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Overview of Invited Talks and Sessions
(Lecture halls N 1, N 2, N 3, and N 25; Poster Philo 1. OG)

Invited Talks

A21 Mon 11:45-12:15 N1 Experimental investigation of strongly interacting quantum fluids of light
in rydberg atoms — eAMAR BELLAHSENE, TOM BIENAIME, SHANNON WHIT-
LOCK

A6.1 Mon 17:00-17:30 N1 Measurement of neon photoemission delays and double-core-hole Auger-
Meitner lifetime using Angular Streaking — eLLARS FUNKE, SARA SAVIO,
LAsse WULFING, NicLAS WIELAND, MARKUS ILCHEN, WOLFRAM HELML

A 8.1 Mon 17:00-17:30 N 3 Isotope shifts and population dynamics in neutron-rich Mg" measured
with MIRACLS — eKONSTANTIN MOHR

A 11.1 Tue 11:00-11:30 N2 Dichroic Electron Emission Patterns from Oriented Helium Ions —
oNICLAS WIELAND, KLAUS BARTSCHAT, FILIPPA DUDDA, MICHAEL MEYER,
MARKUS ILCHEN

A 121 Tue 11:00-11:30 N3 Stringent Tests of the Standard Model via High-Precision Measurements
at ALPHATRAP — eFABIAN HEISSE, MATTHEW BOHMAN, LUCA GEISSLER,
ANTON GRAMBERG, PHILIPP JUSTUS, CHARLOTTE KONIG, IVAN KORTUNOV,
JIALIN L1U, JONATHAN MORGNER, JACOB SCHRADER, VICTOR VOGT, STEPHAN
SCHILLER, SVEN STURM, KLAUS BLAUM

A 131 Tue 11:00-11:30 N 25 Identifications of clock transitions in heavy highly charged ions with high
sensitivity to physics beyond the Standard Model — NiLs-HOLGER RE-
HBEHN, LAKSHMI P. KOZHIPARAMBIL SAJITH, MICHAEL K. ROSNER, CHARLES
CHEUNG, SERGEY G. PORSEV, MARIANNA S. SAFRONOVA, SAMUEL M. BREWER,
STEVEN WORM, DMITRY BUDKER, THOMAS PFEIFER, JOSE R. CRESPO LOPEZ-
URRUTIA, eHENDRIK BEKKER

A 171 Wed 14:30-15:00 N1 Three-body dynamics between an ion and two Rydberg states —
JENNIFER KRAUTER, MAXIMILIAN FUTTERKNECHT, OSCAR ANDREY HERRERA
SANCHO, FLORIAN ANSCHUTZ, UTzZURI HOGL VIDAL, MORITZ BERNGRUBER,
FroriAN MEINERT, ROBERT LOW, TIiLMAN PFAU

A 181 Wed 14:30-15:00 N 2 Cross-process interference in single-cycle electron emission from metal
needle tips — e ANNE HERZIG, PETER HOMMELHOFF, ELEFTHERIOS GOULIEL-
MAKIS, THOMAS FENNEL, LENNART SEIFFERT

A 19.1 Wed 14:30-15:00 N3 Enhanced Sensitivity for Electron Affinity Measurements — eFRANZISKA
MARIA MAIER, ERICH LEISTENSCHNEIDER, LUTZ SCHWEIKHARD, STEPHAN
MALBRUNOT-ETTENAUER

A 271 Thu 11:00-11:30 N1 Quantum-enabled active matter at the atomic scale — eSABRINA BUR-
GARDT, JULIAN FESs, SiiviA HIEBEL, ALEXANDER GUTHMANN, ARITRA K.
MUKHOPADHYAY, SANGYUN LEE, MICHAEL TE VRUGT, BENNO LIEBCHEN,
HarRTMUT LOWEN, RAPHAEL WITTKOWSKI, ARTUR WIDERA

A 281 Thu 11:00-11:30 N2 Long-lived giant circular Rydberg atoms at room temperature — eFABIAN
THIELEMANN, EINIUS PULTINEVICIUS, AARON GOTZELMANN, CHRISTIAN HOLZL,
FLORIAN MEINERT

