide two highly suc-
cessful yet fundamentally incompatible descriptions of nature for dif-
ferent parameter regimes. An important frontier in modern physics
is therefore to design experiments that operate in areas where both
may simultaneously influence the dynamics. Experiments where one
could measure the gravitational attraction from a quantum object are
impossible for now but steady progress has been made by preparing in-
creasingly massive objects in quantum states, typically demonstrated
through interference.

Matter-wave interferometers have been realized for electrons, atoms,
and complex molecules, with the current mass record around 25 kDa.
A promising platform for pushing these limits further is levitated
optomechanics, where silica nanoparticles are trapped under high-
vacuum conditions and their center-of-mass motion can be cooled to
the motional ground state. Since the associated wave packets are only
on the picometer scale, current efforts focus on wave function expan-
sion, for example in inverted gaussian or other nonlinear potentials.
We propose a different strategy, where the particles are forced into
superposition states by entangling them via coulomb interaction with
an electron in superposition. In the talk we will present promising
theoretical results on the feasibility of such experiments well beyond
the current mass record.

Q61.2 Thu14:45 P 11
A compact, highly stable dual-laser system for quantum
logic spectroscopy of 27Alt — eGavaTrrr R. SASIDHARANDZ,
Soria HerBErs!, ConstanTIN Nauvkb?2, Joost HiNricHSHZ,
FaBiaN DaweL!, BenjamiN Kraus!, and Pier O. Scumipr?? —
1Physikalisch-Technische Bundesanstalt, 38116 Braunschweig, Ger-
many — 2Leibniz Universitit Hannover, Institut fiir Quantenoptik,
30167 Hannover, Germany

Optical clocks using trapped 27Al* reach a fractional frequency un-
certainty below 10718 [1]. For coherent manipulation of trapped ions,
lasers with long coherence time and narrow linewidth are needed. The
best stationary laser systems reach an instability of 4 x10~17 [2] and
transportable systems 1.6 x 10716 [3]. This is achieved by stabiliz-
ing the laser frequency to a optical cavity. A dual wavelength coated
optical cavity is a practical solution addressing space limitations in
transportable setups. In this talk, we present a compact, highly-stable
dual-laser system for quantum logic spectroscopy. The 729 nm and
1068 nm transitions on 27Ca™ and 27Alt, respectively, are needed to
perform quantum logic spectroscopy on the clock ion 27 Alt. We report
on photothermal and vibrational noise affecting the instability of the
cavity. This work shows that a dual wavelength coating can be used
for highly stable laser applications making it viable tool for precision
spectroscopy experiments.
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[1] Marshall, et al., PRL 135, 033201 (2025)
[2] D. G. Matei, et al., PRL 118, 263202 (2017)
[3] S. Herbers, Opt. Lett., OL 47, 5441-5444 (2022)

Q 61.3 Thu 15:00 P 11
Heterodyne cavity-tracking for enhanced displacement sens-
ing — eNURMI SAWLANSKI, SHREEVATHSA CHALATHADKA SUBRAH-
MANYA, and OLIVER GERBERDING — Institute of Experimental
Physics, University of Hamburg, 22761 Hamburg, Germany

Gravitational-wave detectors allow us to observe compact binaries and
other extreme astrophysical events by measuring minute changes in the
distance between nominally free-falling test masses. To separate these
signals from seismic motion and technical disturbances, the detectors
rely on ultra-sensitive displacement sensors in their active isolation
and control systems. Improving such sensors is therefore essential for
future gravitational-wave observatories.

Heterodyne cavity-tracking is a laser interferometric displacement
readout scheme that enables sub-femtometer precision with an operat-
ing range on the order of a wavelength. A laser is locked to the reso-
nance of a cm-scale cavity containing the proof mass, and the resulting
frequency changes are measured via a heterodyne beat with a second,
stable laser using a GHz-bandwidth phasemeter. This combines high
precision with a dynamic range suitable for tracking test-mass motion.

Our fiber-based setup has achieved a displacement sensitivity of
about 20 fm/ V/Hz for frequencies above 5 Hz and a dynamic range
of six orders of magnitude by tracking motions up to 0.15 ym. To fur-
ther improve the achievable sensitivity, we plan to implement Pound-
Drever-Hall locking for laser stabilization and to move to a free-beam
vacuum setup. In this talk, we present the sensing scheme, current
performance, and planned experimental steps.

Q 61.4 Thu 15:15 P 11

Ramsey-Bordé Interferometry with a Thermal Strontium
Beam for a Compact Optical Clock — eOLIVER FARTMANN!,
Marc CHrisT2, AMIR Manpian?2, Levi Winan!, and MARKUS
Krutzik!? — lHumboldt-Universitiat, Inst. f. Physik, Newton-
str. 15, 12489 Berlin — 2Ferdinand-Braun-Institut (FBH), Gustav-

Kirchhoff-Strafie 4, 12489 Berlin

Compact optical clocks based on Ramsey-Bordé interferometry (RBI)
with a thermal atomic beam offer higher stability than optical vapour
cell clocks while being less complex than cold atom clocks.

This talk presents the realization of strontium RBI on the nar-
row 1Syp — 3Py intercombination line at 689 nm. A structured opti-
mization of major subsystems was carried out, including clock-laser
pre-stabilization to a high-finesse cavity, successive improvements to
the atomic oven, spectroscopy-based error-signal generation, feedback
loop, and a systematic evaluation of clock stability limitations.

Our first operating RBI-clock demonstrated fractional frequency in-
stabilities below oy (7) < 10713 for averaging times between 1s and
1000, with residual temperature fluctuations identified as the domi-
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nant limitation. Building on these results, two additional portable RBI
spectroscopy setups were developed, with volumes of only 201. Initial
instability measurements and the uncertainty budget will be presented.
These systems serve as ground-based demonstrators and testbeds,
paving the way for mobile and space-deployable optical clocks.
[1] O. Fartmann et al. EPJ Quantum Techn. 12, 31 (2025).

Q61.5 Thu15:30 P 11
Exploring few-shot quantum metrology with photonic qubits
— eLukas RUckLE!? and STeFANIE Barz!2 — lInstitute for Func-
tional Matter and Quantum Technologies, University of Stuttgart,
70569 Stuttgart, Germany — 2Center for Integrated Quantum Science
and Technology (IQST)

The use of quantum states for metrology tasks has been proven to
surpass classical precision limits for the estimation of parameters. Re-
cently, the framework of probably approzimately correct (PAC) metrol-
ogy has been introduced. It not only enables the estimation of a pa-
rameter in an arbitrarily big parameter space without prior knowledge,
but also gives bounds for few- and single-shot metrology settings. It
thus bridges the rather theoretical case of performing infinitely many
measurements and practical metrology tasks.

Here, we present experimental results in a photonic metrology set-
ting. We show how to use different states and measurements and how
for each case to optimize the prediction strategy of the parameter that
shall be estimated. Our work shows how to implement the given new
framework of PAC metrology and thus helps improving the precision
of applications that only allow for a few measurements, e.g. when
measuring fast varying systems.

Q61.6 Thul545 P11
Phase reconstruction for lattice-confined cold atoms from
matter-wave interference measurements — eNikLAs EULER!,
JusTus BRUGGENJURGEN2, CHRISTOF WEITENBERG®, and MARTIN
GARTTNER! — 1IFTO, FSU Jena, Max-Wien-Platz 1, 07743 Jena,
Germany — 2IQOQI, Technikerstrafe 21a, 6020 Innsbruck, Austria

— 3TU Dortmund, Otto-Hahn-Strafe 4a, 44227 Dormund, Germany

In recent years, cold-atom experiments with single-site imaging have
become state of the art in matter-wave microscopy, providing unrivaled
resolution in position-space measurements. However, achieving similar
resolution in different measurement bases has remained challenging for
lattice-confined atoms, restricting access to general microscopic state
properties. Of special importance to several research avenues is the de-
termination of the phase structure of a quantum state, with previous
proposals working only in the regime of weak phase fluctuations. Here,
we propose a novel scheme for the reconstruction of quantum phases
using only high-precision density measurements after short time evo-
lution, exploiting the sensitivity of the emerging interference pattern
with respect to the phases. Our method decomposes the quantum
state into local modes that are individually evolved in time, trans-
forming the phase reconstruction into a set of low-dimensional opti-

Q 62: Ultra-cold Atoms, lons
Time: Thursday 14:30-16:30

Q 62.1 Thu 14:30 N1
Stability of current-carrying Bose-condensed states in a
hard-core Bose-Hubbard model with long-range hopping —
eYosuiniRo YapuucH>2 and Ipper DAaNsHITA? — 1 Osaka Metropoli-
tan University, Japan — 2Kindai University, Japan

The technological progress in the platforms for long-range interact-
ing spin systems have opened new possibilities for exploring emergent
quantum many-body phenomena arising from the long-range nature of
interactions. Rydberg atom arrays and trapped ions have allowed for
realizing systems described by the spin-1/2 XY model with long-range
spin-exchange interactions, in which the coupling strength decays al-
gebraically as o< r~%, where r is the distance between sites and « the
decay exponent. Owing to the theoretical mapping between the spin-
1/2 XY model and the hard-core Bose-Hubbard model, the long-range
interaction in the former corresponds to the long-range hopping of
hard-core bosons where the hopping amplitude decays as o< r~%. We
theoretically investigate how the long-range hopping affects the stabil-
ity of current-carrying Bose-condensed states of hard-core bosons [1].
Within a mean-field theory, we find that the critical quasi-momenta

mization problems with overall linear scaling in the system size. To
demonstrate its effectiveness, we applied our method to both synthetic
and experimental data and find a generally high reconstruction quality
and remarkable robustness to common experimental noise sources.

Q 61.7 Thu 16:00 P 11
Thermal qualification of an atom chip vacuum system —
eMarKkUs TrosT and MAIKE DiaNA LAcHMANN — Airbus Defence
and Space GmbH, Willy-Messerschmitt-Strasse 1, 82024 Taufkirchen,
Gernamy

Matter-wave interferometry with ultra-cold atomic ensembles has de-
veloped as a promising prospect for acceleration measurements leading
to increased long-term stability. Placing such sensors on satellites, of-
fers a variety of application cases such as gravimetry on a global scale,
testing fundamental physics or using it to detect drifts of satellites.
However, this kind of sensor requires several prerequisites like for exam-
ple magnetic field creation or an ultra-high vacuum system to generate
an ultra-cold ensemble of atoms. While this technology is already well
proven on ground-based setups, sounding rockets and the ISS, there
has not yet been a dedicated standalone satellite mission for such a
system. Particularly the qualification for the unstable thermal condi-
tions on a satellite platform has not been performed yet. Therefore,
the Cold Atom Interferometry Vacuum System (CAIVAS) project was
initiated by ESA. Within this project, an atom-chip ultra-high vacuum
system made for space-based usage is designed and realized. Thermal
requirements were defined and subsequently verified. The results of
the study will be presented in this talk.

Q 61.8 Thu 16:15 P 11
Concurrent atom interferometry for in situ beam character-
ization — eCHRISTIAN STRUCKMANN, KNUT STOLZENBERG, DAIDA
THomas, ErnsT M. RaseL, DENNIS ScHLIPPERT, and NACEUR
GaaLouL — Leibniz University Hannover, Institute of Quantum Op-
tics, Welfengarten 1, 30167 Hannover, Germany

Quantum sensors based on the interference of matter waves provide a
highly sensitive and stable measurement tool for inertial forces with
applications in geodesy, navigation, and fundamental physics. One of
the leading systematic effects limiting the sensitivity of state-of-the-
art atom interferometers is wavefront aberrations. Residual curvature
and higher-order distortions of the interrogation beams imprint spa-
tially varying phases across the atomic ensemble, leading to systematic
biases. Conventional optical diagnostics only partially capture these
effects and do not reflect the in situ, atom-averaged response. This mo-
tivates direct, atom-based characterization of the interrogation fields
to push the limits of accuracy and robustness.

In this contribution, we present the application of PIXL (Parallelized
Interferometers for XLerometry), a novel method to operate a quantum
sensor based on a 2D array of Bose-Einstein condensates, to the 3D
characterization of the interrogation beam’s wave vector and intensity
profiles [Stolzenberg et al., Phys. Rev. Lett. 134, 143601 (2025)].
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for both Landau and dynamical instabilities decrease with decreasing
« from a large value and vanishes at o = 3, implying that long-range
hopping reduces the stability of the current-carrying state. Near a = 3,
the critical quasi-momentum for the dynamical instability is propor-
tional to A2 with A = o — 3, meaning that the scaling exponent
itself depends on A as a remarkable consequence of the long-range
nature. [1] Y. Yabuuchi, and I. Danshita, arXiv:2511.14260

Q 62.2 Thu 14:45 N1
Quantum bubbles in the Einstein-Elevator facility at Leib-

niz University Hannover — eCHARLES GARcioN!, TIMOTHE

EsTrAMPES!, BRENDAN RuyYNO!, JEAN-BAPTISTE GERENTZ, ERIC
CuaRrRON?, ERNST MARIA Rasen!, Naruan LunpsrLap?, and
Naceur Gaarour! — lInstitute of Quantum Optics, Leibniz

University Hannover,Welfengarten 1, 30167 Hanover, Germany —
2Department of Physics and Astronomy, Bates College, Lewiston, ME,
USA. — 3Institut des Sciences Moléculaires d’Orsay, CNRS, Université
Paris-sacay, F-91405, Orsay, France

Quantum bubbles atoms confined to a closed surface offer a unique
platform for studying topological phenomena, including vortex dynam-
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ics and collective modes on curved manifolds. Creating these poten-
tials requires RF-dressed states, where the direct interaction between
atoms and the RF field makes the system highly sensitive to source
noise. The Quantumania project targets these geometries using the
MAIUS-1 payload in the Einstein-Elevator at Leibniz University Han-
nover. To ensure sufficient field quality, we have initiated the design
of a custom RF source specifically to minimize heating and noise. We
present the technical specifications of this new source and our strat-
egy for antenna optimization. These efforts aim to achieve robust
atom dressing in the Einstein-Elevator. Furthermore, characterizing
these bubble potentials contributes to the optimization of experimen-
tal schemes within our collaboration with the Cold Atom Laboratory
on the International Space Station.

Q623 Thul5:00 N1
Hilbert space fragmentation in driven-dephasing Rydberg
atom array — TIANYI YAN, CHUNHEI LEUNG, and @WEIBIN LI — Uni-
versity of Nottingham, Nottingham NG7 2RD, United Kingdom

We investigate the onset and mechanism of Hilbert space fragmenta-
tion (HSF) in a chain of strongly interacting Rydberg atoms subject to
local dephasing. It is found that the emergence of multiple long-lived
metastable states is fundamentally tied to HSF of the driven-dephasing
Rydberg atom system. We demonstrate that the manifesting HSF is
captured by a dephasing PXP model that supports multiple degener-
ate zero modes. These modes form disconnected, block-diagonal sub-
spaces of maximally mixed states, which consist of many-body spin
states sharing the same symmetry. A key result is the identification
of the underlying symmetry in the HSF, where conserved quantities
in each subspace are defined by the consecutive double excitation ad-
dressing operator. Moreover, we show explicitly that the number of the
fragmented Hilbert space grows exponentially with the chain length,
following a modified Fibonacci sequence. Our work provides insights
into many-body dynamics under dynamical constraints and opens av-
enues for controlling and manipulating HSF in Rydberg atom systems.

Q624 Thulb15 N1
Discovery of atomic Shapiro steps — eVway Sincul!, E.
BerNHART?, M. ROHRLE?, H. OTT?, G. DEL PACE?, D. HERNANDEZ-
Raikov3, N. Grani®, M. FrRoMETA FErRNANDEZ3, G. NEsTI®, J. A.
SeEMan?, M. Incuscio®, G. Roari®, L. MaTHEY®, and L. Amicol!
— 1QRC,TII,AbuDhabi, UAE — 2RPTU Kaiserslautern, Germany —
3LENS, University of Florence, Italy — *UNAM Mexico — ?ZOQ and

1QP, Universitat Hamburg, Germany

I will discuss how Josephson effects arise in ultracold quantum systems
and present recent theoretical predictions for driven atomic Josephson
junctions [1]. Following this proposal, two leading experimental groups
worldwide have independently observed Shapiro steps in atomic junc-
tions for the first time [2, 3]. These experiments demonstrate deter-
ministic, phase-locked transport in atomic circuits. Together, these
advances establish driven atomic Josephson junctions as a versatile
platform for atomtronics, quantum simulation, and quantum technol-
ogy development.

[1] Singh, Polo, Mathey, Amico, PRL 133, 093401 (2024)

[2] Del Pace, Hernandez-Rajkov, Singh, Grani, Fernandez, Nesti,
Seman, Inguscio, Amico, Roati, arXiv: 2409.03448 (2024)

[3] Bernhart, Rohrle, Singh, Mathey, Amico, Ott, arXiv: 2409.03340
(2024)

Q 62.5 Thu 15:30 N 1
Bayesian Thermometry with Single-Atom Quantum Probes
for Ultracold Gases — eJuLiaN FEss, Luca GRANERT, SABRINA
BurcarDT, Sivia HiEBEL, and ARTUR WIDERA — Department of
Physics, University of Kaiserslautern-Landau, Germany

Quantum probes are atomic sized devices mapping information of their
environment to quantum mechanical states. By improving measure-
ments and at the same time minimizing perturbation of the environ-
ment, they form a central asset for quantum technologies. We ex-
perimentally realize spin-based quantum thermometers by immersing
individual Cs atoms into an ultracold Rb bath. Controlling inelastic
spin-exchange processes between the probe and bath allows us to map
motional and thermal information onto quantum-spin states. We find
that the information gain per inelastic collision can be maximized by
harnessing the nonequilibrium spin dynamics. The parameters that
need to be tuned to achieve maximum information gain depend on
the temperature being estimated, making this system well-suited for
Bayesian estimation strategies. In this work, we compare three pro-
tocols: unoptimized, a priori optimized, and adaptively optimized.
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These protocols are evaluated based on their convergence speed and
the magnitude of the estimation error. Among them, the adaptive
protocol performs best, as it dynamically adjusts the parameters to
optimize the information gained from each measurement. This ap-
proach highlights the potential of leveraging nonequilibrium dynamics
to optimize measurement strategies, paving the way for more efficient
and precise quantum thermometry.

Q 62.6 Thu 1545 N1
Vortices in a 2D fermionic superfluid — eHaNs LEONARD
MicHEL, ARTAK MKRTCHYAN, MoRITZ VON UssLAR, RENE HENKE,
CesarR CABRERA, and HENNING MoRriTz — Institut fiir Quanten-
physik, Universitdat Hamburg, Hamburg, Germany

Quantised vortices are widely studied excitations in superfluid systems
from helium to ultracold Bose Einstein condensates. While many ex-
periments observed vortices in 3D systems, few realisations were made
in 2D systems and none in the 2D BEC-BCS crossover. Here, we will
report on the deterministic creation and observation of vortices and
their phase quantisation in homogeneous 2D ultracold Fermi gases.
We prepare the homogeneous 2D disk shaped systems by freezing
out the vertical motion and imposing a circular outer radial barrier.
The vortices are detected by ramping to a quasi-3D regime and subse-
quent time of flight imaging. This method allows us to reliably create
and detect single vortex anti-vortex pairs as well as doubly charged
vortices across the BEC-BCS crossover. We confirm that these vor-
tices are quantised by observing the phase profile using matter wave
interferometry. To this end, we let the central disk shaped region in-
terfere with an annular outer gas as phase reference after ramping to
3D. Our observation of concentric rings and spirals with one or two
arms when creating vortices with no, single or double charge confirms
the quantisation of the phase of the vortex. Our measurements provide
proof of phase coherence and strong evidence for superfluidity in these
strongly interacting quantum fluids across the BEC-BCS crossover.

Q 62.7 Thu 16:00 N 1
Extended Gross-Pitaevskii equation for quantum droplets
in cavity BEC systems eLroNn Mixal:23  LAurENz
TIMMERMANNY, MiLAN Raponiiél4, AXeL PELsTER?, and MICHAEL
TrorwART 2 — 1I. Institut fiir Theoretische Physik, Universitit
Hamburg, Germany — 2The Hamburg Center for Ultrafast Imaging,
Hamburg, Germany — 3Physics Department and Research Center OP-
TIMAS, Rheinland-Pfalzische Technische Universitat Kaiserslautern-
Landau, Germany — *Institute of Physics Belgrade, University of Bel-
grade, Serbia

Quantum droplets are an exotic state of matter that characterizes a
self-bound many-body system emerging from quantum fluctuation en-
ergy corrections to the ground state. Here, we present a theoretical
framework for a new type of quantum droplet that emerges from a
Bose-Einstein condensate in a cavity. Vacuum fluctuations in the cav-
ity mediate an effective, long-range atom-atom interaction that, at the
leading order, results in the formation of a distinct roton mode. The
zero-point energy of the roton increases proportionally to the volume
of the atom gas and thus competes with the repulsive s-wave contact
interaction, facilitating the formation of the droplet [PRR 7, 033216;
PRR 7, 023204 (2025)]. We present an extended Gross-Pitaevskii equa-
tion for the ground state incorporating the quantum fluctuation con-
tribution. We analyze the impact of the roton mode correction term
on the droplet wave function. Using a variational ansatz, we evalu-
ate the stability, size, and density of the droplet, comparing it to the
homogeneous density profile used in the original derivation.

Q62.8 Thul6:15 N1
Analytical approach to collisional decoherence in a BEC
double-well accelerometer — eKATERYNA KORsHYNskal:? and
SeBAsSTIAN ULsricHT!? — !PTB Braunschweig — 2TU Braun-
schweig

Modern quantum sensors provide a way to measure accelerations and
gravitational fields to tremendous precision, surpassing their classical
counterparts. One way to build such a quantum sensor is to exploit the
process of quantum tunneling of a Bose-Einstein condensate (BEC),
trapped in a double-well potential. This tunneling emerges as the col-
lective oscillations of particles between the wells, which are usually re-
ferred to as Josephson oscillations. They rely on the coherence between
the quantum states of each well, which can decrease due to collisional
decoherence. For the weakly-interacting gas, we analytically describe
this decoherence process with the density matrix approach and show
how the Josephson oscillations decay with time. Further, we consider
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the BEC subject to external acceleration and find that the interplay
between the acceleration and collisions leads to an additional shift of
the oscillation frequency. Moreover, we study how this effect can be

used as the basis of a BEC double-well accelerometer and estimate its
expected sensitivity.

Q 63: Precision Spectroscopy of Atoms and lons V (joint session A/Q)

Time: Thursday 14:30-16:30

Q63.1 Thu14:30 N 3
Indium multi-ion clock operation and investigations of
ground state cooling — eSHoBHIT SAHEB DEY!, INGRID
Maria RicuTeER!, MounaMED-OMAR Manat!, HartmMuT NIMROD
Hausser!, DoncrLianc Cong!, Jonas KeLLEr!, and Tansa E.
MEeHLSTAUBLER D2 — 1Physikalisch-Technische Bundesanstalt, Braun-

schweig — 2Institut fiir Quantenoptik, Leibniz Universitat Hannover

Optical clocks based on trapped ions are pushing forward the lim-
its of time and frequency metrology with systematic uncertainties
approaching the low 10~19 range, while their stability stays funda-
mentally limited by the Quantum Projection Noise(QPN). Uncorre-
lated parallel interrogation of N ions is expected to scale down the
QPN limited instability by 1/\/N We establish this scaling up to
8 ions in a '%Int—172Yb+ Coulomb crystal clock interrogating the
1S9—3Pg clock transition of 11°Int and Doppler cooling via 172Yb™*
ions. Thermal motion of ions at Doppler temperature causes a time-
dilation (TD) shift, which is among the largest contributors to the
systematic-uncertainty budget in the ion based clocks today.

Thus, we are currently investigating ground state cooling of Coulomb
crystal with tens of ions using the 360 kHz wide 1Sq—3P; intercom-
bination line in 5In*. This is expected to reduce relative shifts due
to the TD to low-10"19 regime and we can spectroscopically measure
the TD shift via interleaved clock operation.

Q 63.2 Thu 14:45 N 3
Hyperfine-induced state-dependent lifetime quenching on the
25'1/2 — 2F7/2 elctric octupole transition in 173Ybt — eIkBaL
A. Biswas!, JiaLiane Yul, ANAND Prakasu?, CLARA ZYSKIND!,
RATTAKORN KAEwUAM3, PrvapHAT PHOONTHONG?, and Tanja E.
MEHLSTAUBLER D2 — 1 Physikalisch-Technische Bundesanstalt (PTB),
Braunschweig, Germany — 2Institut fiir Quantenoptik, Leibniz Uni-
versitdt Hannover, Hannover, Germany — 3National Institute of
Metrology (Thailand), 3/4-5 Moo 3, Klong 5, Klong Luang, 12120
Pathumthani, Thailand

We report the coherent excitation of the highly forbidden 251/2 —
2F7/2 clock transition in the odd isotope 173YbT with nuclear spin
I = 5/2. The measured lifetimes of the F. = 2, 3,4 hyperfine states
are shorter than the unperturbed 2F7/2 clock state of 171Ybt due to
hyperfine-induced electric dipole decay channel. This reduced lifetime
lowers the required optical power for coherent excitation of the clock
transition, thereby reducing the AC Stark shift caused by the clock
laser. Using a 3-ion Coulomb crystal, we experimentally demonstrate
suppression of the AC Stark shift, a critical improvement for the scal-
ability of future multi-ion Yb™T clocks. Furthermore, we report the the
measured hyperfine splitting and calculated quadratic Zeeman sensi-
tivities of the 2Fy /2 clock state. Our results pave the way toward
multi-ion optical clocks based on 173Yb™t.

Q 63.3 Thu 15:00 N 3
Shelving Spectroscopy of ground state ultraviolet transi-
tions in dysprosium — eKEeviN Nc!, Paur Ugrrnings!, Fiona
HeLLSTERN!, JENs HERTKORN!, Luis Weiss!, STEPHAN WELTEDZ,
Timan Praul, and Ravr Kuemt! — 15, Physikalisches Institut and
Center for Integrated Quantum Science and Technology IQST, Uni-
versitit Stuttgart — 2CZS Center QPhoton

The open inner-shell electronic structure of lanthanides with large mag-
netic moments gives rise to a rich spectrum of transitions available for
laser cooling, trapping and coherent control of dipolar atoms. Despite
this, the large number of ultraviolet (UV) transitions that exist below
400 nm in these atoms have so far been rarely utilized. Here, we inves-
tigate multiple ground state UV transitions in dysprosium. Many of
these transitions have decay strengths to the ultralong-lived, low-lying
first excited state that are comparable to the strongest transitions com-
monly used in dipolar gas experiments. Using shelving spectroscopy
which improves detection sensitivity and provides a straightforward
way to distinguish the numerous isotope and hyperfine transitions, we
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measure isotope shifts, hyperfine coefficients and create King plots to
determine their electronic nature. Such knowledge of these UV tran-
sitions, which analogously exist in other magnetic atoms is important
for optically populating the first excited state and can be used for
creating an optical clock, high resolution imaging in quantum gas mi-
croscopy and probing lanthanide nuclei with enhanced Schiff moments
in searches for physics beyond the standard model.

Q 63.4 Thu 15:15 N3
MMC Array to Study X-ray Transitions in Muonic Atoms
— eHENDRIK HADENFELDT for the QUARTET-Collaboration —
Kirchhoff-Institute for Physics, Heidelberg University, Germany

The QUARTET collaboration aims to improve the accuracy of absolute
nuclear charge radii of light nuclei from Li to Ne using high-precision
X-ray spectroscopy of muonic atoms. A measurement with isotopi-
cally pure oxygen and copper has recently been performed at the Paul-
Scherrer-Institute (PSI). Conventional solid-state detectors do not pro-
vide sufficient accuracy in the relevant energy range around 120keV.
Therefore, we use a low-temperature Metallic Magnetic Calorimeter
(MMC). MMGCs are characterized by a high resolving power of several
thousand and a high quantum efficiency for the energy range of interest
using 100 pm thick absorbers. In this talk, we present a newly devel-
oped MMC detector. First preliminary spectra and systematic effects
observed in the measurement are discussed. The acquired data, to-
gether with the achieved energy resolution of better than 50 eV FWHM
at 120keV, enable a more precise characterization of muonic X-ray
lines. In addition, we present the world’s first compositional study of
a prehistoric human tooth using high-precision X-ray spectroscopy of
muonic atoms.

Q 63.5 Thu 15:30 N 3
High-Precision Spectroscopy of Single Molecular Hydrogen
Ions in a Penning Trap at ALPHATRAP — eP. Justus!, M.
Bonman!, A. Grameerc!, F. Hrisse!, I. Kortunov?, V. VoacT?,
C. Konig!, K. Braum?, S. ScHILLERZ, and S. SturMm! — Max-
Planck-Institut fiir Kernphysik, Heidelberg — 2Institut fiir Experi-

mentalphysik, Universitat Diisseldorf, Diisseldorf

Molecular hydrogen ions are the simplest molecules and thus ideal
systems for testing QED through comparison of high-precision mea-
surements with theoretical predictions [1]. At ALPHATRAP we mea-
sured for the ro-vibrational ground state of HDT the bound-electron
g-factor to 0.20 ppb precision and the spin-interaction coefficients
with 44 ppb and 151 ppb uncertainty [2], which can be compared to
ab initio theory [3]. In a next step, we carried out high-precision laser
spectroscopy of ro-vibrational levels via driving the 0 — 5 vibrational
transition in HDT.

We will present conclusions drawn from our measurements and planned
refinements that will, in the future, provide a versatile platform for
ultra-high precision laser spectroscopy - particularly of molecular hy-
drogen ions, including H;‘ and the antimatter equivalent Hy - in a
cryogenic Penning trap [4].

[1] Karr, J.-Ph. et al., Phys. Rev. A 94, 050501 (2016)

[2] Konig, C. M. et al., Phys. Rev. Lett., 134, 163001 (2025)

[3] Karr, J.-Ph. et al., Phys. Rev. A 102, 052827 (2020)

[4] Myers, E. G., Phys. Rev. A, 98, 010101 (2018)

Q 63.6 Thu 15:45 N 3
Tungsten Emissivity Modeling and Temperature Diagnos-
tics for the Project 8 Atomic Beam Source — eBRUNILDA
MvucocLLaval, MarriN FerrL!, and Marco RoLLic? for the
KAMATE-Collaboration — Johannes Gutenberg University Mainz

— 2Tritium Laboratory Karlsruhe

To achieve a neutrino-mass sensitivity of 40 meV/c2, the Project 8 ex-
periment aims to employ cyclotron radiation emission spectroscopy to
measure the energies of beta-decay electrons from an atomic tritium
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source. The JGU Mainz atomic test stand uses a Hydrogen Atom
Beam Source (HABS) in which molecular hydrogen flows through a
1-mm-diameter tungsten capillary radiatively heated to ~2200 K. The
dissociation efficiency of the source depends on the hydrogen flow rate
and on the capillary surface temperature. Because the source operates
under ultra-high-vacuum conditions, where access is limited and direct-
contact sensors risk damaging the capillary, minimally invasive diag-
nostics, such as optical analysis of its thermal radiation, are preferred.
Accurate temperature determination requires reliable knowledge of the
tungsten surface emissivity, its evolution over repeated thermal cy-
cles, and the consequent impact on the achievable maximum temper-
atures. To address these challenges, a dedicated calibration setup was
developed at the Tritium Laboratory Karlsruhe to measure tungsten
emissivity using a near-infrared spectrometer and a single-wavelength
pyrometer. This talk will present new results on tungsten-emissivity
modeling and HABS temperature diagnostics, addressing challenges in
calibration, temperature stability, and source aging.

Q 63.7 Thu 16:00 N 3

Towards electron and Cat ion cotrapping in a dual-
frequency Paul trap — eVLADIMIR MIKHAILOVSKII!'2:3 Na-

TaLlJA SHETHD2:3, MonAMMADREZA NEMATOLLAHIM'Z3, GUOFENG
Qu%, MicHaL Heipuk®, NikLas ViLHELM Lausti®, K. T.
Sarvasta®, CurisTiAN SMORRA?, GuUNTHER WERTH?, NEHA

Yapav®, Qian Yu®, CLEMENS MATTHIESEN®, HARTMUT HAFFNERS,

FERDINAND ScHMIDT-KALER?, HENDRIK BEkkERD23, and DMITRY
Bupkger!:2:3:8 — 1Helmholtz-Institut Mainz, 55128 Mainz, Germany
— 2@GSI Helmholtzzentrum fur Schwerionenforschung GmbH, 64291
Darmstadt, Germany — 3QUANTUM, Institut fur Physik, Johannes
Gutenberg-Universitat, 55128, Mainz, Germany — *Institute of Nu-
clear Science and Technology, Sichuan University, 610065, Chengdu,
China — ®Faculty of Mathematics and Physics, Charles University,
Prague 8, Czech Republic — %Delta Q, MITK, 576217, Moodlakatte,
India — “Heinrich Heine University Dusseldorf, 40225 Dusseldorf, Ger-

many — 8Department of Physics, University of California, 94720-7300,
Berkeley, USA

Achieving simultaneous cotrapping of oppositely charged particles in
the same Paul trap volume is an important milestone in the AntiMat-
ter On a Chip project [1]. In our recent research we studied trapping
of either electrons or Ca™ ions in a dual-frequency field [2]. Here we
overview the achieved results, discuss current shortcomings, and pro-
pose strategies towards simultaneous trapping of oppositely charged
particles, aiming at cotrapping matter and antimatter.

1.N. Leefer, et al. Hyperfine Interact 238, 12 (2017)

2.V. Mikhailovskii, et al. arXiv:2508.16407 (2025)

Q 63.8 Thu 16:15 N 3
Sympathetic cooling and spectroscopy of Ca-Th ion crys-
tal — eVALERI ANDRIUsHKOV!:2:3 KE Znang3, Yumiao Wana3,
DaRrius FENNER3, KEERTHAN SUBRAMANIANS, FLORIAN ZACHERLS,
SRrINTvAsA PRADEEP ARasaDA®, Jonas STrickeEr!:23, CHRIsTOPH
E. DoLLmann?23 Lars voN DER WENSE?, FERDINAND SCHMIDT-
KaLer3, and DMrTrRy Bupker!:2:34 — IHelmholtz Institute Mainz,
Mainz — 2GSI Helmholtzzentrum fiir Schwerionenforschung GmbH,
Darmstadt — 3Johannes Gutenberg Universitit Mainz, Mainz —
4Department of Physics, University of California, Berkeley, USA

The TACTICa (Trapping and Cooling of Thorium Ions via Calcium)
and NuQuant experiments aim to use ion-trapping techniques to inves-
tigate thorium ions for fundamental research, as well as to study 229 Th
for the development of a nuclear clock. Thorium ions are produced us-
ing a laser-ablation ion source and loaded into a linear Paul trap, where
they form a mixed-species Coulomb crystal with Cat. The thorium
ions are efficiently cooled by the co-trapped Cat ions. Our goal is
to perform high-precision spectroscopy of thorium ions, which will be
achieved with quantum logic spectroscopy. This project is supported
by the DFG Project TACTICa (grant agreement no. 495729045)
and the BMFTR Quantum Futur II Grant Project NuQuant (FKZ
13N16295A).

Q 64: Poster — Ultra-cold atoms, ions and BEC (joint session A/Q)

Time: Thursday 17:00-19:00

Q 64.1 Thu 17:00 Philo 1. OG
Suppressing crosstalk for Rydberg quantum gates — eGiNna
WARTTMANN!, FLORIAN MEINERT?, HANs PETER Bt'CHLER!, and SE-
BASTIAN WEBER! — lInstitute for Theoretical Physics IIT and Cen-
ter for Integrated Quantum Science and Technology, University of
Stuttgart, 70550 Stuttgart, Germany — 25th Institute for Physics and
Center for Integrated Quantum Science and Technology, University of
Stuttgart, 70550 Stuttgart, Germany

We present a method to suppress crosstalk from implementing
controlled-Z gates via local addressing in neutral atom quantum com-
puters. In these systems, a fraction of the laser light that is applied
locally to implement gates typically leaks to other atoms. We analyze
the resulting crosstalk in a setup of two gate atoms and one neigh-
boring third atom. We then perturbatively derive a spin-echo-inspired
gate protocol that suppresses the leading order of the amplitude error,
which dominates the crosstalk. Numerical simulations demonstrate
that our gate protocol improves the fidelity by two orders of magni-
tude across a broad range of experimentally relevant parameters. To
further reduce the infidelity, we develop a circuit to cancel remaining
phase errors. Our results pave the way for using local addressing for
high-fidelity quantum gates on Rydberg-based quantum computers.

Q 64.2 Thu 17:00 Philo 1. OG
Two-component lattice fermions in an optical cavity: com-
petition between pairing orders — eLoic PHILOXENE!, MICHELE
Pini?, Francesco Piazza2, and WaLTeER HorsTETTER! — 1Goethe-
Universitat, Institut fiir Theoretische Physik, 60438 Frankfurt am
Main, Germany — 2Theoretical Physics ITI, Center for Electronic Cor-
relations and Magnetism, Institute of Physics, University of Augsburg,
86135 Augsburg, Germany

Ultracold atoms dispersively coupled to an optical cavity experience ef-
fective long range interactions, leading to a variety of symmetry break-
ing patterns. On the other hand, spin-1/2 lattice fermions can locally
interact via the Hubbard interaction which, when attractive, gener-
ally favors pairing. By considering an ultracold gas of two-component
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fermionic atoms in a static optical square lattice and dispersively cou-
pled to a ring cavity, we analyze the effects of the competition be-
tween the cavity-mediated long range interaction and the Hubbard
coupling on the pairing instabilities of the Fermi surface. Using a gen-
eral Hartree-Fock-Bogoliubov mean-field decoupling of the extended
Hubbard Hamiltonian describing the low energy physics of the sys-
tem, we focus on the competition between the Cooper pairing channel
and a specific instance of pair density waves that have been shown to
be exactly degenerate with the former in a recent study of a similar
system with spinless fermions without an underlying lattice. In partic-
ular, we show that the Hubbard interaction lifts this degeneracy, and
analyze the competition between both types of pairing order.

Q 64.3 Thu 17:00 Philo 1. OG
Optical dipole trapping of mercury — eSascHA HEIDER,
THORSTEN GROH, and SIMON STELLMER — Universitdt Bonn, Ger-
many

Mercury, being one of the heaviest laser-coolable elements, is an ideal
platform for searches for physics beyond the Standard Model, such as
atomic electric dipole moments (EDMs).

We report on the efficient transfer of mercury atoms from a MOT into a
high-power (300 W), crossed-beam optical dipole trap paving the way
towards degenerate quantum gases of mercury and next-generation
atomic EDM searches.

Q 64.4 Thu 17:00 Philo 1. OG
QRydDemo - Architecture for Dynamic Tweezer Arrays —
eRALF BERNER!'2, CHRISTOPHER BoUNDs!2, MANUEL MoraaDO!2,
Govinp UNNIKRISHNAN'2, AcHim Scuorz!2, JIACHEN ZHAO'2, JU-
Lia Hicknb2, Maxivinian Kosb2, SesasTiaN WEBER®:2, HaNs-
PETER BUCHLER®2, SIMONE MONTANGERO?, CHRISTOPH TRESP®,
JURGEN STUHLER®, TiLmMaN Praul-?, and FLORIAN MEINERT!:?
15th Inst. of Physics, University of Stuttgart — 2IQST — 3Inst. for
Theoretical Physics ITI, University of Stuttgart — “Inst. for Complex
Quantum Systems, University of Ulm — 5TOPTICA Photonics AG
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Within the QRydDemo project, we aim to realize a neutral Rydberg
atom quantum computer exploiting the Fine-Structure (FS) qubit in
88Sr atoms trapped in optical tweezers. To this end, we demonstrate
a novel type of dynamic tweezer architecture consisting of 20 Acusto-
Optical Deflectors (AODs) operating at 592 nm, which are individually
driven by up to 64 independent Radio-Frequency (RF) tones, enabling
array sizes of up to 500 qubits.

This platform, together with fast image analysis and independent real-
time RF-control of the AODs, provides the capability of parallel line
sorting with an unprecedented dynamical connectivity, which we can
utilize for fast sorting and mid-circuit rearrangement of individual
atoms at timescales within the coherence time of the qubits.

We present our work on achieving single atom loading and cooling
with a scheme that sequentially addresses red sidebands of the narrow
intercombination line in strontium via a frequency chirp. This paves
the way towards the generation of large, defect-free arrays of qubits.

Q 64.5 Thu 17:00 Philo 1. OG
Stroboscopic Quantum Sensing in Trapped-Ion Systems —
oF'REDERIKE DOERR, FLORIAN Hassg, ToBias SpPANKE, ULRICH
WARRING, and ToB1as ScHAETZ — Institute of Physics, University
of Freiburg, Hermann-Herder-Strafle 3, D-79104 Freiburg, Germany

Trapped ions offer exceptional control over quantum motion, enabling
precision studies of dynamical and topological phenomena. We present
a stroboscopic measurement technique that provides minimally inva-
sive, time-resolved access to an ion’s motional state by maintaining
coherence among four coupled oscillators: a global microwave refer-
ence, a polarization-gradient travelling-wave light field, and the ion’s
spin and motional states. The method reaches position and momen-
tum sensitivities at the nanometer and zeptonewton-microsecond scale
with sub-100 ns time resolution [1], and recent improvements extend
its applicability to non-classical motional states. These capabilities
open new opportunities for engineered quantum dynamics, including
motional NOON states, spin-motion entanglement transfer, and tests of
topological amplification effects in parametrically driven, dissipative
ion systems [2]. Moreover, resolving extremely small momentum trans-
fers enables probing the weak energy exchange in atom-ion glancing
collisions, essential for validating universal quantum-scattering models
underpinning quantum-based pressure standards [3]. This framework
thus links coherent motional sensing, topological quantum effects, and
single-collision physics within a unified trapped-ion platform. [1] RPA
109, 053105 (2024) [2] arXiv:2502.06960 [3] 2020 Metrologia 57 025015

Q 64.6 Thu 17:00 Philo 1. OG
Towards the production of groundstate RbYb — e ArRNE KaLL-
WEIT, CELINE CASTOR, and AXEL GORLITZ — Institut fiir Experimen-
talphysik, Heinrich-Heine-Universitat Diisseldorf

Ultracold dipolar molecules constitute a promising system for the in-
vestigation of topics like ultracold chemistry, novel interactions in
quantum gases, precision measurements and quantum information.

Here we report on first experiments in our apparatus for the pro-
duction of ultracold RbYb molecules. This setup constitutes an im-
provement of our old apparatus, where the interactions in RbYb and
possible routes to molecule production have already been studied ex-
tensively [1,2]. In the new setup a major goal is the efficient production
of ground state RbYb molecules.

We employ optical tweezers to transport individually cooled samples
of Rb and Yb from their separate production chambers to a dedicated
science chamber. Here we start to study interspecies interactions of dif-
ferent isotopes by overlapping crossed optical dipole traps. To explore
the pathways towards ground state molecules we start with photoas-
sociation spectroscopy near the intercombination line of Yb.

[1] M. Borkowski et al., PRA 88, 052708 (2013)

[2] C. Bruni et al., PRA 94, 022503 (2016)

Q 64.7 Thu 17:00 Philo 1. OG
Studying Rydberg-atom-ion interactions with a high-
resolution ion microscope — e MAXIMILIAN FUTTERKNECHT!, JEN-
NIFER KRAUTER!, Oscar ANDREY HERRERA-SANcHO!, FLORIAN
AnscntTz!, Urzurt HocL VipaLl, MoriTz BErRNGRUBER?, FLo-
RIAN MEINERT!, ROBERT Léw!, and TiLmMan Prau! — 15th Institute
of Physics, University of Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart
— 2Max Planck Institute of Quantum Optics, Hans-Kopfermann-Str.
1, 85748 Garching

Our high-resolution ion microscope enables the spatio-temporally re-
solved study of interactions between Rydberg atoms and ions in a bulk
gas of ultra-cold Rubidium atoms. The apparatus has an achievable
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lateral resolution of at least 200 nm and allows for three-dimensional
imaging. In previous years, the setup was used to study the formation
and dynamics of a molecular bond between a single ion and a Rydberg
atom, as well as the dynamics of unbound atom-ion states. We plan to
extend this endeavor by introducing a second Rydberg state. In an un-
bound configuration, interactions between two Rydberg states tuned
by Forster resonances should be experimentally studied. In a next step,
we want to create Rydberg-Rydberg-ion bound states by independently
exciting two Rydberg states around a central ion. By state-selective
extraction of the three constituents of the formed trimers, we plan to
tackle the challenge of distinguishing the three particles on our ion
detector and detect triple-coincidences. Spectroscopic measurements
and high-resolution imaging will be used to extract information on the
electronic and spatial structure of the three-body system.

Q 64.8 Thu 17:00 Philo 1. OG
Stabilizing binary Bose droplets by ions ®SHUNSUKE
NisHIMURA, PanacioTis GIANNAKEAS, and JAN-MICHAEL Rost —
Max Planck Institute for the Physics of Complex Systems, Dresden,
Germany

Ultra-dilute liquid droplets formed in binary Bose mixtures constitute
weakly interacting yet self-bound quantum fluids, whose quantum-
fluctuation-induced stability continues to attract considerable interest.
Impurities offer a versatile probe of these systems, and ionic impuri-
ties in particular can induce pronounced structural changes through
their long-range interactions, as seen in helium nanodroplets. How-
ever, their effects in ultra-dilute environments, such as Bose droplets,
remain greatly unexplored.