A 282 Thu 11:30-12:00 N 2 Dynamical decoupling in a dipolar Rydberg gas — eMENY MENASHES,
EDUARD BRAUN, MATTHIAS LOTZE, MAHARSHI PRAN BORA, GERHARD ZURN,
MATTHIAS WEIDEMULLER
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A 291 Thu 11:00-11:30 N3 An optical clock with entangled trapped “°Ca’ ions. — eKaAl DIETZE,
LENNART PELZER, BENNET BENNY, FABIAN DAWEL, MIRZA A. ALI, DERWELL
DRAPIER, PIET O. SCHMIDT

A 321 Thu 14:30-15:00 N 2 IR-laser induced dressing signatures in helium nanodroplets probed by
coherent diffractive imaging — e¢T0OM VON SCHEVEN, BJORN KRUSE, THOMAS
FENNEL

A 40.1 Fri 11:00-11:30 N1 Toolbox for of Rydberg state engineering in trapped ions — eROBIN
THOMM, VINAY SHANKAR, NATALIA KUK, MARKUS HENNRICH

A41.1 Fri 11:00-11:30 N 2 State-resolved femtosecond phase control in dense-gas laser-atom inter-
action enabled by XUV interferometry — eLINA HEDEWIG, CARLO KLEINE,
Yu HEe, FELIX WIEDER, CHRISTIAN OTT, THOMAS PFEIFER

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

SYAD 1.1 Mon 14:30-15:00 RW 1 What graphs can tell us about quantum information — eKIARA
HANSENNE

SYAD 1.2 Mon 15:00-15:30 RW 1 Realization of alkaline-earth circular Rydberg qubits in optical
tweezer arrays — eCHRISTIAN HOLZL

SYAD 1.3 Mon 15:30-16:00 RW 1 Pattern Formation and Supersolid-like Sound Modes in a Driven Su-
perfluid — eNIKOLAS LIEBSTER

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 — ¢ 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 — ¢CORINA REVORA, CHRISTIAN TOMAS
SCHMIEGELOW, JUAN PABLO PAz

SYSL 1.4 Mon 18:30-19:00 P 1 Atomic Magnetometry Employing Vector Light Beams — eRIAAN
PHILIPP 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 —
oGIOVANNA 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
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SYAU 1.4 Wed

SYAU 1.5 Wed

12:15-12:45

12:45-13:15

RW 1 Advances in Broadband Saturation Spectroscopy: Towards Probing
New Physics in the Mid-Infrared — ¢OLIVER HECKL
RW 1 Precision laser spectroscopy of the Thorium-229 nuclear transition

— oTHORSTEN SCHUMM

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

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

P 1 Non trivial particle exchange in one dimension: The anyon Hubbard
model and beyond — ¢ ANDRE ECKARDT

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

P 1 Dipolar gases in triangular ladders — eLUIS 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

Sessions

A11-15
A21-23

A 3.1-35

A 4145
A 5.1-58
A 6.1-6.6
AT71-78

A 8.1-8.7
A 9.1-98
A 10.1-10.8
A 11.1-11.7
A 12.1-12.7

A 13.1-13.6
A 14.1-14.29

A 15.1-15.9
A 16.1-16.8

A17.1-17.7
A 18.1-18.6

A 19.1-19.7

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
Mon 11:45-13:00 P 2 Ultracold Matter I — Fermions (joint session Q/A)
Mon 11:45-12:45 N1 Ultra-cold Plasmas and Rydberg Systems I (joint session
A/Q)
Mon 11:45-13:00 N 2 Collisions, Scattering and Correlation Phenomena I (joint
session A /MO)
Mon 11:45-13:00 N 25 Highly Charged Ions and their Applications I
Mon 17:00-19:00 P 2 Ultracold Matter IT — Bosons (joint session Q/A)
Mon 17:00-18:45 N1 Attosecond Physics I (joint session A/MO)
Mon 17:00-19:00 N 2 Collisions, Scattering and Correlation Phenomena II (joint
session A/MO)
Mon 17:00-19:00 N 3 Precision Spectroscopy of Atoms and Ions I (joint session
A/Q)
Tue  11:00-13:00 P 2 Ultracold Matter III — Fermions (joint session Q/A)
Tue 11:00-13:00 N1 Ultra-cold Atoms, Ions and BEC I (joint session A/Q)
Tue  11:00-13:00 N 2 Atomic Systems in External Fields I
Tue  11:00-13:00 N 3 Precision Spectroscopy of Atoms and Ions II (joint session
A/Q)
Tue  11:00-12:45 N 25 Highly Charged Ions and their Applications IT
Tue 17:00-19:00 Philo 1. OG  Poster — Precision Spectroscopy of Atoms and Ions (joint
session A/Q)
Tue  17:00-19:00 Philo 1. OG  Poster — Highly Charged Ions and their Applications
Wed 14:30-16:30 P 2 Ultracold Matter IV — Bosons, Rydberg Systems, and Oth-
ers (joint session Q/A)
Wed 14:30-16:30 N 1 Ultra-cold Atoms, Ions and BEC II (joint session A/Q)
Wed 14:30-16:15 N 2 Interaction with Strong or Short Laser Pulses I (joint session
A/MO)
Wed 14:30-16:30 N 3 Precision Spectroscopy of Atoms and Ions III (joint session