Here we investigate a three-dimensional, spherically symmetric
droplet formed by a two-component Bose mixture with contact inter-
actions in the presence of a single ionic impurity. The attractive ion-
atom interaction significantly deforms the ground-state density profile
and induces a distinct low-lying breathing mode, which remains sta-
ble against self-evaporation over a substantially wider range of particle
numbers in contrast to the case of the impurity-free droplets. This sug-
gests that ionic impurities offer the possibility to investigate polarons
without altering the droplet state even during elementary excitations.

Q 64.9 Thu 17:00 Philo 1. OG
Entanglement-enhanced interferometry using single-atom-
resolved Twin-Fock states in 87Rb BECs — eDoMINIK KOSTER,
MARTIN QUENSEN, MAREIKE HETZEL, and CARSTEN KLEMPT —
Deutsches Zentrum fiir Luft- und Raumfahrt e.V. (DLR) Hannover

Atom interferometers are among the most sensitive tools in quan-
tum metrology but are typically limited by the standard quantum
limit (SQL). Entangled input states can surpass this bound and ap-
proach Heisenberg scaling. We present a metrology-ready 87Rb plat-
form that combines sub-500 ms Bose-Einstein condensate (BEC) pro-
duction in time-averaged optical potentials with state-resolved, single-
atom-resolved detection. We create high-fidelity Twin-Fock states via
spin-changing collisions and observe Hong-Ou-Mandel-type atomic in-
terference of up to 10 atoms. Using these states’ near-perfect number
correlations for heralding, interferometry can be perfomed with large
Dicke states for sub-SQL metrology at total atom numbers of 1000 and
beyond.

Q 64.10 Thu 17:00 Philo 1. OG
MEMS-Mirror-driven Optical Tweezer for Neutral-Atom
Quantum Computing. — eMarceL Keck!, Jonas WITZENRATH!,
Tosias PArkaul, Jonas Gurscue!, DIETER Jakscu?, NicLAs
Luick?, HENNING MoriTz2, Tnomas NieperPROM!, HErRwiG OTT!,
PETER ScHMELCHER?, KLAUS SENGSTOCK?, ARTUR WIDERA!, SHAN-
sHAN CGu-StoppeL3, PauL RascHporr?, and LeEna Wysockr® —
IRPTU Kaiserslautern-Landau, 67663 Kaiserslautern, Germany —
2University of Hamburg, 22761 Hamburg, Germany — 3Fraunhofer

Institute for Silicon Technology, 25524 Itzehoe, Germany

Neutral-atom-based quantum computers are a promising platform for
addressing complex optimization problems. These require the ability
to deterministically move atoms, not only for initializing a qubit array
but also for reaching an all-to-all connectivity. Within the Rymax One
project, we investigate mirrors based on Micro-Electro-Mechanical Sys-
tems (MEMS) technology to create movable optical tweezers. The de-
velopment of a new piezo-electric material by the Fraunhofer ISIT that
exhibits minimal hysteresis enables the precise positioning of a small
mirror surface. In contrast to conventional methods (e.g., AODs),
these mirrors introduce no position dependent frequency shift, allow
atom movement in all three spatial dimensions, and have a high re-
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flectivity across a broad range of frequencies, including the ultraviolet.
To address the entire atomic array of the Rymax One quantum pro-
cessor, we simulate an optical setup. We characterize different MEMS
mirror models and find optimal parameters to ensure quick and stable
movement. The oscillations that occur are eliminated.

Q 64.11 Thu 17:00 Philo 1. OG
An Atomtronic Toolbox for Josephson Physics — eFLORIAN
BivotH, Kam T. MircHELL, ErRIK BERNHART, JAN GERHARDT,
MarviN ROHRLE, and HErRwiG OTT — Department of Physics and
Research Center OPTIMAS, Rheinland-Pfélzische Technische Univer-
sitat Kaiserslautern-Landau, 67663 Kaiserslautern, Germany

We present an atomtronic toolbox to study quantum transport phe-
nomena and quantum scattering problems using Bose-Einstein conden-
sates (BECs) in spatially and temporally modulated optical potential
landscapes. Our platform generates arbitrary optical potentials with
a multi-axis acousto-optical deflector and a digital micromirror device.
Additionally, we are developing the implementation of a novel sub-
wavelength dark-state barrier using a pair of resonant Raman beams,
with differing transverse modes, projected onto the atoms through
an in-vacuum objective lens. The atoms are imaged using a multi-
directional absorption imaging system and a scanning electron micro-
scope with high spatial resolution.

This apparatus allows us to investigate atomtronic superconduct-
ing Josephson junctions, constructed by introducing a tunnelling bar-
rier into a tube-shaped BEC. With an appropriate combination of AC
and DC driving, the current-voltage curve of the device shows discrete
Shapiro steps, that have previously been demonstrated in solid-state
superconductors and form the Josephson voltage standard. We investi-
gate the microscopic origins of this behaviour and demonstrate that in
our quantum gas platform they directly connected to phonon emission
and vortex dynamics.

Q 64.12 Thu 17:00 Philo 1. OG
Fano-suppression of losses in scattering resonances of bosonic
erbium eArRror Houwwman!, Louts LAFFORGUEZ, SARAH
EmBacHER!, MANFRED MaRrk!2, and Francesca FErLaino®2
nstitut fiir Quantenoptik und Quanteninformation, Osterreichische
Akademie der Wissenschaften — 2Universitét Innsbruck, Institut fiir

Experimentalphysik, 6020 Innsbruck, Austria

Lanthanides exhibit remarkable complexity in their scattering proper-
ties due to their numerous valence electrons which is reflected in the
exceptionally dense Feshbach spectrum in the ground state. Here we
explore the situation of bosonic spin mixtures of erbium, adding the
additional spin degree to the problem. We observe inter- and intra-
spin scattering resonances exhibiting a peculiar Fano shape with a
pronounced loss minimum, indicating a destructive interference phe-
nomenon. Our multi-channel model captures the essential behaviour
and additionally predicts a series of Fano-Feshbach resonances across
multiple spin compositions connected to the same molecular state. We
observe this series and find good agreement to our model. Our work
opens the door for a detailed investigation to study multi-spin strongly-
coupled scattering phenomena.

Q 64.13 Thu 17:00 Philo 1. OG
A Cryogenic Surface Trap for experiments with Rydberg
ions — eVINAY SHANKAR!, MARION MALLWEGER!, SIMON ScHEY!Z,
NararLia Kuk!, Ivo Strakal, RosiN Tuomm!, and MARKUS
HenNRICH! — 1Department of Physics, Stockholm University, Stock-

holm, Sweden — 2Infineon Technologies Austria AG, Villach, Austria

Trapped Rydberg ions are a unique platform for quantum information
processing, metrology and simulations [1,2] as they combine the excep-
tional control over trapped ions with the tunable, long-range interac-
tions of Rydberg states. Rydberg ions have been used to demonstrate
sub-microsecond entangling gates [3]. One of the biggest challenges
while working with Rydberg ions is double ionisation due to blackbody
radiation, since Rydberg states are close to the ionisation threshold.
The operation of the system in a cryogenic environment would reduce
this effect significantly, and here we present such an experimental sys-
tem. The setup hosts a surface ion trap, with separate trapping and
experimental zones. Here we present the first measurements with the
surface trap with the goal of showcasing Rydberg excitations on such
a system. The large polarisability of Rydberg ions makes them highly
sensitive to surrounding electric fields and can be utilised as a precise
probe for sensing electric fields around the chip.

[1] M. Miiller, et al., NJP, 10, 093009 (2008).

[2] F. Schmidt-Kaler, et al., NJP, 13, 075014 (2011).
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[3] C. Zhang, et. al., Nature 580, 345 (2020)

Q 64.14 Thu 17:00 Philo 1. OG
Fast single atom spin and number resolved imaging of
SU(N) fermions — eLroN ScuArer!2, Sopnie HAFELE!'2, THIES
PrassmMaNN2, MENY MEeNasHEsD 2, and GUILLAUME SaLomon!:2
— lnstitute for Quantum Physics, Hamburg University, Luruper
Chaussee 149, 22761 Hamburg — 2The Hamburg Center for Ultrafast
Imaging, Hamburg University, Luruper Chaussee 149, 22761 Hamburg

Large local Hilbert spaces are of key interest in quantum science
with applications in quantum-computing, -memories, and -simulation
of strongly-correlated systems. Multilevel quantum systems such as
superconducting circuits, trapped ions, cold molecules and ultracold
atoms offer the possibility to realize qudits. Yet, the simultaneous
control and detection of multiple quantum states at the single-particle
and state level remain a significant challenge. State-of-the-art quan-
tum simulators with single particle and spin detection, such as quan-
tum gas microscopes, also suffer from limited state selectivity and long
detection times. We present a rapid imaging technique enabling the
simultaneous detection of up to four quantum states encoded in the
nuclear spin manifold of 87Sr within 100 us. By combining an optical
Stern-Gerlach separation protocol with high-fidelity ultrafast imag-
ing in free space we achieve state-resolved detection fidelities in the
range of 95-99.3%. This method is compatible with the joint detec-
tion of multiple atoms initially confined within the same optical trap.
Our technique offers fascinating perspectives for quantum science with
alkaline-earth atoms ranging from qudit based quantum computing to
quantum gas microscopy of the SU(N) Fermi-Hubbard model.

Q 64.15 Thu 17:00 Philo 1. OG
Towards Autonomous Optical Alignment for NV-Center and
SHG Experiments — eZHEN Mi, ToBIAS SPANKE, FREDERIKE
DORrR, JORN DENTER, ULRICH WARRING, and ToOBIAS SCHATZ —
Physikalisches Institut, Albert-Ludwigs-Universitit, Freiburg

We present an automated beam-alignment framework designed for op-
tical experiments requiring long-term stability, in particular NV-center
excitation/collection paths and second-harmonic generation (SHG)
stages. Stable and reproducible alignment is essential for maintain-
ing photon rates, SHG efficiency, and experimental reliability, yet
manual alignment suffers from drift, operator dependence, and time
overhead. Our approach combines motorized mirror mounts, in-loop
detectors, and gradient-free optimization routines to autonomously ex-
plore multi-parameter alignment spaces. We benchmark the system on
NV-center fluorescence collection and SHG cavity coupling. The au-
tomated routines consistently improve alignment quality, reduce sen-
sitivity to mechanical and thermal drifts, and increase reproducibil-
ity across repeated optimization cycles. We further analyze critical
aspects such as distinguishing signal drift from noise, managing low-
SNR conditions, and maintaining robustness over long measurement
sequences. These results lay the groundwork for self-calibrating optical
experiments and scalable, low- maintenance optical setups for quantum
sensing and nonlinear optics.

Q 64.16 Thu 17:00 Philo 1. OG
Effects of of two-body interactions and quenched disorder
on the spectrum and topology of the time-periodically
driven Haldane-Falicov-Kimball model ®SOURADEEP
Roy CuoupnHury!, Arwit Durral, Tao Qin2, and WALTER
HorsTETTER! — 1Goethe-Universitdt, Institut fiir Theoretische
Physik, 60438 Frankfurt am Main, Germany — 2School of Physics,
Anhui University, Hefei, Anhui Province 230601, People’s Republic of
China

We investigate the time-periodically driven disordered Haldane-
Falicov-Kimball model on a honeycomb lattice using real space Flo-
quet dynamical mean field theory. For the clean, noninteracting sys-
tem, the time-periodic nonequilibrium steady state (NESS) resembles
an equilibrium Haldane phase at large driving frequencies but has no
effective equilibrium description at intermediate driving frequencies.
In presence of the Falicov-Kimball interaction, the pumped charge in
a cylinder geometry with a threaded flux does not remain quantized,
due to the broadening of the spectral edge modes with increasing in-
teractions till the Mott transition. The rate of energy dissipation into
the bath for the clean system shows remarkably different behaviour
between the intermediate and large frequency driving regimes. Upon
adding onsite static disorder to this system, we find disorder-induced
spectral broadening.
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Q 64.17 Thu 17:00 Philo 1. OG

Transportable magneto-optical trap of strontium for edu-

cational outreach — eDarius HovER, SopHia PauLr, Jonanna
KRAMER, and SiMON STELLMER — Physikalisches Institut, Bonn,
Deutschland

The broad linewidth of the 461 nm transition of strontium enables ef-
ficient laser cooling and trapping, producing a bright MOT visible to
the naked eye. This makes the Sr MOT an ideal, accessible system for
demonstrating physics and quantum optics.

We present both the simulation and realization of a portable Sr MOT
using permanent magnets for the Zeeman slower and the MOT.

Q 64.18 Thu 17:00 Philo 1. OG
Design of a Dual-Species Atomic Beam Source for High Ru-
bidium and Lithium Flux — eFLORIAN ANscHUTZ', RAPHAEL
Benz!, JENNIFER KRAUTER!, MAXIMILIAN FUTTERKNECHT!, UTZURI
UrsurLa HocL Vipar!, Oscar ANDREY HERRERA Sancuol»2,
FLorRIAN MEINERT!, RoBERT LOw!, and TiLman Prauvl — 15,
Physikalisches Institut, Universitdt Stuttgart, Pfaffenwaldring 57,
70569 Stuttgart, Germany — 2Escuela de Fisica, Universidad de Costa
Rica, 2060 San Pedro, San José, Costa Rica

Lithium is a promising atomic platform for studying Rydberg
molecules in the ultracold regime. For example Rydberg molecules
made from Li atoms will allow for resolved rotational spectra, and will
allow to study atom ion collisions in the quantum regime. We present
the design of a rubidium-lithium dual-species atomic beam source de-
veloped for future integration into a high-resolution ion microscope. In
order to advance towards dual-species scattering experiments with ru-
bidium and lithium, a bright and well-controlled dual-species atomic
beam source is essential. The current source produces overlapping
Rb and Li beams with estimated MOT loading rates on the order
of 1x10% 1/s for 87Rb (120 °C) and 3 x 10° 1/s for SLi (400 °C)
under dual-species operation. With an improved design, we aim to
increase the Rb flux by a factor of 2 — 3 while maintaining compara-
ble single-species flux performance. We backup this new design with
Monte-Carlo Molecular-Dynamics simulations.

Q 64.19 Thu 17:00 Philo 1. OG
Characterizing Radio Frequency-Induced Pressure Variations
in Glass-Cell Vacuum Systems — oVICENTE BAcA, ALEXANDER
GuTHMANN, Louisa KIENESBERGER, FELIX LANG, DAvID (GOPALAN,
EvLeonora Lippi, and ArRTUrR WIDERA — RPTU Kaiserslautern-
Landau

In recent years, radio-frequency (RF) magnetic fields have become in-
creasingly important tools in ultracold-atom and quantum-gas exper-
iments. Because many of these experiments rely on glass-cell vacuum
chambers, where stable ultra-high vacuum (UHV) is critical, it is es-
sential to verify that the presence of an RF coil (or any source of time-
dependent magnetic fields) does not compromise vacuum integrity. In
the present work a tunable RF coil was placed near a quartz glass-cell
and driven over the MHz regime while monitoring the chamber pres-
sure in real time. We observe frequency dependent pressure variations
correlated with the magnitude of the applied RF field. The results
contribute to understanding RF-induced perturbations in UHV envi-
ronments and enhance the design of vacuum systems that incorporate
RF fields.

Q 64.20 Thu 17:00 Philo 1. OG
Investigating structural phase transitions in dipolar quantum
gases — CHRISTIAN GOLZHAUSER, eLiLy PrarT, KARTHIK CHAN-
DRASHEKARA, JIANSHUN Gao, MaNoN BavLLu, WyarT KIRKBY, and
LauriaNE CHOMAZ — Physikalisches Institut, Universitidt Heidelberg,
Germany

Dipolar quantum gases have allowed the discovery of novel many-body
states (e.g. supersolids), while at the same time providing an outstand-
ing degree of control and tunability. In our new-generation experiment
at Heidelberg we aim to study the behaviour of dipolar quantum gases
of dysprosium in low dimensions and uniform tailored potentials. Here
we report on our investigations on structural phase transitions both
from a uniform to a density modulated state by tuning the s-wave
scattering length and between a triangular crystal lattice modulation
and a stripe-like modulation. We are able to observe the stripe mod-
ulation by tilting the orientation of our dipoles in plane through an
external field. In both cases of the modulation we are able to observe
phase coherence in a small range of scattering lengths below the su-
perfluid to supersolid transition. We aim to study the nature of the
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different transitions to and within the density modulated regime.

Q 64.21 Thu 17:00 Philo 1. OG
Microwave-Optical Multiphoton Lattice for an Ultracold
Atomic Rubidium Quantum Gas — ePATRICK HAAS, STEFANIE
Moutr, and MARTIN WEITZ — Institut fiir Angewandte Physik, Bonn,
Germany

Quantum simulations of solid state physics theory effects, as well as
many applications in quantum information, strongly benefit from re-
cent advances obtained with cold atoms in optical lattices. Here we
report on progress in the development of a state-selective optical lattice
for alkali atoms despite the usage of extremely far detuned trapping
light fields. For this, we employ a doubly resonant lattice scheme that
combines optical and microwave transitions. We present both the ba-
sic working scheme as well as results of a proof-of-principle experiment
demonstrating the resulting spatially varying trapping potential for
cold rubidium atoms. Prospects of this work include fault-tolerant
quantum computation as well as measurement-based quantum infor-
mation processing.

Q 64.22 Thu 17:00 Philo 1. OG
Towards continuous superradiance in Strontium-88 — eYING
Cul, Luuk MicHELs, Erisa WENzEL, BENEDIKT HEIZENREDER,
AnNANYA SiTArRAM, and FLORIAN SCHRECK — University of Amster-
dam

Superradiance is a collective light-matter phenomenon with the poten-
tial of significantly enhancing the short-term stability of optical clocks.
While pulsed superradiance has already been demonstrated, we envi-
sion a steady supply of ultracold atoms actively transported through
the lasing region to achieve continuous operation. Here we present two
sub-projects towards continuous superradiance on the millihertz line
of Strontium-88. We plan to employ a bow-tie cavity to form a moving
optical lattice that acts as a conveyor belt for transporting atoms from
a reservoir into the emission region. The first objective is to couple
and lock the cavity to this lattice light and to implement a probing
setup that targets the 689 nm 1S0-3P1 transition in Strontium. A fur-
ther key requirement is the controlled, yet incoherent preparation of
atoms in the upper lasing state, preventing any imposed phase relation
between the pump beams and the emitted superradiant field. To this
end, we aim to develop and implement a multi-level pumping scheme,
supported by a frequency and intensity stabilized repumping system
integrated into the experiment.

Q 64.23 Thu 17:00 Philo 1. OG
Tools for quantum simulation with circular Rydberg states
of a divalent atom — eAARON GOTZELMANN, EiNtus PULTINEVI-
cius, ArMIN Humic, Marius THomAs, CHRISTIAN HOLzL, FABIAN
THIELEMANN, and FLORIAN MEINERT — 5. Physikalisches Institut,
Universitat Stuttgart, Stuttgart, Germany

In our quantum experiment we aim to realize a quantum simulator
with circular Rydberg states (CRS) of strontium. Compared to low-¢
Rydberg states, CRS offer orders-of-magnitude longer lifetime, which
allows for overcoming fundamental limitations for system coherence.
The maximally allowed angular momentum and magnetic quantum
numbers provided by the CRS yield limited decay channels, that can
be suppressed by decreasing the mode-density in the black-body regime
leading to extreme lifetimes [1]. To this end we use the Purcell-effect
provided by a capacitor structure around the atoms [2].

As a divalent alkaline-earth Rydberg atom, strontium offers several
advantages over monovalent elements because of the optically active
ionic core. This is specifically true for CRS, which allows for coherent
operation of the Srt ion with its level structure. This gives rise to var-
ious tools for our quantum simulator, such as trapping, cooling, side
selective addressing [3], and fluorescence imaging of Rydberg atoms.
In my contribution, I will show our endeavours on the optical detection
of a CRS.

[1] Pultinevicius et al., arXiv:2510.27471 (2025)
[2] Holzl et al., Phys. Rev. X 14, 021024 (2024)
[3] Wirth et al., Phys. Rev. Lett. 133, 123403 (2024)

Q 64.24 Thu 17:00 Philo 1. OG
Fast SLM holography for arbitrary atom transport in neutral
atom QPUs. — eMaximviLiaNn Kos!2, CurisToPHER Bounps!:2,
MANUEL Morcapo® 2, GoviND UNNIKRISHNAND2 RALF BERNER!Z,
Acnmm Scuorzb2, JiacHeEn Znao'?2, Junia Hickn'?2, TiLMAaN
Praul2, and FLoriaN MEINERTH2 — 15th Inst. of Physics, Uni-
versity of Stuttgart — 2IQST
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We report on progress towards a fully dynamical optical tweezer
platform employing fast, phase-only spatial light modulators (SLMs)
within the QRydDemo demonstrator. Due to intensity flickering along
sequences of Gerchberg-Saxton (GS)-based holograms, smooth transi-
tions between frames are generated using the Linear Phase Interpola-
tion (LPI) method [1]. This mitigates losses during transport through
light-field phase control. Our control software has been adapted to in-
clude a GPU-accelerated implementation of the LPI and to support ar-
bitrary two-dimensional trajectories. The neutral-atom platform based
on optical tweezers offers the possibility of 3-dimensional (3D) atom
assembly. We compare several methods for generating static 3D holo-
grams and evaluate their suitability for atom transport, supported by
optical and dynamical simulations. To enable fully 3D atom transport
for sorting and shuttling, we further present an evaluation of the per-
formance of different techniques for generating 3D holograms near kHz
timescales.
[1] I. H. A. Knottnerus et. al. SciPost Phys. 19, 118 (2025)

Q 64.25 Thu 17:00 Philo 1. OG
Design of a new accordion optical lattice for a quantum
gas microscope — eLENNART HoOENEN!, CarRrLos Gas2?, AN-
DREAS MEYER?, LAURIANE Cnomaz!, and LeTiciA TARRUELLZ —
1Physikalisches Institut Heidelberg, Im Neuenheimer Feld 226, 69120
Heidelberg, Germany — 2ICFO - The institute of photonic sciences,
Mediterranean Technology Park, Avinguda Carl Friedrich Gauss, 3,
08860 Castelldefels, Barcelona, Spain

In this poster, the design of a dynamically tunable accordion optical
lattice is presented, which was developed for the Strontium quantum
gas microscope experiment in the Tarruell group. The design is ex-
pected to enable dynamic tuning of the vertical confinement from 9kHz
to 25kHz, corresponding to a change in lattice spacing from 1.9um to
5.1um, while remaining below 80Hz in the horizontal direction. The
functionality of the accordion lattice is demonstrated in a dedicated
test setup, validating its performance and tunability.

This technical advancement opens new possibilities for exploring
strongly correlated SU(N) symmetric systems in tailored 2D geome-
tries under a quantum gas microscope

Q 64.26 Thu 17:00 Philo 1. OG
Morphological false vacuum decay in dipolar supersolids —
eWvarT KirRkBY!:2, THOMAS GaseENzER?, and LAURIANE CHoMAZ!
— 1Physikalisches Institut, Universitit Heidelberg, Heidelberg, Ger-
many — 2Kirchhoff-Institut fiir Physik, Universitit Heidelberg, Hei-
delberg, Germany

We theoretically study false vacuum decay between two morpholog-
ically distinct phases of a two-dimensional atomic dipolar supersolid
via bubble nucleation, within an extended Gross-Pitaevskii framework
including quantum fluctuations. We model the decay rate by deriving
an effective action and instanton bounce solution describing the tran-
sition between honeycomb and stripe supersolid orders. Numerical
simuations of stochastic decay events are then compared against this
field-theoretic approach. We also compare bubble growth velocities
with the longitudinal and transverse sound speeds of the competing
supersolid orders.

Q 64.27 Thu 17:00 Philo 1. OG

Rymax one: A neutral atom quantum processor to solve op-
timization problems — eSiivia FERRANTE!, JoNAs WITZENRATHZ,
Tosias EBerr!, KapriL Goswami', HenDprik Koser!, ToBias
PArkau?, BENJaMmIN ABELN', Hauke Biss!, Giovanni bE VEccHi!,
Jonas Gurscure?, NapeEr Mostaan!, Rick MUKHERJEE?, SUTHEP
PomiaksiLp!, NicLas Luick!, TrHomas NIEDERPRUM?, DIETER
Jakscu!, HEnNING MoriTz!, HErRwic OTT?, PETER SCHMELCHER!,
Kraus SEngsTock!, and ARTUR WIDERAZ — 1University of Ham-
burg, 22761 Hamburg, Germany — 2RPTU Kaiserslautern-Landau,
67663 Kaiserslautern, Germany — 3University of Tennessee, TN 37996

Knoxville, USA

From the optimisation of supply chains to efficient vehicle routing -
computationally hard problems are deeply embedded into modern so-
ciety. Finding solutions to these problems via classical means still
requires substantial computational effort. Quantum processors, on the
contrary, promise a significant advantage in solving them.

Here we present Rymax one, a quantum processor based on neutral
Ytterbium designed to explore the potential of quantum computing for
real world applications. The level structure of Yb naturally provides
qubits with long coherence times as well as high-fidelity gate opera-
tions. These features allow us to realise a scalable platform to test the
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performance of novel quantum algorithms tailored to tackle real-world
problems.

Q 64.28 Thu 17:00 Philo 1. OG
Stabilizing the repulsive Bose polaron — eRENE HENKE, CESAR
R. CaABRERA, and HENNING MoRriTz — Institut fiir Quantenphysik,
Universitat Hamburg

Mobile impurities interacting with a quantum medium form quasi-
particles known as polarons, a central concept in many-body physics.
While the quantum impurity problem has been extensively studied
with ultracold atomic gases, repulsive polarons in the strongly corre-
lated regime have remained elusive. Typically, impurity atoms bind
to molecules or rapidly decay into deeper-lying states before they can
acquire an appreciable dressing cloud. Here, we report on the realiza-
tion of polarons in a strongly repulsive quasi-two-dimensional quan-
tum gas. Using a superfluid of 6Li dimers, we introduce impurities
by promoting a small fraction of the dimers into higher levels of the
transverse confining potential. These synthetic-spin polarons give ac-
cess to the strongly repulsive regime where common decay channels
are suppressed. We extract key polaron properties—the energy, quasi-
particle residue, and effective mass—using trap modulation and Bragg
spectroscopy. Our measurements are well captured by a microscopic
T-matrix approach and quantum Monte Carlo simulations, revealing
deviations from mean-field predictions. In particular, we measure a
significant enhancement of the polaron mass, with values exceeding
twice the free dimer mass. Our demonstration of a stable repulsive
Bose polaron establishes a platform for studying impurity physics in
low-dimensional and strongly correlated systems.

Q 64.29 Thu 17:00 Philo 1. OG
Temperature-dependent extended Gross-Pitaevskii treat-
ment for dipolar quantum gases — eJuLiaAN KuscH, WyarT
KirkBY, and LAURIANE CHOMAZ — Physikalisches Institut, Univer-
sitdt Heidelberg

We investigate the theoretical effects of finite temperature on dipo-
lar quantum gases. The extended Gross-Pitaevskii equation (eGPE)
serves as the general framework, including isotropic contact interac-
tions, anisotropic long-range dipole interactions and beyond-mean-field
effects. By extending the eGPE to include a term based on Bogoliubov
theory, we describe the influence of finite temperatures and study the
impact on the phase diagram and real-time evolution. We also compare
our results directly with experimental observations from the Heidelberg
Dysprosium lab.

Q 64.30 Thu 17:00 Philo 1. OG
Progress toward a Lithium-based quantum gas microscope —
eSHAURYA BuAVE, Runjia Li, Binavak Rout, and TimMoN HILKER —
University of Strathclyde, Glasgow, United Kingdom

Neutral atoms have taken ground as a compelling platform, for both
analog and digital quantum simulation. They bring several advantages
such as long lifetimes, naturally identical qubits, and inherent scalabil-
ity. Optical lattice based tunneling gates, are expected to enhance the
toolkit of simulation experiments to realise hybrid quantum processors.
This approach combines the power of Hubbard simulations, with the
programmability of quantum gates, utilising the inherent fermion ex-
change statistics of cold atoms. Here we present our progress towards
a new lithium quantum gas microscope. Our goal is to gain full con-
trol over the motion of the atoms, by employing an optical superlattice
and single site addressing to create quantum gates. We aim for fast
cycle times and robust preparation of deeply degenerate gases using a
single-chamber design with a high-power optical lattice directly loaded
from a MOT.

Q 64.31 Thu 17:00 Philo 1. OG
Long-lived giant circular Rydberg states at room tempera-
ture for quantum simulation — eEINIUs PULTINEVICIUS, AARON
GOTZELMANN, ARMIN Humic, MaRius THomAs, FABIAN THIELE-
MANN, CHRISTIAN HOLZL, and FLorIAN MEINERT — 5. Physikalisches
Institut, Universitiat Stuttgart

Highly excited Rydberg atoms feature extreme properties, making
them valuable for many applications ranging from sensing to the use
in quantum computing and simulation. Commonly used low-¢, opti-
cally accessible Rydberg states have a limited lifetime which imposes a
fundamental restriction on their coherence times. In our experiment,
we overcome this limitation by transferring the Rydberg electron to a
circular Rydberg state (CRS) with maximally allowed orbital momen-
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tum. The use of a transparent capacitor with indium-tin-oxide-coated
glass plates reduces the mode-density of resonant black-body photons,
further increasing the lifetime while preserving optical access.

Here, we characterize this effect over a wide range of n from 79 up
to 101, enabled by successive coherent population transfer between
close-by CRS. The measured decay dynamics indicate additional res-
onant features involving additional decay paths, which are explained
by taking into account the full electrode structure around the atom.
We demonstrate lifetimes reaching 10 ms at room-temperature and a
trapping time of more than 100 ms, paving the way for experiments
with Rydberg atoms on unprecedented timescales.

Q 64.32 Thu 17:00 Philo 1. OG
Towards Lithium Bose-Fermi-mixtures in a compact experi-
mental apparatus — eJONATHAN BRACKER, MARTIN GuILLOT, and
CHRrISTOF WEITENBERG — Technische Universitat Dortmund

We present the design of a versatile lithium quantum gas machine with
a 2D/3D MOT setup and high-resolution access with an NA of 0.5. A
matter-wave microscope using optical traps allows magnifying the den-
sity by a factor of 35. It also enables the realisation of a phase micro-
scope, mapping phase fluctuations to density fluctuations for a BEC
in a triangular optical lattice. Upon the reassembly of the machine
after relocation, we are currently implementing an upgrade to allow
for the preparation of Bose-Fermi mixtures of Li7 and Li6. We present
the laser system that provides all the necessary frequencies for simul-
taneous sub-Doppler laser cooling as well as future plans to use the
mixture for studying various scenarios of driven-dissipative systems.
In particular, we will use the Li6 cloud as a bath to absorb heating of
a Li7 system upon manipulation with moderately near-resonant light.

Q 64.33 Thu 17:00 Philo 1. OG
Optimizing pulsed resolved sideband cooling outside the
Lamb—Dicke regime — eErwIN A. DijcK, SEBASTIAN DAVIDSON,
RuBeN B. HENNINGER, SHREYA RAo KoDANCHA, DEVANARAYANAN
RasEeB KuMAR, STeEPAN KoOKH, VERA M. ScHAFER, THOMAS
PrEIFER, and JosiE R. Crespo-Lopez UrruTIA — Max-Planck-
Institut fiir Kernphysik, Heidelberg

Cooling ions to the motional ground state of their harmonic trapping
potential minimizes Doppler shifts and enables techniques like quan-
tum logic spectroscopy. Ion motion modulating a narrow transition
produces resolved sidebands that allow changing the motional state in
controlled steps beyond the Doppler limit. In the Lamb—Dicke regime,
the modulation is small: repeated excitation of the first-order red side-
band and repumping successively lowers the phonon number to zero.

Limited trap depth may prevent reaching this regime and presents
challenges in sideband cooling: the Doppler limit now corresponds to
a larger initial phonon number, and absorption and emission during
repumping cause significant heating. However, the larger modulation
index also produces higher order sidebands in the spectrum, allowing
removal of more than one phonon per step.

Simulating the probability distribution over Fock states for one and
two-ion crystals during the cooling process, we investigate optimized
pulse sequences for different combinations of Lamb—Dicke factors and
ion species, considering in particular mixed-species crystals comprising
a Bet ion and a highly charged ion.

Q 64.34 Thu 17:00 Philo 1. OG
Confinement-induced stabilization of a resonantly interact-
ing ultracold Bose-Fermi mixture — eTomMMAsSO VEDOVELLO,
D Digvijay, PREMJITH THEKKEPPATT, KLAASJAN VAN DRUTEN, and
FLORIAN ScHRECK — Van der Waals-Zeeman Institute, University of
Amsterdam, Netherlands

Alkaline—alkaline-earth dimers exhibit both an electric and a magnetic
dipole moment and they are a promising platform for studying quan-
tum many-body effects, precision measurements, quantum computa-
tion and quantum chemistry. In our experiment [1] we aim to produce
such molecules starting from an ultracold Bose-Fermi 87Rb-87Sr mix-
ture. The ultracold scattering properties of this mixture have been
previously determined in our group [2,3|, and the mixture was found
to be resonantly interacting, with losses attributed to 3-body recom-
bination [4]. We observed the suppression of these losses by confining
the gas to lower dimension in a 1D optical lattice . In such a quasi-2D
regime, the resonantly interacting mixture has a long lifetime, up to
hundreds of milliseconds, which is an excellent starting point for pur-
suing molecule formation, for instance through confinement-induced
resonance [5]. Our immediate next goal is to confirm this through a
two-photon scheme (STIRAP). This is the next step towards creating
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the first ultracold open-shell heteronuclear ground-state molecules.

[1] P. Thekkepatt, et al., PRL 135, 193001 (2025) [2] A. Ciamei, et
al., Phys.Chem.Chem.Phys 20, 26221 (2018) [3] V. Barbé et al., Nat.
Phys.14, 881 (2018) [4] P.O. Fedichev, et al., PRL 77, 2921 (1996) [5]
L. Oghittu et al., PRA 112, 043313 (2025)

Q 64.35 Thu 17:00 Philo 1. OG
Bayesian Optimization of Measurement Protocols for the
Thermometry of Ultracold Gases — eLuca LEON GRANERT, JU-
LIAN FEss, SABRINA BURGARDT, Sitvia HIEBEL, and ARTUR WIDERA
— Department of Physics, RPTU University Kaiserslautern-Landau,
67663 Kaiserslautern, Germany

Precise thermometry in ultracold gases is essential for exploring quan-
tum many-body phenomena. Established methods, such as time-of-
flight thermometry, lose precision in regimes with weak signals and
often destroy the sample. Quantum probes provide a non-destructive
approach by encoding environmental information into internal states
with minimal disturbance to the system. In this work, spin-based
quantum thermometers are realized by immersing individual Cs atoms
into an ultracold Rb bath. Inelastic spin-exchange processes between
probe and bath transfer motional and thermal information onto the in-
ternal spin states. The information gained per inelastic event increases
when nonequilibrium spin dynamics are exploited. The optimal param-
eters for this process depend on the temperature being estimated, mak-
ing this system well-suited for Bayesian estimation strategies. Three
measurement protocols are investigated: an unoptimized, an a priori
optimized, and an adaptively optimized version. Their performance
is evaluated based on their convergence behavior and achievable es-
timation accuracy. The a priori optimized protocol shows the best
performance in this comparison. These results show that nonequilib-
rium probe dynamics can enhance quantum thermometry, supporting
efficient and precise temperature estimation in ultracold environments.

Q 64.36 Thu 17:00 Philo 1. OG
Realizing and probing programmable 2D optical lattices with
flexible geometries and connectivity — eSuENG-Hung Wangh2,
KRITSANA SRAKAEW!2, Davip Wer"2, DaNIEL ApLerD?2, SucHITA
AcrawarLl?2 Davip GrROTERsD2, PascaL WECKEssSErRD'2, IMMANUEL
Brocu!?3 and Jouannges Zemerb?3 — IMax-Planck-Institut fiir
Quantenoptik, Garching, Germany — 2Munich Center for Quantum
Science and Technology, Munich, Germany — 3Fakultit fiir Physik,
Ludwig-Maximilians-Universitat, Munich, Germany

Optical lattices are a versatile platform for studying complex and
highly correlated quantum many-body systems. For most experiments,
the layout of the confining lattice beams restricts the accessible lat-
tice geometries and the underlying physics. We recently overcame
this challenge by introducing a passively phase-stable tunable lattice,
which offers programmable cell connectivity and flexible geometries,
including square, triangular, Lieb, and Kagome lattices [1]. In this
poster, we present our tunable lattice geometries and demonstrate out-
of-equilibrium quantum walks for different settings. Furthermore, we
introduce a new upgrade that will enable mid-sequence tunabilty, al-
lowing for doublon and spin-resolved imaging. In addition, we discuss
cooling techniques that will boost the overall preparation time for ul-
tracold atoms in optical lattices.
[1] Wei et al. Physical Review X 13.2 (2023): 021042.

Q 64.37 Thu 17:00 Philo 1. OG
Spin-resolved microscopy of an SU(N) Fermi-Hubbard sys-
tem eLEONARDO BEgzzo!, CarLos Gas-FERRER!, SANDRA
Buos!, Anxtonio Rubio-ABapaL!, and LeTiciaA TARRUELL!:2

LICFO, Castelldefels (Barcelona), Spain — 2ICREA, Barcelona, Spain

Quantum-gas microscopes have provided direct access to the phases of
the Fermi-Hubbard model. For SU(2) systems, they have brought mi-
croscopic insight into the complex competition between interactions,
quantum magnetism, and doping. Alkaline-earth(-like) fermions ex-
tend this spin-1/2 paradigm by giving access to SU(N) Fermi-Hubbard
models, with rich phase diagrams to be unveiled. Despite its funda-
mental interest, a microscopic exploration of SU(N) quantum systems
has remained elusive. We report the realization of a quantum-gas mi-
croscope for fermionic 87Sr. Our fluorescence imaging scheme, based
on cooling and detection on the narrow intercombination line at 689
nm, enables spin-resolved single-atom detection. By combining it with
an optical pumping protocol, we are able to detect the 10 spin states
occupation in a single experimental run, a crucial capability for prob-
ing site-resolved magnetic correlations. Moreover, we characterize the
fundamental inelastic photon scattering processes that limit the site-
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resolved fidelity of our imaging protocol, and demonstrate an extension
of our method that allows us to reach fidelities > 96% for systems up
to SU(8). These results establish 87Sr quantum-gas microscopy as a
powerful approach to study exotic magnetism in the SU(N) Fermi-
Hubbard model, and provide a new detection tool with potential ap-
plications to quantum simulation, computation, and metrology.

Q 64.38 Thu 17:00 Philo 1. OG
Enhanced Atom Capture via Multi-Frequency Magneto-
Optical Trapping — eBeNjaMIN HopToN, NaTHAN COOPER, and
Lucia HAckERMULLER — School of Physics and Astronomy, Univer-
sity of Nottingham, UK

Cold atom traps have a wide range of applications, from sensing—
in devices such as magnetometers and gravimeters—to tests of fun-
damental physics. Increasing the size of these atom traps increases
the sensitivity of such experiments; additionally, increasing the load
rate of these traps inevitably increases the bandwidth of any device
using these traps. We deliver an experiment showing that using multi-
frequency cooling light in a Rb-87 magneto-optical trap (MOT) dou-
bles the total number of atoms captured (capturing up to 1.3 X 1010
atoms) and further improves the load rate of the trap three-fold (up
to 1.2 x 101 s~1) compared to a traditional single-frequency MOT
using the same apparatus. The use of multiple frequencies, each sep-
arated on the order of the natural linewidth of the atomic transition
in question, allows a larger range of Doppler shifts—or higher veloc-
ity classes—to be available for excitation from the laser; this allows
atoms to remain on resonant with the laser as it is cooled, increasing
the capture velocity of a MOT for the same given size. We aim to
continue optimising the setup for greater increase in both loading rate
and steady-state atom number, in addition to implementing high atom
number interferometric techniques, of which we have simulated.

Q 64.39 Thu 17:00 Philo 1. OG
Towards a UV single-site addressing system for a hybrid
fermionic quantum processor — eINo AHRENs!?2, FRANCESCO
Testi!*#, Luca MuscareLLAl?, RoBIN Groru!'3, ANDREAS VON
Haarenb3 Livance Qrul3, Trrus Franz!3, PumLipp Preissh 3, and
IMMANUEL Brocub3% — 1Max-Planck Institute of Quantum Optics
— 2Technical University of Munich — 3Munich Center for Quantum
Science and Technology — 4Ludwig Maximilian University Munich

FermiQP is a demonstrator for a fermionic quantum processor utiliz-
ing ultracold fermions in optical lattices. Operating in analog mode,
the system facilitates precision studies of the two-dimensional Fermi-
Hubbard model. In its digital mode, it aims to implement a universal
gate set on the spin degree of freedom, enabling advanced state en-
gineering and local basis transformations. We present a single-atom
addressing scheme for coherently manipulating the internal states of
individual Lithium-6 atoms in an optical lattice. The scheme employs
differential light shifts near a UV transition at 323 nm, maximizing
atomic coherence while minimizing cross-talk to neighboring lattice
sites. We report on the characterization of our high numerical aperture
UV microscope objective and the current status of the implementation
of our single-site addressing setup, which incorporates two polarization
independent AODs.

Q 64.40 Thu 17:00 Philo 1. OG
Photonic bandgaps and normal mode splitting in lat-
tices interacting with optical cavities — PuiLippPE WILHELM
CourTEILLE!, eDaLILA R1vERO!, GUsTavo HENRIQUE DE Frangal,
Craupio ALves Pessoa Junior!, ANa Cipris!, MAYERLIN NUNEZ
PorTELAZ, RAUL TEIXEIRA®, and SEBASTIAN SLaMa? — nstituto de

Fisica de Sdo Carlos, Universidade de Sao Paulo, Sao Carlos, Sdo Paulo
13566-970, Brazil — 2Laboratorio de Optica Cuantica, Universidad de
los Andes, A.A. 4976, Bogota D.C., Colombia — 3Departamento de
Fisica, Universidade Federal de Sao Carlos, Sao Carlos, Sdo Paulo
13565-905, Brazil — %Center for Quantum Sciences and Physikalis-
ches Institut, Eberhard-Karls Universitdt Tiibingen, 72076 Tiibingen,
Germany

At low optical density, the atom-cavity system is described by the open
Dicke model, where collective coupling strength determines the width
of normal mode splitting. We apply this to ordered clouds in linear and
ring cavities and demonstrate its use in witnessing Wannier-Bloch os-
cillations. At high optical density, the atomic distribution reshapes the
cavity mode, requiring a transfer matrix model. For a periodic atomic
lattice, this reveals competing photonic band gaps and normal mode
splitting. We discuss the limitations of both models and pathways to
more generalized theories.

Q 64.41 Thu 17:00 Philo 1. OG
A New-Generation Rydberg Atom Quantum Simulator —
eLukas KLEIN, BasTIEN GELY, MU Q1A0, ROMAIN MARTIN, THIERRY
Lanavg, and ANTOINE BRoOwAEYS — University Paris-Saclay, Institut
Optique Graduate School

We are building a new-generation Rydberg atom array setup for quan-
tum simulations that will replace the existing setup developed at Insti-
tut d’Optique over the last decade. With this platform, single atoms
are arranged in arbitrary geometries by optical tweezers. Using Ryd-
berg states, it is then possible to implement many-body spin Hamil-
tonians [1]. Most recent works include the XY spin model [2] and the
t-J spin model [3].

I will present the construction of the new-generation setup, that
improves several important features of the machine. One major up-
grade are the focusing optics, which used to be aspheric lenses on the
old setup and are now high NA (0.57) microscope objectives. We are
therefore able to generate larger arrays of single Rb-87 atoms.

I will further present some experimental results demonstrating our
control over the atoms, such as state preparation and manipulation in
ground and Rydberg states. Furthermore, we refined the technique of
grey molasses used for cooling and enhanced loading - reaching filling
fractions of more than 85%.

References

[1] A. Browaeys and T. Lahaye, Nature Physics 16, 132 (2020).

[2] G. Emperauger et al., Phys. Rev. X 15, 031021 (2025).

[3] M. Qiao et al., Nature 644, 889-895 (2025).

Q 64.42 Thu 17:00 Philo 1. OG
Towards Bose-Einstein condensation of strongly dipolar mix-
tures of dysprosium atoms — LENNARD REIHs, MARIAN DUER-
BECK, JOHANNES SEIFERT, BHALCHANDRA CHOUDHARI, JUAN PABLO
MAruLANDA, NELsON WERUM, MArRco DE Pas, GERARD MEIJER,
and eGiacoMo VALTOLINA — Fritz-Haber-Institut der Max-Planck-
Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany

Quantum gases of magnetic atoms, such as dysprosium (Dy), can pro-
vide access to a wide range of exotic many-body physics. Prominently,
this included the recent realization of the long-sought-after supersolid
phase. A richer landscape of supersolid phases has been theoretically
predicted for mixtures of these magnetic atoms. We report on our
efforts to create stable mixtures of Dy. We show a broadly applicable
frequency-modulation scheme for simultaneous slowing and trapping
of different isotopes of Dy and discuss progress toward producing mix-
tures of strongly dipolar Bose-Einstein condensates.