A/Q)
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A 20.1-20.2
A 21.1-21.5
A 22.1-22.7
A 23.1-23.3

A 24.1-244

A 25.1-25.8
A 26.1-26.32
A 27.1-27.7
A 28.1-28.6

A 29.1-29.7

A 30
A 31.1-31.8
A 32.1-32.7

A 33.1-33.8

A 34.1-34.3
A 35.1-35.5
A 36.1-36.42

A 37.1-37.9

A 38.1-38.3

A 39.1-39.15
A 40.1-40.7
A 41.1-41.6
A 42.1-42.7
A 43.1-43.6
A 44.1-444

Wed
Wed
Wed
Wed

Wed

Wed
Wed
Thu
Thu

Thu

Thu
Thu
Thu

Thu

Thu
Thu
Thu

Thu

Thu

Thu
Fri
Fri
Fri
Fri
Fri

17:00-19:00
17:00-19:00
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

13:15-14:00
14:30-16:30
14:30-16:30

14:30-16:30

14:30-15:15
15:15-16:45
17:00-19:00

17:00-19:00

17:00-19:00

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

Philo 1.
Philo 1.
Philo 1.
Philo 1.

Philo 1.

Philo 1.
Philo 2.
N1
N2

N3

N 25
N1
N2

N3

N 25
P 105
Philo 1.

Philo 1.

Philo 1.

Philo 2.
N1
N2
N3
N1
N3

oG
oG
oG
oG
oG

oG
OG

oG

oG

oG

oG

Poster — Atomic Clusters

Poster — Atomic Systems in External Fields

Poster — Attosecond Physics (joint session A/MO)

Poster — Interaction with Strong or Short Laser Pulses (joint
session A /MO)

Poster — Interaction with VUV and X-ray Light (joint session
A/MO)

Poster — Cluster and Nanoparticles (joint session MO/A)
Poster — Ultracold Matter (joint session Q/A)

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

Ultra-cold Atoms, Ions and BEC IV (joint session A/Q)
Interaction with VUV and X-ray Light I (joint session
A/MO)

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

Correlation Phenomena

Cluster and Nanoparticles (joint session MO/A)

Poster — Ultra-cold Atoms, Ions and BEC (joint session
A/Q)

Poster — Ultra-cold Plasmas and Rydberg Systems (joint
session A/Q)

Poster — Collisions, Scattering and Correlation Phenomena
(joint session A /MO)

Poster — Precision Measurement (joint session Q/A)
Ultra-cold Atoms, Ions and BEC V (joint session A/Q)
Interaction with Strong or Short Laser Pulses II

Atomic Systems in External Fields II

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 Atomic Physics Division

Thursday 13:15-14:00 N 25
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A 1: Ultracold Matter | — Fermions (joint session Q/A)

Time: Monday 11:45-13:00

A 11 Mon 1145 P2
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)

A 1.2 Mon 12:00 P2
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.

A 13 Mon 12:15 P2

Nonequilibrium correlations in the transverse field Ising

model under resonant periodic driving — eLARIssA ScHWARz!,

SiMON BALTHASAR JAGER?, IMKE ScCHNEIDER!, and SEBASTIAN
Eccert! — 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-

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.

A14 Mon 12:30 P 2
Programmable Assembly of Ground State Fermionic Tweezer
Arrays — eMarcus CuLEMANN!, FrRaNCEsSco 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.

A15 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.

A 2: Ultra-cold Plasmas and Rydberg Systems | (joint session A/Q)

Time: Monday 11:45-12:45

Invited Talk A 2.1 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

Location: N 1

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
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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.