Q 65: Poster — Ultra-cold plasmas and Rydberg systems (joint session A/Q)

Time: Thursday 17:00-19:00

Q 65.1 Thu 17:00 Philo 1. OG
Cryogenic Strontium Quantum Processor #ROBERTO
Franco, XiINTONG Su, VALERIO AMico, Jonas DROTLEFF, and
CHRISTIAN GROss — University of Tiibingen

In our project we aim at the unification of the optical tweezer technol-
ogy with cryogenic technology at 4K, exploiting the stability of nuclear
spin qubits encoded in fermionic strontium. This will result in record-
long coherence and lifetimes of the atoms in the optical tweezer array.
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We report our efforts on the architecture to perform single qubit gates
and the plans for adding two-qubit gates in the experiment.

Q 65.2 Thu 17:00 Philo 1. OG
Hilbert space fragmentation in driven-dephasing Rydberg
atom array — eTIANYI YAN, CHUNHEI LEUNG, and WEIBIN LI — School
of Physics and Astronomy and Centre for the Mathematics and The-
oretical Physics of Quantum Non-equilibrium Systems, University of
Nottingham, Nottingham NG7 2RD, United Kingdom
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We investigate the onset and mechanism of Hilbert space fragmenta-
tion (HSF) in a chain of strongly interacting Rydberg atoms subject to
local dephasing. It is found that the emergence of multiple long-lived
metastable states is fundamentally tied to HSF of the driven-dephasing
Rydberg atom system. We demonstrate that the manifesting HSF is
captured by a dephasing PXP model that supports multiple degener-
ate zero modes. These modes form disconnected, block-diagonal sub-
spaces of maximally mixed states, which consist of many-body spin
states sharing the same symmetry. A key result is the identification
of the underlying symmetry in the HSF, where conserved quantities
in each subspace are defined by the consecutive double excitation ad-
dressing operator. Moreover, we show explicitly that the number of the
fragmented Hilbert space grows exponentially with the chain length,
following a modified Fibonacci sequence. Our work provides insights
into many-body dynamics under dynamical constraints and opens av-
enues for controlling and manipulating HSF in Rydberg atom systems.

Q 65.3 Thu 17:00 Philo 1. OG
Construction of a versatile platform for Rydberg atom exper-
iments — e AARON THIELMANN, DOMINIK ISSLER, ERIK BERNHART,
SVEN ScHMIDT, THOMAS NIEDERPRUM, and HERwiG OTT — Depart-
ment of Physics and research center OPTIMAS, RPTU Kaiserslautern-
Landau

In recent years, atomic arrays emerged as a ground-breaking platform
in quantum physics. These setups feature single-atom control and offer
large flexibility to study quantum information processing and many-
body physics in different geometric configurations.

We present a new experimental setup utilizing a stainless steel cham-
ber and in vacuum electrodes, allowing to produce arrays of single
atoms or small samples, while having as much control over sorround-
ing parameters as possible. We use holographically generated traps
from an SLM at a wavelength of 1064nm, which are projected together
with additional addressing beams through a high resolution objective
into the vacuum chamber. This opens the possibility to site-selectively
excite and deexcite the atoms using multiple two- and three-photon
transitions, thus enabling the investigation of transport with controlled
dissipation in arbitrarily arranged arrays of Rubidium atoms. Addi-
tional features include electric and magnetic field control in combina-
tion with an ion detector as well as the ability for global application
of microwave and optical fields.

Q 654 Thu 17:00 Philo 1. OG
Collectively Enhanced Detection — eLEw SCHONE, AMAR BEL-
LAHSENE, SWAYANGDIPTA BERA, CLEMENT GRADZIEL, MAXIMILIAN
MULLENBACH, SHUZHE YANG, ToMm BIENAIME, and SHANNON WHIT-
Lock — Centre Européen de Sciences Quantiques, Institut de Science
et d’Ingénierie Supramoléculaire (UMR 7006), Strasbourg, France

Arrays of single atoms in optical tweezers are a strong contestant in
the race for quantum computing and simulation platforms (1). Besides
their strengths - scalability, environmental isolation and adaptability
- the system still lags speed when it comes to qubit manipulation and
readout. This project aims to implements a new fast detection scheme
to enable measurements on the microsecond timescale.

In the group of Prof. Whitlock in Strasbourg we have experience
with arrays of atomic ensembles in microtraps (2). We now want to
combine ensembles with single atoms to realize collectively enhanced
detection using Rydberg electromagnetically induced transparency (3)
to detect the state of a single atomic qubit. The big challenges of
this measurement scheme are the preparation of the atomic ensembles
and the single atom in neighboring tweezers, as well as an optimized
interaction and readout sequence. Implemented on a potassium quan-
tum gas machine, this new detection method will enable fast and state
sensitive measurements.

(1) M. Morgado and S. Whitlock, AVS Quantum Science 3, no. 2
(2021)

(2) Y. Wang et al., Npj Quantum Information 6, no. 1 (2020)

(3) W. Xu et al., Physical Review Letters 127, no. 5 (2021)

Q 65.5 Thu 17:00 Philo 1. OG
Study of Rydberg states in ultracold ytterbium — eNELE
KocH, ALEXANDER MIETHKE, JELLINA NUHA, and AXEL GORLITZ
— Heinrich-Heine-Universitét, Institut fiir Experimentalphysik, Diis-
seldorf, Germany
In recent years Rydberg atoms with their special features, like dipole-
dipole interaction or van-der-Waals blockade, have become more and
more important for quantum optics. Particularly ultracold Rydberg
atoms are of great interest for the investigation of long range interac-
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tion.

A special feature of ytterbium is that due to its two valence electrons
atoms in Rydberg states can be easily manipulated and imaged using
optical fields. A first step towards studies of ultracold ytterbium is to
gain precise knowledge on the Rydberg states.

Here we present the study of the Rydberg states of ultracold ytter-
bium. Using a Micro-Channel-Plate to detect the Rydberg atoms it is
possible to measure lifetimes and hyperfine structures of several states
(n=35-90). In addition we could measure the energy and polarizability
of s, p and d states in the region of high principal quantum numbers
n (n=70-90). Using a second stage trap we are able to cool the atoms
down to several micro K to reduce their distances and investigate in-
teractions.

Q 65.6 Thu 17:00 Philo 1. OG
Towards the simulation of 2D lattice gauge theories in dec-
orated Rydberg tweezer arrays — eRoxana WEDOwsKI', ANA
PEREzZ BARRERA', QUENTIN REDON!, JUuLIA BERGMANN2 ALESSIO
CeL'2, and LeETiciA TARRUELLY3 — ICFO - Institut de Ciencies Fo-
toniques, Castelldefels (Barcelona), Spain — 2Universitat Autonoma
de Barcelona (UAB), Barcelona, Spain — 3ICREA, Institucié Cata-
lana de Recerca i Estudis Avangats, Barcelona, Spain

Solving strongly coupled gauge theories in more than one dimension
is of fundamental importance in several areas of physics, ranging from
high-energy to condensed matter physics. On a lattice, gauge invari-
ance and gauge-invariant interactions involve challenging multi-body
interactions to realize in quantum simulators. Engineering generalized
blockade interactions in decorated arrays of Rydberg atoms has been
proposed as a solution to this challenge. In my poster, I will present
our current construction of the strontium Rydberg tweezer platform at
ICFO based on this approach. This approach should enable us to real-
ize plaquette interactions and engineer the Rokhsar-Kivelson Hamilto-
nian with minimal experimental complexity. Specifically, I will discuss
our latest progress on the construction of the experimental platform.

Q 65.7 Thu 17:00 Philo 1. OG
Effect of small interaction terms in a time-reversal
protocol for a Rydberg Quantum Simulator — eVARAD
DuopAPKAR!, MaHARSHI PraN Bora2, Epuarp Braun3, MEeNY
MEeNAsHES?, MarTHIAS LoTZE®?, GERHARD ZUERN®, and MATTHIAS
WEIDEMUELLER? — !Physikalisches Institut, Im Neuenheimer Feld
226, 69120 Heidelberg — 2Physikalisches Institut, Im Neuenheimer
Feld 226, 69120 Heidelberg — 3Physikalisches Institut, Im Neuen-
heimer Feld 226, 69120 Heidelberg — “Physikalisches Institut, Im
Neuenheimer Feld 226, 69120 Heidelberg — 5Physikalisches Institut,
Im Neuenheimer Feld 226, 69120 Heidelberg — SPhysikalisches Insti-
tut, Im Neuenheimer Feld 226, 69120 Heidelberg — 7Physikalisches
Institut, Im Neuenheimer Feld 226, 69120 Heidelberg

Time reversal protocols possible one of which is implemented in a dipo-
lar interacting, isolated many-body spin system represented by Ryd-
berg states in an atomic gas. Our time reversal protocol can be used
in measurement of Out-of-time-order correlators since time reversal is
essential for an OTOC which requires backward evolution of a system
which can then be used to measure the extent of information scram-
bling in the system. However, the dipole-dipole interaction Hamilto-
nian yields certain second order, perturbative interaction terms which
effect the efficiency of our protocol and the fidelity of our measurement.
Our goal is to experimentally realize pre-existing theoretical models
like a 1-D spin chain to better understand the effect these terms have
on our time reversal protocol.

Q 65.8 Thu 17:00 Philo 1. OG
Orientation of Trilobite Rydberg Molecules in Electric Fields
— eMAaRKUS EXNER, RICHARD BLATTNER, and HErwic OTT —
RPTU Kaiserslautern-Landau, Kaiserslautern, Deutschland

Rydberg molecules consist of a Rydberg atom bound to a ground state
atom. The binding mechanism is based on the scattering interaction
between the Rydberg electron and the ground state atom. Trilobite
molecules are a subclass of high-1 Rydberg molecules that exhibit a
huge permanent electric dipole moment and are therefore highly sensi-
ble to electric fields. We report on the observation of trilobite molecules
oriented by an electric field. We excite these molecules within a cloud
of ultracold 37Rb atoms using a three-photon excitation scheme. We
make the molecules orientation visible on the 2D detector of a reaction
microscope taking advantage of state changing collisions.

Q 65.9 Thu 17:00 Philo 1. OG
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Towards a global otoc in a rydberg spin system — eMAHARSHI
Pran Bora, EDUuArRD BrRAUN, MENY MENASHES, MATTHIAS LOTZE,
VArRAD DHOPADKAR, GERHARD ZUERN, and MATTHIAS WEIDE-
MUELLER — University of Heidelberg

Out-of-time-order correlators (OTOCs) quantify the scrambling of op-
erator information in a quantum system. Most studies formulate this
scrambling as a spreading of correlation between local observables in
the system. However, the access to these local observables can be chal-
lenging sometimes. Interestingly, these correlators can also be studied

using global observables of the system. The formulation of multiple
quantum coherences and its connection to OTOCs, gives a way to
probe the scrambling of global observables in the system [1]. In our
Rydberg spin system, we are moving towards measuring this type of
global OTOC with a global magnetization measurement. These global
OTOC measurements could provide an insight into the localization or
thermalization aspects of our rydberg spin system.

[1] Gérttner, M., Hauke, P., & Rey, A. M. (2017). Relating out-of-
time-order correlations to entanglement via multiple-quantum coher-
ences. Phys. Rev. Lett. 120, 040402.

Q 66: Poster — Quantum Technologies Il

Color Centers and Ion Traps

Time: Thursday 17:00-19:00

Q 66.1 Thu 17:00 Philo 2. OG
SLE-structuring and surface polishing for the fabrication
of multi-segmented ion traps — eJAN CHRISTOPH MULLER',
CaN Lercatwriss!, ALEXANDER MULLER?, ByorN LEkiTscu!2, and
FERDINAND ScHMIDT-KALER!2 — 'QUANTUM,Institut fiir Physik,

55128 Mainz, Germany — 2neQxt GmbH

The up-scaling of trapped ion quantum computers relies on the seg-
mentation and miniaturization of the traditional macroscopic ion traps
to enable the storage of multiple sub clusters of the ions that serve as
qubits [1]. We want to achieve this while maintaining favorable quali-
ties like a deep trapping potential and low heating rates at room tem-
perature, both associated with 3D Paul traps. We established a special
purpose clean room where we can fabricate trap chips with versatile
3D-geometries in fused silica using Selective Laser-induced Etching
(SLE), followed by surface polishing using a scanning CO3z-Laser [2]
and metallic sputter deposition. We report on different fabricated trap
designs and on tests with 4°Ca™ ions.

[1] V. Kaushal et al., AVS Quantum Sci.; 2 (1):014101.

[2] C. Weingarten et al., J. Laser Appl.; 29 (1):011702.

Q 66.2 Thu 17:00 Philo 2. OG
Progress on Our Next-Generation Quantum Computing
Setup — eJames RumboLp!, HeLin OzeL!, JuLian WIENER!, JoHN
WoLrr!, FELIX SToPP1:2,| Jonas VocELY'2, ByjorRN LEkiTsca!2, and
FERDINAND ScHMIDT-KALER!"2 — 1QUANTUM, Institut fiir Physik,

Johannes Gutenberg-Universitat Mainz — 2NeQxt GmbH

To further enhance the capabilities of trapped-ion quantum comput-
ing systems, hundreds of qubits with higher operational fidelities are
required. In our next-generation quantum computer we plan to in-
crease our qubit count up to 100 by implementing two independent
computational zones, with each holding ten ions and enacting gates
simultaneously. Our ion trap features 40 DC segments that can hold
additional ion chains and perform transport operations, facilitating all-
to-all connectivity. To improve the computational fidelities the setup
will feature three layers of mu-metal shielding, no magnetic parts sur-
rounding the vacuum chamber, and a redesigned addressing system
for reduced crosstalk. The poster will present the current progress of
the experimental system, including optical and electronical qubit con-
trol, as well as some preliminary characterisation results of the new
components.

Q 66.3 Thu 17:00 Philo 2. OG
Setup of a Confocal Fluorescence Microscope for the Detec-
tion and Characterization of Single NV Centers in Diamond
— eMANUEL RIEDMANN, Lucas KIRCHBACH, and ANDREAS STUTE
— Technische Hochschule Niirnberg

Single nitrogen vacancy (NV) centers in diamond serve as a photonic
platform for quantum sensing and computing applications. They can
be created deterministically using femtosecond laser pulses. Such writ-
ing process requires high-resolution fluorescence detection with a high
signal-to-noise ratio, which is accomplished by setting up a homebuilt
confocal fluorescence microscope. The microscope shall monitor the
fluorescence of newly formed NV centers during the writing process.
In addition, it will be used to characterize the NV centers’ spin co-
herence times, orientation in the diamond lattice and single-emitter
characteristics via the intensity correlation function g(® (7). In the fu-
ture, this setup is also planned to be employed for STED-microscopy
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of twin NV centers.

Q 66.4 Thu 17:00 Philo 2. OG

Diamond Thin Film Creation for Color Centers — eNICK

BrinkMANND:2|  Carus Niemann!, Donika Imerib2, LEONIE
Eccersb?2, SuniL Manatol2, Lasse IRraanc!, KONSTANTIN
Beck!, Riknav Suan!, and RaLr RiIEDINGER!:2 — lUniversitit

Hamburg, Institut fiir Quantenphysik, Hamburg, Deutschland — 2The
Hamburg Centre for Ultrafast Imaging, 22761 Hamburg, Germany

Diamond nanophotonic structures hold immense potential for break-
throughs in quantum information technologies and are a leading plat-
form for developing quantum memory chips. One challenge in the
development of nanophotonic structures lies in the reliable transfer
and bonding of single-crystal diamond thin films onto suitable sub-
strates. Here, we present an innovative and scalable process, which
holds promise for efficiently and securely managing the transfer of
these diamond thin films. This method can advance the fabrication
of nanophotonic structures on diamond, which can serve as interfaces
between the spins of color centers, such as SiV, and photons. Thus,
it opens up new possibilities for integrating such structures into pho-
tonic networks, promising significant advances in quantum optics and
communication.

Q 66.5 Thu 17:00 Philo 2. OG
Quantum photonics using color centers in a diamond mem-
brane coupled to a photonic structure — eSurRENA FATEMI!2,
Jan Farr!, Roy KonnoTn AnceL?, CHrisToPHE CouTEAU2, and
CurisTorPH BeEcHER! — !Fachrichtung Physik, Universitit des Saar-
landes, Saarbriicken, Germany — 2Université de Technologie de
Troyes, Troyes, France

In recent years, color centers in wide band-gap materials have attracted
significant attention due to their exceptional potential in quantum
technologies. Among these, group-IV color centers in diamond stand
out for their long spin coherence times and superior optical proper-
ties, including narrow emission lines, high spectral stability, and bright
single-photon emission. A key challenge in developing quantum de-
vices based on color centers is the inefficient photon out-coupling from
diamond, resulting in low extraction rates. To address this limita-
tion, we investigate group-IV color centers in diamond membranes
integrated with TiO2-based photonic waveguides. Leveraging Finite
Element Method simulations and Monte Carlo optimization, we re-
fine membrane geometry, coupling interfaces, and waveguide design
to enhance photon out-coupling and achieve high photon extraction
rates, paving the way for practical, efficient quantum devices. We
also present the fabrication process and initial investigations of these
optimized structures.

Q 66.6 Thu 17:00 Philo 2. OG
Adhesion Tests for Multi-Layer Surface-Electrode Ion Traps
in Cryogenic Ultra-High Vacuum — eNicA ScCHIFFELHOLZ!,
Jacos Stupp!, Nora D. Stanr!, Masum M. BiLrLan!, MAar-
LoN Kunn!, CHRISTINE MARACHORIS!, FRIEDERIKE GIEBEL?, EIKE
Iseke!2, NiLA KrisuNAKUMARD2, KONSTANTIN THRONBERENSZ, and
CHRISTIAN OsPELKAUs? — llnstitute for Quantum Optics, Leib-
niz University Hannover, Welfengarten 1, Hannover, 30167, Germany
— 2Physikalisch-Technische Bundesanstalt, Bundesallee 100, Braun-

schweig, 38116, Germany

Quantum computers are expected to solve certain computational prob-
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lems significantly faster than classical computers. Trapped-ion based
approaches offer the advantage of scalability and low error rates. Trap-
ping ions in surface-electrode ion traps offers improved optical access,
while multi-layered designs allow more complex signal routing in mul-
tifunctional trap designs. In our design, subsequent gold layers are
microfabricated with a dieletric polyimide film between each level.
Here we investigate the adhesive behavior between the polyimide layer
and the subsequent layers for use in cryogenic ultra-high vacuum un-
der varying manufacturing parameters. Titanium and chromium are
tested as adhesive layers, and their effect on the gold layer is studied.

Q 66.7 Thu 17:00 Philo 2. OG
Characterization of shallow, low temperature annealed tin-
vacancy centers in diamond — eGABRIELLE A. HUNTER-SMITH,
JaN Farr, KiLiaAN MARK, SURENA FaTeEMI, and CHRISTOPH BECHER
— Universitdt des Saarlandes, Fachrichtung Physik, Campus E2 6,
66123 Saarbriicken

Group-1V color centers in diamond are well known for their suitabil-
ity as nodes within quantum networks due to their excellent spin and
optical coherence. In particular the negatively charged tin-vacancy
center (SnV-) has proved promising, with previous work showing that
after high pressure, high temperature (HPHT) annealing, the spread
of spectral peaks may be significantly reduced [1].

However, HPHT annealing is both a costly and restrictive procedure,
as well as being potentially destructive to delicate surface structures,
e.g. nano-photonic elements.

We here present initial investigations on shallow SnV- centers gener-
ated by focused ion beam implantation and annealing under vacuum at
1200°C. In particular, we consider the effects of surface terminations
and etched microstructures on the surface of thin diamond samples
through monitoring the emission spectra, saturation curves, and back-
ground fluorescence levels.

[1] Gérlitz, J. et al, 2020 New J. Phys. 22 013048

Q 66.8 Thu 17:00 Philo 2. OG
Adaption and Evaluation of Custom Microwave Antennas
for NV Center Coherence Measurements — e YANNICK RESCH,
ANisH THOMAS, STEFAN JOHANSSON, DENNIS LONARD, ALENA ER-
LENBACH, JoNAS GutscHE, and ARTUR WIDERA — Department of
Physics and State Research Center OPTIMAS, RPTU University
Kaiserslautern-Landau, 67663 Kaiserslautern, Germany

Due to their biocompatibility, nitrogen-vacancy (NV) centers in dia-
monds can be implanted into cells and algae to investigate magnetic-
field signals and temperatures inside these biological samples. The sen-
sitivity of the magnetic field and temperature sensing with NV centers
is, however, often limited by the inhomogeneity of the microwave field
used to drive the NV centers’ spin states.

In this work, we report on the adaptation and evaluation of different
designs of microwave patch antennas tailored for integration into an
existing setup for probing biological samples. We investigate a double
split-ring resonator and a planar ring design for their ability to gener-
ate homogeneous microwave fields and their efficiency in exciting the
spin-resonance transitions of NV centers.

To achieve suitable impedance characteristics and field distribution,
we used high-frequency simulations and characterized the resulting
prototypes by experimental S-parameter analysis as well as magnitude
and homogeneity of the microwave field, which was determined by
measuring Rabi oscillations in several NV-diamond specimens.

Q 66.9 Thu 17:00 Philo 2. OG
Exploring Nickel Vacancies for Improved Colour Centres —
eFLORIAN RICKERT, Nick BRINKMANN, CArus NIEMANN, and RALF
RIEDINGER — Institute for Quantum Physics, Hamburg, Germany

As quantum computers advance, the need for quantum networks be-
comes more apparent. In order to realize a quantum internet, we need
to connect processors over long distances. With quantum cryptogra-
phy, security levels in communication could then be raised to unprece-
dented levels.

Due to the exponential loss of photons in fibers over long distances,
an optical quantum network relies on quantum repeaters that allow
for qubit storage with sufficiently long coherence times. A thoroughly
investigated platform for such repeaters is the silicon-vacancy (SiV-)
color center in diamond. At temperatures below 100 millikelvin, this
defect exhibits spin memory long enough to enable entanglement over
a distance of 500 kilometers. The major drawback of this platform,
despite its impressive performance, is the extremely low temperature
requirement which demands expensive dilution refrigeration.
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A promising candidate to overcome this limitation is the NiV color
center in diamond. Due to stronger spin-orbit coupling, the ground
state splitting of Nickel is larger, making the spin qubit stable at tem-
peratures up to about 2K. These temperatures are reached with a much
more affordable and transportable setup.

Here we present recent efforts for chip integration of NiV color cen-
ters.

Q 66.10 Thu 17:00 Philo 2. OG
Time-resolved coherent optical spectroscopy on an ensem-
ble of tin-vacancy color centers in diamond — eFaBiaN Vorrz,
AnNNA Fuchs, and CHrIsTOPH BECHER — Universitat des Saarlandes,
Saarbriicken 66123, Germany

Single negatively charged group IV-vacancy (G4V) color centers in di-
amond are among the leading candidates for qubit systems in quantum
communication due to their long spin coherence times and stable opti-
cal emission lines. While most studies focus on single centers, dense en-
sembles of G4V centers offer enhanced light-matter coupling, as shown
for ensembles of silicon-vacancy (SiV~) centers [1], enabling applica-
tions such as Raman-based quantum memories or quantum sensing.

Among the G4V centers, single tin-vacancy (SnV™) centers stand
out with long spin coherence times at elevated temperatures (~ 2 K)
[2,3]. However the spin dynamics of ensembles of SnV ™ centers re-
main largely unexplored, despite the potential benefits of higher signal
levels.

In this work, we investigate the spin coherence time of a dense
SnV ™~ ensemble by combining coherent optical spectroscopy with time-
resolved measurements. We will present our recent results on SnV~—
ensembles and discuss the implications of these findings for ensemble-
based quantum technologies that aim to combine strong light-matter
interaction with long spin coherence.

[1] Weinzetl et al., Phys. Rev. Lett. 122, 063601 (2019)

[2] Karapatzakis et al., Phys. Rev. X 14, 031036 (2024)

[3] Gorlitz et al., npj Quantum Inf 8, 45 (2022)

Q 66.11 Thu 17:00 Philo 2. OG
Scalable formation of tin-vacancy centers in diamond for
quantum technology applications. — eAIKATERINI TZANETOUL,
FeLix HorrMaNN!, ELLA ScHNEIDER?, GIANFRANCO ARESTAS,
MukesH TRIPARTHI?, JuLiaN Rickerr?, and DanieL HAHNEL! —
IFraunhofer Institute for applied Solid State Research IAF, Freiburg,
79108, Germany — 2Surrey Ion Beam Centre, University of Surrey,
Guildford GU2 7XH, UK — 3Ionoptika Ltd.B6 Millbrook Close, Chan-
dler’s Ford, Hampshire SO53 4BZ, UK — *XeedQ GmbH, Augustus-
platz 1-4, 04109 Leipzig, Germany

The tin-vacancy (Sn-V) center in diamond has emerged as a promising
emitter for the realization of quantum information processing proto-
cols. We here report on a process flow that targets the precise, re-
producible and localized formation of tin-vacancy centers in diamond
intended for use in quantum technology applications. On this basis, tin
ions (117-Sn2+) are implanted on high-purity diamond substrates by
means of focused-ion-beam single-ion implantation. The implantation
pattern consists of 100-spot arrays each formed by discrete number of
ions per spot. Thermal annealing in vacuum is applied for the color
center generation and consequently the defects are studied with optical
characterization tools. Localization at the nanoscale with spot sizes
below 90 nm is reported from stimulated emission depletion (STED)
microscopy measurements. Spectral analysis and photoluminescence
intensity measurements provide insights on Sn-V formation as a func-
tion of ion fluence. The process flow is evaluated in a statistical frame-
work with a focus on scalability and process yield.

Q 66.12 Thu 17:00 Philo 2. OG
A Modular Multi-Card AWG Platform for High-Fidelity
Control of Segmented Ion Traps — eMaximiLIAN Orrab?2,
BiorN Lexitscu!2, and FERDINAND ScHMIDT-KALER!:2
LQUANTUM, Institut fiir Physik, Johannes Gutenberg-Universitit
Mainz — 2neQxt GmbH

We present a new modular AWG platform for segmented ion traps, im-
plemented as a multi-card system within a single chassis. DC-AWG,
RF-AWG and main-controller cards are interconnected via a shared
backplane, forming a freely scalable control architecture. The fully
linear output behaviour allows for compensation and accurate mod-
elling of the output distortion behind the trap*s filter network.

The DC-AWG cards provide 32 channels per module and a +-
40V output. The main-controller card supplies deterministic digi-
tal I/O and system-wide timing with an update rate of 20ns, while
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the RF-AWG card generates the frequency-agile signals required for
AOM/AOD-based laser-driven qubit gate operations. We also imple-
ment branching and looping, conditioned on counter input signals as
required e.g. for quantum error correction. The DC AWG low noise
floor enable accurate qubit register reconfiguration operations in com-
plex shuttle-based trapped ion quantum processor architectures. This
includes the transport, splitting/merging with multi-ion crystals.

Q 66.13 Thu 17:00 Philo 2. OG
High Frequency Ion-Photon Interfaces for Distributed
Quantum Computing — eLasse Jens IrRrcaNg, Luca GRAF,
CATHERINE MaATTHIES, HANNAH KoOETH, Tuncay Urasg, RIKAHV
SHAH, and RALF RIEDINGER — Zentrum fiir Optische Quantentech-
nologien, Universitat Hamburg, 22761 Hamburg, Germany

Decades of excessive research have proven the key towards a quan-
tum advantage of quantum computing compared to classical comput-
ers is the scalability of the quantum processor. In analogy to clas-
sical super computing clusters we propose a network of small inter-
connected trapped-ion-based quantum processors to achieve flexibly
scalable quantum computing.

In detail, a fibre-based Fabry-Pérot cavity integrated in an ion-trap
provides an efficient ion-photon interface. This enables entanglement
of ion-qubits in spatially separated traps at a high frequency, and
therefore distributed computing in a network of ion-based quantum
processors.

Being per se platform-independent, the concept is firstly demon-
strated connecting a room-temperature blade trap and a cryogenic
blade trap. A novel blade-integrated design of the fibre-cavity ensures
plenty of free-space access for cooling and operation lasers. To cope
with accumulating charges in the dielectric glass-fibres, disturbing the
trapping field, an in-house designed conductive coating applied to the
fibres circumvents these effects.

Q 66.14 Thu 17:00 Philo 2. OG
Addressed Raman Gates in a Shuttling-based Architecture
— eDANIEL WEesSELD2, ROBIN STROHMAIER!, TABEA STROINSKI',
Janis WagNER!, ULricH PoscHINGER!2, and FERDINAND SCHMIDT-
KaLEr!?2 — 'QUANTUM, Institut fiir Physik, Johannes Gutenberg-

Universitit Mainz — 2neQxt GmbH

High-fidelity, individually addressed quantum gates are a central re-
quirement for scalable trapped-ion quantum information processing.
In this poster, I present the implementation of addressed Raman gates
on 40Ca™ ions confined in a 3D segmented Paul trap, enabled by UV
Raman beams and fast beam steering using acousto-optic deflectors
(AODs). The 3D trap architecture provides enhanced optical access
and precise control of ion positioning, while the segmentation allows for
flexible ion shuttling and reconfiguration of computational zones [1].
We demonstrate site-selective Raman interactions using tightly focused
UV beams at 395 nm, achieving high spatial discrimination between
ions and minimizing crosstalk through optimized beam geometry and
AOD-driven dynamic addressing. Our results show that AOD-based
UV addressing is a powerful and scalable approach for parallel gate op-
erations in advanced ion-trap architectures, and we outline pathways
for extending this technique to larger arrays and modular quantum
computing platforms.
[1] Kaushal, et al. AVS Quantum Sci. 2, 014101 (2020)

Q 66.15 Thu 17:00 Philo 2. OG
Manufacturing of Highly Integrated Ions Traps for Quantum
Computing — eMarLoN Kunn!, Jacos Sturp!, Nora D. STaHR!,
MasuMm Binnan!, Nica ScuirreLHOLz!, CHRISTINE MARACHORIS!,
FrIEDERIKE GIEBEL!"2, EIkE Isekel2, NiLa KRISHNAKUMARDZ,
KoNSTANTIN THRONBERENS?, and CHRISTIAN OsPELKAUSDH2
Hnstitute for Quantum Optics, Leibniz University Hannover, Welfen-
garten 1, Hannover, 30167, Germany — 2Physikalisch-Technische Bun-
desanstalt, Bundasallee 100, Braunschweig, 38116, Germany

Trapped ions are one of the most promising platforms for the imple-
mentation of quantum computing and quantum simulations. For de-
manding computation, a scalable device, capable of trapping, manip-
ulating, moving and cooling trapped ions is needed. Microfabricated
surface electrode traps (Paul traps) are ideally suited for these applica-
tions. We present an overview on our manufacturing methods and how
to overcome upcoming problems that come with scaling these devices
to higher densities to accommodate more ions. We also present strate-
gies for integration of further functionalities like permanent magnets,
microwave electrodes or integrated photonics, to enhance the scalabil-
ity of trapped ion systems.
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Q 66.16 Thu 17:00 Philo 2. OG
Design and implementation of a multi-segment Paul trap —
oFraNZ KRIEGER!, LARA BrCKER!', STEPHAN KUucErRAD2, JAN C.
MoOLLER3, and JURGEN EscHNER! — !Universitit des Saarlandes,
Experimentalphysik, 66123 Saarbriicken, Germany — 2Luxembourg
Institute of Science and Technology, 4362 Belvaux, Luxembourg —
3Johannes Gutenberg Universitit Mainz, 55122 Mainz, Germany

Single trapped ions as quantum memories and single photons as
quantum information carriers are promising building blocks for quan-
tum networks, enabling high-fidelity entanglement through controlled
single-photon absorption and emission [1]. Ion-photon interfaces are
thus well-suited for quantum repeaters 2] and linking quantum pro-
cessors into quantum computing networks. We are developing a multi-
segment linear Paul trap for °Ca™ ions, fabricated from glass with
a segmented metal-coated electrode structure. This design addresses
pitfalls encountered in the previous segmented ferrule trap [3], offering
improved mechanical stability, and more flexible fabrication. The new
setup also allows integration of a fiber cavity for efficient photon col-
lection and generation. In the first prototype, the trap is implemented
without the cavity. The compact design enables the entire system,
including the vacuum chamber, control electronics, and ablation and
photo-ionization lasers, to fit within a single transportable rack.

[1] E. Arenskétter et al., npj Quantum Inf. 9, 34 (2023).

[2] M. Bergerhoff et al., Phys. Rev. A 110, 032603 (2024).

[3] L. Becker et al., poster Q 62.9, DPG Spring Meeting, Bonn (2025).

Q 66.17 Thu 17:00 Philo 2. OG
Rack-mounted ion trap with integrated fiber cavity — eLARrRA
Becker!, JorLan Costarp!, StepHAN Kuceral?, and JURGEN
EscuNER! — 1Universitit des Saarlandes, Experimentalphysik, 66123
Saarbriicken, Germany — 2Luxembourg Institute of Science and Tech-

nology, 4362 Belvaux, Luxembourg

Single trapped ions as quantum memories and single photons as quan-
tum information carriers are promising building blocks of quantum
networks [1], providing high-fidelity entanglement in controlled single-
photon absorption and emission [2]. Ion-photon interfaces are thus
a promising platform for implementing a quantum repeater and for
connecting quantum processors into a quantum computing network.
Our experimental setup is a multi-segment Paul trap for 4°Cat ions
with an integrated fiber cavity to increase the photon collection and
generation efficiency of the interface. The trap consists of two laser-
machined and metal-coated ceramic ferrules, into which the fiber cavity
with sub-mm spacing is integrated. In a first prototype we integrated
a cavity with 220 ym length and 8000 finesse with a trap of 190 um
electrode separation. The trap, together with a laser-beam distribu-
tion system, detection optics and control electronics, is mounted in a
19-inch rack. Its future implementation will enable quantum repeater
protocols [3] over the Saarbriicken fiber link [4].
[1] M. Bock et al., Nat. Commun. 9, 1998 (2018)
[2] E. Arenskétter, et al., npj Quantum Inf. 9, 34 (2023)
[3] M. Bergerhoff, et al., Phys. Rev. A 110, 032603 (2024)
[4] S. Kucera, et al., npj Quantum Inf. 10, 88 (2024)

Q 66.18 Thu 17:00 Philo 2. OG

Advanced fabrication and characterization of solid im-
mersion lenses in diamond and silicon carbide —
eALEXANDER SPYRANTISV'2,  ANNA  MogGILaTENKO!,  KILIAN

UNTERGUGGENBERGER?, STEFAN Facsko®, BaiLianc L1*, GERHARD
HosLeEr?, ToMMaso PreaNoLaTo! 2] Tim ScHrODERD2, and KaTia
HorLica? — 1Ferdinand-Braun-Institut (FBH), 12489 Berlin, Ger-
many — 2Humboldt-Universitit zu Berlin, Institut fiir Physik, 12489
Berlin, Germany — 2Helmholtz-Zentrum Dresden-Rossendorf, 01328
Dresden, Germany — 4Technische Universitat Wien, 1040 Wien, Aus-
tria

Solid immersion lenses (SILs) are hemispherical microstructures that
increase the light collection efficiency of defect-based quantum emit-
ters in high refractive index materials like diamond and silicon carbide.
They can be created by focused ion beam (FIB) milling in a mask-less
approach.

Previous attempts required post-processing and lacked reproducibil-
ity due to beam damage and redeposited material at the side walls. Us-
ing a continuous spiral pattern, we resolved those issues and achieved
SILs with optimal curvature, yielding a 8.5-fold improvement in the
light collection efficiency for NV centers in diamond.

Depending on the ion beam energy, step edges of different sizes form
at the side walls of the lens. This is studied using continuum and bi-
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nary collision modeling. In line with the predictions from modeling,
microstructural characterization shows only a thin amorphization layer
on the intact crystalline material due to the suppressed redeposition.

Q 66.19 Thu 17:00 Philo 2. OG
Surface-Electrode Ion Trap Design with Chip-Integrated Mi-
crowave Conductors for Near-Field Microwave Quantum
Control — eJaNiNa Birce!, FLoriaAN UNGEREcHTs!, RODRIGO
Munoz!, Masum Biiraa!, Pui. Nuscukr!, AxeL HOFFMANNZ,
GIORGIO ZARANTONELLO?, and CHRISTIAN OsPELKAUS * — !Institut
fiir Quantenoptik, Leibniz Universitit Hannover, Germany — ?Institut
fir Hochfrequenztechnik und Funksysteme, Leibniz Uiversitat Han-
nover — 3Qudora Technologies GmbH, Braunschweig, Germany —

4Physikalisch-Technische Bundesanstalt, Braunschweig, Germany

Surface-electrode ion traps are a promising platform for scalable quan-
tum computers. In the Quantum CCD architecture, transport of ions
between registers allows to limit the number of ions that has to be kept
in a single potential well at any given time and to implement specialized
registers for storage, cooling, detection and gate operations. Here we
present the design of a demonstrator chip based on an X junction and
quantum gate operations with chip-integrated microwave conductors.
This design has been developed with the goal of increasing the storage
capacity, optimizing laser access and improving gate operations.

Q 66.20 Thu 17:00 Philo 2. OG
Towards notch-filtered adiabatic rapid passage non-resonant
coherent excitation scheme in vacancy centres in diamond —
eLEON REICHGARDT!, CEM GUNEY ToRUN!, and TiM ScHRODERD2
— 1Department of Physics, Humboldt-Universitit zu Berlin, 12489
Berlin, Germany — 2Ferdinand-Braun-Institut, Leibniz-Institut fiir
Hochstfrequenztechnik, 12489 Berlin, Germany

Group-IV color centers in diamond have emerged in the past decade
as a hardware so- lution for quantum repeaters to transmit quantum
information over long distances. One of the key required ingredients is
the generation of on-demand indistinguishable single photons. When
using optical resonant excitation, one of the challenges faced is that the
photons used for excitation cannot be distinguished from the photons
emitted by the color center. We report on the experimental implemen-
tation of the off-resonant excitation scheme, notch-filtered adiabatic
rapid passage (NARP), in the SnV center. The scheme is based on an
up-chirped pulse with a notch-filtered spectral component overlapping
with the targeted resonance frequency. For the collection of the single
photons, the scattered excitation pulse is suppressed using a bandpass
filter. This excitation scheme is suitable for emitters in a cavity with
a large Purcell factor and short lifetimes due to the broadband nature
of the laser pulse. Applying NARP to SnV centers introduces a novel
excitation technique from the ex- tended toolbox of quantum optics to
diamond color centers..

Q 66.21 Thu 17:00 Philo 2. OG
An Interface Concept for Ion Quantum Computers: Fiber-
Based Cavities for Enhanced Optical Connection — eLuca
Grar, Lasse IrRrcanNng, CATHERINE MarTHIES, HANNAH KOETH,
Tuncay Uras, and RALF RIEDINGER — Zentrum fiir optische Quan-
tentechnologien, Universitdt Hamburg, 22761 Hamburg, Germany

The development of quantum computers promises to solve computa-
tional complex problems in the future that cannot be solved with clas-
sical computers. Just as in conventional computing clusters, quantum
computers must also be networked in a scalable way. We present an in-
novative concept for an interface that has been specially developed for
ion quantum computers. This approach uses special coated fiber-based
cavities to establish an efficient optical connection between ion traps.
Furthermore, this approach can be used to couple optical qubits, such
as entangled photons, with ions in the trap. For our experiments, we
will utilize barium ions as qubits and ytterbium ions as sympathetically
cooled reference ions.

Q 66.22 Thu 17:00 Philo 2. OG
Highly Indistinguishable Single Photons from Tin-Vacancy
Centers in Diamond — eDENNIS HERRMANN!, ROBERT MoORscH!,
DeTLEF RocarLrLa?, MarTHEw MarknAM?, and CHRISTOPH
BecHiER! — Fachrichtung 7.2, Universitit des Saarlandes, Campus
E2.6, 66123 Saarbriicken, Germany — 2RUBION, Ruhr-Universitit
Bochum, Universitdtsstrafe 150, D-44801, Bochum, Germany —
3Element Six Global Innovation Centre, Fermi Avenue, Harwell Ox-

ford, Didcot, Oxfordshire, OX11 0QR, UK

1
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The tin-vacancy (SnV) center in diamond has emerged as a powerful
platform for photonic quantum technologies offering bright and spec-
trally stable single-photon emission together with optically addressable
spin states that reach coherence times of up to 10 ms under dynamical
decoupling. By combining a cross-polarization excitation scheme with
polarisation-based laser suppression exceeding seven orders of magni-
tude and driving the emitter with coherent 180 ps optical pulses, we
demonstrate two-photon quantum interference of consecutively emit-
ted, highly indistinguishable single photons on the C-transition. Un-
der these conditions, we obtain raw Hong-Ou-Mandel visibility values
above 95 % at photon generation rates up to 3000 Hz, together with
raw single-photon purities below 0.02. These results represent a key
advancement towards a functional spin-photon interface - an essential
component for quantum repeaters, large-scale quantum networks, and
photonic cluster-state generation.

Q 66.23 Thu 17:00 Philo 2. OG
Quantification of Spectral Diffusion Rate for Tin-Vacancy
Quantum Emitters in Low-Temperature Annealed Diamond
— eLinus EHRE, DENNIS HERRMANN, and CHRISTOPH BECHER —
Fachrichtung Physik, Universitdt des Saarlandes, Campus E2.6, D-
66123, Germany

The Tin-Vacancy color center (SnV) in diamond is a promising candi-
date as a solid-state quantum network node, emitting highly indistin-
guishable lifetime-limited photons.

While the SnV’s inversion symmetry in an ideal diamond lattice pre-
vents first-order Stark shifts, a high defect-density causes distortions of
this ideal structure. Consequently, the SnV becomes more susceptible
to spectral diffusion (SD) in fluctuating charge environments, broad-
ening the optical transition. High-pressure high-temperature (HPHT)
annealing at T = 2100 °C' minimizes this effect, but causes damage
by graphitizing the surface. In contrast, annealing at lower tempera-
tures (LT), i.e. T'= 1200°C for up to 80 hours is a more accessible
method and mostly leaves the diamond surface intact. However, this
LT-treatment appears to be less effective in suppressing spectral diffu-
sion, due to remaining symmetry distortions and charge traps.

In this work, we present a method to determine the SD rate for single
SnV centers in an LT-annealed diamond sample. Variation of experi-
mental conditions allows for a comparison to HPHT-treated diamonds
and thus an evaluation of possible tradeoffs. Our results offer key in-
sights into the LT-treated SnV’s suitability as a stable high-quality
photon source for future quantum network applications.

Q 66.24 Thu 17:00 Philo 2. OG
Towards sympathetically cooled qubits in a 30-qubit X-
junction chip — eKrviN REMPEL!, VaNEssa WiENZEK!, MARKUS
Duwge!2, SascHA AcnE2, CELESTE TORKzZABAN!, and CHRISTIAN
OspELKAUSH2 — nstitut fiir Quantenoptik, Leibniz Universitit Han-
nover, Welfengarten 1, 30167 Hannover, Germany — 2Physikalisch-
Technische Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Ger-
many

Featuring high fidelities, long coherence times and all-to-all intercon-
nectivity of qubits, surface-electrode ion traps represent a promising
physical platform for realizing a universal quantum processor for quan-
tum computing and simulation. In our experiment, we encode qubits
using a hyperfine transition in Be™ ions that is magnetic-field insen-
sitive to first order. The internal and motional states are manipulated
by trap-integrated microwave conductors.

We will upgrade our experiment with a cryogenic X-junction-style trap
chip which will allow us to handle up to 30 qubits. It includes inde-
pendent storage, detection and gate zones. To improve gate fidelities
and extend the number of gates we can run before directly re-cooling
the qubits, we are preparing to use “°Ca™ ions to sympathetically cool
our YBet qubits by coupling specific motional modes of the ion crystal.
This can be achieved by resonantly tuning the third-order Coulomb in-
teraction or by applying oscillating electric potential modulations to
the existing confining trap potential. We will report on our simulation
results and the necessary hardware modifications.

Q 66.25 Thu 17:00 Philo 2. OG
Hybrid platform for cavity enhanced SnV centres for quan-
tum applications — eVicToria Voinkoval, GEorgll GRECHKO!,
JonaTHAN Enssnin!, Roman Koiresov!, VabpiMm VoroBYEV!, and
Jore WracHTRUPD2 — 13. Physics Institute, University of Stuttgart,
Germany — 2Max Plank Institute of Solid State Research, Stuttgart,
Germany

The tin-vacancy colour centre in diamond (SnV) has emerged as a
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highly promising constituent for next-generation quantum networks
owing to its outstanding optical and spin characteristics. High rates
of coherent emission are pivotal for obtaining big cyclicity and re-
alising the effective communication protocols. Coupling emitters to
the resonance structures is a compelling mechanism for light-matter
interaction enhancement, efficiency of which is proven by numerous
recent research, illustrated with (but not limited to) nanobeam and
2D photonic crystal cavities, open microcavities and ring resonators.
However, maturing of this technology is hindered by fabrication meth-
ods, scalability and robustness of which is still being a challenging
topic. Here we propose the scalable method of fabrication of the dia-
mond photonic devices, scalability of which stems from the hybrid in-
tegration with electrooptically tunable platform of Thin Film Lithium
Niobate. The proposed method combines the SnV - friendly manufac-
turing flow, wide variety of tuning options and perspectives for further
photonic device interconnection on one chip. This would be an im-
portant step towards creating diamond colour centre based quantum
network infrastructure.

Q 66.26 Thu 17:00 Philo 2. OG
Creation of Group IV color centers — eKATHRIN SCHWER!, SE-
LENE SAcHERO!, EmiLio CorrE?, ELENA NIETO HERNANDEZ?, JENS
FUuHRMANN!, SviaTosLav DitaLia TcHERNIIZ, FEDOR JELEZKO!, and
ALEXANDER KuBaNEK! — 'Ulm University, Ulm, Germany — 2Turin
University, Turin, Germany

Efficient coupling between quantum emitters and optical cavities is es-
sential for scalable quantum photonic technologies. Group IV vacancy
centers in diamond have emerged as promising candidates due to their
spectral stability, high Debye-Waller factor and large orbital splitting
in groundstates. Reduction of the diamond host size to the nanoscale
enables new opportunities in terms of integration and scalability. How-
ever, creating optically coherent quantum emitters in nanodiamonds
remains a major challenge. Here, we present the fabrication ofGroup
IV color centers by means of ion implantation and describe the optical
properties of the created color centers. We achieve high-purity sin-
glephoton emission via resonant excitation and strong coherent drive.
The obtained results demonstrate the potential of Group IV centers
in nanodiamonds as a coherent single-photon source for quantum net-
works.

Q 66.27 Thu 17:00 Philo 2. OG
Recent results and ongoing developments in microwave-
driven trapped-ion quantum computing experiments — e ERIK
DunkeL!, Najwa Ar-Zaki!', Tosias Poorz!, Davib STUHRMANN?,
Rapuika GovaLl, Sascua Acne?, CeLEsTE ToRrkzABAN!, and
CHRISTIAN OsPELKAUs" 2 — 1Leibniz Universitat Hannover, Welfen-
garten 1, 30167 Hannover — 2Physikalisch-Technische Bundesanstalt,

Bundesallee 100, 38116 Braunschweig

Trapped ions are a highly promising platform for both quantum com-
puting and quantum simulation. We utilize surface-electrode ion traps
with integrated microwave conductors to trap ions and drive qubit ro-
tations and entangling gates by manipulating the internal and motional
states of the ions.

Our qubit transitions for 9Bet and 43Cat feature first-order mag-
netic field insensitive hyperfine transitions. We will share results of the
simultaneous trapping of different ion species in our cryogenic appa-
ratuses, which is an essential step towards implementing sympathetic
cooling. In addition, we will discuss the steps made towards imple-
menting a junction-style trap chip, so that we can transport ions be-
tween storage, quantum logic and detection zones, along with our plan
for testing and characterizing a waveguide chip in a second apparatus.

Q 66.28 Thu 17:00 Philo 2. OG
Toward a Scalable NV-Based Quantum Processor: Fiber In-
terconnects in Diamond Photonics — eLrEoNn BUTTNER, LARA
RuppPERT, CHRISTIAN GIESE, REBEKKA EBERLE, and DANIEL HAH-
NEL — Fraunhofer Institute for Applied Solid State Physics, Freiburg
im Breisgau, Germany

Heterogeneously integrated NV centers in photonic structures hold
great promise for scalable, fiber-connected quantum information pro-
cessing. We pursue a diamond-based photonic platform that combines
efficient spin control, stable NV emission, and robust optical outcou-
pling to enable a modular, fiber-connected quantum processor. We
explore strategies for vertical optical outcoupling in small-footprint
NV-containing diamonds to achieve efficient, localized readout of NV
centers. Together with microwave structures, this yields a modular
device addressing the photonic and electronic challenges of an NV de-
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vice. Fiber integration obviates the free-space optical path, creating
a robust platform for quantum information processing. Future work
could target heterogeneously integrating fiber-to-chip coupling, includ-
ing lithographically defined spin-control structures, to drive toward a
scalable NV-based quantum processor.

Q 66.29 Thu 17:00 Philo 2. OG
Femtosecond-Laser Written Waveguides and Surface Struc-
tures for High-Efficiency NV-Center Fluorescence Collec-
tion in Diamond — ANDREAs Giese!, Lucas Kircubacu', AN-
pREAS STUTE!, STEFAN NoLTE2, and e BERND BRAUN! — ! Technische
Hochschule Niirnberg, Nuremberg, Germany — 2Friedrich-Schiller-
Universitdt Jena, Jena, Germany

Nitrogen-vacancy (NV) centers in diamond are a promising platform
for applications in optical quantum technologies such as quantum sens-
ing and quantum computing. In addition to the precise and determin-
istic fabrication of NV centers in diamond using direct laser writing,
efficient fluorescence collection is of crucial importance.

We investigate strategies for the enhancement of photon extraction
from NV-centers in diamond. Directly laser written waveguides inside
the diamond crystal enable efficient coupling and potential fiber-based
detection for integrated photonic architectures. Numerical simulations
support the experiments and are used for the optimization of the vol-
ume modifications. Further approaches for increasing the collected
fluorescence are based on laser structuring of the diamond surface,
for example through the fabrication of microlenses to enhance the ex-
traction of emitted photons. These methods provide pathways toward
highly efficient, scalable collection schemes for diamond-based quan-
tum photonic devices.

Q 66.30 Thu 17:00 Philo 2. OG
Nuclear-nuclear Bell-state preparation of 3C nuclear spins
coupled to a negatively charged silicon vacancy (SiV ™)
center. — eDavip OpreErkucHD2, Marco Krorz!, ANDREAS
TANGEMANN', and ALEXANDER KuBaneEk!b2 — !Institute for Quan-
tum Optics, Ulm University, Albert-Einstein-Allee 11, 89081 Ulm,
Germany — 2Center for Integrated Quantum Science and Technology
(IQST), Ulm University, Albert-Einstein-Allee 11, Ulm 89081, Ger-

many

Due to presumed high scalability, spin qubits in solid state hosts are
promising candidates for the realization of quantum networks. As
such, negatively charged silicon-based vacancy centers (SiV~) in nan-
odiamonds (ND) combine the good spin properties of diamond as a
host with the good optical properties of group-IV defects.

We are using highly strained SiV~™ in ND, which demonstrate orbital
ground state splittings exceeding 1THz. Thus, phonon induced de-
phasing of the spin qubit is mitigated at liquid Helium temperatures.
We have demonstrated coherent control of up to three 3C nuclear
spins coupling to a single SiV~. Here we present nuclear-nuclear spin
entangling in the three qubit register. A Bell-state between two nu-
clear spins is created using a 27-gate. We thus demonstrate reliable
nuclear-nuclear spin entanglement for use in a three-qubit quantum
memory architecture.

[1] M. Klotz et al., https://arxiv.org/pdf/2508.05255, (2025)

[2] M. Klotz et al., npj Quantum Inf. 11, 91 (2025)

Q 66.31 Thu 17:00 Philo 2. OG
Investigation of the Dynamic 14N Nuclear Spin Polar-
ization at Different Magnetic Field Strengths and An-
gles in Nitrogen-Vacancy Ensemble in Diamond — eGLEN
NEerTELER!, JoNas HOMRIGHAUSEN!, DENNIS STIEGEKOTTERZ, LUD-
wiG HorsTHEMKE?, PETER GLOSEKOTTER?, and MARKUS GREGOR!
— !Department of Engineering Physics, FH Miinster University of
Applied Sciences, Stegerwaldstr. 39, 48565 Steinfurt, Germany —
2Department of Electrical Engineering and Computer Science, FH
Miinster University of Applied Sciences, Stegerwaldstr. 39, 48565 Ste-
infurt, Germany

The spin-states of the nitrogen-vacancy (NV) centers in diamond can
be studied and manipulated at room temperature and optically read
out, making them uniquely suitable for low-cost quantum education
kits, like a 3D-printed modular setup for quantum sensing or for co-
herent control experiments. As a first step toward developing a new
educational kit for controlling the electron-nuclear spin interaction, we
aim to demonstrate the 14N nuclear spin polarization in NV ensemble
in diamond. Thus, we experimentally investigate dynamic 14N nuclear
spin polarization at small magnetic field angles and angles larger than
2 °, which have not yet been reported in literature, for various mag-
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netic field strengths from 0-60 mT, covering the region of excited-state
level anticrossing. This study helps us to identify a compromise be-
tween sufficient 14N nuclear spin polarization, magnetic field strength
and magnetic field orientation for development our new educational
kit.

Q 66.32 Thu 17:00 Philo 2. OG

A Quantum Frequency Conversion Interface for Sili-
con Vacancy based Quantum Networks — eKoONSTANTIN
Beck!, Donika IMer12, LeoniE Eccers!:2, Lasse IrRrcancl,
Nick BrinkMann'2) Suni,. Manatro'?, Riknav Suan!, Roman
ScaNaBELY2, and RaLr RiEDINGERD'2 — 1Zentrum fiir Optische
Quantentechnologien, Universitdt Hamburg, 22761 Hamburg, Ger-
many — 2The Hamburg Centre for Ultrafast Imaging, 22761 Hamburg,

Germany

Silicon vacancy (SiV) centers in diamond have shown great poten-
tial for applications in quantum sensing and quantum communication,
due to their optically addressable spin transitions and stability against
noise. At temperatures below 300 mK, the SiV has a long-lived spin
degree of freedom that enables its use as a quantum network node.
We propose a high bandwidth quantum frequency conversion (QFC)
interface for SiV centers in diamond, aimed at enabling their inte-
gration into fiber based quantum networks. The concept relies on a
one*step conversion process in a compact, doubly resonant cavity, en-
abling efficient translation of SiV emission into the telecom E*band

while preserving quantum coherence. This architecture outlines a
pathway toward scalable, SiV based quantum networks and photonic
cluster states.

Q 66.33 Thu 17:00 Philo 2. OG
Optical and spin properties of highly strained silicon vacancy
centers in diamond host — eMICHAEL GSTALTMEYR!, FLORIAN
FrucutMayR!, RoBeErT BErRGHAUs!, SELENE SacHERO!, GREGOR
Baver!, Junia HeupeL?, Tosias Herzig®, JAN MELER3, CvyRIL
Porov?, and ALEXANDER KUBANEK! nstitut fiir Quantenoptik
Universitat Ulm — 2Institute of Nanostructure Technologies and Ana-
lytics, Center for Interdisciplinary Nanostructure Science and Technol-
ogy, University of Kassel — 3Division of Applied Quantum Systems,
Felix Bloch Institute for Solid State Physics, University Leipzig

Spin qubits in solid-state hosts are, due to their promise of scalability,
candidates for the realization of quantum networks. The good spin
properties of diamond paired with the optical properties of group-IV
defects make them of special interest. Using highly strained silicon-
vacancy centers effectively decouples the defect spin from the diamond
lattice, mitigating disturbing spin dephasing at liquid-helium temper-
atures. To make use of this type of emitter, the optical and spin
properties have to be well understood. This work presents how to cre-
ate strain up to 500 GHz by bonding a diamond membrane to a DBR
mirror and simulates the resulting changes in optical and coherence
properties.

Q 67: Poster — Quantum Information

Computing and Simulation; Communication; Concepts and Methods
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Q 67.1 Thu 17:00 Philo 2. OG
Preparation and Control of Logical Qubits in the Hyperfine
Structure of !"3Yb'T — eSELENA-MARIA Bora, MoNIKA LEIB-
SCHER, and CHRISTIANE P. Kocn — Freie Universitdt Berlin, Berlin,
Germany

Recent research proposes robust encoding of quantum information in
high angular momentum states of atoms or molecules, where the logical
qubits are protected against most common errors [1|. Such codewords
can be built in the hyperfine structure of trapped 73Yb™, namely
using metastable states in the ZF(; o manifold [2]. This work focuses
on the preparation of such robust qubits with sequences of microwave
pulses, specifically on simulating the population dynamics driven by
the pulses and optimising them for better fidelity and time duration.
The future aim is to devise a protocol for operational gates using the
proposed codewords.

[1] Jain, Shubham P., et al. "Absorption-Emission Codes for Atomic
and Molecular Quantum Information Platforms". Phys. Rev. Lett.
133 (2024), p. 260601.

[2] Xiao, Di, et al. "Hyperfine structure of 173Yb™: Toward resolv-
ing the 173YDb nuclear-octupole-moment puzzle." Phys. Rev. A 102
(2020), p. 022810.

Q 67.2 Thu 17:00 Philo 2. OG
Updates on the PTB two-qubit quantum computer —
eMarkus Duwr!2, HARDIK MENDPARA!2, ALEXANDER ONKEsD?2,
and CHRIsTIAN OspELKAUs!2 — lInstitut fiir Quantenoptik, Leib-
niz Universitit Hannover — 2Physikalisch Technische Bundesanstalt,
Braunschweig

We report the latest experimental results from the two-qubit quan-
tum processor at PTB. We trap Bet ions in a room temperature
surface-electrode ion trap. We manipulate the qubits with microwaves
generated by conductors embedded in the trap structure [1]. We de-
scribe updates to the experimental apparatus and present low heating
rates. Individual ions are addressed via a micromotion sideband and
the gate infidelity is characterized using randomized benchmarking [2].
We use a Mglmer-Sgrensen type interaction to achieve Bell-state infi-
delities in the 1073 range. Furthermore, we report progress towards
combining these two gates to realize a universal gate set with improved
performance compared with our previous measurements [3].

Q 67.3 Thu 17:00 Philo 2. OG

Grover Optimization for Lock Scheduling Problems —

119

Location: Philo 2. OG

eFrREYJA ULLINGER!, JANNES WEGHAKE!, OLIVER SEFRIN!, SARAH
KAHLEN?, LorENZ MuMM2, TINo WERNERZ, SABINE WOLK!, and
MATTHIAS ZIMMERMANN! — !Deutsches Zentrum fiir Luft- und
Raumfahrt e. V. (DLR), Institut fiir Quantentechnologien, Ulm, Ger-
many — 2Deutsches Zentrum fiir Luft- und Raumfahrt e. V. (DLR),
Institut fiir Systems Engineering fiir zukiinftige Mobilitat, Oldenburg,
Germany

There exist several quantum algorithms with a proven quantum advan-
tage. One of them is the Grover Search Algorithm [1], which finds an
item in an unordered database with quadratic speed-up. By mapping
optimization problems to search problems, one is able to harvest this
quantum advantage. A particularly interesting NP-hard problem ex-
plored in the project QCMobility is the lock scheduling problem. Here
we aim at deriving an optimal schedule to lock the incoming ships,
while minimizing for example waiting times or water consumption.

In this poster, we investigate the solution of the lock scheduling prob-
lem. For this purpose, we formulate it as a quadratic unconstrained
binary optimization (QUBO) problem and find the global optimum
with Grover Adaptive Search [2]. Our results are obtained on quan-
tum hardware simulators.

[1] L. K. Grover, Proc. 28th Annu. ACM Symp. Theory Comput.,
212 - 219 (1996).

[2] W. P. Baritompa, D. W. Bulger, and G. R. Wood, SIAM J.
Optim. 15, 1170 (2005).

Q 67.4 Thu 17:00 Philo 2. OG
A guide on Grover search algorithms for solving QUBO prob-
lems — eJANNES WEGHAKE, FREYJA ULLINGER, and MATTHIAS ZIM-
MERMANN — Deutsches Zentrum fiir Luft- und Raumfahrt e.V. (DLR),
Institut fiir Quantentechnologien, Ulm, Germany

Typical industry-related optimizations, like routing, packing, or
scheduling, can be reformulated as a quadratic unconstrained binary
optimization (QUBO) problem [1]. In the fault-tolerant quantum com-
puting era, a promising approach to solve these problems is the Grover
Adaptive Search [2]. The Grover Adaptive Search is able to solve QU-
BOs with a quadratic speed-up in comparison to classical algorithms.
Here different Grover runs are chained together in order to identify the
optimal solution.

In this poster, we present a comprehensive guide with intuitive visu-
als, a theoretical background and a walkthrough to help non-expert to
apply the Grover Adaptive Search. In particular, we demonstrate how
to parse the QUBOs into a Grover oracle - the quantum dictionary [3|
- and what this implies for the different quantum registers involved.
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[1] G. Kochenberger, J.-K. Hao, F. Glover, M. Lewis, Z. Lii, H.
Wang, and Y. Wang, J. Comb. Optim. 28, 58 (2014).

[2] W. P. Baritompa, D. W. Bulger, and G. R. Wood, SIAM J.
Optim. 15, 1170 (2005).

[3] A. Gilliam, C. Venci, S. Muralidharan, V. Dorum, E. May, R.
Narasimhan, and C. Gonciulea, arXiv:1907.11513 (2019).

Q 67.5 Thu 17:00 Philo 2. OG
Quantum Information Processing with trapped-ion based Qu-
dits — eLukas GERSTER, PETER TIRLER, MANUEL JoHN, KEsHAV
Pareek, TiM GOLLERTHAN, LisA PARIGGER, RAPHAEL PoLOCZEK,
TiMo SPALEK, MICHAEL METH, and MARTIN RINGBAUER — Institut
fiir Experimentalphysik, Universitidt Innsbruck, Technikerstrafie 25/4,
6020 Innsbruck, Austria

Quantum Information Processing has been predominantly developed
using qubits, two level quantum systems, as its fundamental build-
ing blocks. Most physical implementations of qubit-based quantum
processors utilize multilevel systems, from which only two levels are
selected for encoding the information. By encoding information in
multi-level qudit basis states, one directly expands the Hilbert space
available for computation, which promises more efficient compilation
with respect to the number of required entangling gates. We exper-
imentally demonstrate a set of local and entangling gate operations
on a 10-qudit register, showing all necessary elements for performing
qudit-based computation.

Q 67.6 Thu 17:00 Philo 2. OG
Quantum Simulation and Computation with Ytterbium Ryd-
berg Atoms in Optical Tweezer Arrays — eJoNas RaucHruss!,
CrarAa ScHELLONG', TiLL ScuacuT!, BEN MicHAELIs!, PauL
CaLLsENY, NEJIRA PINTULY, ToBIAS PETERSEN!, ALEXANDER ILINT,
CurisTorH Brcker!?, and KLaus SEngsTock!2 — 1Center of Op-
tical Quantum Technologies University of Hamburg, Luruper Chaussee
149, 22761 Hamburg — 2Institute for Quantum Physics, University of
Hamburg, Luruper Chaussee 149, 22761 Hamburg

In recent years, neutral atoms have emerged as one of the most promis-
ing platforms for quantum computing and quantum simulation, charac-
terised by scalability, large coherence times, high-fidelity single atom
control as well as engineerable, strong, long-range interactions. In
our project we use the alkaline-earth-like element ytterbium, whose
fermionic isotope 171Yb features a rich level structure that allows for
sophisticated qubit schemes including midcircuit read-out, advanced
error correction, and optical trapping and manipulation of Rydberg
states. Here, we introduce our experimental setup and present our
current progress towards building a neutral-atom quantum simulator
including characterisation measurements of tweezer loading, imaging,
and qubit manipulation. We further present efforts to overcome known
limitations of current quantum computation and simulation platforms,
like arbitrary single atom addressing techniques, efficient suppression
of servo induced laser noise for highest fidelity excitation schemes, and
fast spatial light modulation techniques for scalable sorting algorithms.

Q 67.7 Thu 17:00 Philo 2. OG
Impact of electrode noise on qubit quality metrics in a 2D seg-
mented ion trap — eDaNIiEL Buscu!, BENJaMIN BURGER!, KaIs
Resaisi!, Ivan BoLpin!:2, PaTtrick Huser!, DorNA NIROOMAND!,
and CHrisTOF WUNDERLICH! — 1Universitidt Siegen, Walter-Flex-
StraRe 3, 57072 Siegen — 2Present address: eleQtron GmbH, Heeser-
strafle 5, 57072 Siegen

Important requirements for the realisation of robust quantum com-
puting are long qubit coherence times as well as high gate fidelities
both of which suffer from uncontrolled parameter fluctuations (noise).
Thus, eliminating and mitigating noise constitutes one of the major
challenges to scalability. In the case of trapped-ion quantum comput-
ing, ion traps with segmented electrodes are one approach to scale up
the number of qubits. However, electric field fluctuations at these DC
electrodes lead to a further source of noise. We are currently setting
up a cryogenic quantum demonstrator that will include a cryogenic
digital-to-analog converter (DAC) combined with a switching matrix
to tackle this issue.

To evaluate the strategy of using optical switches, we have installed
proof-of-principle optical switches in a room temperature experiment
using the first two copies of a micro-structured 2D segmented ion trap
with built-in micromagnets. We show results of measurements of co-
herence time and gate fidelities, and discuss the effects of remaining
electric noise at the electrodes.
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Q 67.8 Thu 17:00 Philo 2. OG
High-fidelity quantum information processing with trapped
barium ions via addressed off-resonant interactions
eTommaso FaorLiN', LoreNz PanzL!, PHOEBE GROsSSER!, WALTER
Josepr HOrRMANN!, JUrts UrLmanis?, THOMAS FELDKER?, ALEXAN-
pER ERHARD?, Glovanni CERcHIARI''™S, RAINER Brarr!24 and
Tuomas Monzh2 — 1Universitéit Innsbruck, Technikerstrafe 25/4,
Innsbruck, 6020, Austria — 2Alpine Quantum Technologies (AQT)
GmbH, 6020, Innsbruck, 6020, Austria — S3Naturwissenschaftlich-
Technische Fakultéat, Universitat Siegen, Walter-Flex-Strafte 3, 57068,
Siegen, Germany — *Institute for Quantum Optics and Quantum In-
formation (IQOQI), 6020, Innsbruck, Austria

The Hyperion experiment aims at pushing the boundaries of coherent
trapped-ion control. Our focus lies on improving gate fidelities and
minimizing state-preparation and readout errors, in a quantum regis-
ter of barium ions. Building on state preparation at the le-4 level, state
readout at the le-5 level and single-ion addressing cross-talk on the le-
4 level, 1 present a novel gate scheme, leveraging ground-state qubits
with radially-addressed Raman interactions using 532 nm light. The
entangling gates are mediated through the perpendicular, axial mo-
tional modes, utilizing the field gradient of the employed laser fields.
This novel approach promises the low cross-talk from radial addressing
in combination with improved gate performance offered by axial-mode
mediated gates.

Q 67.9 Thu 17:00 Philo 2. OG
Raman addressing system for light-shift gates on Qudits in
trapped ion quantum computer — eRAPHAEL PorLoczek, Tim
GOLLERTHAN, MANUEL JoHN, PETER TIRLER, MicHAEL METH, KE-
sHAV PAREEK, Lukas GERSTER, Lisa PARIGGER, TiM0O SPALEK, and
MARTIN RINGBAUER — Institut fiir Experimentalphysik, Universitét
Innsbruck, Austria

Qudits, the generalization of qubits to d-level quantum systems, of-
fer a powerful extension of conventional two-level quantum comput-
ing. Trapped ions represent a platform for realizing such systems, as
their intrinsic multilevel structure naturally supports qudit encoding,
providing access to higher-dimensional Hilbert spaces and enabling en-
riched computational capabilities. Fully exploiting qudit-based archi-
tectures requires the realization of efficient quantum gates for qudits.
A recently demonstrated light-shift gate mechanism constitutes such
an operation, creating genuine entanglement between two qudits, while
matching the system’s local dimension [1].

We are developing an experimental setup to implement this entan-
gling gate on a quantum computer using trapped 4°Cat ions as in-
formation carriers. The setup is designed to address single ions using
a pair of counterpropagating Raman beams, which generate the state
dependent dipole force required to operate this gate.

[1] P. Hrmo et al., Nat Commun 14, 2242 (2023)

Q 67.10 Thu 17:00 Philo 2. OG
Double side-addressed, high-NA ion trap system lever-
aging barium towards fault-tolerant quantum computing
— Lorenz PanzL!, TomMmaso FAoRLIN', ePHOEBE CROSSER!,
RAINER BrarT!23, ThHomas FELDKER3, ALEXANDER ERHARDS3,
Georc Jaco®, Grovanni CercHIARIM?, and Taomas Monz!3
— !Universit&t Innsbruck, Technikerstrafe 25/4, Innsbruck, 6020,
Austria — 2Institute for Quantum Optics and Quantum Infor-
mation (IQOQI), 6020, Innsbruck, Austria — 3Alpine Quan-
tum Technologies (AQT) GmbH, 6020, Innsbruck, 6020, Austria
— “4Naturwissenschaftlich- Technische Fakultit, Universitit Siegen,
Walter-Flex-Strafie 3, 57068, Siegen, Germany

We present a high-performance quantum information processing unit
based on trapped atomic ions that is designed to push current lim-
its of gate fidelities and SPAM errors to the 10~% level and below.
We utilise barium ions in our experiment due to the long lifetime
of the metastable D5/2 state (leading to high readout fidelities) and
the availability of hyperfine structure, providing access to the ground-
state clock qubit. We demonstrate state preparation fidelity at the
10~* level and high detection efficiencies. We combine off-resonant,
addressed optical pulses and global microwave pulses to perform ad-
dressed single-qubit rotations, and demonstrate a novel procedure for
implementing a two-qubit geometric phase gate that utilises a trans-
verse gradient to coherently excite the axial modes. In doing so, our
experiment is independent of any sub-Hz optical phase stability re-
quirements, as it is outsourced to the RF control.

Q 67.11 Thu 17:00 Philo 2. OG
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A Cryogenic Tweezer-Array Platform for Entangling
Ytterbium-171 Nuclear Spins via the Optical Clock Tran-
sition eMouaMMAD Sortant’, JuniaN FriLer!2, KoNRAD
KoenigsManN3, JiIN Yancg®, Max Hacumann!2, and PETER
Scuauss?2:3 — lInstitute for Quantum Physics, University of Ham-
burg, Hamburg, Germany — 2The Hamburg Centre for Ultrafast Imag-
ing, Hamburg, Germany — 3Department of Physics, University of Vir-
ginia, Charlottesville, USA

Neutral atom platforms based on ytterbium have emerged as a promis-
ing architecture for quantum computing, particularly in scalable opti-
cal tweezer arrays that enable individual trapping and control of atoms.
Specifically, the fermionic isotope Yb-171, with its nuclear spin of I =
1/2, provides a robust and natural qubit implementation.

In our project, we aim at realizing large-scale robust entanglement
in the nuclear spin of ytterbium atoms trapped in a tweezer array with
a cryogenic shield. For our entanglement scheme, we plan to rely on
spin-exchange in combination with coherent driving of the clock tran-
sition. Therefore, we need a highly stable laser system to address the
clock transition in Yb-171.

We will report on the progress in setting up the experiment and on
our efforts to stabilize the clock laser to an ultra-stable reference cav-
ity. To characterize the stability and accuracy of the laser system, we
are preparing a comparison to other clock lasers at the Institute for
Quantum Physics in Hamburg.

Q 67.12 Thu 17:00 Philo 2. OG
Integrated Quantum Information Processing with Novel Pho-
tonic Interfaces — eLouis L. Houmann!:2, JELDRIK HusTERDZ,
and STEFANIE Barz!2 — lInstitute for Functional Matter and Quan-
tum Technologies, University of Stuttgart, 70569 Stuttgart, Germany
— 2Center for Integrated Quantum Science and Technology (IQST)

Integrated quantum photonics has achieved significant progress in
quantum computing, providing low-loss connections, a compact size,
and high phase stability. These features enable reliable and space-
efficient control of photonic qubits. Multipartite entangled states, such
as GHZ and linear cluster states, are particularly important for quan-
tum photonics as they serve as essential resource states for photonic
quantum computing. We demonstrate our advancements in gener-
ating multipartite entangled states on a silicon-on-insulator photonic
quantum circuit powered by spontaneous parametric down-conversion
single-photon sources. The fiber-to-chip interface employs 3D-printed
photonic wirebonds, a new, highly stable connection method between
single-mode fibers and on-chip edge couplers, enabling a fully inte-
grated quantum photonic circuit.

Q 67.13 Thu 17:00 Philo 2. OG
Faster, more efficient loading of YbT and Ba™ ions for
mixed-species cryogenic trapped ion quantum computers —
oMARWAN MoHAMMED"?, MIcCHAEL JOHANNINGZ, and CHRISTOF
WUNDERLICH! — 1Department of Physics, School of Science and Tech-
nology, University of Siegen, 57068 Siegen, Germany — 2eleQtron
GmbH, 57072 Siegen, Germany

Trapped ion quantum computers (TIQCs) in cryogenic vacuum facil-
itate both longer lifetimes and reduced motional heating of Coulomb
crystals. However, keeping a low heat load typically necessitates pulsed
laser ablation for ion loading. Only a small fraction of slow-moving ab-
lated atoms are trappable by surface trap chips, but capturing faster-
moving ablated atoms by increasing trap depth would increase the
laser cooling time and therefore loading time significantly, whereas us-
ing higher pulse fluences to trap more ions risks chip contamination.

To this end, we present improvements to the ion loading process for
two cryogenic quantum demonstrators that utilise YbT-Bat mixed
crystals. Two-photon photoionisation schemes shall use autoionizing
transitions with larger absorption cross-sections; we will investigate a
531 nm transition for Bat and use autoionization spectroscopy to dis-
cover and characterise suitable Yb™ transitions. In addition, we realise
a fiber-coupled pulsed ablation laser for more consistent shot-to-shot
loading, and investigate a loading scheme using a compact effusive
atomic source. Overall, this will yield faster, more efficient ion load-
ing, benefitting both TIQCs of larger ion numbers and trapping of
low-abundance ionic species.

Q 67.14 Thu 17:00 Philo 2. OG
A cryo-compatible optical system for addressing and achro-
matic imaging of trapped Ybt and Bat ions — eERNST ALFRED
HAckLER, DANIEL BuscH, KuNnaL KuMBHAR, MARWAN MOHAMMED,
Parrick H. HuBer, DorNA NirooMaND, and CHRISTOF WUNDER-
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LicH — Walter-Flex-Strafe 3, 57072 Siegen

To interface with the ions in a cryogenic ion trap quantum computer,
we need to guide different laser wavelengths to trapped ions inside a
cryogenic vacuum chamber and image the ions precisely and with high
collection efficiencies.

Firstly, we have simulated and constructed a modular, compact over-
lapping unit comprising dichroic mirrors in order to produce a com-
bined, collimated laser beam containing all the necessary wavelengths
for state detection and preparation of Ybt and Bat ions. By using
off-the-shelf parts and an optimization algorithm for determining the
optimal mirror choice, we achieve overlapping of 8 wavelengths used for
Ybt and Ba't from 369-935nm. The laser intensities are well-above
the saturation intensities of the ions at the position of a 10-ion chain.
Secondly, we developed and built a system for simultaneous imaging
of both ion species, without chromaticity errors. A reflective objective
lens, originally designed at Leibniz Universitdt Hannover, allows for
in-vacuum, achromatic fluorescence imaging closer to the ions’ posi-
tion, increasing the light collection efficiency. We were able to image
components inside the cryostat and demonstrate the system’s general
behaviour.

Q 67.15 Thu 17:00 Philo 2. OG
Programmable Quantum Computers and Teleportation:
Theory and Experiment — Hans-OTto CarmEsINDZ3 and
eJANNES RUDER3 — lUniversitdt Bremen, Fachbereich 1, Postfach
330440, 28334 Bremen — 2Studienseminar Stade, Bahnhofstr. 5,
21682 Stade — 3Gymnasium Athenaeum, Harsefelder Strafie 40, 21680
Stade

We developed a quantum computer - demonstrator that can also work
with laser light and that provides a universal set of quantum gates.
It performs the operations of the gates with single photons or with
coherent laser light. The quantum computer - demonstrator can be
programmed by an electrooptical piezo based energy efficient polar-
izer POLARITE III, that is controlled by a Raspberry Pi 5. With it
Qubits und optical quantum gates are controlled. Moreover, the quan-
tum computer - demonstrator can illustrate the process of quantum
teleportation, the transfer of a state of a qubit C to a qubit B via an
entangled qubit A. This process represents a safe transfer of quantum
information.

Q 67.16 Thu 17:00 Philo 2. OG
Utilizing TWA simulations as quantum inspired approx-
imative solve for max-cut problems — eDeNNIS Breul,
Tom ScHLEGEL!, ALEXEY Bocukarev?, SiMoN OHLER!, MICHAEL
FLeiscHHAUER!, and MaximiLIAN KIEFER-EMMANOUILIDISS
1Department of Physics and Research Center OPTIMAS, RPTU-
University of Kaiserslautern-Landau, D-67663 Kaiserslautern, Ger-
many — 2Department of Mathematics, RPTU Kaiserslautern-Landau

— 3DFKI Kaiserslautern and RPTU Kaiserslautern-Landau

There is still a big need to find classical algorithms to efficiently ap-
proximately solve NP-Hard problems, since near-term quantum com-
puters are not up for the task yet. For the Max-Cut, a prototypical
NP-Hard problem, we propose a method that models a Quantum An-
nealing (QA) protocol on a classical computer using the truncated
Wigner approximation (TWA), achieving a runtime virtually compet-
itive with existing solvers. The TWA is a semiclassical approximation
that is able to take lowest order quantum-fluctuations into account.
In the TWA simulation of Quantum Annealing quantum fluctuations
are included through Monte-Carlo sampling of the initial state. The
time evolution of these initial states is however described by ODEs
only, which can easily be vectorized and accelerated through the use of
GPUs. Moreover, our numerical experiments suggest that the number
of trajectories required to model close-to-adiabatic schedules is rela-
tively low. This fact, along with massive parallelization ability, allows
us to outperform quantum computers available to us and get close to
state of the art classical algorithms in terms of speed and accuracy.

Q 67.17 Thu 17:00 Philo 2. OG
Quantum Routing in Quantum Networks — eJOHANNA SEITZ,
Lukas PauscH, and MATTHIAS ZIMMERMANN — Deutsches Zentrum
fiir Luft- und Raumfahrt e.V. (DLR), Institute of Quantum Technolo-
gies, Ulm, Germany

In the development of future quantum networks [1], investigating pos-
sible quantum-network applications beyond quantum key distribution
protocols becomes more and more relevant, promising higher security
over classical networks by communicating quantum information. Due
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to the no-cloning theorem, there is no direct quantum analogue to the
classical network protocol of sending identical, unknown information
to two receiving parties by creating copies before distribution. To over-
come this, we develop a quantum routing scheme that takes an input
state and sends partial information via superposition to two receiving
parties (compare to: [2]). In this protocol, the amount of information
distributed to each party is defined via an additional control qubit
that is processed together with the input state. Furthermore, we ana-
lyze the reverse operation of quantum decoupling to recover the initial
quantum state, which can be realized by non-deterministic operations.
Research on quantum routing protocols like this could open up new
applications for communication with quantum networks, going beyond
the capabilities of current classical communication networks.

[1] S. Wehner, D. Elkouss, R. Hanson, Science 362, eaam9288
(2018).

[2] B.K. Behera, T. Reza, A. Gupta et al., Quantum Inf. Process.
18, 328 (2019).

Q 67.18 Thu 17:00 Philo 2. OG
Recent advances in the implementation of a post-processing
pipeline for a star-shaped quantum key hub — eToBias LIEB-
MANN and THOMAS WALTHER — TU Darmstadt, Institute of Applied
Physics, 64289 Darmstadt

Quantum computing threatens the security of widely used public-key
cryptographic schemes such as the Rivest-Shamir-Adleman (RSA) pro-
tocol. As a countermeasure, quantum key distribution (QKD) enables
the generation of symmetric keys with information-theoretic security,
making it suitable for one-time-pad encryption. However, distilling
secure keys from raw quantum measurement data requires a complex
classical post-processing pipeline. We present recent advances in the
post-processing system of our QKD network, with a focus on error
correction, authentication, and privacy amplification. In particular,
we employ protograph-based LDPC codes for error correction, allowing
the code length and rate to be adapted to different links in our network.
For authentication of the classical channel we use a Wegman-Carter
scheme, and Toeplitz hashing for privacy amplification. We analyze
these components with respect to common performance metrics and
benchmark them against our previous implementations as well as other
published approaches.

Q 67.19 Thu 17:00 Philo 2. OG
Implementation of unidirectional modulation of polarization
squeezed states for an experimental free-space continuous-
variable quantum key distribution scheme — eJAN ScHrRECK!2,
KeviN Jakscu'?, THoMmas DirmEERD2, HiseviIN VUraLl2, and
CHRISTOPH MARQUARDT?! — Max Planck Institute for the Sci-
ence of Light, Staudtstr. 2, Erlangen, Germany — 2Chair of Opti-
cal Quantum Technologies, Friedrich-Alexander-Universitiat Erlangen-
Niirnberg, Staudtstr. 7 / A3, Erlangen

Continuous-variable quantum key distribution (CV-QKD) provides a
pathway toward quantum-safe cryptography. Polarization is a promis-
ing degree of freedom for encoding QKD signals in free-space opti-
cal (FSO) channels. In this context, the unidirectional modulation of
polarization-squeezed states of light constitutes an experimental CV-
QKD scheme that may enhance robustness against channel noise and
limitations in post-processing efficiency. In this work, we present our
approach to generating squeezed states of light as the source of quan-
tum signals, and describe the corresponding sender and receiver setups
for information transfer. Experimental characterization of the encod-
ing concept based on electro-optical modulation is reported, indicating
the feasibility of QKD with our implementation.

Q 67.20 Thu 17:00 Philo 2. OG
Phase Measurements in a Highly Imbalanced Interferometer
— oMAXIMILIAN MENGLER, SARAH WENK, and THOMAS WALTHER
— TU Darmstadt, Darmstadt, Germany

In entanglement-based quantum key distribution using phase-time cod-
ing, entangled photon pairs can be generated by passing a double pulse
through a nonlinear crystal. To achieve consistently low error rates,
the phase between these pulses must be stabilized, and their timing
must be precise. This can be achieved utilizing a highly imbalanced
interferometer that splits one incoming pulse into two outgoing ones.
In a first step, such an interferometer is commonly stabilized in its
temperature, as shifts therein change the interferometer’s phase. To
further reduce instabilities, an active stabilization utilizing phase mea-
surements can be used. As a first step, we introduce a scheme that
allows the measurement of the interferometer’s phase without altering
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the pulses that run through it, but by referencing them to an external
signal.

Q 67.21 Thu 17:00 Philo 2. OG
Floquet engineering in a dissipatively protected subspace
— oL1z Burron and Francesco Petizion — TU Berlin, Harden-
bergstrafe 36, Berlin

A possible approach to quantum error correction is to encode informa-
tion in the degenerate ground state of a gapped physical system, where
correctable errors correspond to excitations of the system and are thus
energetically penalized. Error correction is realized ”passively”, with-
out active manipulation of the system, through dissipation processes
that relax the system to the ground state. In our work, we consider a
physical realization of the three-qubit code as an Ising model coupled
to a bath that implements the necessary dissipative channels. We in-
vestigate how to realize logical operations in the code space by means
of Floquet engineering techniques. Moreover, one of our major goals
is to shed light on the interplay between the Floquet scheme and dis-
sipative protection, and how it impacts the efficiency of the quantum
error correction code.

Q 67.22 Thu 17:00 Philo 2. OG
Quantum Kolmogorov-Arnold Networks for Interpretable
Healthcare Models — eVaNEssa STEIN!, YaNNICK WERNERDZ,
AxasH MarLemata!, NikorLaos Pavalobimorourosh?, PauLa
MaNso ZoriLLA2, HaMRAZ JavaHerI?, MEencexi Liv2, PauL
Lukowicz!2, Viror Forres REvy!"?, GREGOR ALEXANDER
Stavrou?, OwmiD GHAMARNEJAD®, and MAXIMILIAN KIEFER-
EmMMANoUILIDIS 2 IRPTU Kaiserslautern-Landau — 2DFKI
Kaiserslautern — 3Department of General, Visceral and Oncological
Surgery, Klinikum Saarbriicken
Transparency remains a major challenge in applying machine learn-
ing to healthcare, where understanding model decisions is crucial for
clinical trust and adoption. Kolmogorov-Arnold networks provide a
structurally interpretable alternative to conventional neural architec-
tures by placing learnable functions on edges rather than nodes. We
explore quantum realizations of these architectures using Quantum
Circuit Born Machines to create compact, expressive models with di-
rectly accessible functional components. Initial results indicate that
the approach enables interpretable decision pathways without sacri-
ficing predictive performance compared to established classical and
quantum classifiers. This highlights the potential of quantum machine
learning to support trustworthy Al in healthcare by combining strong
performance with enhanced interpretability.

Q 67.23 Thu 17:00 Philo 2. OG
Evaluating the Impact of Expert-Curated vs. LLM-
Generated Feedback on Novice Quantum Programmer Per-
formance — eLars Krupp'2, Jonas BLEy?, SMRITI SHARMA!Z,
MAXIMILIAN  KIEFER-EMMANOUILIDISHZ PauL  Lukowicz!:2,
and Jakos Karorush?2 IDFKI Kaiserslautern 2RPTU
Kaiserslautern-Landau

The field of quantum computing (QC) faces a significant barrier to
adoption due to the shortage of qualified educators. While online
resources provide foundational knowledge, students often encounter
coding challenges where a lack of timely, personalized assistance can
severely stifle their learning progress. We present a user study on the
PennyLane website using a plugin to inject different types of assis-
tance into their error messages and investigate the efficacy of these
assistance mechanisms for introductory QC coding tasks. Our study
compares three types of assistance provided when a student’s code
fails: standard error messages, expert-curated messages, and person-
alized, Large Language Model (LLM)-generated support. Unlike the
non-personalized expert messages, the LLM-based system reads and
interprets the student’s code and provides targeted guidance aimed at
successful task completion. Learning gain is evaluated using a pre-
and post-test design to assess the impact of these distinct support
modalities on student understanding.

Q 67.24 Thu 17:00 Philo 2. OG

Synthetic Data Generation for Healthcare Prediction
ePauLa MaNso ZoriLral, Yannick WERNER!2, Ham-
raz Javaurri'?2,  GREGOR ALEXANDER STavrRou3, OwID
GHAMARNEJAD®, PaurL Luxowicz!?, MAXIMILIAN  KIEFER-
EmManouiLipish 2, and ViTor Forres Rev!? — 1DFKI Kaiser-
slautern — 2RPTU Kaiserslautern-Landau — 2Department of Gen-

eral, Visceral and Oncological Surgery, Klinikum Saarbriicken
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Advancing machine learning in healthcare is often hindered by limited,
imbalanced, and privacy-sensitive clinical datasets. To address these
constraints, we investigate physics-inspired synthetic data generation
using GANs, large language models, and a Quantum Circuit Born
Machine trained with maximum mean discrepancy loss. We assess the
resulting datasets in terms of fidelity, privacy preservation, and practi-
cal utility by training classical and quantum classifiers while evaluating
performance exclusively on real patient data. Our findings show that
synthetic clinical data can improve robustness and predictive capabil-
ity in low-data settings. This demonstrates how quantum and classical
generative models can help unlock reliable, privacy-preserving Al for
real-world healthcare applications.

Q 67.25 Thu 17:00 Philo 2. OG
Quantum-Inspired Low-Entanglement Optimization Tech-
niques for Image Segmentation — eMARIE GocoLIN!, RICHARD
CasTrob?, Yannick WERNERD3, ALl MoGISHEH?, ALEXANDER
GENG2, ARrcisio CasTANEDA MEeDINAZ, Paur Lukowicz!3, and
MaximiLIAN KIErFEr-EMmanouiLipis?® — 1RPTU Kaiserslautern-
Landau — 2Fraunhofer ITWM Kaiserslautern — 3DFKI Kaiser-

slautern

Optimization problems such as image segmentation can be mapped
to ground-state computations in Ising-type models, allowing quantum
and quantum-inspired methods to be applied to real-world tasks. In
this work, we investigate a spectrum of approaches to solving such
problems, starting from the Max-Cut formulation and comparing ex-
act diagonalization, imaginary-time evolution, and quantum annealing
techniques. The focus lies on tensor-network methods. Matrix Prod-
uct States and Projected Entangled Pair States, which enable scal-
able simulations of one- and two-dimensional systems with control-
lable entanglement. We further integrate quantum annealing concepts
with tensor-network optimization by combining generalized PEPS us-
ing the simple-update scheme with a Floquet-based adiabatic evolu-
tion approximation. Numerical experiments on image segmentation
benchmark the strengths and limitations of these techniques across
varying system sizes and problem structures. The results demonstrate
the potential of low-entanglement tensor networks as powerful tools
for quantum-inspired optimization, bridging theoretical developments
with practical applications in computer vision.