A 22 Monl12:15 N1
Orientation of Trilobite Rydberg Molecules in Electric Fields
— eoRIcHARD BLATTNER, MARKUs EXNER, 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
between the Rydberg electron and the ground state atom. Trilobite
molecules are a subclass of high-l 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 8"Rb 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.

A 23 Mon12:30 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 Tibingen, 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.

A 3: Collisions, Scattering and Correlation Phenomena | (joint session A/MO)

Time: Monday 11:45-13:00

A 3.1 Mon 11:45 N2
Floquet Resonances in Ultracold Gas Scattering — eSEBASTIAN
EccErT, AXEL PELSTER, and CHRISTOPH DAUER — University of
Kaiserslautern-Landau (RPTU)

An alternative mechanism of tuning interactions between cold atoms
is proposed, which is based on dynamically creating "Floquet bound
states” using time-periodic fields. By developing a Floquet-scattering
theory we show that sharp Floquet resonances occur at which the ef-
fective interaction can be tuned to very large attractive or repulsive
values. The resulting predictions explain recent experimental data and
provide additional tuning possibilities. Analytic predictions are given
for adjusting amplitude, frequency and mean of the applied oscillating
field in order to to accurately choose location and width of scatter-
ing resonances over a wide range. This paves the road to a versatile
toolbox of tailored interactions in setups with multiple species.

A 3.2 Mon 12:00 N 2
Light scattering experiments in dense dipolar gases — eIsHAN
VarMA, MARVIN ProskE, RHUTWIK SRIRANGA, DiMITRA CRISTEA,

and PaTrick WINDPASSINGER — Staudingerweg 7, Institute of
Physics, JGU Mainz

In ultracold atomic ensembles where interatomic spacing is smaller
than the wavelength of scattered light, direct matter-matter coupling
through electric and magnetic interactions significantly influence sys-
tem dynamics, challenging the approximation of atoms as independent
emitters. We study the role of magnetic dipole-dipole interactions
(DDI) in the cooperative behavior of atomic ensembles using dyspro-
sium, which has the highest ground-state magnetic moment (10 Bohr
magnetons).

This talk focusses on the recently performed light scattering experi-
ments in moderately-dense samples of ultracold dysprosium atoms. We
study the scattering properties of the sample with respect to frequency
detuning from resonance, optical depth, and external magnetic field.
A detailed analysis of the fluorescence signal reveals first indications
of super- and sub-radiance, which suggest cooperative behavior in the
system. In addition, we also discuss the impact of optical dipole trap
polarization on atomic lifetime and highlight the recent technical ad-
vancements made in vacuum technology and the design of microscope
objectives. These developments enable a higher degree of control and
accessibility of the atomic sample.

A 3.3 Mon 12:15 N 2

Transport resonances through periodically driven, weakly

Location: N 2

coupled impurity — eJaN MarHIS GIESEN, DANIEL WEBER, and
SEBASTIAN EGGERT — Physics Department and Research Center OP-
TIMAS, RPTU University Kaiserslautern-Landau, D-67663 Kaiser-
slautern, Germany

‘We consider transport in an optical lattice through quantum well with
time periodic driving and apply Floquet theory to calculate tunnel-
ing amplitudes. An analytic non-equilibrium solution of the problem
is developed which allows the analytic prediction and analysis of the
tunneling amplitudes as a function of frequency, driving amplitude,
and energy level of the well. One main result is the discovery of a pre-
viously unknown resonant switching effect, where a very small driving
field can induce perfect transmission. The results are relevant for cor-
responding setups using ultra-cold gases in optical lattices, photonic
waveguides, quantum dots coupled to metallic leads or magnonic sys-
tems.

A 3.4 Mon 12:30 N 2

The interplay between single- and two-body interfer-
ence of photoelectrons — eFaBiaAN RoOHRBACH!, ANDREAS
BucHLEITNERY2, and ChrisToPH DitTEL!2 — 1Physikalisches In-

stitut, Albert-Ludwigs-Universitat Freiburg, Hermann-Herder-Strafie
3, 79104 Freiburg, Germany — 2EUCOR Centre for Quantum Sci-
ence and Quantum Computing, Albert-Ludwigs-Universitat Freiburg,
Hermann-Herder-Strafte 3, 79104 Freiburg, Germany

We clarify under which conditions fermionic exchange (anti-) symme-
try manifests in the energy spectrum of photoelectrons generated by
pulsed light interacting with matter, and how such signature can be dis-
criminated against anticorrelations potentially arising from Coulomb
repulsion. We demonstrate that photoelectrons emitted from two
metal needle tips exhibit pronounced two-body interference fringes,
and analyze how these features interplay with interference on the
single-electron level, along different pathways in a pump—probe ion-
ization scheme.