Q 67.26 Thu 17:00 Philo 2. OG
First-detection return statistics in quantum walks with
long-range hopping — eSavan Rov!, Smamik GuprtaZ?, Gio-
VANNA Morici!, and GABRIELE PERFETTO? — ! Theoretische Physik,
Universitdt des Saarlandes, D-66123 Saarbriicken, Germany —
2Department of Theoretical Physics, Tata Institute of Fundamental
Research, 1 Homi Bhabha Road, Mumbai, 400005, India — 3Institut
fir Theoretische Physik, ETH Ziirich, Wolfgang-Pauli-Str. 27, 8093

Ziirich, Switzerland

Quantum walks are paradigms for many-body dynamics and are ana-
log realization of quantum algorithms such as the quantum search.
Key characterizing concepts are quantum recurrence, which describes
the ability of a quantum walker to return to its initial state, and the
associated first-detection time, which is the time interval elapsed be-
tween the initial time and the recurrence. In this work, we analyze a
quantum walk on a chain with long-range hopping , where the coupling
between sites at distance d decays as d—%, with @ > 0. The walker
evolves unitarily between stroboscopic projective measurements on the
initial site performed at times t,, = n7,n € N. Our study shows that
the nature of the walk is controlled by the hopping exponent «. In
the strong long-range regime « < 1, interference tends to localize the
walker and the quantum walks are recurrent: the walker returns to
the origin with probability one. For o > 1, instead, the first-detection
probability decays algebraically, with exponent depending on «, lead-
ing to a transient quantum walk. We connect these behaviors with the
spectral features of the model.

Q 67.27 Thu 17:00 Philo 2. OG

Non-Exponential Decay in Finite Photonic Waveguide Arrays

— eFLoriaN Huser!2:34 BenNEDIKT BrRAUMANDLY23:5 JoHANNES
Knorzer®, Jonas HmmMmEeL?, CArRLOTTA VERsMOLD!:23, ROBERT
7 1,2,3,4

Jonsson®, ALEXANDER SzAMEIT?, and JASMIN MEINECKE
Ludwig-Maximilians-Universitdt Miinchen — 2Max-Planck Institut
fiir Quantenoptik — 3Munich Center for Quantum Science and Tech-
nology (MCQST) — 4Technische Universitiit Berlin — 5Technische
Universitit Miinchen — SETH Zurich — 7Universitit Rostock —
8Malmé University
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Tight-binding models with a single defect at the edge of a lattice give
rise to a variety of dynamical behaviors and provide a well controlled
minimal setting to study decay in open quantum systems. Transi-
tioning between exponential decay, non-exponential relaxation or os-
cillatory dynamics is possible by only varying a single parameter. To
explore these effects experimentally, we use fused silica waveguide ar-
rays providing a versatile yet well controllable platform and a natu-
ral realization of tight-binding models with varying coupling strengths
and boundary conditions. To analyze the suitability of the experi-
mental platform we characterize the waveguide arrays in detail and
use the reconstructed refractive index profile for additional numerical
eigenmode-expansion simulations. By comparing the analytic solution
to our experimental data and additional numerical simulations and by
taking finite-size effects into account we establish a general framework
and benchmark for assessing how waveguide-based quantum simulator
implementations can reliably emulate infinite or semi-infinite models.

Q 67.28 Thu 17:00 Philo 2. OG
Quantum searches as quantum walks on a graph with vari-
able connectivity — eGiovannt Racazzi!, EMma King?, PaoLo
Borpone!, Grovanna Morici?3, MarTeo Paris?, and ANDREA
SOLFANELLI® — !Dipartimento di Scienze Fisiche, Informatiche e
Matematiche, Universitd di Modena e Reggio Emilia, 1-41125 Mod-
ena, Italy — 2Theoretische Physik, Universitit des Saarlandes, D-
66123 Saarbriicken, Germany — 3Center for Quantum Technologies
(QuTe), Saarland University, Campus, 66123 Saarbruecken, Germany
— “4Dipartimento di Fisica Aldo Pontremoli, Universita di Milano, I-
20133 Milano, Italy — ®Max Planck Institute for the Physics of Com-
plex Systems, N&thnitzer Str. 38, 01187 Dresden, Germany

A quantum walk on a lattice is a paradigm of a quantum search in a
database. For quantum walks on a continuous time, the walker diffuses
across the lattice and the search ends when it localizes at the target
site. The search time T can exhibit Grover’s optimal scaling with
the lattice size N, namely, T ~ V/N, on an all-connected, complete
lattice. For finite-range tunneling between sites, instead, Grover’s op-
timal scaling is warranted when the lattice is a hypercube of d > 4
dimensions. In a recent work, it was shown that Grover’s optimum
can be reached in lower dimensions on lattices of long-range interact-
ing particles, when the interaction strength scales algebraically with
the distance r as 1/r® and 0 < o < 3d/2. In this contribution, we ex-
tend the formalism to determine the computational time complexities
of quantum walks on graph with different geometries, considering in
particular sparse graphs and chiral effects.

Q 67.29 Thu 17:00 Philo 2. OG
Statistical properties of quantum ensembles on hyperspheres
— oeMAaX TARTLER and REINHOLD WALSER — Institut fiir Angewandte
Physik, TU Darmstadt, Hochschulstrae 4A, 64289, Darmstadt

Quantum states are described by density operators and carry the entire
information of a physical system. The Bloch sphere provides a geomet-
ric representation of all possible quantum states for spin 1/2-systems
[1]. The question arises how quantum systems of higher dimension,
such as multipartite ones, can be understood geometrically.

In this contribution, we give a geometric representation of quan-
tum states in arbitrary dimensions. The key to this approach is the
Cholesky decomposition of positive definite matrices [2]. One finds
that the entire Hilbert space of N dimensions can be mapped onto
a sector of the real unit hypersphere in N2 dimensions. We analyze
where special classes of quantum states are located in this picture.
Furthermore, the statistical properties of homogeneously distributed
quantum states on the hypersphere are resolved through the compu-
tation of the probability distribution function of the density matrices.

[1] Quantum Computation and Quantum Information: 10th Anniver-
sary Edition, Michael A. Nielsen, Isaac L. Chuang p. 105 (2010)
[2] Matrix Analysis, Roger A. Horn, Charles R. Johnson p. 441 (2013)

Q 67.30 Thu 17:00 Philo 2. OG
Quantum states on hyper-spheres — oCHRISTIAN SCcHAUB and
REINHOLD WALSER — Institute for Applied Physics, TU Darmstadt,
Germany

Quantum entanglement is a key resource in today’s quantum tech-
nologies, making its reliable quantification fundamentally important.
A powerful strategy for characterizing entanglement is to decompose
a quantum state into its local building blocks and compare these com-
ponents with the original state, naturally connecting to the underlying
geometry of quantum states [1]. While the Schmidt decomposition
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provides a perfect factorization, it only applies to pure states.

In this contribution, decomposition-based methods are therefore in-
troduced for the analysis of arbitrary mixed states, with the Cholesky
decomposition as a central element. The Cholesky decomposition pro-
vides a unique and compact factorization of density matrices and serves
as the foundation for a hyper-spherical representation, in which quan-
tum states can be interpreted as points on the surface of a hyper-
sphere. Within this framework, entanglement can be understood as
the geodesic distance on the hyper-sphere between the original state
and the nearest separable state on the submanifold. This distance is
minimized to quantify entanglement, yielding a closer separable ap-
proximation than partial-trace-based factorizations.

[1] Ingemar Bengtsson et al. Geometry of Quantum States: An In-
troduction to Quantum Entanglement. 2nd ed. Cambridge University
Press, 2017

Q 67.31 Thu 17:00 Philo 2. OG

Applications of Multi-Qubit Gates for Scalable Quantum Al-
gorithms in Trapped-Ion Systems — EoiN PorTs, ALEXANDER
GRESCH, SORONZONBOLD OTGONBAATAR, MARCEL SEELBACH, DIMI-
TRIS BADOUNAS und eMicHAEL FrRoMM — eleQtron GmbH, Heeserstr.
5, 57072 Siegen, Germany

Multi-qubit entangling gates are a central resource for achieving scala-
ble quantum algorithms, particularly in trapped-ion quantum compu-
ting platforms where long-range interactions and high-fidelity control
are available. In particular, we examine the efficient layering of Gi-
vens rotations enabled by collective multi-qubit interactions. We fur-
ther discuss Hamiltonian engineering techniques that leverage native
multi-qubit gates to encode optimization problems directly into effec-
tive many-body interactions. Finally, we address strategies for scaling
multi-qubit gates beyond a single register, including modular architec-
tures and ion shuttling.
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Q 68.1 Thu 17:00 Philo 2. OG
Optical simulations for noise analyses in space-based interfer-
ometers — eRODRIGO GARCIA ALVAREZ — Max Planck institute for
Gravitational Physics (Albert Einstein Institute), Hannover, Germany

A major contributor of noise in the Laser Interferometer Space An-
tenna (LISA) is the so-called tilt-to-length coupling (TTL). This is the
path length signal noise induced by angular and lateral jitters in an
interferometric setup. Various TTL noise simulations conducted using
IfoCAD, an in-house interferometry c++ library are presented. These
simulations include TTL noise in the test mass interferometers and
the inter-satellite interferometers, caused by the jitter of the transmit-
ting and receiving spacecraft. The status of IfoCAD simulations using
LISA’s latest optical design is included.

Q 68.2 Thu 17:00 Philo 2. OG
Unifying Sequential Bragg and Bloch Large-Momentum-
Transfer Atom Interferometry — e ASHKAN ALIBABAEI', PATRIK
MONKEBERG2, KLEMENS HAMMERER? 34, and NAcEUR GaaLouL! —
Hnstitut of Quantum Optics, Leibniz University Hannover, Germany
— 2Institute fiir Theoretical physics, Leibniz University Hannover,
Germany — 3Institute for Quantum Optics and Quantum Information
of the Austrian Academy of Sciences, Innsbruck, Austria — *Institute
for Theoretical Physics, University of Innsbruck, Innsbruck, Austria

Large-momentum-transfer (LMT) techniques significantly enhance the
sensitivity of atom interferometers. Although Bloch oscillations and se-
quential Bragg diffraction are widely used, they are typically treated
as separate methods. We introduce a unified Floquet framework that
encompasses both processes within a single theoretical description, en-
abling direct and systematic comparison. Using this approach, we
analyse losses and dephasing and establish criteria for achieving their
fundamental performance limits. The framework is validated through
agreement with exact numerical simulations and recent state-of-the-art
experimental results [Rodzinka et al., Nat Commun 15, 10281 (2024)],
providing a robust foundation for optimizing future LMT implemen-
tations.

Q 68.3 Thu 17:00 Philo 2. OG
Development of a Compact Electronic System for the Ab-
solute Aero Quanten-Gravimetry (AeroQGrav) Project —
oPATRICK ROSSLER, KNUT STOLZENBERG, ERNST RASEL, and DENNIS
ScHLIPPERT — Leibniz Universitdt Hannover - Institut fiir Quantenop-
tik
To map the Earth’s gravitational field within a restricted area we uti-
lize an airplane as a platform for combining inertial and positional
sensors at lower altitudes. Within a measuring duration of 5 s we
are aiming for a spatial resolution of 0.3 to 0.5 km, by the imple-
mentation of a cold atom quantum gravimeter with the sensitivity of
1 pm/s? and combine it with the data stream of the GNSS position
system, a terrestrial laser scanner and a laser velocity meter. The pre-
sented work shows the requirements to build a robust, fast and precise
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electronic system to operate the quantum gravimeter and merge the
aforementioned sensors data streams using sensor fusion in the noisy
environment of an airplane.

Q 68.4 Thu 17:00 Philo 2. OG
Double Bragg atom interferometry with Bose-Einstein con-

densates in microgravity — eANURAG BHADANE!, DORTHE
LeoproLDT

PRrivaNkA BaRrik?, GOVINDARAJAN PRAKAsH®, JULIA

b b b
Panr*, SveN HERRMANN®, ANDRE WENzLAWSKI', SVEN ABENDZ,
Markus KruTzik*5, PaTrRick WINDPASSINGER!, ERNST RASELZ,
and THE QuanTus TeEam®2:3:46.7 _ 1JGQU Mainz — 2LU Hannover
— 3ZARM, U Bremen — 4HU Berlin — °FBH Berlin — U Ulm —

7TU Darmstadt

The QuaNTUsS-2 device is a mobile, high flux 87Rb Bose-Einstein
condensate(BEC) interferometer optimized for microgravity platforms
such as the Bremen Drop Tower and the GraviTower Bremen Pro,
and serves as a pathfinder for future space based quantum sensors. A
magnetic quadrupole lens combined with collective mode excitation of
the BEC enables interferometry times beyond one second using double
Bragg diffraction. At these durations, systematic effects like parasitic
wavefront distortions, which imprint spatial phase variations across the
atomic cloud, together with shot to shot pulse amplitude fluctuations
reduce the achievable contrast. We present the dominant contrast loss
mechanisms, supported by quantitative performance characterization,
and outline mitigation strategies for long duration interferometry in
microgravity.

2

This project is supported by the German Space Agency DLR with
funds provided by the Federal Ministry for Economic Affairs and
Energy under grant numbers DLR 50WM1952-1957 and DLR 50
WM2450A-F.

Q 68.5 Thu 17:00 Philo 2. OG
Towards a quantum inertial measurement unit for navigation
utilizing BEC based atom interferometry — eToBias BuLL-
WINKEL, MOUINE ABIDI, PHILIPP BARBEY, ASHWIN RAJAGOPALAN,
ANN SABU, DENNIS SCHLIPPERT, ERNST M. RASEL, and SVEN ABEND
— Leibniz Universitdt Hannover, Institut fiir Quantenoptik

Future enhanced inertial measurement units require more long-term
stable and accurate sensors. Utilizing atom interferometry, sensors
can be realized that offer drift-free performance and are not vulner-
able to signal jamming, in contrast to current navigation solutions.
By hybridizing conventional methods with newly developed quantum-
sensors, the best of both worlds is combined. The QGyro project aims
to create a sensor that is capable of doing three-axis measurements
while hybridizing the measurements to a classical IMU. For this, atom
iterferometry with Bose-Einstein condensates generated with the help
of an atom chip is used. Since mobility is crucial for the system being
used in navigation, development is done with transportability and re-
silience against external factors in mind. All of the sensor periphery is
built for easy assembly and fits into one 19* rack, as the electronics and
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laser systems are designed to be as compact as possible. Additionally,
it can be supplied by an external battery, enabling measurements cam-
paigns without constant external power supply. The ARTIQ control
system is utilized to run the experimental sequence with extreme ac-
curate time control. This work is supported by the Federal Ministry of
Economics and Climate Protection (BMWK) due to the enactment of
the German Bundestag under Grant No. DLR 50NA2106 (QGyro+).

Q 68.6 Thu 17:00 Philo 2. OG
Challenges behind performing atom interferometry in ex-
tended free fall — ePrivanka BARik!, GOVINDARAJAN PRAKASH?Z,
DorreHE LeopoLpT!, ANURAG BHADANES, JuLia PanHL?, SVEN

ABeEND!, SvEN HERRMANNZ, ANDRE WENZLAWSKIS, MARKUS
1
and

KruTzik®7, Parrick WINDPASSINGER?, ErnsT M. RaseL!,
QUANTUS Team!'2:3:4567 __ 11,U Hannover — 2ZARM, U Bre-
men — 3JGU Mainz — 4HU Berlin — °U Ulm — 9TU Darmstadt —

"FBH Berlin

The QUANTUS-2 apparatus is a high-flux 87Rb BEC machine, based
on a magnetic chip-trap, which generates 1x10° atoms at a 1Hz rate.
High-precision quantum sensing with atom interferometers requires
long interrogation time of several seconds with ultra-low expansion
rates of the BECs. Thus, we perform our experiment in the DropTower
in Bremen with a novel matter-wave lens system for the collimation of
the condensate. The apparatus experiences noticeable tilts and rota-
tions which alter the spatial rotation of the 87Rb atomic cloud and its
projection along the imaging axes and the interferometry pulses. These
rotations lead to position offsets, which become more pronounced as
the TOF is increased, and, hence, are expected to contribute to a loss of
contrast of the interferometer. We report on the proposal to mitigate
these problems using a retro-reflective mirror mounted on a tip/tilt
platform which will pave the way for long interrogation times. This
project is supported by the German Space Agency DLR with funds pro-
vided by the Federal Ministry for Economic Affairs and Climate Action
under grant numbers DLR 50WM1952-1957 & DLR 50WM2450A-F.

Q 68.7 Thu 17:00 Philo 2. OG
Improving PIXL — eKNUT STOLZENBERG, Daipa TrHOMAS, CHRIS-
TIAN STRUCKMANN, ASHWIN RAJAGOPALAN, ALEXANDER HERBST,
WEI Liu, KONSTANTIN AvvAcUMOV, SEBASTIAN BobDE, NACEUR
GaaLouL, ErnsT RAsiEL, and DENNIS ScHLIPPERT — Institut fiir
Quantenoptik, Leibniz Universitdt Hannover

Atom interferometers have become a viable tool for inertial sensing
and fundamental research, showing excellent long-term stability and
sensitivity. However, they are commonly bound to a single sensitive
axis, enabling multi-axis inertial sensing only via post-correction with
external classical sensors, or correlation with other simultaneous atom
interferometers.

The PIXL (Parallelized atom Interferometers for XLerometry) method,
utilizing a 3 x 3 array arrangement of Bose-Einstein condensates as in-
put for Mach-Zehnder type atom interferometers, allows for the mea-
surement of the Euler- and centrifugal acceleration, as well as transver-
sal acting linear accelerations induced by gravity.

PIXL’s optical dipole trap setup can furthermore accelerate the ensem-
bles transversal to the atom optics light field, resulting in additional
phase shifts in the atom interferometers due to the Sagnac effect. Here,
first results of improved rotation sensing and post correction of obstruc-
tive vibrations are presented.

Moreover, we envision PIXL as a highly accurate tool to characterize
wave front abberations, being the main limitation for e.g. the mea-
surement of the fine structure constant.

Q 68.8 Thu 17:00 Philo 2. OG
Frequency ratio measurements at the 10~ !8 level with an
aluminum ion clock — eFaBIAN Dawer!:2, DERwELL DRAPIER!,
Mirza AkBAR Arib?, LENNART PreLzer!, Kal DieTze!2, BENNET
BenNY!2, Jonannes KramerRY2, and Pi1eT O. ScumipT!2 — 1PTB,

Braunschweig, Germany — 2LUH, Hannover, Germany

The latest generation of optical atomic clocks claims two orders of
magnitude improved statistical and systematic frequency uncertainty
compared to microwave Cs-clocks. For the redefinition of the second
confirmation of the estimated error budgets of optical clocks by fre-
quency ratio measurements is required. Here, we present frequency
ratio measurements of our Alt ion clock, which is co-trapped with
Cat for readout and cooling. The co-trapped ion allows sympathetic
electromagnetically-induced transparency cooling during the clock in-
terrogation, which reduces the second-order Doppler effect to a small
and probe-time independent value. The introduced electric field of
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the cooling lasers can be characterized by Cat allowing to bound the
ac-Stark shift on Al* on a low 10~ 18 uncertainty level, which is the
largest contribution to the total systematic frequency uncertainty of
1.7 x 10718, We show frequency ratio measurements against a Sr lat-
tice clock with a stability of 5.9 x 10716,/1s/7, limited by the Alt
ion clock stability. The resulting frequency ratio of 27 Al* /87Sr shows
a 14 o difference to published results. This shows the importance of
inter-institutional frequency ratio measurement for the redefinition of
the second.

Q 68.9 Thu 17:00 Philo 2. OG
Advancements of a transportable quantum logic optical clock.
— eSoria HerBErs!, M. MaziN AMmir!:2, ALEXANDER BERNET!:2,
PascaL ENGELHARDTY2, JoosT HiNrIcHS)'2, CONSTANTIN NAUkD2,
GavaTr1 SasiDHARAND2| and Pier O. ScamipT!2 — 1Physikalisch-
Technische Bundesanstalt, 38116 Braunschweig, Germany — 2Leibniz
Universitdt Hannover, 30167 Hannover, Germany

Research in the field of geodesy [1,2|, fundamental physics [3], and
large scale networks can be performed and complemented with op-
tical clocks. Besides stationary systems, this research also requires
transportable systems, which can be operated at different points of
interest. We set up a transportable quantum logic optical clock based
on 27Alt and 4°Ca™ and present our latest advancements. We opti-
mized the loading process of a two-ion crystal by an automated two-
step splitting protocol. Additionally, we set up a compact, single-pass,
and frequency-stable fourth harmonic generation (FHG) to generate
267 nm light for driving the clock transition of 27Alt, for which we
demonstrated a fractional frequency instability below 5x 10717 for the
phase-stable light transfer through the FHG at one second averaging
time. Furthermore, we optimized our cooling protocol, and investi-
gated magnetic field attenuation using a mu-metal shield. [1] T. E.
Mehlstaubleret al. (2018), Rep. Prog. Phys. 81, 064401 [2] Safronova
et al. (2018), Rev. Mod. Phys., 90, 025008 [3] Vincent et al. (2024),
arXiv preprint arXiv:2411.07888

Q 68.10 Thu 17:00 Philo 2. OG
Miniaturized Rubidium Two-Photon Frequency Reference
Utilizing MEMS Cells — eDaNIEL EmanveL KonrLl:2, JULIEN
Kruceb2, Moritz EisesrrTh2, JanicE WoLLENBERG!, Kraus
DORINGSHOFFL2, STEN WENZEL!, ANDREAS WIcHT!, and MARKUS
Krutzikh? — lFerdinand-Braun-Institut (FBH) — Z2Institut fiir
Physik - Humboldt-Universitdt zu Berlin

Optical frequency references based on frequency modulation spec-
troscopy of atomic vapor are promising candidates for the realization
of compact optical clocks with applications including optical calibra-
tion, synchronization and navigation. We present the development
of a miniaturized rubidium two-photon frequency reference using FM
spectroscopy of the 5815 — 5Dj5/o transition at 778.1nm. The ref-
erence features a 72ml (67x32.5x33 mm?) spectroscopy unit utilizing
microfabricated wafer-bonded rubidium vapor cells.

The spectroscopy unit is driven by a chip-scale ECDL laser as a
778.1 nm light source. We present a first demonstrator achieving short-
term fractional frequency instability of 2.8-10712/,/7 up to 200s, with
a flicker floor at 2 - 10~13. These results show the potential of chip-
scale rubidium two-photon frequency references. We aim to further
miniaturize and integrate the laser system with a microfabricated-cell
spectroscopy module to realize a scalable rubidium optical clock.

This work is supported by German Federal Ministry of Research,
Technology and Space, under grant number 50WM2164 and within
the Research Program Quantum Systems under contract number
13N17491.

Q 68.11 Thu 17:00 Philo 2. OG
Portable implementation of a Ramsey Bordé atom interfer-
ometer with a thermal strontium beam for compact optical
clocks — e AMIR MaupIAND2 OLIVER FARTMANN!, MARC CHRIST?,
Levi Winan!, and Markus Krurzik?? — 'Humboldt-Universitét,
Inst. f. Physik, Newtonstr. 15, 12489 Berlin — 2Ferdinand-Braun-

Institut (FBH), Gustav-Kirchhoff-Strafie 4, 12489 Berlin

Compact optical atomic clocks based on Ramsey Bordé interferometry
(RBI) with thermal atomic beams promise higher stability than opti-
cal vapor-cell clocks at substantially reduced complexity compared to
cold-atom systems. Building on our previous demonstration[1] on the
narrow 1So — 3Py line of strontium at 689 nm, and using the 3P; — 3P,
at 483 nm as an alternative for electron shelving detection, we now re-
port our progress towards a portable RBI clock package. The portable
apparatus features an integrated thermal atomic source and vacuum



Mainz 2026 — Q

Friday

system with an in-vacuum micro-integrated retroreflector, as well as
a compact spectroscopy setup. We have performed spectroscopy on
the 461 nm transition and implemented frequency-modulation spec-
troscopy with the portable hardware. We will present the latest sta-
tus of our setup, including initial stability characterization, and the
roadmap to full RBI operation and field deployment. These results
outline a path to robust, mobile, and ultimately space-qualified opti-
cal frequency references based on thermal-beam interferometry.

[1] O. Fartmann et al., EPJ Quantum Technol. 12, 31 (2025).

Q 68.12 Thu 17:00 Philo 2. OG

Entanglement-enhanced multi 40Ca-+ ion clock — eBENNET
Benny!:2) Kar Dietze!2, LENNART PELzER'2, VINCENT BARBE!,
Lupwic KrINNERDZ, FABIAN DaweL!2, DERWELL DRAPIER!, MIRZA
A. Aub2) and Pier O. ScumipT!? — QUEST, Physikalisch-
Technische Bundesanstalt, 38116 Braunschweig, Germany — 2Leibniz

Universitdt Hannover, 30167 Hannover, Germany

State-of-the-art optical atomic clocks based on trapped ions require
long interrogation times and ion numbers to achieve low statistical
uncertainty, but both methods are limited by various noise sources.
Therefore, a small number of entangled ions with Quantum Projection
Noise (QPN) below Standard Quantum Limit (SQL) might be benefi-
cial. We demonstrated entanglement gain leading to faster averaging
and suppression of magnetic-field noise in 40Ca+ ions in Decoherence-
Free Subspace (DFS)[1]. Entanglement also provides an improvement
in the measurement uncertainty through a reduction in QPN. The DFS
method demonstrated near-lifetime-limited interrogation, but any fur-
ther gain is suppressed by spontaneous-emission events during interro-
gation. To address this, we propose an experimental implementation
of an entanglement-assisted readout method that employs a 4-tone
Mglmer-Sgrensen gate based DFS to detect and veto spontaneous-
emission events from the clock feedback loop. This approach is de-
signed to demonstrate an enhancement beyond SQL and its scaling of
the achievable lock performance with ion numbers|2].

[1] K. Dietze et al., arXiv:2506.11810 (2025)

[2] T. Kielinski et al., Sci. Adv. 10, eadr1439 (2024)

Q 68.13 Thu 17:00 Philo 2. OG
Frequency-Comb Induced Excitation of 22Th in a Crystalline
Environment — e CHIARA BRUGGEMANN, ToBiAs KIRSCHBAUM, and
ApriANA PALFFY — Julius-Maximilians-Universitdt Wiirzburg

Large band gap crystals such as CaFa or LiCaAlFg serve as an ideal
host for doping 22 Th. This procedure leads to the formation of ad-
ditional electronic defect states in the band gap. Various works have
shown that these states can be used to excite the nuclear ground state
population via laser-assisted Electronic Bridge (EB) schemes [1-3].
The EB rate for the 229Th isomeric transition can be calculated using
a perturbative approach [3].

In this work, we theoretically investigate EB excitation assisted by op-
tical frequency combs. The latter open new avenues for EB excitation
mechanisms using two photon-schemes, as their discrete line spec-
trum provides ideal conditions for delivering resonant photon pairs.
Our approach based on Ref. [3] includes realistic crystal lattice effects,
in particular inhomogeneous broadening of the electronic defect states.

[1] B. Nickerson et al., Phys. Rev. Lett. 125, 032501 (2020)
[2] B. Nickerson et al. Phys. Rev. A 103, 053120 (2021)
[3] T. Kirschbaum et al. arXiv:2507.05070 (2025)

Q 68.14 Thu 17:00 Philo 2. OG
Tuning and preparation of a laser system for airborne atom
interferometry — eArLisa Uknanoval, JuLia Panr!, MAarkus
Krutzikh?2, and THE AEROQGRAV TEAMD3:4:5,6:7:8,9 T umboldt-
Universitét zu Berlin, Institut fiir Physik — ?Ferdinand-Braun-Institut
(FBH), Leibniz-Institut fiir Hochstfrequenztechnik, Berlin — 3LUH,
Hannover — *DLR, Hannover — °TUB, Braunschweig — BKG,
Leipzig — "TUC, Clausthal — 8Geo++®CGmbH, Garbsen — %IMAR
Navigation GmbH, Ingbert

The "AeroQGrav" project strives to demonstrate an airborne atomic
gravimeter, with a higher spatial and temporal resolution and a better
long-term stability compared to the existing commercial solutions.

We develop a compact and robust modular flight laser system. Three
functional modules provide the light fields for laser cooling of 37Rb
atoms in 2D- and 3D-magneto-optical traps, Raman interferometry,
and state detection during flight. This poster highlights the design, as-
sembly and verification of the system, with an emphasis on frequency
stabilization methods. Our laser system meets the requirements arising
from aircraft operation.

Future work will focus on a detailed characterization of the laser sys-
tem to validate its performance under flight conditions. This project
is supported by the VDI Technologiezentrum GmbH with funds pro-
vided by the Federal Ministry of Education and Research (BMBF)
under grant number 13N16518.

Q 68.15 Thu 17:00 Philo 2. OG

Quantum Systems With Multiple Weak Interactions
—  eVinay TumurLurub23,  Jan  Dziewior!23, CarLoOTTA
VErsmoLp)2:3 FLorian Huser!?3, Lev Vaibman?, and Har-

ALD WEINFURTER!23 — lFaculty of Physics, Ludwig-Maximilians-

University, Munich, Germany — ?Max-Planck-Institute of Quantum
Optics, Garching, Germany — 3Munich Center for Quantum Science
and Technology (MCQST), Munich, Germany — Raymond and Bev-
erly Sackler School of Physics and Astronomy, Tel-Aviv University,
Israel

The ‘quantum weak value’ of a pre- and post-selected quantum sys-
tem [1] weakly interacting with a ‘pointer’ describes the amplification
of effects of the weak interaction [2]. These amplified effects can be
observed experimentally in optical interferometers where pre- and post-
selection can be finely controlled and performed on different DOFs.

With the path and polarisation DOFs of an optical Mach Zehnder
interferometer serving as two systems and the transverse mode of the
beam serving as pointer, one can observe weak amplification in individ-
ual weak coupling of each system to the pointer as well as the product
of amplifications when both systems are coupled simultaneously [3].
Here we analyse and show in the experiment how entanglement be-
tween the DOFs changes the resulting amplification significantly.

[1] Y. Aharonov et al, PRL. 60, 1351 (1988) [2] P. B. Dixon et al,
Phys. Rev. Lett. 102 (2009) [3] X. Xu et al, PRL. 122, 100405 (2019)

Q 69: Collective Effects and Disordered Systems

Time: Friday 11:00-12:45

Q69.1 Fri11:00 P2
Spontaneous symmetry breaking in nonlinear superradiance
— eNixorar KrimkiN! and MikgAIL Ivanov!2:3 — IMax Born In-
stitute, Max-Born StraRe 2A, 12489 Berlin, Germany — 2Institute
of Physics, Humboldt University Berlin, 12489 Berlin, Germany —
3Technion - Israel Institute of Technology, 3200003 Haifa, Israel

Creation and manipulation of non-classical states of light is rapidly
becoming the focus of modern attosecond science. Here, we demon-
strate numerically how such states can arise by considering a modifica-
tion of the well-known problem of superradiance encountered already
by Dicke. Similarly to him, we investigate photon emission by en-
sembles of indistinguishable atoms. In contrast to him, however, we
leverage symmetry-based selection rules to suppress emission of sin-
gle photons by single atoms. A steady state is therefore only reached
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following a spontaneous transition into a collective symmetry-broken
state of atoms and photonic modes. The novel non-Markovian, non-
perturbative method applied allows us to observe a large quantum
state of light form and exhibit drastically non-classical statistics once
the system undergoes a symmetry-breaking transition.

Q69.2 Frill:15 P2
Transport properties of fermionic excitations in a disordered
toric code — eLuis STEINFADT and FrRANCESco PEetizion — Tech-
nische Universitiat Berlin, Institut fiir Physik und Astronomie, Hard-
enbergstrafte 36, Berlin 10623, Germany

A defining property of topologically ordered phases of matter is their
long range entanglement, which enables the encoding of quantum in-
formation in non-local degrees of freedom. The resulting robustness
against local perturbations establishes two-dimensional topological or-
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dered systems as a promising physical hardware for quantum informa-
tion processing.

However, any infinitesimal perturbation will delocalize thermally
created excitations, a mechanism known to hinder the stability of quan-
tum memories based on 2D topological order at any non-zero temper-
ature. Thus, understanding the dynamics and transport properties
of topological excitations in disordered topologically ordered systems
poses a compelling question. On the one hand, it is crucial in quanti-
fying the survival of the information encoded in the topologically de-
generate ground states when subjected to (in-)coherent perturbations.
On the other hand, it offers an opportunity to study the influence of
exotic quantum statistics on (many-body) localization.

Motivated by this, we investigate the behavior of fermionic excita-
tions in a disordered and perturbed toric code model and characterize
their localization regimes. Based on these results, we further aim at
exploring opportunities for controlling anyon motion in quantum sim-
ulations of topological order.

Q69.3 Fri11:30 P 2
Collective effects in cooling of ion crystals — eIvaN VyBoRrNYI!
and KremeNs HaMMmeERERD2 — lLeibniz Universitit Hannover —
2University of Innsbruck

Crystals of cold trapped ions are proven to be an outstanding plat-
form to study controlled many-body physics and push the boundaries
of quantum metrology. For this, careful entropy management is an
essential prerequisite and laser cooling is routinely used to prepare
the necessary low entropy mechanical motional states. However, with
ion crystals increasing in size, the role of many-body effects in laser
cooling has been largely overlooked and the possibility of collective
enhancement remains unclear. In this work, we study a minimal the-
oretical many-body model for cooling arbitrary motional modes of an
ion crystal and analyze the cooling behavior as more ions are added
to the crystal. We identify regimes where the collective enhancement
can provide a substantial boost to the cooling efficiency and discuss
its advantages as well as limitations.

Q69.4 Frilli4s P2
Motion-induced unidirectionality of collective emission in a
non-chiral waveguide — e¢YoAN SpaHN!, BENEDIKT SAALFRANK!,
JENs HARTMANNZ, MIcHAEL FLEISCHHAUER2, THOoMAS HALFMANNY,
and THORSTEN PrTERs! — lInstitut fiir angewandte Physik TU
Darmstadt — 2Theoretical Quantum Optics Group, RPTU Kaiser-
slautern

We report the first observation of motion-induced unidirectionality in
the collective emission of atoms confined within a hollow-core waveg-
uide. Although the coupling of individual atoms to the guided radia-
tion field is isotropic in forward and backward direction, we observe a
pronounced directional suppression of superfluorescent burstsof up to
95% by tuning of the characteristic collective decay rate. Corroborated
by numerical simulations based on the truncated Wigner approxima-
tion (TWA) and a simple model including location blur, we show that
this behaviour arises because the decay occurs via a Raman-process-
based effective two-level system with a spatially-dependent phase of
the transition dipole moment. Furthermore, we study the two-time,
second-order correlation function of the emitted light close to and well
above the threshold to collective emission, showing a buildup of coher-
ence during the superfluorescent bursts while the emitted light below
the threshold exhibits thermal statistics.

Q 69.5 Fri12:00 P 2

Long-range dipolar interactions in dilute, thermal alkali

gases — FRIEDEMANN LANDMESSER, VYACHESLAV SHATOKHIN, UL-
RICH BANGERT, FRANK STIENKEMEIER, ANDREAS BUCHLEITNER, and
eLLukas BRUDER — Institute of Physics, Hermann-Herder-Strafe 3,
79104, niversity of Freiburg

Unraveling the weak long-range interactions in disordered systems is
challenging due to the dominating inhomogeneous spectral broadening.
‘We have developed a highly sensitive nonlinear spectroscopy method
to solve this problem [1]. This method is applied to dilute thermal
alkali vapors. In a combined experimental and theoretical approach,
we find evidence that in these systems the retarded, long-range part of
the dipole-dipole interaction has to be taken into account to properly
describe the inter-atomic many-body interactions [2].

[1] L. Bruder et al., Phys. Chem. Chem. Phys. 21, 2276 (2019). [2]
V. Shatokhin et al. arXiv:2508.11480 (2025).

Q69.6 Fril2:15 P2
Symbolic Quantum-Trajectory Method for Multichan-
nel Dicke Superradiance — RapPuHAEL HoLzINGER?, eNico
BassLerb?, Jurian Lyne23, SusanNne YELIN?, and CrLaubpiu
GENEs!:?2 1TU Darmstadt, Institute for Applied Physics,
Hochschulstrasse 4A, D-64289 Darmstadt, Germany — 2Max Planck
Institute for the Science of Light, Staudtstrass e 2, D-91058 Erlangen,
Germany — 3Department of Physics, Friedrich-Alexander Universitét
Erlangen-Nirnberg (FAU), Staudtstrasse 7, D-91058 Erlangen, Ger-
many — “Department of Physics, Harvard University, Cambridge,
Massachusetts 02138, USA

We develop and solve a Dicke superradiant model with two or more
competing collective decay channels of tunable rates. Recent work an-
alyzed stationary properties of multichannel Dicke superradiance us-
ing hydrodynamic mean-field approximations. We extend this with
a symbolic quantum-trajectory method, providing a simple route to
analytic solutions. For two channels, the behavior of the stationary
ground-state distribution resembles a first-order phase transition at
the point where the channel-rate ratio is equal to unity. For d com-
peting channels, we obtain scaling laws for the superradiant peak time
and intensity. These results unify and extend single-channel Dicke dy-
namics to multilevel emitters and provide a compact tool for cavity
and waveguide experiments, where permutation-symmetric reservoirs
engineer multiple collective decay paths.

Q 69.7 Fri12:30 P2
Fast and slow scrambling in many-body long-range interact-
ing systems — eFrANCEsco MarTtioTrTi and GIOVANNA MORIGI
— Theoretische Physik, Universitdt des Saarlandes, D-66123 Saar-
briicken, Germany

Information scrambling, and its intimate relation to quantum chaos,
represents one of the frontiers of research in condensed matter and
many-body physics. A system which deteriorates information expo-
nentially in time is called a fast scrambler, and the associated scram-
bling rate has been regarded as a quantum analog of the Lyapunov
exponent, which in classical chaotic systems dictates the rate at which
two initially closed trajectories diverge in phase space. Few condensed
matter systems scramble fast, and, to the best of our knowledge, none
saturates the bound on the quantum Lyapunov exponent, with the ex-
ception of the Sachdev-Ye-Kitaev (SYK) model. Here we investigate
scrambling in the presence of long-range interactions and as a func-
tion of the initial state. We study how the spectral gap induced by
long-range interactions affects the scrambling velocity of the system,
depending on whether the initial state evolves inside a single subspace
or multiple ones.

Q 70: Quantum Optics and Control Il

Time: Friday 11:00-13:00

Invited Talk Q70.1 Fril1:00 P 3
Totally destructive many-body interference beyond bosons
and fermions — eGABRIEL DuUFoUrR and ANDREAS BUCHLEITNER
— Physikalisches Institut & EUCOR Center for Quantum Science and
Quantum Computing, Albert-Ludwigs-Universitat Freiburg

The suppression of coincidence events in the Hong-Ou-Mandel exper-
iment is a striking example of totally destructive many-body interfer-
ence of two bosons. Similar effects have been described for greater
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numbers of bosons or fermions in larger interferometers. Here, we de-
scribe suppressions of certain particle configurations at the output of a
Fourier interferometer when the many-body state on input has a spe-
cific symmetry under particle exchange, which need not be bosonic or
fermionic.

Q 70.2 Fril11:30 P 3
How to Break Symmetries to Get Quantum Systems

under Control — eTrHOoMAS ScHULTE-HERBRUGGEN!, EMANUEL
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MaweTTr!, and GUNTHER DIRR? — !Technical University of Mu-
nich (TUM), School of Natural Sciences — 2University of Wiirzburg,
Institute of Mathematics

In quantum engineering one wants to know "what one can do" with
a given controlled dynamical system when starting with given initial
conditions. The degree to which such a system can be controlled (ac-
cessed), observed, tomogaphied, or Kalman-filtered is readily judged
by symmetries. To wit, those symmetries shared by the dynamic gen-
erators and the observables or filters.

We give constructive guidelines how to break symmetries to bring
quantum systems under control, or observation, or Kalman-filtering.
They are part of an overarching frame for quantum systems theory.
[For a tutorial overview, see Proc. IEEE-CDC 63 (2024), p5231-5247.]

Q 70.3 Frill:45 P 3
Nonlinear excitations in laser driven two level systems —
eDENIZ ADIGUZEL, MIRIAM GERHARZ, and JORG EVERS — Max-
Planck-Institut fiir Kernphysik, Heidelberg, Germany

The extreme narrow linewidths of Mdssbauer nuclei transitions ren-
der precision spectroscopy possible but subsequently make it also very
challenging to achieve nonlinear excitations. Recent experiments at
X-ray free electron lasers allow one to access new excitation regimes.
This makes the study of nonlinearly excited nuclear systems particu-
larly relevant. The interaction in question is a laser driven two level
system which can be studied by solving the Maxwell-Bloch equations
coupled with the propagation equation. As this system consists of a
coupled partial differential equation, the analytical solution is in gen-
eral not always obtainable. To overcome this problem, we implemented
the method of lines to investigate light propagation beyond low exci-
tations numerically. Here we report on the nonlinear timeshifts in the
minima of the coherently scattered light and transitions around pop-
ulation inversion. Subsequently a signature was proposed in order to
quantify the degree of excitation.

Q70.4 Fri12:00 P 3
Enhancing Stimulated Raman Scattering Using Kerr Squeez-
ing — eNikorLay KaLNIN!, KILIAN ScHEFFTER!'2, SEUNGWON
Moon!, Hannas GarrLop®, MEeupr Avrizabpen®, Aprian F.
PEcorarO?, HANIEH FarTaHIY'2, ALEXEY V. ANDRIANOV®, ALBERT
StoLow3, Luis L. SAncHEz-Soro’%7, and GeErp Lreucus!»?3 —
IMax Planck Institute for the Science of Light, Erlangen, Germany
— 2Physik Department, Friedrich-Alexander-Universitit Erlangen-
Niirnberg, Erlangen, Germany — 3Department of Physics, University
of Ottawa, Ottawa, Canada — *Metrology Research Centre, National
Research Council Canada, Ottawa, Canada — ®Nizhny Novgorod,
Russia — %Departamento de Optica, Facultad de Fisica, Universidad
Complutense, Madrid, Spain — "Institute for Quantum Studies, Chap-

man University, Orange, CA, USA

Squeezed light states provide a way to improve signal-to-noise ratio
(SNR) in various measurements when classical methods face a limit.
In state-of-the-art stimulated Raman scattering (SRS) experiments,
such a limit is photodamage of biological samples. Recently, several
groups demonstrated SRS with nonclassical light, where a x(2) non-
linearity was employed to produce squeezing. In this work, we explore
an alternative approach based on Kerr (x(®)) nonlinearity to enhance
SRS. Our setup is relatively simple and robust, while also providing
a perfect spatial mode for the Raman interaction. By injecting Kerr-
squeezed light at 1.5 pm as the pump for the SRS in quartz, we achieve
3.0 dB of SNR improvement, a value on par with other known results.

Q70.5 Fril2:15 P 3
Pulse Engineering via Projection of Response Functions
at Infinite Nonlinear Order — eLia Krev'? and Lupwic

MataEY!23 — 1Zentrum fiir Optische Quantentechnologien, Uni-

versitat Hamburg, 22761 Hamburg, Germany — 2Institut fiir Quan-
tenphysik, Universitdt Hamburg, 22761 Hamburg, Germany — 3The
Hamburg Centre for Ultrafast Imaging, 22761 Hamburg, Germany

High-fidelity control of quantum systems requires methods that are
both flexible and practical. We introduce a new method for optimal
control that iteratively refines control parameters by evaluating the
response of the fidelity to the applied control operators. It aims to im-
plement target operations reliably with high fidelity, while extending
established optimal-control techniques by providing access to the pa-
rameter update without the need for hyperparameter tuning, enhanc-
ing both practicality and applicability. To illustrate its potential, we
discuss its application to a multi-qubit gate optimization task, compar-
ing the method to existing approaches and highlighting improvements
in usability and convergence relative to conventional strategies.

Q706 Fril2:30 P 3

Towards coherent dipole-dipole coupling of molecular dimers

— eDiNEsH Reppy! 2, AsuLey Suin!, Tim HEBENSTREIT!:2, SI-

wEI Luol2, MikHAIL KALININ®, ALEXANDER OSHCHEPKOV®, JAN
RENGER!, Tosias Urikar!, KONSTANTIN AMsHAROVS, VAHID
SanpocHDARY2, and STEPHAN GOTZINGERD'2 — 1Max Planck Insti-

tute for the Science of Light, Erlangen, Germany — 2Department of
Physics, Friedrich Alexander University Erlangen-Nuremberg, Erlan-
gen, Germany — 3Department of Organic Chemistry, Martin-Luther-
University Halle-Wittenberg, Halle(Saale), Germany

Coherent coupling between two quantum emitters via their optical
near-field gives rise to the formation of sub- and superradiant entan-
gled states. It can be experimentally challenging to optically confirm
such coupling, as it typically requires emitters to be separated by only a
few nanometers. We adopt a bottom-up synthetic approach, leveraging
precise molecular engineering to tune the inter-emitter distance using
tailored organic linkers. Our study focuses on single-molecule spec-
troscopy of dibenzanthanthrene (DBATT) that has shown to have high
quantum yield and lifetime-limited linewidths at cryogenic tempera-
tures (<2.2K). By functionalizing DBATT with various linker groups,
we construct isolated monomers with linkers as well as dimers. We
utilize a tunable narrow-band CW laser to obtain near lifetime-limited
fluorescence excitation spectra as well as emission spectra with high
spectral resolution to distinguish the effects of chemical functionaliza-
tion from strong coupling. Additionally, we report autocorrelation and
inhomogeneous broadening of all DBATT species.

Q70.7 Fril2:45 P 3
Storing images in hot atomic vapors — eDEgNIs UHLAND and ILja
GERHARDT — light & matter group, Institute for Solid State Physics,
Leibniz University Hannover

The ability to reliably store and retrieve photons lies at the heart of
emerging quantum technologies. A suitable medium for the storage
and retrieval of photons are hot atomic vapors, which offer a pos-
sible way for room-temperature optical quantum memories. Previous
works have demonstrated the storage and retrieval on the single photon
level [1] and of images from a laser illuminated mask [2] in hot atomic
vapors via electromagnetically induces transparency (EIT). Here, we
show coherently storage and retrieval of two-dimensional images by
exploiting the memory capabilities of the hot atomic vapor. Such
image-preserving quantum memories overcome the idealized single-
modal treatment of a collective excitation in an atomic ensemble. This
combines the quantum storage of light with the unique sensing prop-
erties of a hot atomic vapor cell.

[1] L. Esguerra et al., Phys. Rev. A (2023) 107, 042607 [2] M. Shuker
et al., Phys. Rev. Lett. 100, 223601

Q 71: Cavity QED and QED 1l

Time: Friday 11:00-13:00

QT71.1 Fril1:00 P4
Hyperbolic Phonon Polaritons and Color Centers in hBN:

a new platform for quantum optics — eJiecHENG FEngD?Z:3,
Jonannes EBERLE!, SAMBUDDHA CHATTOPADHYAY!'4 JOHANNES
KnorzerR!, EuceNne DeMLER!, and Artac Imamocru! — ETH

Zurich, Zurich, Switzerland — 2Max Planck Institute for the Struc-
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ture and Dynamics of Matter, Hamburg, Germany — SRWTH Aachen
University, Aachen, Germany — *Harvard University, Massachusetts,

USA

Hyperbolic phonon polaritons (HPPs) in hexagonal boron nitride
(hBN) confine mid-IR light to deeply subwavelength scales but are
typically generated and probed with classical near-field tips, limiting
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quantum control. We link this platform with the rapidly developing
field of hBN color centers, bright, photostable, atomically localized
emitters, by developing a cavity-QED framework in which a single
color center serves as a quantum source of HPPs. We quantify emitter-
HPP coupling and analyze two routes: spontaneous phonon-sideband
emission, which yields single-HPP events and becomes single-mode
in ultrathin slabs; and stimulated Raman driving, which provides fre-
quency selectivity, tunable conversion, and narrowband excitation that
launches directional, ray-like HPPs over micrometers. We also propose
a two-emitter correlation test applicable to both schemes. Together,
these results point to a new direction for mid-IR light-matter experi-
ments that unite strong coupling, spectral selectivity, and spatial reach
within a single material system.

QT71.2 Frill:l5 P4
Cavity-assisted defect removal in a small-scale toric code —
eJuNYI ZHANG and FranciEsco PETtizioL — Technische Universitat
Berlin

We design and investigate a dissipative defect-removal mechanism in
a small scale toric code coupled to a leaky cavity. The model consid-
ered includes coherent perturbations that delocalize either electric or
magnetic anyon pairs, producing superpositions of error configurations
with respect to information encoded in the ground state. By com-
bining analytical and numerical tools, we study how coherent anyon
delocalization competes with cavity-assisted dissipation engineering in
determining cooling efficiency and steady state behavior, for different
coupling schemes. This analysis provides insights into the potential
and fundamental limitations of cavity-assisted cooling as a passive er-
ror suppression pathway in a topologically ordered system.

Q71.3 Frill:30 P4
Towards x-ray quantum optics using periodically structured
cavities — eRoBERT HorN and JorG EVERs — Max-Planck-Institut
fiir Kernphysik, Heidelberg, Germany

Due to their narrow linewidth, Mdssbauer nuclei, such as 57Fe, have
become an important platform for studying the nature of photons in
the hard x-ray regime. These nuclei not only serve as potential nuclear
clocks but also emerge as promising candidates for x-ray quantum dy-
namics. A typical environment for studying quantum optical effects
in the linear x-ray regime is that of a thin-film cavity with embedded
Maossbauer nuclei probed at grazing incidence. A recently developed
ab initio approach using the electromagnetic Green’s tensor provides
a robust theoretical and numerically efficient framework for describing
this setup.

In this project, we propose a modified setup that breaks the sys-
tem’s translational symmetry along the wave-propagation direction by
introducing a periodic spacing of the nuclei. Our aim is to investigate
the emergence of additional scattering channels and the correlations
between them, as well as to compute the corresponding reflection and
transmission spectra.

Q714 Frilli4s P4
Comparison and interference of Photoelectron Circular
Dichroism of a chiral molecule induced directly or by Inter-
atomic Coulombic Decay of an antenna atom — eLLARA MARIE
TomascH, OMAR JESUS FRANCA SANTIAGO, and STEFAN Y OsHI BUH-
MANN — Institut fiir Physik, Universitat Kassel, Heinrich-Plett-Strafte
40, 34132 Kassel, Germany

We aim to examine the photoelectron circular dichroism of a chiral
molecule via two different channels: First, the direct ionization of the
molecule with circularly polarised light. This is a well-known effect [1].
Alternatively, a non-chiral atom can serve as an antenna atom. This
donor atom is first excited by circularly polarised light, the energy is
then transfered via resonant Interatomic Coulombic Decay to the chi-
ral acceptor molecule. There is a noticeable change in the resulting
signal, depending on which channel is responsible for the ionisation
[2].

In an experiment with intermediate distances between atoms and
molecules both of these ionization channels can contribute simulta-
neously. We hence want to focus on possible interference effects and
compare this simultaneous coherent process to the two individual pro-
cesses.

[1]: Ritchie, B., Theory of the angular distribution of photoelec-
trons ejected from optically active molecules and molecular negative
ions. Phys. Rev. A 13, 1411 (1976)

[2]: Buhmann, S. Y. et al, Photoelectron Circular Dichroism of a
Chiral Molecule Induced by Resonant Interatomic Coulombic Decay
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from an Antenna Atom. Phys. Rev. Letters 134, 253001 (2025)

Q 71.5 Fri12:00 P 4

Control of photon number wave packets in a microcavity
— eLuca NIMMESGERN!, MoriTz Cycorek?, Doris E. REITER?,
and VOLLRATH MARTIN AXxT! — 1Universitit Bayreuth, Germany —

2CMT, TU Dortmund, Germany

In order to implement quantum information algorithms, it is necessary
to be able to directly control the quantum state of the underlying phys-
ical platform. Light is promising candidate, offering fast transmission
and low decoherence. However, its infinite degrees of freedom make it
challenging to define an optimal method for encoding information in
its quantum state.

While most research is concerned with low photon numbers, our ef-
forts are focused on states including higher, but not macroscopically
large photon numbers. In this regime, structures, called photon num-
ber wave packets, which are characterised by an oscillating mean and
finite width, have been recently investigated [1]. In this contribution,
we show how the dynamics of these structures can be understood.
Further, we demonstrate how additional packets can be dynamically
created [2]. The conceptual simplicity of this manipulation might in-
dicate the packet structure to be a suitable base for novel ways of
information encoding.

[1] L. Nimmesgern et al., Phys. Rev. B 109, 155436 (2024).

[2] L. Nimmesgern et al. (submitted), arXiv:2509.03083.

Q71.6 Fril12:15 P4

Master Equation for a quantum gas of polarizable par-
ticles in Cavities — eToMm ScumiT!, CATALIN-Minalr HarLaTi?,
Tosias DonNeEr?, Giovanna Morict!, and Simon B. JAGER* —
ITheoretische Physik, Universitéit des Saarlandes, 66123 Saarbriicken,
Germany — 2Max Planck Institute for the Physics of Complex Sys-
tems, Nothnitzer Str. 38, 01187 Dresden, Germany — SInstitute for
Quantum Electronics, Eidgenossische Technische Hochschule Ziirich,
Otto-Stern-Weg 1, 8093 Zurich, Switzerland — 4Physikalisches Insti-
tut, University of Bonn, Nufallee 12, 53115 Bonn, Germany

Quantum gases of atoms and molecules in optical cavities offer a
formidable laboratory for studying the out-of-equilibrium dynamics of
long-range interacting systems. The interaction is mediated by mul-
tiple scattering of cavity photons and can induce emerging patterns
and self-organized structures determined by the interplay of photon-
mediated forces, dissipation, and quantum and thermal fluctuations.
Theoretical descriptions of these phenomena often rely on mean-field
or weak-coupling approximations, though their validity in this con-
text can be limited or even questionable. In this work, we present the
derivation of a Lindblad master equation for the dynamics of the sole
motional variables of polarizable particles, such as atoms or molecules,
that dispersively couple to cavity fields. We validate the theoretical
description by showing that it captures the dynamics from weak to
strong cavity-mediated interactions. Our theory provides a powerful
framework for the description of out-of-equilibrium dynamics of quan-
tum gases in cavities and their relaxation towards their steady state.

Q717 Fril12:30 P4

Enhancing atom-photon interaction with integrated nano-
photonic structures — eXiaoyu CHENG!, BENYAMIN SHNIRMAND#,
ALEXANDRA KoOEPF!'4, HADISEH ALAEIANZ, XUEYI WANGS3, SUNNY
Yang3, TiLman Praul, and RoBerr Loew! — 15. Physikalisches
Institut, Universitaet Stuttgart — 2School of Electrical and Computer
Engineering, Purdue University, Indiana, USA — 3Department of
Electrical Engineering, Yale University, Connecticut, USA — 4Institut
fiir Mikroelektronik Stuttgart (IMS-Chips), Stuttgart, Germany

Hybrid devices consisting of thermal atomic vapor and nanophotonic
structures are interesting platforms for manipulating the interaction
between atoms and photons. For example, we exploit cooperative
effects on such hybrid platforms to study the coherent atom-photon
coupling in the strong coupling regime. This requires high quality
factor micro-ring cavities with small mode volume. We demonstrate
that micro-rings with 700K quality factor strongly couple with multi-
ple Rubidium atoms with collective coupling strength of several GHz,
which is above the atomic decaying rate and cavity loss, results in the
cooperativity C larger than 1. Moreover, we are interested in the ther-
mal and temporal dynamics of Rb atoms experiencing strongly pulsed
lasers, known as Light Induced Atomic Desorption (LIAD). With care-
fully designed nano-photonic structures, one can in principle probe the
angular and temporal distribution of LIAD atom clouds.
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Q71.8 Fril2:45 P4
Design of 1D Photonic Crystal Nanobeam Cavities for Quan-
tum Dot Integration — eOscar CAMACHO IBARRA, SANDESH
KarLappa MaHAJAN, JAN GABRIEL HARTEL, ATZIN Ruiz PEREZ,
SonNja BArkHOFEN, and Kraus JONs — hqpd lab, PhoQS institute,
CeOPP, and Department of Physics,Paderborn University, Germany

Although the design and fabrication of nanobeam cavities have been
extensively explored since the early 2000s, comparatively little atten-

tion has been given to tailoring these structures for the integration of
epitaxial IIT*V semiconductor quantum dots (QDs). This gap largely
stems from the realization, around 2018, that QDs experience signif-
icant linewidth broadening when placed too close to the etched side-
walls of nanophotonic structures. Such broadening is undesirable, as
it degrades photon indistinguishability, which is a key requirement for
single-photon sources. In this work, we present design strategies for
1D photonic crystal nanobeam cavities with minimal impact on the
optical properties of the embedded QDs.

Q 72: Quantum Technologies — Color Centers Il

Time: Friday 11:00-12:45

Q721 Frill:00 P5
Cavity-enhanced spectroscopy of the nitrogen-vacancy
(NV™) singlet transition and pump-laser-induced effects in
NV-diamonds — eToBias Prosst!, FLorRIAN ScHALL!, RUDIGER
Quay!, ALEXANDER M. ZAITsEV?, TakEsHI OHSHIMAS, MATTHIAS
WEIDEMULLER?, and JAN JEske! — 1Fraunhofer Institute for Applied
Solid State Physics IAF, Freiburg, Germany — 2College of Staten Is-
land (CUNY), New York, USA — 3National Institutes for Quantum
Science and Technology (QST), Takasaki, Japan — 4Universitit Hei-
delberg, Heidelberg, Germany

Gaining a deeper understanding of the absorptive behavior of NV-
diamonds in the near-infrared region is essential to optimize laser
threshold magnetometry, as well as to improve enhanced sensing with
long diamond light paths. With a tuneable Ti:Sa laser, the absorptive
behavior of NV-diamonds was studied in a regime of 680-1060 nm,
using a cavity to enhance the effects. The room temperature absorp-
tion of the microwave-sensitive NV~ singlet transition was separated
from other absorbing effects. A distinctive phonon sideband was found
to exist at room temperature, while the strongest change in the mea-
surement signal occurred at the zero phonon line at 1042 nm. Several
pump-laser-induced phenomena have been observed over various di-
amond samples and interpreted in a broad wavelength regime. They
consist of an increased or decreased absorption of the Ti:Sa wavelength
when pumping the NV-diamond with a green 532 nm pump laser. Pos-
sible explanations are proposed including the charge transfer between
defects following ionization processes induced by the green pump laser.

Q722 Frill:l5 P5
Electrical control for spin defects integrated in silicon
carbide nanophotonic devices — eApiL. Han Docan!, TiMo

SteipL!, Pierre Kunal, RAINER StoHR!, WoLranag KNOLLEZ,

MisacH GHEzELLOU®, Jawap UL-Hassan®, VabpiM VoroByovl,
and JorG WracHTRUP!'# — 13rd Institute of Physics, IQST, and
Research Center SCoPE, University of Stuttgart, Stuttgart, Ger-
many — 2Department of Sensoric Surfaces and Functional Interfaces,
Leibniz-Institute of Surface Engineering (IOM), Leipzig, Germany —
3Department of Physics, Chemistry and Biology, Linképing University,
Link&ping, Sweden — #Max Planck Institute for Solid State Research,
Stuttgart, Germany

Spin defects in silicon carbide are promising candidates for chip-scale
quantum information processing. They combine atom-like optical
transitions and long-lived electron and nuclear spin qubit clusters in a
nanofabrication-friendly host material. Their integration in nanopho-
tonic structures provides enhanced spin-photon interaction and in-
creases photon collection efficiency. However, reproducible control
knobs remain rare, and proximity to material interfaces in nanos-
tructures impairs the emitter properties of the color centers. For
this purpose, we develop electrical control of spin defects to mitigate
near-surface spectral diffusion and offer tunability via Stark shift and
Pockel’s effect. Thus, we project a possible path towards on-chip quan-
tum photonic information processing through key advances in nanofab-
rication and electrical control in silicon carbide.

Q723 Frill:30 P5
High-Q 1D photonic crystal cavities for V2 color cen-
ters in 4H-SiC — eANANTHA KRrisunan!, Api. Han Docan!,
Timmo StebL!, RaNER STOHR!, WoLrcanc KNoOLLEZ, MISAGH
GrezeELLOU2, Jawap UL-Hassan?2, VabpiM Vorosyov!, and Jora
WracHTRUPH3 — 13rd Institute of Physics, University of Stuttgart
— 2Department of Physics, Chemistry and Biology, Linképing Uni-

versity — 3Max Planck Institute for Solid State Research, Stuttgart,
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Location: P 5

Germany

Scalable quantum networks rely on efficient spin photon interfaces.
Existing platforms such as diamond or quantum dots offer high per-
formance but often come with limitations in fabrication scalability or
coherence properties. The V2 color center in 4H-SiC, emitting at 917
nm, combines long spin coherence with material and fabrication scala-
bility, making it a compelling platform for integrated quantum nodes.
In this work, we design high-Q 1D photonic crystal cavities to enhance
the Zero-Phonon Line (ZPL) emission. Simulations of the optimized
design predict a quality factor of Q =~ 1.2 x 10° with a low mode
volume, Vy,odqe =~ 1.3(A\/n)3. To realize this performance in a scal-
able photonic architecture, we fabricate the devices using advanced
nanofabrication methods, followed by the integration of 45° undercut
couplers, enabling efficient vertical excitation and collection. Trans-
mission spectroscopy reveals narrow resonance peaks, validating the
optical design. Combining high-Q engineering with efficient light cou-
pling, this platform offers a scalable route for spin-photon interfaces in
quantum networks.

Q724 Frilli4ds P5
Electrically driven single-photon sources for scalable quan-
tum photonics operating at the telecommunication wave-
lengths — e ALESSANDRO Puppul+2, JUNCHUN YANG?, SHENGQIANG
Zuoul, ArTur ErBE!2, AnMAD EcHRrEsH!, KaMBIZ JaMsHIDIZ, and
YonDER BERENCEN! — 1Helmholtz-Zentrum Dresden-Rossendorf,
Bautzner Landstrasse 400, Dresden, 01328, Germany — 2Technische
Universitat Dresden, Dresden, 01069, Germany

Silicon-based quantum technologies provide a scalable platform for
photonics due to their CMOS compatibility and ease of integration.
Single-photon sources operating at telecom wavelengths are key com-
ponents for low-loss quantum communication networks and the emerg-
ing quantum internet. Integrating these emitters with reconfigurable
photonic elements such as multiplexers, modulators, filters, etc. and
on-chip single-photon detectors is essential for realizing scalable quan-
tum hardware. Optical excitation methods, however, rely on com-
plex and alignment-sensitive laser systems, limiting their integration
potential. Electrically driven color centers offer a compact and fully
integrable alternative. This paper is focused on achieving electrically
driven single-photon emission from individual color centers embedded
in a silicon PIN diode. Emission in the telecom O- and L-bands is par-
ticularly advantageous, as it aligns with low-loss and low-dispersion
regions in standard optical fibers. To improve emission efficiency and
on-demand single photon generation, a single-color center will be cou-
pled to a CMOS-compatible optical cavity, enabling Purcell-enhanced
emission and efficient integration into silicon photonic circuits.

Q725 Fril2:.00 P5
Creation and theoretical modelling of highly indistinguish-
able single photons from tin-vacancy centers in diamond
— eRoBERT Morscu!, DennNis HeErrMANN!, BEnjamin Kawmss!,
PIERRE-OLIVIER COLARD2, MATTHEW MARKHAMZ, and CHRISTOPH
BecHeER! — 1Universitit des Saarlandes, FR Physik, Campus E2.6,
66123 Saarbriicken — 2Element Six Global Innovation Centre, Fermi

Avenue, Harwell Oxford, Didcot, Oxfordshire, X11 0QR, UK

In quantum information processing (QIP), various schemes require
long-lived stationary qubits that allow coherent state-control, optical
readout and on-demand generation of single indistinguishable photons.
The tin-vacancy center (SnV ™) in diamond is a promising solid-state
candidate for these applications, combining an addressable, long-lived
spin and bright, longterm-stable emission of single, transform-limited
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photons. However, achieving near-unity photon indistinguishability
remains a significant challenge. In our work we investigate the indis-
tinguishability of resonantly excited single SnV-photons. Employing
a cascade of electro-optical modulators, we carve sub-nanosecond -
pulses with record-high extinction ratios from a resonant cw-laser. We
efficiently suppress the residual laser in the detection path using a
home-built cross-polarization setup and measure raw HOM-visibilities
of > 95%, being well on par with those of single emitters in leading
solid-state platforms. Detailed theoretical modelling of our experiment
confirms these values and reveals an even higher intrinsic degree of the
photon indistinguishabily. Considering the SnV’s long-lived spin, these
findings ultimately highlight the unique potential of our platform.

Q726 Fril2:15 P5
Strained SiV color centers coupled to a fabry perot microcav-
ity — eFLORIAN FEUCHTMAYR!, MICHAEL GSTALTMAYR!, ROBERT
BERGHAUS!, SELENE SACHERO!, GREGOR BAvER!, JuLia HEUPELZ,
Tosias Herzic?, Jan MEeuLErR®, CyriL Porov?, and ALEXAN-
pER KuBanEk! — !Institut fiir Quantenoptik Universitat Ulm —
2Institute of Nanostructure Technologies and Analytics, Center for
Interdisciplinary Nanostructure Science and Technology, University of
Kassel — 3Division of Applied Quantum Systems, Felix Bloch Institute

for Solid State Physics, University Leipzig

Group IV color centers in diamond, such as silicon vacancy (SiV), are
promising for quantum optics because of their optical transitions, spin
access, and good coherence properties. SiV centers typically require
millikelvin temperatures, but increasing the ground state splitting im-
proves coherence, allowing operation at higher temperatures. Here,
we demonstrate the integration of a single-crystal diamond membrane
into a high-finesse microcavity (F = 3000), achieving significant life-

time shortening with a Purcell factor of 2.2 in a liquid helium atmo-
sphere. Absorption and strain spectroscopy confirm enhanced ground-
state splitting, paving the way for a spin-photon interface.

Q 72.7 Fril12:30 P5
Raman signatures and spin relaxation mechanism of VB-
in hBN quantum emitters — eCHANAPROM CHOLSUK!, VIK-
ToR IVADY2, AsLi CakaN!, VOoLKER DECKERT?, SUJIN SUWANNA?,
and Tosias VogL! — 'Department of Computer Engineering, TUM
School of Computation, Information and Technology, Technical Uni-
versity of Munich, 80333 Munich, Germany — 2Department of Physics
of Complex Systems, Eoétvos Lorand University, Egyetem tér 1-
3, H-1053 Budapest, Hungary — 3Institute of Physical Chemistry,
Friedrich-Schiller University, 07743 Jena, Germany — *Department of
Physics, Mahidol University, Bangkok 10400, Thailand

Point defects in hexagonal boron nitride (hBN) are crucial for single-
photon emission and can host controlled nuclear spins, making them
applicable for quantum technologies. However, identifying the defects
remains a challenge. Here, we propose Raman spectroscopy as a strat-
egy for defect identification. Using density functional theory, we first
benchmark the Raman signatures of the negatively-charged boron va-
cancy (VB-), and extend to 100 additional defects. We find that the
local atomic environment is the primary determinant of the Raman
lineshape, enabling discrimination among defects, as well as spin and
charge states. Building on the VB- benchmark, we develop a low-
temperature spin-dynamics model for T1 relaxation and demonstrate
that the VB- forms a strongly coupled electron-nuclear spin core. Over-
all, our work establishes Raman spectroscopy as a route to defect iden-
tification, available at https://h-bn.info, and the model to capture spin
interactions.

Q 73: Quantum Technologies — Solid State Systems

Time: Friday 11:00-13:00

Invited Talk Q73.1 Frill:00 P 7
Microwave quantum communication with rare-earth spin en-
sembles — eNADEzZHDA KUKHARCHYK — Walther-Meifsner-Institut,
Bayerische Akademie der Wissenschaften, D-85748 Garching, Germany
— School of Natural Sciences, Technische Universitat Miinchen, D-
85748 Garching, Germany — Munich Center for Quantum Science
and Technology, D-80799 Munich, Germany

Microwave quantum communication, encompassing the development
of microwave quantum key distribution (QKD), quantum microwave
entanglement distribution, and compatible quantum storage elements,
is a highly promising area in the evolution of radio technologies to-
ward 6G wireless networks. In our work, we focus on the development
of microwave quantum memories that are compatible with microwave
quantum circuits, which play a central role in quantum computing and
microwave QKD protocols.

In this talk, I will present our progress in the development of broad-
band microwave quantum memories based on rare-earth spin ensem-
bles, discuss their envisioned integration with microwave QKD sys-
tems, and explore potential applications in next-generation quantum
communication networks.

Q732 Frill:30 P 7
Some defects in silicon-based material — towards integrated
silicon photonics — ePHiLiPP KELLNER, BERND HAHNLEIN, KEVIN
LAUER, CHRISTIAN MOLLER, KAl KUHNLENZ, MARIO BAHR, and
THoMAs ORTLEPP — CIS Inst. fiir Mikrosensorik, Konrad-Zuse-
Strafie 14, 99099 Erfurt

For years Silicon is known as the standard VIS and NIR sensor mate-
rial, although an indirect semiconductor. It is still a material of choice
for optoelectronics, due to known handling and structuring procedures
as well as CMOS-compatibility allowing for highly integrated devices.
The given presentation will shed light on defect-based light emitter
in indium-doped silicon and gallium implanted silicon-nitride, show-
ing generation methods and photoluminescence spectra. Abbe-limited
optical microscopy is going to be used for imaging and photostability
will be estimated. These experiments will undertake very first steps to-
wards small light sources on silicon chips and in turn integrated silicon
photonics.

Q733 Frillids P7

131

Location: P 7

Toward an Efficient Quantum-Photonic Interface for Rare-
Earth Ions on a Hybrid LNOI-TiO2 Platform — eToBiAs
FrurrBAcH!, GErorcil GREcHKO!, CHRIsTOPHER Nc!, Roman
Koiresov!, and Jora WracHTRUP!? — 13rd Institute of Physics,
University of Stuttgart, Germany — 2Max Planck Institute of Solid
State Research, Stuttgart, Germany

Over the years rare-earth ions (REIs) have gained attention for quan-
tum memory applications due to their telecom wavelength compatibil-
ity and exceptional coherence times. Their low photon rates, however,
make cavity-enabled Purcell enhancement necessary.

Hybrid-material photonic crystal cavities (PCCs) are a promising
approach for photonic integration of REIs, combining the strengths of
different materials. We employ a hybrid photonic system that merges
lithium niobate on insulator (LNOI), offering electro-optical tunability
and scalable fabrication, with TiOg, a high-index and spin-free host
for REIs, enabling scalable, tunable and efficient quantum photonic
interfaces at telecom wavelength.

We compare techniques for Er3t integration into rutile TiOs waveg-
uides and discuss our hybrid TiO2/LNOI process, that is based on
the fabrication of freestanding TiO2 structures, Van-der-Waals bond-
ing to x-cut LNOI and subsequent nanofabrication of the combined
stack. Specifically, tunable hybrid PCCs made from TiO2/LNOI are
presented. A loaded Q-factor of 42k and a tunability of 0.8 GHz/V
is achieved. We use a bifocal microscope for spectral characterization,
enabled by a custom freespace-to-chip coupling technique.

Q734 Fril2:00 P 7
Detecting Bell-Operator Correlations in Superconducting
Devices — Kr Wanc!, Wrikane Li2, Suiso Xul, MEeNGvao
Hu®, Jiacuen CHEN!, Yaozu Wul, Cuuanvyu Zaancg!, FErTong
Jinl, Xunao Znul, Yu Gaol, Ziqi Tan!, Zuengyr Cutl, Aosal
Zuang!, Nine Wane!, YIREN Zoul, TineTiNG Lit, FANHAO SHEND,
JIARUN Znonag!, Zeuanc Bao!, Zitian Zuul, Zixuan Sona!, JiN-
rFENG DENG!, Hane Donel, Xu Zuang!, PENGFEI ZHANG!, WENJIE
Jiang!, Zuipe Lul, Zueng-Zu1 Sunt, HEkanc Lit, Qruiiane Guol,
ZHEN WaNG!, ePaTrick EmonTs3%, Jorpr Tura®, CHao Soncl,
Hao Wanc!, and Dong-Line DENG? — !Zhejiang University, China
— 2Tsinghua University, China — 3Leiden Univsersity, The Nether-
lands — 4Ulm University, Germany
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Quantum nonlocality represents a stronger form of quantum correla-
tion than entanglement and defies Einstein’s notion of local realism.
It serves as a key resource for applications such as cryptography or
certified randomness. Yet, detecting nonlocality in many-body sys-
tems remains highly challenging. In this talk, I present the experi-
mental viability of Hamiltonians to certify genuine multipartite Bell-
Operator correlations in systems up to 24 qubits on a programmable
superconducting processor. As an example, we variationally prepare a
low-energy state of a 73-qubit honeycomb model and certify its Bell-
Operator correlations by measuring an energy exceeding the classical
bound by 48 standard deviations. This establishes a practical route
for preparing and certifying multipartite Bell correlations as a stronger
benchmark beyond entanglement (Phys. Rev. X 15, 021024, 2025).

Q735 Fril2:l5 P7
Effect of Heterostrain on the Photophysical Properties of
WSe2/MoSe2 Heterobilayers — eHiLaL KorkuT and IBRAHIM
SarpPkAYA — Bilkent University, UNAM ( National Nanotechnology
Research Center), Ankara, Turkey

Transition metal dichalcogenides have attracted broad interest due to
their exceptional mechanical, electronic, and optical propertiesl. Ow-
ing to their long lifetime, permanent out-of-electric dipole, and high
tunability provide an excellent platform for exploring correlated in-
teractions and valley-dependent physics2. In this talk, I will present
how heterostrain modifies the low-temperature optical responses of in-
terlayer excitons in WSe2/MoSe2 heterobilayers and demonstrate how
strain can be utilized as a means of controlling these properties. Ref-
erences 1.¥Wang, G. et al. Colloquium: Excitons in atomically thin
transition metal dichalcogenides. Rev. Mod. Phys. 90, 21001 (2018).
2.*Durmus, M. A., Demiralay, K., Khan, M. M., Atalay, S. E. & Sarp-
kaya, I. Prolonged dephasing time of ensemble of moiré-trapped inter-
layer excitons in WSe2-MoSe2 heterobilayers. npj 2D Mater. Appl.
2023 71 7, 1*8 (2023).

Q736 Fril2:30 P 7
Nanophotonic engineering to enhance laser cooling via Er-
bium ions — eNiLESH GOEL, FLORIAN BURGER, ANDREW PROPPER,
STEPHAN RINNER, ANDREAS GRITSCH, KILIAN SANDHOLZER, and AN-
DREAS REISERER — Technical University of Munich, TUM School of
Natural Sciences, Physics Department and Munich Center for Quan-
tum Science and Technology (MCQST), James-Franck-Str. 1, 85748
Garching, Germany

The cooling of solid-state quantum systems is a key requirement for

their coherent operation. Conventional cryocoolers are limited by their
large size, power consumption, and added vibrations. Therefore we ex-
plore an alternative route: on-chip laser cooling of silicon nanostruc-
tures using erbium dopants as local refrigerants. While direct optical
refrigeration of semiconductors is challenging, erbium ions embedded
in a nanophotonic slow-light waveguide can efficiently pump entropy
from the phonon bath into a guided light mode. In a first experiment,
we show how this allows for accurate temperature measurement [1]. To
enhance the cooling process, we then use slow-light engineering to tai-
lor the local density of states over a broad spectral range. This way we
can suppress the unwanted radiative channels [2] to suppress compet-
ing decay pathways, thereby improving the cooling efficiencies of the
system. We show the current progress towards this goal and outline
the next steps toward enhanced laser cooling in solid state systems.

[1] K. Sandholzer et al., Nanophotonics 14, 2005 (2025).

[2] F. Burger et al., arXiv:2511.23301 (2025).

Q737 Fril2:45 P 7
Optically detected nuclear magnetic resonance of coherent
spins in a molecular complex — ¢ VisSHNU UNNI CHORAKKUNNATH,
EvGENII VAsSILENKO, PREETHIKA THIRAVIAM, NICHOLAS JOBBITT,
BarBorAa BracHNAaKovA, SENTHIL Kuppusamy, Mario RUBEN, and
Davip HuncErR — Karlsruher Institut fiir Technologie, Karlsruhe,
Germany

A europium-based molecular complex has recently shown [1] competi-
tive optical coherence time, surpassing those of europium-doped solid-
state nanocrystals. Molecular complexes offer the possibility of tailor-
ing ligand fields to improve and control optical and spin properties to
realize optically addressable spin qubits. We report the first optically
detected nuclear magnetic resonance (ODNMR) in a molecular com-
plex. We observe nuclear Rabi-oscillations and spin coherence times
(T2) of 7600*s in a single-crystal sample of the molecular complex at
4.2K. The spin coherence is extended up to 2ms with dynamical de-
coupling. Furthermore, we report strong nuclear and optical transition
frequency correlation [2]. The self-assembly of molecular complexes
into high-quality crystals improves optical and spin properties. Such
crystals can be integrated into fibre-based microcavities [3] to enhance
emission rates by the Purcell effect. These results are important steps
towards single Eu3+ ion experiments to realize optically addressable
spin qubits.

[1] Serrano et al., Nature, 603, 241-246 (2022)

[2] Vasilenko et al., arXiv:2509.01467 (2025)

[3] Eichhorn et al., Nanophotonics 14, 1817 (2025)

Q 74: Quantum Information — Concepts and Methods

Time: Friday 11:00-13:00

Q 74.1 Fri11:00 P 10
Computational Capabilities and Compilation Strategies for
Trapped-Ion Quantum Computers — eJUREK EisiNcer!, Lup-
wIG ScHMID?, DANIEL SCHONBERGER?, JANINE HiILDER!:3, CHRIs-
TIAN MaRcINIAK®, ULRICH PoOSCHINGER!, FERDINAND SCHMIDT-
KaLER!, and RoBeErTr WILLEZ — 'QUANTUM, University of Mainz,
Department of Physics, Staudingerweg 7, Germany — 2Chair for
Design Automation, Technical University of Munich, Germany —
3neQxt, 63906 Erlenbach am Main, Germany

Trapped-ion quantum computers mature to larger qubit numbers, but
their computational capability is limited by architectural and control
constraints. We present a framework for quantifying and optimiz-
ing the computational capabilities of trapped-ion processors. Using
compiler techniques from classical computer science, we show how
arbitrary quantum circuits can be mapped to hardware-efficient se-
quences of operations, optimized for metrics such as shuttling dis-
tance and gate overhead. The approach is demonstrated for both
1D and 2D [Schoenberger et al., Proc. IEEE QSW (2025), DOI:
10.1109/QSW67625.2025.00023] shuttling architectures, and extended
toward logical qubit encodings to support fault-tolerant operations in
future large-scale systems. In this context, we introduce a univer-
sal routing and scheduling algorithm for a shuttling-based trapped-ion
quantum computer that efficiently orchestrates qubit register recon-
figuration, and gate execution, tailored to varying levels of ion-qubit
connectivity.

Q74.2 Frill:15 P10

132

Location: P 10

Studying the feasibility of distributed quantum computing
enabled via satellite communication — eLukas Pauscu!, Da-
vipe Orsucci?, PuiLipp KLEINPASSZ, ALEXANDER SAUER!, FLORIAN
Morr?, and MATTHIAS ZIMMERMANN! — 1Deutsches Zentrum fiir
Luft- und Raumfahrt e.V. (DLR), Institute of Quantum Technolo-
gies, Ulm, Germany — 2Deutsches Zentrum fiir Luft- und Raumfahrt
e.V. (DLR), Institute of Communications and Navigation, Oberpfaf-
fenhofen, Germany

In future quantum networks, satellite-mediated quantum communica-
tion could be used to enable distributed quantum computing (DQC).
In this talk, we present the current state of our ongoing analysis on po-
tential use cases for satellite-enabled distributed quantum computing
and on their feasibility based on hardware restrictions and algorithm
requirements: On the one hand, we investigate entanglement distribu-
tion via satellites, considering different orbits and entanglement distri-
bution schemes, and we evaluate restrictions regarding, e.g., entangle-
ment distribution rates or connection times. On the other hand, we
analyse and assess possible DQC applications that might require long-
range communication. Furthermore, we investigate the current state
of the art of quantum-computing hardware and interconnects between
matter qubits and flying qubits (photons), with a particular focus on
DQC. These considerations will enable us to evaluate the gap to be
bridged by future developments and to identify the necessary steps to
be taken for a future implementation of satellite-enabled DQC.

Q 74.3 Fri11:30 P 10
QuKAN: A Quantum Circuit Born Machine Approach
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to Quantum Kolmogorov Arnold Networks — eYANNICK
WERNERD2, AxkasH MavLemaTu?, Mencxi Livl, Viror FoRTES
Rev!2, NikoLaos PavLaropimopourosh2, PaurL Lukowiczb2, and
MaxiMILIAN Kierer-EMmMaNouiLipish2 — 1DFKI Kaiserslautern —
2RPTU Kaiserslautern-Landau

Kolmogorov Arnold networks, based on the Kolmogorov Arnold repre-
sentation theorem, provide a compact alternative to conventional neu-
ral networks by placing learnable functions on edges rather than nodes.
While highly expressive in classical settings, their potential in quantum
machine learning remains largely unexplored. In this work, we present
an implementation of these KAN architectures in both hybrid and fully
quantum forms using a Quantum Circuit Born Machine. We adapt the
KAN transfer using pre-trained residual functions, thereby exploiting
the representational power of parametrized quantum circuits. In the
hybrid model we combine classical KAN components with quantum
subroutines, while the fully quantum version the entire architecture of
the residual function is translated to a quantum model. We demon-
strate the feasibility, interpretability and performance of the proposed
Quantum KAN (QuKAN) architecture.

Q74.4 Frill:45 P 10
Exploring Disorder Effects in Quantum Generative Mod-
els — eNikoLaos PavraiobimorouLos!:2, Yannick WERNERDZ,

Jasmin Frratovic!, Vitor ForTes Rev!, MarThias TcHOPEZ,

SungHo Sun?, PauL Lukowiczb?, and MAXIMILIAN KIEFER-
EmmanouiLipish2 — IRPTU Kaiserslautern-Landau — 2DFKI
Kaiserslautern

Disordered quantum many-body systems (DQS) and quantum neural
networks (QNNs) exhibit strong structural parallels, with a DQS effec-
tively functioning as a QNN with randomly initialized parameters. We
show that random processes can act as a deceptive quantum generative
mechanism in QNNs, where unitarity preserves memory effects absent
in classical networks. These effects impact both the learnability and
trainability of QNNs and can lead to an overestimation of their gen-
erative capabilities. While DQS can be useful for tasks such as image
augmentation, we caution that evaluations on overly simple datasets
may misrepresent the true power of current quantum generative mod-
els.

Q 74.5 Fri12:00 P 10
On the Generalization Limits of Quantum Generative Ad-
versarial Networks with Pure State Generators JAs-
MIN Frkarovic!, eAkasH MaLemara!, Ivan KANKEU!, YANNICK
WERNER'2, MaTTHIAS TscuoPE!, ViTorR ForTEs REY!2, SUNGHO
Sun3, Paur Lukowicz!?, Nikoraos Pavralobimorouros!:?, and
MaximiLiAN KieErER EmmanoutLipis’?2 — 1RPTU Kaiserslautern-
Landau — 2DFKI, Kaiserslautern — 3Korea University, Seoul

Quantum Generative Adversarial Networks (QGANSs) have emerged as
promising candidates for quantum-enhanced generative modelling, yet
their practical capabilities remain insufficiently understood. In this
work, we investigate the generalization performance of two state-of-
the-art fully quantum GAN architectures, QUGAN and IQGAN, in
image generation tasks. Using extensive numerical experiments on
MNIST and CIFAR-10, we systematically show that both models fail
to learn the underlying data distribution and instead converge to re-
producing only the dominant average features of each class, even under
multi-class training and increased circuit expressivity. To explain these
empirical failures, we derive an analytic lower bound on the achievable
fidelity of pure-state quantum generators. Using the Helstrom bound,
we prove that any QGAN whose generator outputs a single pure quan-
tum state cannot approximate high-rank data distributions beyond the
fidelity associated with the dataset’s leading eigenvector. Our results
highlight intrinsic expressivity bottlenecks in current QGAN designs
and motivate the development of quantum generators capable of pro-
ducing mixed-state outputs or incorporating non-linear mechanisms.

Q74.6 Fril2:15 P 10
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Applications of blind quantum computation - hiding a Grover
search algorithm — e ALEXANDER SAUER, ALEXANDER VON CONs-
BRUCH, and MATTHIAS ZIMMERMANN — German Aerospace Center
(DLR), Institute of Quantum Techologies, Wilhelm-Runge-Strafe 10,
Ulm, 89081, Germany

With quantum-capable devices becoming readily available and the
ongoing development of quantum computers, quantum networks are
within grasp. Apart from the enhanced computational power of quan-
tum computers, these networks also provide new opportunities in se-
curity and secrecy. One new method that becomes available is blind
quantum computing, in which a powerful quantum computer acts as a
server and performs computations for a distant client without getting
knowledge about details of the computation [1]. We investigate ap-
plications of blind quantum computing and the introduced overhead
on communication between the involved parties and complexity on
the quantum server. In particular, we present a protocol for a hid-
den Grover search algorithm utilizing additional qubits on a quantum
server which are securely initialized by the client.
[1] Fitzsimons, J.F. (2017), npj Quantum Information 3(1), 23.

Q 74.7 Fri12:30 P 10
Two-qubit encoding strategy for a continuous quantum sys-
tem — eSEBASTIAN LUHN and MATTHIAS ZIMMERMANN — DLR e.V.,
Institut fiir Quantentechnologien, Ulm

Bosonic codes employ particular states of an infinite-dimensional
Hilbert space to encode a qubit within a continuous quantum system.
Despite the enormous resources available in a continuous quantum sys-
tem [1], typical encodings only exist for single qubits [2]. Here we go
one step further and present an encoding scheme for two qubits (four
states), which protects against errors in small shifts of the canonical
variables position q and momentum p. Furthermore, we present a
universal set of single and two-qubit operations, based on particular
symmetry operations for continuous quantum states represented by a
square lattice in phase space.

[1] Lloyd, S. and Braunstein, S., Quantum Computation over Con-
tinuous Variables, Phys. Rev. Lett. 82, 1784-1787 (1999).

[2] Gottesman, D., Kitaev, A., and Preskill, J., Encoding a qubit in
an oscillator, Phys. Rev. A 64:012310 (2001).

Q74.8 Fril12:45 P 10
Exploring Multi-class Image Segmentation Through Lo-
calization Phenomena — eAKSHAYA SRINIVASAND'2, YANNICK
WERNER?3, ALEXANDER GENG!, BErTA Garcia HErAs3, AL
MogcHISEH!, ALEXEY BOCHKAREVZ, and MAXIMILIAN KIEFER-
EmMaNnouiLipis?® — 1Fraunhofer ITWM, Kaiserslautern — 2RPTU

Kaiserslautern-Landau, Kaisersluatern — 3DFKI, Kaiserslautern

‘We propose an unsupervised, quantum-inspired method for multi-class
segmentation of abdominal CT scans based on Anderson localization
in image-derived 2D lattice Hamiltonians. Each CT slice is mapped
onto a lattice in which pixel intensities define a disordered on-site po-
tential, while nearest-neighbor hopping terms are set by a Gaussian
similarity kernel that encodes local image structure. This formulation
induces Anderson-like localization of eigenstates driven by contrast
variations across the image. Diagonalization of the resulting single-
particle Hamiltonian enables segmentation by binning eigenmodes ac-
cording to their localization lengths, which naturally correspond to
anatomical scales. Distinct clusters of localized states align with ma-
jor anatomical regions, including liver, pancreas, kidneys, and back-
ground, producing coherent multi-label segmentation masks without
annotated data, pre-processing, or model training. Validation on clin-
ical abdominal CT datasets demonstrates robust performance under
varying contrast and noise conditions. The framework is purely linear-
algebraic and highlights the potential of Hamiltonian-based models
and localization physics for interpretable, physics-driven medical im-
age analysis and quantum-inspired computer vision algorithms.
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Q 75: Quantum Systems between Bose and Fermi Statistics

Time: Friday 11:00-12:30

Q 75.1 Fri11:00 P 11
Encoding gauge theories in quantum systems — e ALEss10 CELI
— Departament de Fisica, Universitat Autonoma de Barcelona, 08193
Bellaterra, Spain

In this talk, I will describe a quantum computation/simulation ap-
proach to gauge theories based on the encoding, the resolution of the
local conservation law of the theory to reformulate it in terms of the
physical states, the gauge invariant degrees of freedom. I will present
successful applications of the encoding that ranges from the realiza-
tion of topological gauge theories with ultracold atoms to the ab-initio
continuum limit of 2D lattice gauge theories with tensor networks.

Q752 Frill:l5 P11
Finite-Size Effect in Anyonic Schulz-Shastry Models — BorNA
PEerkovic!, eMARTIN BonkHOFF2, and THORE Posske? — !Physics
Department, Massachusetts Institute of Technology, 182 Memorial Dr,
Cambridge, MA 02139, USA — 21. Institut fiir Theoretische Physik,
Universitat Hamburg, 22607 Hamburg, Germany

Luttinger liquid theory for canonical particles or spins is typically
spatio-temporally symmetric, as dictated by the symmetries of the
underlying lattice models. In contrast, for one-dimensional anyons, ad-
ditional fixed points arise that feature spatio-temporally asymmetric
marginal couplings, belonging to the Schulz-Shastry class [1]. We in-
vestigate the finite-size effects of a two-leg model that captures anyonic
low-energy excitations in a saturated spin-1/2 chain with next-nearest-
neighbour interactions [2]. We compute boundary characteristics such
as Friedel oscillations and persistent currents, and determine both the
bulk and boundary limits of correlation functions [1] K. V. Pham, M.
Gabay and P. Lederer, EPL 51 161 (2000). [2] Rahmani, Armin and
Feiguin, Adrian E. and Batista, Cristian D. Phys. Rev. Lett. 113,
267201 (2014).

Q753 Fri11:30 P11
Anyonic phase transitions in the 1D extended Hubbard
model with fractional statistics — eIMKE ScCHNEIDER!, MAR-
TIN BoNkHOFF?, KEVIN JAGERING', AXEL PELsTER', Snujie Hu3,
and SEBASTIAN EcGErRT! — lUniversity of Kaiserslautern-Landau
(RPTU) — 2University of Hamburg — 3Beijing Computational Sci-

ence Research Center

Recent advances in quantum technology allow the realization of "lattice
anyons”, which have enjoyed large interest as particles which inter-
polate between bosonic and fermionic behavior. We now study the
interplay of such fractional statistics with strong correlations in the
one-dimensional extended Anyon Hubbard model at unit filling by
developing a tailored bosonization theory and employing large-scale
state-of-the-art numerical simulations. The resulting phase diagram
shows several distinct gapped and superfluid phases, which display an
interesting transition through a multicritical point as the anyonic ex-
change phase is tuned from bosons to fermions. The universality of
the phase transitions is discussed.

Q754 Frill4s P11
in the anyon-Hubbard model
— elsaac Trsrave!, Jovce Kwan?, Markus GREINERZ, Luis
SanTos3, ANDRE EckarRDT!, and BRICE BAKKALI-HASSANI?
Hnstitut fiir Physik und Astronomie, Technische Universitit Berlin,
Hardenbergstrafe 36, 10623 Berlin, Germany — Z2Department of
Physics, Harvard University, Cambridge, Massachusetts 02138, USA
— 3Institut fiir Theoretische Physik, Leibniz Universitit Hannover,

Appelstr. 2, 30167 Hannover, Germany

Three-body bound states
1

Quantum statistics in low-dimensional systems predicts anyonic parti-
cles with fractional exchange statistics, which are neither bosons nor
fermions. While anyons are typically found in 2D, as excitations of
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topologically ordered states of matter, recently anyon-like exchange
has also been observed in two different experimental realizations of
the anyon-Hubbard model (AHM). The AHM can be formulated in
terms of bosons featuring density-dependent Peierls phases, described
by a statistical phase angle 6. This angle has been shown to control
asymmetric transport and the formation of dynamically bound pairs
at finite momentum. Here, we show theoretically that the AHM also
hosts three-body bound states in and outside the continuum. We pro-
vide a simple approximation to these three-body bound states using
a variational ansatz and explain their binding mechanism. Moreover,
we reveal that the signatures of three-body bound states in the AHM
can be directly probed experimentally from the expansion dynamics
starting from three localized particles.

Q 75.5 Fri 12:00 P 11
Quantum many-body scars in the tilted anyon-Hubbard
model — eANa HupomaLrl, Ivana Vasi¢!, and AXEL PELSTER?
— lnstitute of Physics Belgrade, University of Belgrade, Serbia
— 2Physics Department and Research Center OPTIMAS, RPTU
Kaiserslautern-Landau, Germany

Quantum many-body scarring is a form of weak ergodicity breaking in
which a small set of nonthermal eigenstates are embedded in an oth-
erwise ergodic spectrum [1]. Scarring has been observed in both the
tilted Bose-Hubbard model [2] and the tilted Fermi-Hubbard model
[3], even though the underlying mechanisms appear to differ. Interest-
ingly, in both models scarring appears in the same parameter regime
and at unit filling, suggesting a deeper connection between them. Here
we interpolate between bosonic and fermionic statistics by tuning the
statistical angle 6 in the anyon-Hubbard model [4] with open boundary
conditions and a linear tilt potential. We identify characteristic signa-
tures of scarring, including periodic revivals and atypical eigenstates,
and investigate how their properties evolve as a function of 6.

[1] M. Serbyn et al., Nat. Phys. 17, 675 (2021).

[2] G.-X. Su et al., Phys. Rev. Research 5, 023010 (2023).

[3] J.-Y. Desaules et al., Phys. Rev. Lett. 126, 210601 (2021).

[4] T. Keilmann et al., Nat. Commun. 2, 361 (2011).

Q 75.6 Fril12:15 P11
Estimating universal parameters of 1D anyons via Bogoli-
ubov theory — eBiNn-Han Tana!, AxeL PrLSTER?, and MARTIN
BoNkHOFF? — 1University of Trento, Italy — 2RPTU Kaiserslautern-
Landau, Germany — 3University of Hamburg, Germany

Recently, the one-dimensional anyon-Hubbard model was realized in a
seminal experiment with Cs-atoms [1]. This allowed to confirm pre-
vious theoretical predictions that the quasi-momentum distribution
is asymmetric for intermediate statistical angles, reflecting inherent
spatio-temporal asymmetry. In one-dimensional systems of infinite
extent, Bose-Einstein condensation is precluded by strong quantum
fluctuations, and the Luttinger paradigm is the governing principle
instead. However, for non-integrable models the coupling constants
of the theory are only known analytically in weak-coupling limit, and
have to be deduced numerically or with approximate methods in gen-
eral. To this end, we use a thermodynamic description via a Landau
potential, which has to be extremal with respect to both the density
and the wave vector characterizing the effective condensate in [1]. The
latter induces a current-density coupling as an additional response co-
efficient, apart from the ordinary density stiffness and phase stiffness.
Imposing thermodynamic stability then implies different sound veloc-
ities for the propagation to the left or the right. And we compare
the stiffnesses with the predictions of Luttinger liquid theory for the
anyon-Hubbard model in the dilute limit, where we can slightly extend
to higher filling fractions [2]. [1] S. Dhar et al., Nature 642, 53 (2025).
[2] M. Bonkhoff et al. Phys. Rev. Lett. 126, 163201 (2021).
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Q 76: Ultra-cold Atoms, lons
Time: Friday 11:00-13:00

Invited Talk Q 76.1 Fri1l:00 N 1
Toolbox for of Rydberg state engineering in trapped ions —
eRoBIN THOMM, VINAY SHANKAR, NAaTALIA KUK, and MARKUS HEN-
NRICH — Department of Physics, Stockholm University

Trapped Rydberg ions offer a novel approach that combines the ad-
vantages of deep, state independent confinement and excellent exter-
nal and internal control found in trapped ions with the scaling of key
atomic properties, such as polarizability and interaction strengths, of
Rydberg states. By coherently moving between different Rydberg
states in a controlled manner, one could tune these parameters to
maximize effects like inter-ion coupling and minimize adverse effects.
We demonstrate such control of Rydberg S and P states coupled by
microwave radiation. We show Rabi oscillations on the nanosecond
timescale with 96% fidelity and demonstrate adiabatic transfer be-
tween different dressed states on the sub-microsecond timescale, fast
enough for multiple transfer operations within the lifetime of the short-
lived Rydberg states. The techniques developed pave the way for more
sophisticated quantum simulation and sensing applications, especially
for Rydberg experiments with longer ion strings where ground state
cooling is difficult to achieve, or where different Rydberg states are
desired.

Q76.2 Fril1l:30 N1
Hybrid van Hove approach to mixed quantum-classical gases
— eMaja MascukiE!? and SEBasTiAN ULricHT!? — llnstitut
fir Mathematische Physik, Technische Universitdt Braunschweig,
Braunschweig, Germany — 2Fundamental Physics for Metrology,
Physikalisch-Technische Bundesanstalt PTB, Braunschweig, Germany

In cold matter physics, the search for effective approximation schemes
is a constant one due to the difficulty of many-particle calculations at
the fully quantum level. One set of such schemes are semi-classical
approaches in which one sector of a quantum system is treated classi-
cally. Historically, such hybrid theories have often been proposed ad-
hoc, rather than being derived from a set of first principles. Recently,
an axiomatic approach to mixed quantum-classical systems based on
a Hilbert space formulation of classical mechanics due to van Hove
has been proposed [1]. To date, the consistency of this novel approach
was demonstrated at the few-particle level only. In this talk, we extend
this work to many-particle systems and discuss its applicability to cold
bosonic gases. We will demonstrate how to derive a mean field theory
of an interacting hybrid gas at finite temperature featuring a quan-
tum ground state (BEC) and a classical thermal cloud. We present
a quantitative analysis of the critical temperature and the condensate
fraction and compare our self-consistent numerical approach to the
well-established ZNG theory. Our results mark a successful consis-
tency check for the hybrid van Hove-formalism and illustrate to which
extent a purely classical description of the thermal cloud is sufficient.
[1] M. Reginatto et al 2025 J. Phys.: Conf. Ser. 3017 012037

Q76.3 Frill:45 N1
Observation of a structural transition in dipolar (su-
per)solids — eKARTHIK CHANDRASHEKARA, JIANSHUN GAO, CHRIS-
TIAN GOLZHAUSER, LiLy Prart, Wyart KirkBY, MaNoN BaLLu,
and LAuriaNE CHOMAZ — Physikalisches Institut der Universitat Hei-
delberg, Heidelberg, Germany

Spontaneous formation of spatially nonuniform, periodic structures
from homogeneous backgrounds is well known in classical systems and
has analogues in quantum matter, where interactions can generate such
patterns even at equilibrium. Dipolar Bose gases provide a striking ex-
ample: long-range, anisotropic dipole-dipole interactions stabilized by
quantum fluctuations yield ordered crystalline phases that may remain
superfluid, first observed in one-dimensional geometries and later in
planar systems. For a planar dipolar Bose gas with transverse dipole
orientation, extended mean-field theory predicts triangular droplet,
stripe, and honeycomb-like structures. Transitions from unmodulated
to these modulated states are generally first order except at a criti-
cal point allowing a continuous transition. Tilting the dipoles from
the plane normal alters these boundaries, broadening the stripe region
and introducing new critical points. Varying the scattering length can
thus drive transitions to triangular droplet or stripe phases depend-
ing on the density and angle. Here, we experimentally explore the
phase diagram of a dipolar gas in a surfboard-shaped trap using in-

and BEC V (joint session A/Q)

135

Location: N 1

teraction ramps and control of dipole tilts. We observe the formation
of crystalline phases, including a tilt-induced stripe-like (super)solid,
and investigate the structural transitions between the morphologies.

Q764 Fril2:00 N1
Localized to Delocalized: Radial Eigenmodes in a Tapered
Ion Trap — eMoriTz G6B', MaNika Buarpwasl, BocomiLa
NikorLova2, BERND BAUERHENNE!, PETER Ivanov?, and KiLian
SiNGER! — !Experimentalphysik 1, Universitit Kasssel — 2Center for
Quantum Technologies, Department of Physics, St. Kliment Ohridski
University of Sofia
The tapered ion trap, originally proposed for the single ion heat engine
[1], exhibits position-dependent radial confinement [2]. Investigating
the motional resonances of two- or three-ion crystals in this trap re-
veals distinct eigenmode characteristics differing from those in linear
ion traps.

At weak axial confinement, the inter-ion coupling is minimal, result-
ing in localized modes where each ion oscillates at a distinct frequency.
In contrast, stronger axial confinement leads to the emergence of de-
localized eigenmodes, akin to those observed in linear ion traps.

This presentation will explore the implications of these findings for
quantum optics and quantum information applications, highlighting
the potential benefits of tapered ion traps in these fields.

[1] J. Rofnagel, S.T. Dawkins, K. N. Tolazzi, O. Abah, E. Lutz, F.
Schmidt-Kaler, K. Singer, Science 352, 325 (2016).

[2] B. Deng, M. Géb, M. Masuhr, J. Rofnagel, G. Jacob, D. Wang,
K. Singer, Quantum Sci. Technol. 10, 015017 (2025).

Q 76.5 Fril2:15 N1
Dark Energy search using atom interferometry in micrograv-
ity — eSukHJOvAN SINGH GILL!, MAGDALENA MissLiscu!, CHARLES
GarcioN!, ALEXxANDER HEIDT2, ToaNNis PaPapakis®, CHRISTOFF
Lotz?, SuENc-WEY Cniow?, Nan Yu?, and Ernst RaseL! —
Hnstitut fiir Quantenoptik, Leibniz Universitat Hannover, Germany
— 2Institut fiir Transport- und Automatisierungstechnik, Leibniz Uni-
versitét Hannover, Germany — 3Institut fiir Physik, Humboldt Uni-
versitit zu Berlin, Germany — 4Jet Propulsion Laboratory, California
Institute of Technology, Pasadena, USA

The nature of dark energy is one of the biggest quests of modern physics
and is required to explain the accelerated expansion of the universe.
In the chameleon theory, a scalar field is proposed that is hidden by
a screening effect in the vicinity of bulk masses, thereby making the
model consistent with observations. The DESIRE project studies the
chameleon field model using BEC of 87Rb atoms as a source in a mi-
crogravity environment. The Einstein-Elevator at Leibniz University
Hannover provides 4 seconds of microgravity time for multi-loop atom
interferometry to search for phase contributions induced by chameleon
fields shaped by a changing mass density. This work will further con-
strain thin-shell models for dark energy by several orders of magnitude.
The BEC is transported via Bloch oscillations from the atom chip to
the test-mass to perform atom interferometry.

Q76.6 Fri12:30 N1
Quantum Simulation of Excitons in Ultracold Dipolar
Fermi Gases in Optical Lattices — eFLoriaAN Hirscu!, ORri-
ANA DiesseL?, RaraL OLDziEJEWsKI®, and RICHARD ScHmIDT!
Hnstitute for Theoretical Physics, Heidelberg University, Heidelberg,
Germany — 2ITAMP, Harvard-Smithsonian Center for Astrophysics,
Cambridge, Massachusetts 02138, US — 3Max-Planck- Institute of
Quantum Optics, Hans-Kopfermann-Strasse 1, 85748 Garching, Ger-
many

Ultracold atoms have emerged as a powerful platform for simulating
condensed matter phenomena, offering insights into effects difficult to
analyze in detail in solid-state systems. Inspired by the progress on the
study of exciton physics in atomically thin semiconductors, we investi-
gate the formation of analogs of excitons in cold atomic systems. Using
dipolar Fermions in a hexagonal optical lattice with an energy offset
between trigonal sublattices, we predict the existence of cold atomic
excitons and show that cold atoms allow to study excitons across the
whole interaction range, from weak interactions when electron mass
models can be applied to flat band models at strong interactions. We
demonstrate how these excitons can be observed using lattice modula-
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tion spectroscopy, and we show that both time-of-flight spectroscopy
and high-resolution quantum gas microscopy can be used to map out
the exciton wavefunction. Establishing the core idea of quantum sim-
ulation of semiconductor physics, this work lays the foundation for
simulating complex electronic states found in semiconductors, includ-
ing trions, polarons, exciton insulators and condensates.

Q76.7 Fril2:45 N1
Spin-resolved microscopy of an SU(N) Fermi-Hubbard sys-
tem — eLroNARDO BEgzzo!, CARLOs Gas-FERRER!, SANDRA
Buos!, Anxtonio Rusio-ABapaL!, and LrTicia TARRUELLDZ

'ICFO, Castelldefels (Barcelona), Spain — 2ICREA, Barcelona, Spain

Quantum-gas microscopes have provided direct access to the phases of
the Fermi-Hubbard model. For SU(2) systems, they have brought mi-
croscopic insight into the complex competition between interactions,
quantum magnetism, and doping. Alkaline-earth(-like) fermions ex-

Q 77: Photonics

Time: Friday 14:30-16:15

Q77.1 Fril14:30 P2
High-Fidelity Transfer of 3D-Printed Freeform Micro-Optics
into Scalable Polymer Replication — eLEANDER SIEGLE!, STE-
FAN WAGNER?3, STEPHAN HAEUSLER3, PHiLIPP FLAD!, MARIO
HenTtscHiEL!, THomas GUONTHER?, ANDRE ZIMMERMANNZ3 and
HaRALD GiEsseN! — 14th Physics Institute, University of Stuttgart,
Pfaffenwaldring 57, 70569 Stuttgart, Germany — 2Institute for Mi-
cro Integration (IFM), Allmandring 9B, 70569 Stuttgart, Germany —
3Hahn-Schickard, Allmandring 9B, 70569 Stuttgart, Germany

We present a scalable process for fabricating aspherical and hybrid
achromatic micro-lens arrays by combining two-photon polymerization
grayscale lithography with electroplating and injection molding. Mas-
ter structures containing 1632 lenses with 100-300 ym diameter and
100-1000 pm focal length were 3D-printed using a Nanoscribe Quan-
tum X and replicated in cyclic olefin copolymer (TOPAS 5013L-10) us-
ing nickel molds. The replicas showed sub-micron deviations and a sur-
face roughness of 6-20 nm, comparable to the 3D-printed masters (4-17
nm). Optical tests confirmed close to diffraction-limited focusing, and
high-contrast and distortion-free imaging up to 161 lp/mm. Hybrid
lenses maintained achromatic performance across 500-700 nm. Our
method enables high-fidelity, cost-efficient mass production of freeform
and hybrid micro-optics for imaging, sensing, and photonic integration.

Q772 Frildds P2
Compact 3D-printed dark-field condenser for high-resolution
optical microscopy — eRoBERT Horvar!, LEANDER SIEGLE!, Luca
Scumip!, Paver Rucaka?, PumLipp FLap!, Montka UsL!, MIcHAEL
Scumip?, Lukas WEeseEMANN®?, and HaraLp Giessen! — 14th
Physics Institute and Research Center SCoPE, University of Stuttgart,
Pfaffenwaldring 57, 70569 Stuttgart, Germany — 2Printoptix GmbH,
Nobelstrafie 15, 70569 Stuttgart, Germany — 3School of Physics,
The University of Melbourne, Victoria 3010, Australia — *ARC Cen-
tre of Excellence for Transformative Meta-Optical Systems, School of
Physics, The University of Melbourne, Victoria 3010, Australia

We present a miniaturized, millimeter-scale dark-field condenser fabri-
cated using femtosecond two-photon polymerization 3D printing. The
device combines an annular absorbing aperture and a high numerical
aperture lens on opposite sides of a glass substrate to enable oblique
illumination for dark-field imaging. This compact condenser achieves
strong contrast enhancement without bulky optics. We demonstrate
its performance on USAF 1951 resolution targets, biological samples,
and gold nanodisks below 300 nm, which remain invisible under col-
limated illumination. Our results pave the way for fully 3D-printed,
cost-effective dark-field microscopy systems for applications in biology,
medicine, and lab-on-chip devices.

Q773 Fril500 P2
Interferometric wavefront characterization of 3D printed
microlens singlets and doublets — eYaNQiu ZHao!, CHRIs-
PeETER WINKLER!, LEANDER SieGLE!, SiMoN THieLe?, and HAR-
ALD GiesseN! — 14th Physics Institute, Stuttgart, Germany —

2Printoptix GmbH, Stuttgart, Germany
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tend this spin-1/2 paradigm by giving access to SU(N) Fermi-Hubbard
models, with rich phase diagrams to be unveiled. Despite its funda-
mental interest, a microscopic exploration of SU(N) quantum systems
has remained elusive. We report the realization of a quantum-gas mi-
croscope for fermionic 87Sr. Our fluorescence imaging scheme, based
on cooling and detection on the narrow intercombination line at 689
nm, enables spin-resolved single-atom detection. By combining it with
an optical pumping protocol, we are able to detect the 10 spin states
occupation in a single experimental run, a crucial capability for prob-
ing site-resolved magnetic correlations. Moreover, we characterize the
fundamental inelastic photon scattering processes that limit the site-
resolved fidelity of our imaging protocol, and demonstrate an extension
of our method that allows us to reach fidelities > 96% for systems up
to SU(8). These results establish 87Sr quantum-gas microscopy as a
powerful approach to study exotic magnetism in the SU(N) Fermi-
Hubbard model, and provide a new detection tool with potential ap-
plications to quantum simulation, computation, and metrology.

— 3D Printing

Location: P 2

Femtosecond 3D printing allows for accurate fabrication of microoptics
from diameters around 50 micrometers to millimeter scales. Charac-
terizing the shape of printed singlet and doublet lenses is essential to
quantify surface deviations caused by polymer shrinkage.

Confocal surface profiling allows z-deviation measurements down to
2 nanometers but loses accuracy on strongly curved surfacesand cannot
reliably capture all surfaces or post lengths in compound lenses.

Therefore, we implement a lateral shear interferometer to actually
measure the wavefront passing through the 3D printed microlenses,
capturing both surface errors as well as refractive index variations from
polymer density changes.

Combining confocal profiling with iterative wavefront interferom-
etry, we demonstrate Strehl ratios above 0.97 with RMS wavefront
errors around lambda/35 for singlets of over 600 micrometers diame-
ter. For 3D printed doublets, we achieve Strehl ratios above 0.95 with
RMS wavefront errors around lambda/28. Residual spherical aber-
rations are below lambda/100; residual coma and astigmatism values
range around lambda/45.

This approach proves that 3D printed microlenses can compete with
the best classically manufactured glass lenses up to a certain diameter.

Q774 Frilb:l5 P2
Characterization of thermodynamic properties of photoresist
for 3D printing — eFERNANDO LoOPEzZ-RODRIGUEZ, ROBERT HOR-
VAT, LEANDER SIEGLE, and HARALD GIESSEN — 4th Physics Institute
and Research Center SCoPE, University of Stuttgart, Pfaffenwaldring
57, 70569 Stuttgart, Germany

3D printing by two-photon polymerization for fabrication of micro-
optical components is a widely used and a constantly developing field.
The broad range of applications is continuously increasing, as 3D print-
ing is adopted in areas from basic and applied science to manufactur-
ing, quantum technologies, and bio-medical applications. Given the
broad field of applications, optical and mechanical material proper-
ties, are of high interest. The thermal expansion coefficient alpha(T)
and the refractive index n(T) are not known for most photoresists, es-
pecially at liquid helium temperatures, which are crucial for quantum
applications. In our work, we present a micro-sized, on-fibre dilatome-
ter device based on a 3D-printed Fabry-Pérot interferometer to mea-
sure the aforementioned properties over a large temperature range.

Q775 Fril530 P2
Interferometric Measurements and Interative Metrology for
the Shape Correction of 3D-Printed Microoptics — eCHRIS-
PETER WINKLER, YANQIU ZHAO, LEANDER SIEGLE, and HARALD
GieEssEN — 4th Physics Institute and Research Center SCoPE, Uni-
versity of Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart, Germany

‘We present an interferometric measurement and optimization approach
for 3D-printed aspherical singlet and doublet micro-optics fabricated
by grayscale lithography. The transmitted wavefront is measured us-
ing a lateral shear interferometer, allowing us to reconstruct the cor-
responding surface height profile of the printed lens, including contri-
butions from surface deviations due to shrinkage and refractive-index
modulations arising from density variations in the polymer. The re-
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constructed wavefront is decomposed into the first 20 Zernike modes
using a least-squares fit to identify the dominant aberrations and fil-
ter high-frequency noise. Based on this information, the lens height
profile is iteratively corrected. Starting from an initial 0.8 X\ spherical
aberration, we achieve a Strehl ratio of 0.95 after a single optimization
iteration for an aspheric singlet lens with 630 mum diameter

Q77.6 Frils4s P2
Direct laser writing of in-volume diffractive optical elements
with high speed and high resolution — CHRISTIAN INGENHAG,
SEBASTIAN STEIN, AARON ScHULLER-RUHL, and eROBERT FLEIs-
cHHAKER — FH Aachen - University of Applied Sciences, Aachen,
Germany

We report on a fast, high-resolution scheme to fabricate in-volume
diffractive optical elements (DOEs) in fused silica by combining gal-
vanometric beam scanning with a 0.4 NA microscope objective and a
1 ps laser. By exploiting nonlinear absorption and optimizing pulse
energy for single-pulse writing, we achieve highly localized refractive-
index modifications (An ~ 5-1072) and feature sizes below the nomi-
nal focal spot. A layer-stacking scheme in z produces multi-level phase
masks: examples are a 4-level, 250x250 px DOE with 2 pum pixels and
a 10-level, 416x416 px DOE with 1.2 pym pixels. Phase-contrast mi-
croscopy verifies the written phase profiles, which closely match the-
oretical designs. Optical tests at 532 nm reproduce target intensity
patterns with high fidelity (overlap > 80% against the computed dis-
cretized mask in a selected region and > 66% versus the original tar-
get). Rapid fabrication times (60 s for the 4-level device, 8-9 min for
the high-resolution DOE) improve the trade-off between quality and

speed toward practical applications.

Q777 Fril6:00 P 2
Fiber-based femtosecond 3D printing — e ANTON HELLSTERN!,
Craupia IMmiorczyk!, PaveL RuchHkal, Marco WENDE2, THERESA

Kuun3, MoriTz FLoss!, MicHAEL HEYMANNS, ANDREA TOULOUSEZ,

and HARALD GiesseN! — 14th Physics Institute, University of
Stuttgart, Germany — 2Institute of Applied Optics, University of
Stuttgart, Germany — S3Institute of Biomaterials and Biomolecular

Systems, University of Stuttgart, Germany

Ultrashort laser pulses are often used in medical applications, for in-
stance for soft-tissue surgeries. However, the progress on using such
laser pulses for additive manufacturing of tissue is rather marginal so
far. Therefore, we aim to realize an endoscopic fiber-based femtosec-
ond 3D printer to minimally invasively surgically repair organ damage
on a micrometer scale. For this, high peak power femtosecond laser
pulses are required, in order to 3D print the desired geometries us-
ing two-photon-lithography. By combining a grating compressor, a
single-mode fiber, and suitable 3D printed microobjetives directly on
the fiber tip, we achieve sub picosecond pulse durations which are able
to polymerize both commercial photopolymers as well as bioinks. We
report on dose tests, the optimization of printing speed, laser power,
pulse compression ratio, and pulse duration. We demonstrate cell col-
onization of triply periodic minimal surface structures that represent
scaffolds by printing 3D honeycombs and seeding them with living fi-
broblasts. This direct printing of cell scaffolds by endoscopic 3D print-
ing will allow for endoscopic printing of bone tissue inside the body in
the future.

Q 78: Quantum Optics and Control Il

Time: Friday 14:30-16:15

Q781 Fril4:30 P 3
Deciding finiteness of bosonic dynamics — eT1m HEIB — Insti-
tute for Quantum Computing Analytics (PGI-12), Forschungszentrum
Jiilich, 52425 Jiilich, Germany — Theoretical Physics, Universitat des
Saarlandes, 66123 Saarbriicken, Germany

Determining the exact dynamics of a given system is paramount in
most areas of physics, especially in quantum mechanics. A well-known
method for systematically solving these dynamics by factorizing the
time-evolution operator into a finite product of exponentials is the
Wei-Norman method.

Recently, a new approach has been proposed to investigate the
classes of Hamiltonians for which this method is applicable. This in-
volves analyzing the dimensionality of Hamiltonian Lie algebras by
appropriately characterizing their generating terms. In our work, we
generalize previous results by significantly extending their applicabil-
ity to a broader class of physically relevant bosonic Hamiltonians. We
reduce the complexity of verifying finiteness conditions from quadratic
to linear, and we also introduce a visual algorithm to implement the
corresponding procedure. Furthermore, we identify a universal Lie al-
gebraic structure encompassing all finite-dimensional algebras within
this framework. Our contributions represent a substantial step toward
a comprehensive classification of Hamiltonian Lie algebras, with po-
tential impact for practical applications in quantum technologies.

Q 78.2 Fril4:45 P 3
Optimal Quantum States for Frequency Estimation Limited
by Spontaneous Emission — eMarius Burcata!? and KLEMENS
HamMeRER?!D — lnstitut fiir Theoretische Physik, Leibniz Univer-
sitdt Hannover, Germany — 2Institut fiir Theoretische Physik, Uni-
versitdat Innsbruck, Austria

We investigate ultimate bounds for frequency estimation with an en-
semble of qubits subject to local spontaneous decay. For that pur-
pose, a numerical maximization of the quantum Fisher information
(QFI) over the initial state of the ensemble is carried out. For dif-
ferent numbers N of qubits, the QFI is maximized by very different
state classes. In the regime of small N, unbalanced GHZ states with
a correlated measurement and a nonlinear estimator perform close to
optimal. Above a critical number of qubits, the QFI can be maximized
by spin Gottesman-Kitaev-Preskill (Spin-GKP) states, which are the
compact phase space analogues of the GKP states known from quan-
tum error correction with a harmonic oscillator. The Spin-GKP states
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show a comb structure in phase space, and the performance of different
phase space lattices is investigated. Spin-GKP-like states can also be
created with a simple gate sequence. Two one-axis twisting gates and
a rotation can be used to create Spin-GKP-like structures around the
equator of the Bloch sphere to reach QFT values close to the ultimate
bounds.

Q783 Fril5:00 P 3
Density matrx estimation of multi-mode quantum states
from incomplete homodyne data — eIsaBELL MIScHKE!, CARLOS
LopPeTEGUI?, BASTIEN ORIOT2, MATTIA WALSCHAERS2, VALENTINA
Parici?, and Tim J. BARTLEY!® — 1Department of Physics, Pader-
born University, Warburger Str. 100, 33098 Paderborn, Germany —
2Laboratoire Kastler Brossel, Sorbonne Université, CNRS, ENS-PSL
Research University, Collége de France, 4 place Jussieu, F-75252, Paris,
France — 3Institue for Photonic Quantum Systems (PhoQS), Pader-
born UNiversity, Warburger Str. 100, 33098 Paderborn, Germany

Homodyne tomography is an experimental procedure to characterize
for instance non-classical states as it allows us to determine the state*s
statistical operator. The maximum likelihood estimation (MLE) is one
possibility to recreate the density matrix from the experimental homo-
dyne quadrature data by finding the most-likely matrix that could
have produced the data. The reconstruction itself is a computation-
ally demanding task with exponential scaling for an ascending number
of modes. More degrees of freedom become increasingly relevant when
looking at highly entangled systems such as cluster states.

We investigate whether it is possible to completely identify the den-
sity matrix of a multi-mode state when only a subset of modes is ex-
perimentally accessible. With a semidefinite programming approach,
we are working towards the approximation of the density matrix by
reducing the necessary computational time compared to the analysis
of the data of the whole multi-mode state. In the future this method
might enable the reconstruction of states with more than four modes.

Q784 Frils:ls P 3
Revisiting the fully quantum approach to twisted photons’
propagation in atmospheric turbulence — ¢T1M EHRET, VYACH-
ESLAV SHATOKHIN, and ANDREAS BUCHLEITNER — Physikalisches In-
stitut, Universitdt Freiburg, Hermann-Herder Strafe 3, 79104 Freiburg

Propagation of photonic spatial modes carrying orbital angular mo-
mentum (OAM) through a turbulent atmosphere is an active research
area that is important from the fundamental point of view, as well
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as for applications. A standard approach to account for atmospheric
effects on spatial modes is based on the stochastic parabolic equa-
tion and the numerical multiple phase screens method derived there-
from. Notwithstanding the success of these approaches, a fully quan-
tum treatment of the propagation of photons through turbulence tak-
ing full advantage of the open quantum system toolbox will be highly
desirable. However, until now this problem has remained essentially
unsolved. In the present contribution, we derive a quantum master
equation for the ensemble-averaged density matrix of twisted photons
that are phase-distorted by turbulence, show its equivalence to the
master equation postulated by F. S. Roux [1], and present some pre-
liminary numerical results. We also compare our results to state of the
art of the research field.

[1] Filippus S. Roux, The Lindblad equation for the decay of
entanglement due to atmospheric scintillation, Journal of Physics
A: Mathematical and Theoretical 47.19, (2014), DOI: 10.1088/1751-
8113/47/19/195302

Q785 Fril530 P 3
Spectral signatures of dissipative quantum chaos induced by
structured internal degrees of freedom — eMORGAN BERKANE,
GABRIEL DUFOUR, and ANDREAS BUCHLEITNER — Physikalisches In-
stitut, Albert-Ludwigs-Universitidt Freiburg, Hermann-Herder-Strafe
3, 79104, Freiburg, Germany

Chaos plays a central role in the coherence properties of many-particle
quantum systems. In particular, decoherence arises when the internal
degrees of freedom of the particles are not exactly identical and become
(partially) distinguishable. In this work, we study the emergence of
dissipative quantum chaos in a two-level system that is non-chaotic in
isolation but coupled to a set of structured internal modes. We exam-
ine how chaotic internal modes degrade Hong-Ou-Mandel interference
and thus generate particle distinguishability. Our results demonstrate
that spectral chaos in inaccessible internal degrees of freedom can leave
measurable traces in open quantum dynamics and quantum interfer-
ence experiments.

Q786 Frils4s P 3
Quantized helicity in optical media — NEEL MACKINNON!,
eJora GoTTEL?, STEPHEN BARNETT!, and NicLAs WESTERBERG!

— 1University of Glasgow, University Avenue, Glasgow G12 8QQ,

United Kingdom — 2Max-Planck-Institut fiir Physik komplexer Sys-
teme, Nothnitzer Str. 38, 01187 Dresden, Germany

‘We present a novel approach to defining optical helicity in dispersive
media that resolves the fundamental incompatibility between duality
transformations and linear constitutive relations. By treating electro-
magnetic and matter degrees of freedom equally, we derive a helicity
density that explicitly includes contributions from polarization and
magnetization fields. Our formalism, based on duality transformation
of vector potentials and matter fields, naturally expresses helicity in
terms of polariton excitations. In dual-symmetric media, each circu-
larly polarised polariton carries helicity equal to total energy density
divided by frequency, generalising the free-space result. For arbitrary
media, single-polariton states exhibit wave-vector-dependent helicity,
reflecting different electric and magnetic responses. Remarkably, when
helicity is not conserved, superpositions of polariton branches exhibit
temporal oscillations analogous to neutrino oscillations. States ini-
tially prepared in helicity eigenstates evolve with time-dependent he-
licity, oscillating at frequency differences between polariton branches.
Unlike previous approaches, our definition naturally extends to inho-
mogeneous, lossy, chiral, and nonreciprocal media, providing a unified
framework for understanding helicity transfer in light-matter interac-
tions and chiroptical effects.

Q 787 Fri1l6:00 P 3
many-body  decoherence
eCuristorH DiTrEL!234 and ANDREAS BUCHLEITNER!?
IPhysikalisches Institut, Albert-Ludwigs-Universitdt, Hermann-
Herder-Strafe 3, 79104 Freiburg, Germany — 2EUCOR Centre
for Quantum Science and Quantum Computing, Albert-Ludwigs-
Universitiat Freiburg, Hermann-Herder-Strafse 3, 79104 Freiburg, Ger-
many — 3Freiburg Institute for Advanced Studies, Albert-Ludwigs-
Universitdt Freiburg, Albertstrafe 19, 79104 Freiburg, Germany —
4Department of Physics, Lund University, Box 118, 221 00 Lund,
Sweden

Distinguishability-induced

We show that many-body interference phenomena are exponentially
suppressed in the particle number, if the identical quantum objects
brought to interference acquire a finite level of distinguishability
through statistical mixing of some internal, unobserved degrees of free-
dom. We discuss consequences for cold atom and photonic circuitry
experiments.

Q 79: Cavity QED and QED Il

Time: Friday 14:30-16:30

Q79.1 Fri14:30 P4
Heat transport between nonreciprocal media — Nico STRAUSS,
eOMAR JEsUs FRANCA SANTIAGO, and STEFAN YOSHI BUHMANN —
Institute of Physics, University of Kassel, Germany

The second law of thermodynamics dictates that heat flows from warm
to cold objects, thereby providing a direction of time [1]. In the optics
of nonreciprocal media [2], an arrow of time is alternatively provided by
the observation that optical paths cannot be reversed. How are these
two notions compatible at the level of quantum electro- dynamics? In
order to answer this question, we analyse the near-field heat transfer in
a three-layer system constituted by nonreciprocal media with special
focus on three-dimensional topological insulators, which break time-
reversal symmetry. We investigate the impact of these materials on
the heat transfer.

References

[1] Volokitin, A. I.; Persson, B. N. J. Rev. Mod. Phys. 4, 79 (2007).

[2] S. Y. Buhmann et al., New J. Phys. 14, 083034 (2012).

[3] Nico StrauR, Heat transfer in macroscopic electrodynamics. Doc-
toral Dissertation, University Kassel, 2025.

Q79.2 Frild45 P4
Noise-protected state transfer between distant nodes in a
quantum network — eSYEDA ALivya BarooLr!, INIco ARRAZOLAZ,
and PeTer RaBL! — !Walther-Meifiner-Institut, 85748 Garching,

Germany — 2Institute of Theoretical Physics-IFT, Madrid, Spain

Low-frequency noise represents a major source of decoherence in cav-
ity QED systems, significantly limiting the fidelity of quantum state
transfer and, consequently, the reliability of long-distance quantum
communication protocols. To address this challenge, we investigate
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two complementary noise-mitigation strategies: continuous dynamical
decoupling, which implements a continuous spin-echo effect through
strong qubit driving, and pulsed dynamical decoupling, which ap-
plies sequences of control pulses to suppress low-frequency fluctua-
tions. These techniques target different experimental regimes, and to-
gether they offer a universal solution for mitigating low-frequency noise
across a wide range of system parameters. We analyze their effective-
ness, demonstrating that they can significantly enhance the robustness
of qubit-photon interfaces while preserving coherent photon-mediated
state transfer. Our results provide practical guidance for implementing
noise-resilient qubit-photon interfaces, laying a foundation for secure
and high-fidelity quantum information transfer in long-distance quan-
tum networks.

Q 79.3 Fril5:00 P4
Quantum metasurfaces as probes of vacuum particle con-
tent — eGERMAIN ToBar!, Josuua Foo?, Soria QVARFORTS,
Fabio Costa®, Rivka BEkeNsTEIN?, and MAGDALENA Zycu! —
IDepartment of Physics, Stockholm University, SE-106 91 Stockholm,
Sweden — 2Department of Physics and Astronomy, University of Wa-
terloo, Waterloo, Ontario, Canada, N2L 3G1 — 3Nordita, KTH Royal
Institute of Technology and Stockholm University, Hannes Alfvens vag
12, SE-114 19 Stockholm, Sweden — 4Racah Institute of Physics, The
Hebrew University of Jerusalem, Jerusalem 91904, Israel

The quantum vacuum of the electromagnetic field contains spatially
localised particle content. We propose to probe this content in the
non-perturbative regime of boundary-condition changes using a quan-
tum mirror - a two-dimensional sub-wavelength atomic array dividing
a photonic cavity. Its reflectivity is quantum-controlled by a single Ry-
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dberg atom, creating coherent superpositions of transmissive and re-
flective states. Unlike parametric dynamical-Casimir approaches, this
platform enables boundary changes that non-perturbatively alter the
cavity-mode structure, directly coupling to the particle content of the
vacuum. This opens an experimental route to observing superposed
Dirchtlet boundary conditions, superpositions of particle creation ef-
fects and the dynamical casimir effect with highly non-perturbative
boundary condition changes.

Q794 Frils:l5 P4
Perfect Quantum State Transfer in a Dispersion-Engineered
Waveguide — ZeEyu KuaNG, eOLIVER DIEKMANN, LORENZ FISCHER,
STEFAN ROTTER, and CARLOS GONZALEZ-BALLESTERO — Institute
for Theoretical Physics, TU Wien, Vienna A-1040, Austria

Faithful transfer of quantum states between distant nodes is a cor-
nerstone of quantum networks, yet even the simplest setups such as
two qubits weakly coupled to a waveguide suffer from fundamental ef-
ficiency limits related to the temporal shape of the emitted photon. I
will present an approach that circumvents this limitation by directly
engineering the waveguide dispersion. In particular, I will show how a
tailored dispersion profile can reshape the photons wavepacket into the
optimal time-reversed form, enabling faithful transfer without external
control fields. I will discuss how to design the dispersion relation at
different node distances and achieve robustness to variations of these
distances.

Q79.5 Fril530 P4
Casimir Control: A new Mechanism for Cavity Quantum
Materials — Ora CarLssoN!"2, SAMBUDDHA CHATTOPADHYAY!,
Jonatnan  B.  Curris!, eFriepErR LinDELD3,  LoRENZO
GrazioTTo%4, JEROME FarsT®4, and EUGENE DEMLER! — Institute
for Theoretical Physics, ETH Ziirich, Zirich 8093, Switzerland —
2Department of Physics and Arnold Sommerfeld Center for The-
oretical Physics (ASC), Ludwig-Maximilians-Universitdt Miinchen,
Theresienstr. 37, D-80333 Miinchen, Germany — 3Quantum Cen-
ter, ETH Ziirich, Ziirich 8093, Switzerland — *Institute of Quantum
Electronics, ETH Ziirich, Ziirich 8093, Switzerland

External classical radiation can control properties of quantum materi-
als. Recently, an alternative has been proposed, in which the external
driving is replaced by the quantized modes of a dark cavity.

In my talk, we will discuss Casimir control [1] as a new mechanism
for cavity control of electronic nematic order in Fermi liquids, where
different electronic order orientations are often energetically degener-
ate. We will find that the zero-point energy of the electromagnetic
continuum, the Casimir energy, depends on the properties of the ma-
terial system. This can be exploited to stabilize particular orientations
of the nematic order. The experimental feasibility will be illustrated
using the example of a quantum Hall stripe system [2].

[1] O. Carlsson et al., preprint at arXiv:2510.05088 (2025).

[2] L. Graziotto et al., preprint at arXiv:2502.15490 (2025).

Q79.6 Frilbs4s P4
Casimir forces for nonreciprocal and chiral materials —
e AARON LaszLo NYERGES, FABIAN SPALLEK, and STEFAN Y OSHI
BunMANN — Universitidt Kassel

The Casimir effect, a manifestation of quantum vacuum fluctuations,
remains a vibrant area of research since its prediction in 1948 [1].
Macroscopic Quantum Electrodynamics (QED) provides a founda-
tional framework for studies of Casimir forces in systems with simple
geometries and allows for the description of diverse magnetoelectric

media with unique properties [2]. In this work, we extend the estab-
lished solutions for planar multilayer systems of perfectly conducting
plates to incorporate generalized material properties. We specifically
investigate the Casimir forces generated between plates composed of
nonreciprocal media [3], where the Onsager reciprocity relations are
violated, and chiral materials with broken parity symmetry. We de-
scribe these different media properties on the level of the reflection
and transmission coefficients of the material. Our goal is to find a
generalized framework to unify these nontrivial electromagnetic prop-
erties and to study whether they introduce unique signatures into the
Casimir force.

[1] Casimir, H. B. G.: On the attraction between two perfectly con-
ducting plates, Proc. K. Ned. Akad. Wet. 51, 793 (1948). [2] Buh-
mann, S. Y.: Dispersion Forces I, (Springer, Berlin Heidelberg, 2012).
[3] Rode, S., Bennett, R., and Buhmann, S. Y.: Casimir effect for
perfect electromagnetic conductors (PEMCs), New. J. Phys. New J.
Phys. 20, 043024 (2018).

Q 79.7 Fril6:00 P4
Entanglement and pair production in intense electromagnetic
fields — Suo Tanc!, BARRy DiLLon?, and eBeEN King3 — 1College
of Physics and Optoelectronic Engineering, Ocean University of China,
Qingdao, Shandong 266100, China — 2ISRC, Ulster University, Derry
BT48 7JL, UK — 3Centre for Mathematical Sciences, University of
Plymouth, PL4 8AA, UK

We investigate the spin correlations between electron-positron pairs
created from a photon when it scatters in a high-intensity laser pulse
via the nonlinear Breit-Wheeler process. We find that the spin states of
the generated electron-positron pair can exhibit strong entanglement,
with the degree being sensitive to the photon energy, laser intensity,
and the relative polarization of the photon and laser pulse. Photons
with a high degree of polarisation can create strongly entangled pairs
even in the intermediate intensity (non-perturbative) regime. We find
that if the photons are provided by a Compton source, strongly spin-
entangled electron-positron pairs can be generated with technology
available today.

Q 79.8 Fri16:15 P 4
The discovered adequate structure of space provides a foun-
dation of quantum physics — eHans-OT1T0 CARMESIN — Uni-
versitdt Bremen, Fachbereich 1, Postfach 330440, 28334 Bremen —
Studienseminar Stade, Bahnhofstr. 5, 21682 Stade — Gymnasium
Athenaeum, Harsefelder Strafie 40, 21680 Stade

The International Astronomical Union (IAU) proclaimed the problem
to find an adequate coordinate system (ACS) of space and time in na-
ture. This problem is solved here: For each point P in the universe, a
measurement procedure for the ACS, the existence and the uniqueness
of the velocity of the ACS, and the velocity zero of the ACS relative
to the gravitational field are derived. As a consequence, the univer-
sal zero of the kinematic time difference and of the kinetic energy are
derived. For homogeneous space, indivisible volume portions in na-
ture are derived. Moreover, it is shown that homogeneous space is a
stochastic average of indivisible volume portions in nature. Therefrom,
the dynamics of these volume portions and the quantum postulates are
derived. For the derived theory, successful tests are presented, predic-
tions are derived, and experimental tests are proposed.

Carmesin, H.-O. (2025): On the Dynamics of Time, Space and
Quanta. Berlin: Verlag Dr. Koster. Carmesin, H.-O. (2021): Quanta
of Spacetime Explain Observations, Dark Energy, Graviton and Non-
locality. Berlin: Verlag Dr. Koster.

Q 80: Quantum Technologies — Color Centers Il

Time: Friday 14:30-16:15

Q80.1 Fril4:30 P 5
Spectral diffusion and spin signatures of quantum emitters
in hexagonal Boron Nitride — eALEXANDER PacHL!, SAJEDEH
Suanbazi!, and ALEXANDER KuBaNeEk!2 — Institut for Quantum
Optics, University Ulm, 89081 Ulm, Germany — 2Center for Inte-
grated Quantum Science and Technology (IQst), Ulm University, 89081
Ulm, Germany

Single-photon emitters hosted in hexagonal boron nitride (hBN) are,
due to their bright and narrow zero-phonon lines (ZPLs) and their
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two-dimensional host material, promising candidates for integration
into upcoming quantum optical technologies. Mechanically decoupled
emitters have even shown Fourier-transform-limited linewidths up to
room temperature [1,2]. However, these emitters typically suffer from
fast spectral diffusion and have so far not shown any spin signatures.
In our most recent work, we address these limitations and report ob-
served spin signatures together with an investigation of the fast sprecral
diffusion properties.

[1] A. Dietrich et al., Physical Review B, Vol. 98 (2018)

[2] A. Dietrich et al., Physical Review B, Vol. 101 (2020)
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Q 80.2 Fril4:45 P5
Electron spin-1/2 mediated nuclear-spin entanglement in di-
amond — eMarco Krorz, ANDREAS TANGEMANN, DaviD OPFER-
KucH, and ALEXANDER KUBANEK — Institute for Quantum Optics,
University Ulm, Germany

Quantum networks will rely on photons entangled to robust, local
quantum registers for computation and error correction. We demon-
strate control of and entanglement in a fully connected three-qubit 13C
nuclear spin register in diamond. The register is coupled to a quasi-free
electron spin-1/2 of a silicon-vacancy center (SiV). High strain leads
to a ground-state splitting of 1.8 THz and decouples the SiVs electron
spin from spin-orbit interaction reducing the susceptibility to phonons
at 4 Kelvin. We leverage continuously decoupled microwave and di-
rect radio frequency driving to implement a nuclear-spin conditional
phase-gate on the electron spin to mediate bipartite entanglement.
This approach presents an alternative to dynamically decoupled nu-
clear spin entanglement, not limited by the electron spin’s 1/2 nature,
opening up new avenues to an optically-accessible, solid-state quantum
register. [1] M. Klotz et al., https://arxiv.org/pdf/2508.05255, (2025)
[2] M. Klotz et al., npj Quantum Inf. 11, 91 (2025)

Q 80.3 Fri1l5:00 P5
Detection and control of a nuclear spin register coupled to
a spin-1/2 — eANDREAs TanGgEMANN!, Marco Krotz!, Davip
OpPFERKUCHY'2, and ALEXANDER KUBANEK!2 — LInstitute for Quan-
tum Optics, Ulm University, Albert-Einstein-Allee 11, 89081 Ulm,
Germany — 2Center for Integrated Quantum Science and Technology
(IQST), Ulm University, Albert-Einstein-Allee 11, Ulm 89081, Ger-

many

Solid-state spin defects, such as color centers in diamond, are among
the most promising candidates for scalable and integrated quantum
technologies. In particular, the good optical properties of negatively-
charged silicon-vacancy centers (SiV) in diamond, combined with nat-
urally occurring and exceptionally coherent nuclear spins, serve as a
building block for quantum networking applications. We demonstrate
detection and control of a nuclear spin register coupled to a highly
strained SiV at four Kelvin. Moreover, we measured the interconnec-
tivity of the register with spin-echo double resonance.

[1] M. Klotz et al., https://arxiv.org/pdf/2508.05255, (2025)

[2] M. Klotz et al., npj Quantum Inf. 11, 91 (2025)

Q804 Frilsls P5
High-fidelity gates in a multi-qubit diamond quantum proces-
sor — eMARGRIET VAN RIGGELEN, JiwoN YUuUN, HENDRIK BENJAMIN
vaN OMMEN, and Tim Huco Taminiau — QuTech and Kavli Institute
of Nanoscience, Delft University of Technology, Delft, The Netherlands

Solid-state color centers are a promising platform exploring a range
of quantum technologies such as distributed quantum computing and
quantum communication. Examples using the nitrogen-vacancy cen-
ter in diamond include the fault-tolerant operation of a logical qubit
[1] and the creation of entanglement on a metropolitan scale [2]. To
perform quantum error correction in future algorithms, high-quality
quantum control will be needed. Recently, a high-fidelity two-qubit
gate was demonstrated on an isolated two-qubit system in purified
diamond [3]. However, high-fidelity quantum gates for a multiqubit
register based on solid-state color centers have so far remained elusive.

Here, we demonstrate high-fidelity control of six nuclear spins sur-
rounding a nitrogen-vacancy center in diamond using the dynamical
decoupling radiofrequency gate. We characterize and benchmark the
gates using gate set tomography and find an average of 99.18(2)% for
the two-qubit gates in the register. We use the characterized gates in
a variational quantum eigensolver algorithm to calculate the ground-
state energy of molecular hydrogen and lithium hydride.

[1] Stolk, A.J. et al., Sci. Adv. 10 (2024) [2] Abobeih, M.H. et al.,
Nature 606 (2022) [3| Bartling, H.P. et al., Phys. Rev. App. 23 (2025)

Q80.5 Fril5:30 P5
10-Second Spin Coherence and Near-Lifetime Optical
Linewidths in Isotopically Engineered Diamond — eHENDRIK
BENJAMIN VAN OMMEN!, TakasHi Yamamorol, KaIl-NIKLAS
ScuyMmik!, RENE VoLLMER?, and Tim Huco Taminiau! — 'Qutech,
Delft University of Technlogy — 2Netherlands Organisation for Ap-

plied Scientific Research (TNO)

140

Solid-state spin defects are a promising platform for next-generation
quantum technologies, but their performance is fundamentally limited
by the quality of the host material. Here we present the growth and
characterisation of high-purity, isotopically engineered diamond, grown
along the <111> axis, hosting NV centres with excellent spin and opti-
cal properties [1]. The reduced '3C concentration results in a spin-echo
coherence time of 6.8(1) ms, which is extended beyond 10 s by using up
to 24000-pulse dynamical decoupling, both record times for solid-state
spins. We observe a strong effect from 50 Hz mains noise, which is mit-
igated using a real-time feedforward scheme. While it has remained
difficult to combine isotopic purification with good optical coherence,
we observe a homogeneous optical linewidth of 17.8(4) MHz, near the
lifetime limit. We investigate the optical coherence in further depth
using a recently introduced diffusion measurement scheme [2|. These
results show that our high-purity and isotopically engineered diamond
is a promising candidate for future defect-centre-based quantum tech-
nologies.

[1] van Ommen et al., in preparation;

[2] van de Stolpe et al., npj Quantum Inf 11, 31 (2025)

Q 80.6 Fri 1545 P5
Coherent Control of a Coupled Three-Electron Spin Quan-
tum Register in Diamond — eFaBiaN MULLER!, ToBIAS SPOHN?,
PuiLiep J. VETTER!, Timo Joas!, SAMUELE BrRaMBILLA!, FLORIAN
FERLEMANNZ | RENE WoLTERs2, ToMMAso CALARCO2, MATTHIAS M.
MoOLLER?, SHINOBU ONopa3, and FEpor JeLeEzko! — llnstitute
for Quantum Optics, Ulm University, D-89081 Ulm, Germany —
2Peter Griinberg Institute-Quantum Control (PGI-8), Forschungszen-
trum Jillich GmbH, D-52425 Jiilich, Germany — 3Takasaki Advanced
Radiation Research Institute, National Institutes for Quantum Science
and Technology (QST), Takasaki, Gunma 370-1292, Japan

High-fidelity gates between coupled electron spins at room tempera-
ture were recently demonstrated using molecularly implanted nitrogen-
vacancy (NV) centers in diamond. In addition to NV centers, the im-
plantation process can also create dark spins, providing further scala-
bility for the system.

In this work, we characterize a coupled NV-NV pair and a nearby
dark spin (a P1 center) that together form a three-electron spin quan-
tum register at room temperature. We demonstrate coherent interac-
tions among all three spins and probe their coherence properties.

Controlling the P1 center at room temperature is challenging due
to the strong hyperfine interaction between its electron and nuclear
spin. We present methods such as DEER spectroscopy and double-
channel PulsePol to address, coherently control, and read out the P1
center using the nearby NV center. Our work expands the scalability
of room-temperature electron spin quantum registers in diamond.

Q 80.7 Fri1l6:00 P 5
Influence of strain on the metastable state dynamics of sil-
icon vacancy centers in 4H Silicon Carbide — eMAXIMILIAN
HorLeEnpoNNER!, FEDOR HrUNski!, DUrGA B. R. Dasari?, Max-
IMILIAN ScHOBER?®, MicHEL BooksTEpTE?, and RoLanD Nagy! —
I Friedrich-Alexander University Erlangen-Niirnberg, Institute of Ap-
plied Quantum Technologies (AQuT.), Germany — 23rd Institute
of Physics, ZAQuant, IQST, University of Stuttgart, Germany —
3Institute for Theoretical Physics, Johannes Kepler University Linz,
Austria

Currently color centers in semiconductors are among the most promis-
ing platforms for quantum technology. Especially the negatively
charged cubic silicon vacancy center (VSi) in 4H silicon carbide (SiC)
stands out due to its exceptional spin and optical properties [1] and
can be integrated into semiconductor structures [2]. It is therefore an
ideal candidate for quantum memory nodes [3,4]. The VSi can exhibit
significant strain when integrated into nanophotonic structures. How
this influences spin properties is currently not fully understood. For
this reason, we developed pulse sequences which allow the measure-
ment of metastable state transition rates [5|. In my talk I will discuss
the changed rates and present the underlying physical mechanisms.
[1] R. Nagy et al., Nat Commun 10, 1954 (2019) [2] D. Scheller et al.,
Phys. Rev. Applied 24, 014036 (2025) [3] S. K. Parthasarathy et al.,
Phys. Rev. Applied 19, 034026 (2023) [4] R. Nagy et al., Appl. Phys.
Lett. 118, 144003 (2021) [5] D. Liu et al., npj Quantum Inf 10, 72
(2024)
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Q 81: Quantum Communication, Networks, Repeaters, & QKD III

Time: Friday 14:30-16:30

Q81.1 Fri14:30 P 10
Device-independent quantum key distribution in an event-
ready atom-photon architecture over 25km fiber using dou-
ble frequency conversion — eJonas MEIERS, CHRISTIAN HAEN,
Max BERGERHOFF, ToBiAs BAUER, CHRISTOPH BECHER, and JUR-
GEN EscHNER — Universitdt des Saarlandes, Experimentalphysik,
66123 Saarbriicken, Germany

Quantum cryptographic protocols offer physical security through no-
cloning or entanglement. Following the device-independent quantum
key distribution protocol of [1], we present our event-ready implemen-
tation based on entanglement between a single atom and its emitted
photons. The protocol requires four atomic bases and two photonic
bases and allows us to create a quantum key with security verification
via the Bell parameter. We employ polarization entanglement between
a single trapped °Cat ion and an emitted photon at 854 nm, gener-
ated on the P3/y — Dj/p transition via Raman scattering [2]. The
photon is frequency-converted to the telecom band, enabling its trans-
mission over a 25-km-long, polarization-stabilized fiber spool, and af-
terwards reconverted to 854 nm before state projection. The projected
qubits enable key generation after classical post-processing, including
error correction and privacy amplification. Future applications include
our 15-km-long urban fiber as quantum link, that has already been
characterized and demonstrated [3].

[1] R. Schwonnek et al., Nat. Commun. 12, 2880 (2021)

[2] M. Bock et al., Nat. Commun. 9, 1998 (2018)

[3] S. Kucera et al., npj Quantum Inf. 10, 88 (2024)

Q 81.2 Fri14:45 P 10
Polarization to time-bin conversion for ion-photon entan-
glement — eCHRisTIAN HaEN!, JuLian Gross-Funkb2, Max
BERGERHOFF!, PascaL Baumcart!, ToBias Baurer!, CHRISTOPH
BecuER!, and JURGEN EscuNER! — ! Universitét des Saarlandes, Ex-

perimentalphysik, 66123 Saarbriicken, Germany — 2see below

1

Conversion between photonic polarization qubits and time-bin qubits
enables the creation of hybrid quantum networks using different quan-
tum memory platforms such as ions and color centers, that provide dif-
ferent inherent types of memory-photon entanglement. For large-scale
networks, time-bin encoded quantum information is also less suscepti-
ble to polarization changes.

Here, we demonstrate the preservation of ion-photon entanglement
after conversion from polarization to time-bin qubits using a telecom
fiber-based encoding interferometer. We utilize a single 4°Cat ion
in a Paul trap as quantum memory to generate photons that are
polarization-entangled with the ion. Additionally, we use quantum
frequency conversion to 1550 nm, which is the operating wavelength of
the qubit converter, enabling low loss transmission over large distance
telecom fiber links [1]. A second quantum frequency converter is used
to finally return to the ion transition wavelength.

[1] S. Kucera et al., npj Quantum Inf. 10, 88 (2024).
2 presently at German Aerospace Center (DLR), Institute of Quantum
Technologies, 89081 Ulm, Germany

Q 81.3 Fri15:00 P 10
Progress towards Intercity Quantum Key Distribution with
Deterministic Sources — eJoscua HANEL!, FABIAN KLINGMANNZ,
JinazrONG YAaNG!, JipENG WaNG!, VINCENT REHLINGER!, ZENGHUI
Jiang!, JiaLiane Wang!, Eppy PaTrick RUGERAMIGABO!,
RaPHAEL Joos®, MicHAEL JETTER®, Ari HremB#, ANN-KATRIN
KNIGGENDORF?*, SIMONE Luca PorTaLUPI®, PETER MICHLER®, STE-
rAN Kock?, Tara Liesiscu!, MicHAEL Zopr!, and Frr Dingl®
— nstitut fiir Festkdrperphysik, Leibniz Universitit Hannover
— 2Fraunhofer-Institut fiir Photonische Mikrosysteme, Dresden —
3Institut fiir Halbleiteroptik und Funktionelle Grenzflichen, IQST and
SCoPE, University of Stuttgart — 4Physikalisch-Technische Bunde-
sanstalt, Braunschweig — ®Laboratorium fiir Nano-und Quantenengi-

neering, Leibniz Universitdt Hannover

We report on the progress toward a deployed QKD system based on a
deterministic quantum dot single photon source, and toward its prac-
tical operation on the 78 km Niedersachsen Quantum Link connecting
Hannover and Braunschweig.

The system employs high-fidelity polarization encoding at a 152
MHz excitation rate and advanced polarization stabilization to main-
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tain low-error performance and generate keys at practical rates. We
further develop and implement a remote clock synchronization scheme
that leverages the timing information present within the quantum sig-
nal. Our findings underline the viability of deterministic quantum
emitters for scalable, real world quantum communication applications.

Q81.4 Fril5:15 P10
Stand-alone mobile quantum memory system — eMARTIN
Jutisz!, ALEXANDER Err23, Janik WoLTeERs?3, MUSTAFA
GunpoGAaN!, and Markus Krurzik!'4 — 1Humboldt-Universitit zu
Berlin and CSMB Adlershof, Berlin, Germany — 2Technische Univer-
sitdt Berlin, Berlin, Germany — 3Deutsches Zentrum fiir Luft- und
Raumfahrt, Berlin, Germany — “Ferdinand-Braun-Institut (FBH),
Berlin, Germany

Quantum memories (QMs) are pivotal to many areas of quantum in-
formation science, most notably quantum repeaters. Therefore, these
devices must be capable of operating in non-laboratory environments,
even in space. Warm-vapour QMs are especially appealing for this
purpose because of their simplicity and ease of operation.

We will present the implementation and performance analysis of a
portable, standalone warm vapour quantum memory system [1]. The
memory operates with weak coherent pulses of less than one photon
per pulse. We demonstrate the memory’s long-term stability over a
28-hour period, including operation in a non-laboratory environment.
We also report ongoing progress in miniaturising the memory plat-
form and demonstrating storage of heralded single photons generated
via spontaneous parametric down-conversion.

[1] M. Jutisz et al., Phys. Rev. Applied 23, 024045 (2025).

Q 81.5 Fri15:30 P 10
A Compact Receiver for Polarisation Encoded BB84 Quan-
tum Key Distribution — eMICHAEL STEINBERGER!'2, MORITZ
BirknoLp 2, MicHAEL AUErR'?3, Apomas Bariukal?2, HARALD
WEINFURTERY24| and Lukas Knipsh24 — 1Ludwig Maximilian Uni-
versity (LMU), Munich, Germany — 2Munich Center for Quantum
Science and Technology (MCQST), Munich, Germany — 3Universitét
der Bundeswehr, Neubiberg, Germany — 4Max Planck Institute of

Quantum Optics (MPQ), Garching, Germany

Quantum Key Distribution (QKD) enables the secure exchange of se-
cret keys, by exploiting the laws of quantum mechanics. Free-space
optical communication allows for a range of different QKD use-cases,
including short ground-to-ground links for urban environments up to
key exchange with satellites. Current hardware uses telescopes with
complex optics and highly efficient single-photon detection devices. To
make QKD suitable for scenarios offering less space and profiting from
a higher degree in mobility, our goal is to develop very compact and
integrated detection systems for polarization-encoded BB84 QKD. We
demonstrate a miniaturized polarisation analysis unit (PAU) on the
millimeter scale. To be used with CMOS single photon avalanche de-
tector arrays these concepts - trading in performance - achieve a new
level of of scalability and integrability.

Q 81.6 Fri 1545 P 10
QKD via Nanosatellites - Qube 2 Mission Hardware and
Update — eMoriTz BirkHOLD for the QUBE 2 Konsortium-
Collaboration — Ludwig Maximilian University (LMU) — Munich
Center for Quantum Science and Technology (MCQST)

Since the first proposal of the BB84 protocol in 1984, Quantum Key
Distribution (QKD) has progressed from laboratory demonstrations
to large-scale deployed fiber-based networks of 2000+ km in China.
However, the limited reach of terrestrial links continues to motivate
the development of space-based QKD to achieve global coverage. As a
first step towards this goal, the QUBE-1 pathfinder mission, launched
in 2024 with compact optical payloads but without full QKD capabil-
ity, has enabled initial quantum experiments in orbit.

Building on the technologies and experience gained from these, the
successor mission QUBE-2 now will introduce several major upgrades
to enable full QKD operation from a nanosatellite platform. The op-
tical terminal now includes an enlarged 8 cm aperture, improving link
performance, while the fully re-engineered optical assembly is hermet-
ically sealable and more reproducible. The QKD electronics supports
repetition rates up to 200 MHz, incorporates decoy-state capability,
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and can perform all required post-processing tasks. Ground validation
demonstrated key exchange with QBER < 0.5%. The payloads have
successfully passed testing, are already integrated with the satellite
bus and prepared for launch in 2026.

Q 81.7 Fri16:00 P 10
Narrow-band resonator-enhanced SPDC source for air-
borne quantum communication — SHENG-Hsuan Huangh?2,
eTromas DirmErER!2, Hans Danc!2, SEBasTIAN Lurr!2, MaR-
TIN FiscHER!, MARKUS SONDERMANN':?2, GErRD Lrucus':?, and
CHRISTOPH MARQUARDT?'! — 1Max Planck Institute for the Science
of Light, Staudtstr 2, 91058 Erlangen — 2Department of Physics,
Friedrich-Alexander-Universitit Erlangen-Niirnberg, Staudtstr 7/A3,
91058 Erlangen

Long-distance quantum communication networks rely on the ability
to faithfully distribute quantum information between different net-
work nodes, which are often considered based on from atomic or ionic
systems. Efficient information transfer not only relies on a low-loss
quantum channel but also requires sources that generate quantum
states which can interact with the atom or ion in question. Whis-
pering gallery mode resonator (WGMR) based SPDC sources have
been shown to be highly tunable sources for a variety of quantum
states. Their inherent optical bandwidth in the MHz-range making
them compatible to atomic and ionic transitions.

As part of the German QuNET initiative, we are employing our
WGMR-based source aboard a research aircraft of the German DLR.
Together with a ground station by Fraunhofer IOF. We are investigat-
ing the coupling of photonic quantum states to a single trapped ion
under adverse conditions from an airborne free-space link.

In our presentation, we highlight the challenges of realizing photon-
atom-interaction experiments in such a demanding environment.

Q 81.8 Fri16:15 P 10
Fully Integrated Multifunctional Platform for Secure QKD
Using Waveguide-Integrated SNSPDs — eCoNNOR A. GRAHAM-
Scort!2:3 CEsar BErTONI OcamMPol:2:3, JaNIs AVERBECK!2:3, and
CARSTEN ScHUck!+2:3 — IDepartment for Quantum Technology, Uni-
versity of Miinster, Germany — 2Center for NanoTechnology - CeN-
Tech, Miinster, Germany — 3Center for Soft Nanoscience - SoN, Miin-
ster, Germany

Quantum key distribution (QKD) is a central technology for secure
quantum communications, yet current implementations are typically
limited in scalability and functionality, e.g. lacking capabilities for
guaranteeing signal integrity. The challenge is to achieve a compact,
fully integrated platform that not only performs QKD but also de-
tects sophisticated eavesdropping attempts and provides redundancy
through alternative encryption pathways.

Here, we present a multifunctional, fully integrated system on a
single chip combining several functional blocks based on waveguide-
integrated superconducting nanowire single-photon detectors (WI-
SNSPDs). Our system combines time-bin COW QKD with a 200-ps
delay line, intrinsic and statistical photon-number-resolution methods,
polarization-independent operation, and the detection of intercept-
resend blinding attacks. By leveraging high-efficiency and low-jitter
performance of correspondingly configured WI-SNSPDs, the system
allows for both high key generation rates and enhanced security, while
remaining scalable and suitable for full integration in future quantum
communication systems.

Q 82: Matter Wave Interferometry, Metrology, and Fundamental Physics IV

Time: Friday 14:30-16:30

Q82.1 Fril14:30 P11
Extracting signal from noisy very-long baseline atom inter-
ferometers — eMicHAEL WERNER and NACEUR GAALOUL — Insti-
tut fiir Quantenoptik, Leibniz Universitdt Hannover, Welfengarten 1,
30167 Hannover, Germany

Light pulse atom interferometers (AIFs) are exquisite highly quan- tum
sensors for inertial forces. State-of-the-art AIFs are used to mea- sure
the fine-structure constant, or analyze the gravitational field and its
spatial and temporal variations to high accuracy. Distinguish- ing be-
tween actual signals and noise is a critical challenge, especially when
aiming to detect gravitational waves or dark matter in the mid- fre-
quency range. Understanding each noise source in the interfero- metric
process is essential for the success of future initiatives. In our study, we
examine how various prominent noise sources impact one- dimensional
AlFs of different configurations and identify the most sta- ble setups
for the example of the VLBALI facility in Hannover

Q82.2 Fril4:45 P11
Simulation Framework for Space-borne Quantum Sensors
— oGINA KLEINSTEINBERG!, CHRISTIAN STRUCKMANN', CHRISTIAN
ScuuBiRT?, and NAcEUR GaarLour! — llnstitute of Quantum Op-
tics, Leibniz University Hannover, Welfengarten 1, 30167 Hannover,
Germany — 2German Aerospace Center (DLR), Institute for Satel-
lite Geodesy and Inertial Sensing, Callinstr. 30b, 30167 Hannover,
Germany

Space-borne cold atom interferometers are promising sensors to probe
accelerations and rotations at unprecedented levels of sensitivity. To
advance the necessary technology readiness level and mature the
space-deployment for future missions, technological demonstrators are
needed. Among them are embarked testbeds, such as the BECCAL
project which is planned to be deployed onboard the ISS and the
CARIOQ®A mission, a future pathfinder for quantum accelerometry
for Earth observation. To derive the experimental requirements and
sensor performances, dedicated simulations are needed.

We present a Python based simulation framework that generates
realistic phase signals for space-borne atom interferometers. This in-
cludes simulations of the atom interferometer itself as well as detailed
analyses of systematic effects arising from environmental influences.
To define the best operational mode of the experimental setup, multi-
objective optimisation is used to explore options for balancing the mul-
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titude of mission parameters, while simultaneously optimising the sen-
sor performance. We demonstrate the framework’s capabilities through
applications to the CARIOQA and the BECCAL project.

Q 82.3 Fri15:00 P 11
Constraining the Casimir-Polder force via the scanning angle
method — eMartHIEU BRUNEAUD2, GABIN RouTiER!, ETIENNE DE
GiroLamo!, NatHALIE FABRE!, ERic CHARRON®, THORSTEN EMIG?,
GaBriEL DuTier!, QUENTIN BouTon!, and NACEUR GAALoUL? —
LLPL, Université Sorbonne Paris Nord, Vil- letaneuse, France — 21QO,
Leibniz Universitit Hannover, Germany — 3ISMO, CNRS, Univer-
sité Paris-Saclay, Orsay, France — *LPTMS, CNRS, Université Paris-
Saclay, Orsay, France

The Casimir-Polder (C-P) force is a universal atom-surface interaction
arising from quantum fluctuations. Dominant at nanometric distances,
it is closely linked to possible non-Newtonian gravitational effects. In
this work, we model an experiment in which cold atoms are diffracted
by a nanostructure, with C-P interactions encoded in the resulting
diffraction pattern.

Current experimental sensitivity is limited mainly by the geome-
try of available nanogratings. To improve precision, we introduce a
scanning-angle detection method and examine the influence of sev-
eral C-P models, from simple van der Waals summations to full QED
calculations based on multiple-scattering expansions. This approach
enhances sensitivity, paving the way to more accurate characteriza-
tion of atom-surface interactions and providing tighter constraints on
hypothetical deviations from Newtonian gravity.

This work is supported by BMWK DLR funds (50WM2450A
QUANTUS-VI).

Q824 Frilsls P11
Advances in matter-wave interference of metal nanoparticles
— eRIcHARD FERSTL!, SEBASTIAN PEDALINO', BRUNO E. RAMIREZ-
GaLinpo!, Kraus HorNBERGER?, STEFAN GERLICH!, and MARKUS
ARrNDT! — !Faculty of Physics, University of Vienna, Vienna, Aus-
tria — 2Faculty of Physics, University of Duisburg-Essen, Duisburg,
Germany

Metal nanoparticles are a promising platform for universal near-field
matter-wave interference experiments with scalable masses. Such ex-
periments require innovative methods for beam formation, coherent
beam splitters and efficient detectors. Here we present the state of
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the art in quantum interference experiments based on photodepletion
beam splitters using 266 nm deep ultraviolet light gratings. Our exper-
iment confirms the quantum wave nature of massive sodium nanoparti-
cles, establishing the highest macroscopicity in a quantum experiment
to date. The observed phase stability and high sensitivity to external
forces opens our experimental platform to precision sensing applica-
tions, both in the regime of quantum wave and classical ray optics.

Q 82.5 Fri 15:30 P 11
Relativistic effects and their test in atom interferometry —
oCHRISTIAN NIEHOF, DANIEL DERR, and ENNO GieEsE — Technische
Universitdt Darmstadt, Fachbereich Physik, Institut fiir Angewandte
Physik, Schlossgartenstr. 7, D-64289 Darmstadt, Germany

Light-pulse atom interferometry with ultracold atoms enables high-
precision experiments with applications ranging from inertial sensing
to fundamental physics. Some gravitational-wave and dark-matter
detectors are already proposed based on these techniques. However,
achieving the required sensitivities demands large spacetime-area in-
terferometers with substantial arm separations. This makes finite
light propagation times and related relativistic effects non-negligible
[1]. Thus, a consistent phase description must include state-dependent
atomic Compton frequencies resulting from internal-state mass defects
and gravitational influences on light and atoms. Additionally, resonant
operation in accelerating frames requires laser-frequency chirps.

We present a unified framework that incorporates these effects
for arbitrary interferometer geometries and diffraction mechanisms.
When applied to Mach-Zehnder gravimeters that use either single-
photon, Bragg, Raman, or recoilless E1-M1 transitions, our framework
yields exact phase expressions under resonant chirping. These expres-
sions show strong suppression of finite-speed-of-light terms and offer a
method to remove residual velocity dependence. We also propose an
experimentally feasible test of these predictions.

[1] J. Liu et al., Quantum Frontiers 3, 2 (2024)

Q 82.6 Frilhs4s P11
Towards measuring the gravitational influence of a test mass
using the Very Long Baseline Atom Interferometry facility.
— oGuUILLERMO A. PEREZ LoBaTro, VisHu GuprTta, KAl C. GRENSE-
MANN, Kraus H. ZipreL, ERNST M. RaAsgeL, and DENNIS SCHLIPPERT
— Leibniz Universitat Hannover, Institut fiir Quantenoptik

One of the scientific objectives of the Very Long Baseline Atom Inter-
ferometry (VLBAI) facility in Hannover is to investigate how gravity
affects quantum objects such as macroscopically delocallized atomic
wave functions. Using the 10 m baseline we plan to position addi-
tional test masses at 15 cm from the atoms. Including and removing
the additional test mass will allow us to perform a differential mea-
surement in order to determine the gravitational influence of the test
mass on the atomic wave function. For this measurement to be pos-
sible, a series of technical requirements have to be met. For example:
launching an ultracold sample of atoms with sub-nanokelvin effective
energies, and giving the atoms a differential momentum sufficient to
macroscopically delocallize the wave function. This contribution fo-
cuses on the progress in the facility during the past year, including

Q 83: Ultra-cold Atoms, lons
Time: Friday 14:30-16:00

Q83.1 Frild:30 N1
High fidelity quantum logic on two trapped-ion qubits with-
out ground-state cooling — Amy HuGHES, RAGHAVENDRA SRINI-
vas, CLEMENS LOsSCHNAUER, eHAaNNAH KNaack, RoLanp MarT,
CHRrIs BALLANCE, Macies MaLiNnowski, THomAs Harry, TYLER
SUTHERLAND, and OXFORD Ionics TEAM — Oxford Ionics, Oxford,
United Kingdom

We introduce the *smooth gate* - a novel entangling gate method
for trapped-ion qubits where residual motional errors are adiabatically
eliminated by ramping the gate detuning. We combine the power of
this technique with the robustness of electronic qubit control [1] to
perform two-qubit gates with an estimated error of < 1 x 10~* with-
out the use of ground-state cooling. We characterise the gate error
using a new protocol (inspired by subspace randomised benchmarking
[2]) which does not require the use of any single-qubit rotations. We
further show that the error remains < 5 x 10~% for Doppler-cooled

the prototype system for positioning the masses with mm accuracy,
demonstrating atom interferometry, and the plans to achieve the full
potential of the facility. These include the progress towards achiev-
ing highly delocallized matter waves by the manipulation of rubidium
atoms utilizing purely optical potentials for matter wave lensing, and
control of the kinematics of the atoms for manipulation with Bragg
beam splitting processes and Bloch oscillations for launch.

Q 82.7 Fri16:00 P 11
Towards matter-wave interferometry of proteins — eOLca
RyBakoval, Joser REISINGER!, AmAL S. KumaR?, VALENTIN
KoHLER?, MARCEL MAavor?, STEFAN GErLIcH!, PuiLIPP GEYER!,
and MARKUs ARNDT! — 1University of Vienna, Faculty of Physics &
Vienna Doctoral School of Physics Boltzmangasse 5, 1090 Wien, Aus-
tria — 2University of Basel, Department of Chemistry St. Johanns-

Ring 19, 4056 Basel, Switzerland

In recent years, our team has provided experimental evidence for the
wave nature of tailored organic molecules with masses up to 25 kDa, as
well as for that of vitamins and antibiotic polypeptides. We now aim
to step our studies up to a significantly higher level of molecular com-
plexity by enabling matter-wave interference with genuine proteins.

Achieving this goal requires coordinated advances on several techno-
logical fronts, including generation of stable, slow, and cold molecular
beams, coherent manipulation of complex particles, and, potentially,
their detection in a neutral state. In this contribution, we outline
our approach toward enabling protein interferometry and present re-
cent progress on implementing a molecular beam splitting mechanism
based on specially designed photocleavable tags.

Q 82.8 Fril6:15 P11
In-trap Collimation for BEC Interferometry in Space —
eGaBRIEL MULLER!, TiMoTHE EsTrAMPES! 2, ERrRic CHARRONZ,
WoLrrcane P. ScureicH®, NicHorLas P. BiceLow?, NAcCEUR
GaaLour!, and THe CUAS consorriumM? — llnstitute of Quan-
tum Optics, Leibniz University Hannover, Germany — 2Institut des
Sciences Moléculaires d’Orsay, Université Paris-Saclay, CNRS, France
— S3Institute of Quantum Optics and Center for Integrated Quan-
tum Science and Technology (IQST), Ulm University, Germany —

4Department of Physics and Astronomy, University of Rochester, USA

Performing dual-species atom interferometry in space allows for pre-
cise tests of Einstein’s Equivalence Principle, enhanced in sensitivity by
extended interrogation times in weightlessness. The accuracy of such
experiments is limited by the expansion energies of the dual-species
mixtures as well as their differential CoM control. For the simultaneous
preparation of condensed mixtures, we propose an in-trap collimation
technique featuring in-situ excitations of collective modes compatible
with state-of-the-art atom-chip setups. Employing this technique, we
demonstrate the 2D collimation of condensed 87Rb atoms in the Cold
Atom Laboratory aboard the International Space Station. By care-
ful characterization of the atom dynamics induced by time-dependent
magnetic fields, we reduce the expansion energies and control the CoM
release dynamics, enabling the observation of a freely expanding BEC
up to 700 ms.

and BEC VI (joint session A/Q)
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ions with gate mode temperatures of up to 7 = 9.4(3). These results
show that trapped-ion quantum computers can be operated above the
Doppler limit, allowing for significantly faster device operation.

[1] C. M. Léschnauer et al., PRX Quantum 6, 040313 (2025)

[2] C. H. Baldwin et al., Phys. Rev. Research 2, 013317 (2020)

Q83.2 Fril4:45 N1
Hybridization of topological defects and repulsive polarons in
a Bose gas — eTanA ALPER YOGURT!, MarTHEW EILEs!, NikoLAy
YEcovTseEv?, and Victor GUraRIEZ — !Max Planck Institute for
the Physics of Complex Systems Nothnitzer St. 38 01187 Dresden,
Germany — 2Department of Physics and Center for Theory of Quan-
tum Matter, University of Colorado, Boulder Colorado 80309, USA

The immersion of an impurity in a bosonic medium has enabled sys-
tematic exploration of the Bose polaron problem across the entire range
of impurity-medium coupling strengths. Both attractive and repulsive
polarons arising from inherently attractive impurity-medium interac-
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tions, such as those involving Rydberg or ionic impurities in neutral ul-
tracold gases, have been extensively investigated. While the attractive
polaron represents the ground state of the many-body impurity-bath
system, the nature of the metastable repulsive polaron remains less
understood. Here, we present a unified framework for describing both
attractive and repulsive polarons in one- and two-dimensional (1D and
2D) Bose gases. By obtaining ground- and excited-state solutions of
the Gross-Pitaevskii equation for a finite-range impurity potential in
a weakly interacting Bose medium, we demonstrate that repulsive po-
larons are adiabatically connected to topological defects supported by
the condensate. In 2D, these defects correspond to vortices and dark
ring solitons, while they manifest as distinct solitonic configurations
in 1D. Furthermore, we uncover a crossover between the repulsive and
attractive polaron branches as the impurity-bath coupling strength in-
creases.

Q833 Fril5:00 N1

Spin-coherent eigenstates in quantum magnets — eFELIX
GERKEN and THORE Posske — University of Hamburg, Hamburg,
Germany

At special points in the parameter space of quantum magnets, prod-
uct states can emerge as eigenstates. For a wide range of one-,
two-, and higher-dimensional models, their appearance is connected
to phenomena such as spin liquids, anyonic phases, and quantum
scars. We provide a unified framework through a complete classifi-
cation of spin-coherent eigenstates of Heisenberg XXZ Hamiltonians
with Dzyaloshinskii-Moriya interaction on general graphs and for arbi-
trary spin quantum numbers, formulated in terms of Kirchhoff rules for
spin supercurrents. We find that these spin-coherent eigenstates not
only span a large degenerate subspace, but are also accompanied by
additional extensive degeneracy that is linked to exotic condensates,
which could be studied in atomic gases and quantum spin lattices.

Q834 Frilb:l5 N1
High-repetition-rate fermionic quantum gas microscope
for quantum simulation — eRoBIN GroTu"?, ANDREAS VON
Haarenb2 Livance Qiul2, JaNeT Qrsial2, Luca MuscaRELLALZ,
Trrus Franz!:2, Tmvon HiLker®, IMMaNUEL Brocrb24, and
PuiLipp Preiss?24 — 1Max Planck Institute of Quantum Optics,
Garching — 2Munich Center for Quantum Science and Technology —
3University of Strathclyde, Glasgow — *Ludwig Maximilian Univer-
sity of Munich

Fermionic quantum simulators provide a powerful platform for ex-
ploring the physics of high-temperature superconductivity, topological
phases, and many-body dynamics - challenges that persist even with
the advent of qubit-based quantum computing. Here, we present a

high-repetition-rate fermionic quantum gas microscope optimized for
rapid data acquisition. Fast cycle times below 4 seconds are achieved
through high-power optical traps, rapid evaporative cooling, and effi-
cient spin-resolved fluorescence imaging. These fast experimental cy-
cles enable the collection of sufficient statistics to measure higher-order
spin correlations, opening the door to systematic exploration of the
phase diagram of the doped Fermi-Hubbard model. Looking ahead,
planned upgrades to the apparatus will incorporate site-resolved ad-
dressing for precise single-particle control, enabling the investigation
of quantum-information-processing schemes within this fermionic plat-
form.

Q835 Fril5:30 N1
Simulating the Fermi Hubbard model with a quantum gas
microscope — eLuca MuscarReLLA'2, ANDREAS VON HaARENDZ,
RoBIN GroTH!2, JANET QEsial2) Livane Qrub2, Ino AHRENsDZ,
Trtus Franz!2, TimoN HiLKER3, PHiLIPP PrEISs!'2, and IMMANUEL
Brocu!24 — 1Max-Planck Institute of Quantum Optics — 2Munich
Center for Quantum Science and Technology — 3University of Strath-
clyde, Glasgow — 4Ludwig Maximilian University Munich

Ultracold fermionic systems have emerged as a leading platform for
studying strongly correlated quantum matter, offering direct access to
regimes that challenge both classical numerics and even qubit-based
architectures. Using our newly developed quantum gas microscope, we
can create and probe large, low-entropy ensembles of fermions with a
short experimental cycle time. Building on this technical capability, we
now demonstrate the preparation of a Mott insulator containing over
500 atoms in a square optical lattice. Leveraging a newly implemented
programmable lattice with tunable geometry, we aim to probe exotic
phases of the doped Fermi-Hubbard model. These measurements will
allow systematic exploration of strongly correlated regimes that remain
beyond the reach of classical computation.

Q83.6 Frils45 N1
Edge localized states in the bosonic SSH model with interac-
tion. — e ANNA PosazHENNIKOVA and TARA STEINHOFEL — Institut
fir Physik, Universitat Greifswald, Greifswald, Germany

We study the bosonic SSH chain with Hubbard on-site interaction, at
zero temperature. Since the model can be viewed as a merger of the
Bose-Hubbard and Su-Schrieffer-Heeger model, it is expected to un-
dergo both a quantum phase transition from a superfluid Bose-Einstein
condensate to a so-called Mott insulator, as well as a topological phase
transition when changing dimerization patterns. We find for the topo-
logically nontrivial limit and sufficiently weak interactions, there are
edge localized hole states and discuss their origin.
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Q84.1 Fril14:30 N 3

Towards a direct g-factor difference measurement of 12:14C5+
eMaXx ANTON GRAMBERG!, MaTTHEW Bounman!, EwmiLy
Bursacu?, FaBian Heisse!, PuiLipp Justus!, KrisTian KoNig2,
JiaLiN Liv!, WILFRIED NORTERSHAUSERZ, SVEN STURM?!, and KLAUS

Braum! — IMPIK, Heidelberg — 2IKP, TU Darmstadt, Darmstadt

ALPHATRAP [1] is a cryogenic Penning-trap apparatus for high-
precision measurements. By confining single ions in ultra-stable elec-
tromagnetic fields, g-factor determinations at the sub-ppb level are en-
abled, offering stringent tests of quantum electrodynamics in extreme
fields. Even higher precision was reached by measuring the direct g-
factor difference of 20:22Ne®*-ions co-trapped in a Penning trap [2].
In such coherent difference measurements otherwise unavoidable fluc-
tuations of the magnetic field are largely suppressed, allowing to reach
sub-ppt accuracy.

The planned measurement of the isotopic shift of the bound electron
g-factor between 12C5+ and 14C®* provides a unique opportunity for
fundamental atomic physics. The lower nuclear charge Z enables an
even more precise prediction by QED calculations and, when combined
with the potentially improved precision in our recently upgraded ap-
paratus, can be used to set competitive bounds on scalar dark matter
candidates. Conversely, our planned measurement can also be used
to extract an ultra precise charge radius difference and so benchmark
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other radius extraction methods as well as ab-initio nuclear theory.
[1] S. Sturm, et al. Eur. Phys. J. Spec. Top. 227, 1425-1491
(2019). [2] T. Sailer, V. Debierre, et al. Nature 606, 479-483 (2022).

Q84.2 Frildds N3
Atomic Hydrogen beam formation and cryogenic pre-cooling
for Project 8 — eAva EL Boustani and SEBASTIAN BOSER for the
Project 8-Collaboration — Institute of Physics, Johannes Gutenberg
University of Mainz, Germany

The Project 8 experiment aims to determine the absolute neutrino
mass using Cyclotron Radiation Emission Spectroscopy (CRES) to
measure radiation from tritium beta-decay electrons near the spec-
trum’s endpoint, where the neutrino mass effect is most significant.
Achieving sensitivity requires an atomic tritium source with well-
characterized beam properties. At JGU Mainz, molecular hydrogen
serves as a tritium analog and is dissociated in a tungsten capillary
heated to 2200 K. The dissociated gas undergoes multi-stage cooling
to 8 K, enabling atom trapping while minimizing recombination.

In this study, theoretical modeling and gas-flow simulations inves-
tigate the hot source and the first cooling stage. The tungsten cap-
illary is modeled with axial temperature gradients, dissociation ki-
netics, and pressure profiles; the predicted flux and beam properties
are benchmarked against Direct Simulation Monte Carlo results from
the SPARTA code for low-density gas flows. In the pre-cooling stage,
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the atomic hydrogen beam passes through a bent, cold tube (Accom-
modator), whose geometry and gas*surface interaction parameters are
studied with SPARTA to quantify beam capture, cooling, and recombi-
nation. These results guide the design and prototyping of an improved
pre-cooling stage, being prepared for testing as part of a future atomic
tritium source for Project 8.

Q 84.3 Fri15:00 N 3
Constraints on Ultra-Light Dark Matter from Networks
of Optical Clocks and Cavities — eLuis HerLLmicu!:2, ULL-
ricH ScHWANKEZ, CigpEM Issever!2, and STEVEN Wormb?2
IDeutsches Elektronen-Synchrotron DESY, Zeuthen, Germany —

2Humboldt-Universitit zu Berlin, Berlin, Germany

Optical atomic clocks and cavities are high precision measurement de-
vices, which are sensitive to variations of the fundamental constants.
In this work, we are investigating the sensitivity of networks of optical
clocks and cavities to variations of fundamental constants induced by
ultra-light dark matter (ULDM). ULDM is expected to oscillate coher-
ently on macroscopic length scales. We are exploring the possibility to
detect such oscillations with a network of spatially separated frequency
references in two complementary ways. On the one hand, the potential
of an optical cavity network is studied. On the other hand, we are ana-
lyzing how daily and annual modulations of Earth’s movement through
the dark matter halo can be used to constrain ULDM models. The pro-
posed setups could detect frequencies in the sub-Hz regime, making it
possible to constrain dark matter masses m ~ 10~10 — 1014 eV. We
present projected limits on the scalar coupling to Standard Model par-
ticles for a few benchmark scenarios and compare them to existing
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constraints from equivalence principle tests.

Q84.4 Frilhls N3
Electron Mass, Charge and Sommerfeld FSC — eMANFRED
GEILHAUPT — HS Niederrhein Moénchengladbach

Einstein: Ich wiisste gern, was ein Elektron ist.

**e~2=2%alphah*c*eps0 (no energy!). Question: What must be
known else, able to answer Einsteins question? Restmass & Charge
must be derived from a principle theory. Results from GR+TD: rest-
mass me(alpha,N) & charge e(alpha). expectation values, both de-
pend on alpha. The r(t)-generating two differential equations - not
like Schrédinger but source for mass and charge - can be found using
a common Newton Einstein Equation of Motion:

**dP /dt=f1+12+{3+4f4+15 coming up with 5 internal parts from par-
tial derivation. The second part (f2= m*ddr/ddt) leads to restmass
me(alpha,N) being an effective value from the solution m(t) if r(t) is a
generating function same for all 5 parts. u(t) is a unit vector possible
to rotate (du/dt). The first equation (fl=dr/dt*dm/dt) - if m(t) is
known already from part two - leads to charge e(alpha) while alpha is
the Sommerfeld FSC:

**alpha=(1/beta)*(1/beta)*1/g44*3/4(1+log(1/3))*(1+log(1/3)) -
appears when using r(t) to get m(t) from equation f2. Beta is the Ein-
stein SR parameter while g44 is the well known GR-metric number:
while within (e/m)=..1/sqrt(N) here alpha cancels!

alpha represents the continuum part and N the quantum part of na-
ture. So GR+TD predicts QM’s quantisation phenomena physically -
based on causality and TD principles applied.