A 3.5 Mon 12:45 N 2
Protected quantum gates using qubit doublons in dynam-
ical optical lattices — eLARrs FiscHER, YANN KIEFER, ZIJIE
Zuu, SAMUEL JELE, MARIUS GACHTER, GiacoMo BissoN, KONRAD
ViEBAHN, and TiLMAN EssLINGER — Institute for Quantum Electron-
ics & Quantum Center, ETH Ziirich, Otto-Stern-Weg 1, 8093 Ziirich

Scalable quantum computation relies on configurable qubit connec-
tivity through system-wide, error-free transport of quantum states.
Neutral atoms in optical lattices represent a promising platform for
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quantum computing, where collisional gates provide a controlled mech-
anism for quantum logic. Here, we present a purely geometric two-
qubit SWAP gate that transiently populates qubit doublon states of
fermionic atoms in a dynamical optical lattice. Using atomic spin
singlets of fermionic potassium-40, we demonstrate the experimental
realisation of this quantum holonomy enabled by doublon states. The
gate mechanism is based on a geometric evolution in which dynamical
phases are entirely absent, making the mechanism intrinsically robust

against fluctuations and inhomogeneities in the confining potentials.

We report a loss-corrected two-qubit SWAP gate fidelity of
99.91(7)%, measured across an ensemble of more than 17,000 atom
pairs. Combined with tunable atomic collisions, we realise a universal
set of two-qubit gates, paving the way toward large-scale, highly con-
nected quantum processors. Our scheme, based on topological pump-
ing of atoms, establishes the foundation for a fault-tolerant computa-
tional platform.

A 4: Highly Charged lons and their Applications |

Time: Monday 11:45-13:00

A 4.1 Mon 11:45 N 25
Charge Exchange Mechanisms in Slow Highly Charged Ions
Colliding with Gas Targets — e ANJU SHAJI NAIR, STEFAN Fac-
sko, and RENE HELLER — Helmholtz-Zentrum Dresden-Rossendorf,
Institute of Ion Beam Physics and Materials Research, Bautzner Land-
strasse 400, Dresden 01328, Germany

The dynamic charge exchange processes occurring during the interac-
tion of slow, highly charged ions (HCI) with a material surface are the
key mechanisms guiding the inelastic processes and material response
[1,2]. To isolate and understand these fundamental mechanisms, a
clean two-body system is required. For this purpose, gas targets are
used, as they provide an intrinsically clean environment that enables
the examination of individual collision events and provide insights into
the underlying electron transfer dynamics.

In this work, the interaction mechanism of slow Xenon ions having
charge states 5+ to 30+ with He and N2 targets is investigated. The
experimentally determined single-electron capture cross-sections show
a decreasing trend with increasing projectile charge state, indicating a
shift in the dominant charge exchange pathways from predominantly
single-electron capture to contributions from multiple electron transfer
processes.

References:

[1] Niggas, A., Werl, M., Aumayr, F., & Wilhelm, R. A. (2024) J.
Phys. B: At. Mol. Opt. Phys. 57(7) 072001

[2] Wilhelm, R. A. (2022) Surf. Sci. Rep. 77(4) 100577

A 4.2 Mon 12:00 N 25
Nuclear Excitation by Electron Capture - Towards a Direct
and Unambiguous Detection — eEsTHER B. MENZ for the NEEC-
at-GSI-Collaboration — University of Cologne — GSI, Darmstadt

Nuclear excitation by electron capture (NEEC) is a fundamental pro-
cess that provides a direct interaction between the nucleus and the
atomic shell. It is the time-inverse of the well-understood process of
internal conversion (IC): an electron is resonantly captured into an
atomic bound state and the nucleus is simultaneously excited by the
energy made available by the capture. The process is thought to be rel-
evant for plasma and astrophysics and might have useful applications
such as producing desirable nuclear isomeric states. Despite significant
efforts, no uncontroversial experimental observation of NEEC has yet
been reported. A claimed observation by Chiara et al. [1| deviated
from theoretical predictions by nine orders of magnitude [2] and could
not be independently confirmed in an experiment by Guo et al. [3].
Motivated by successful measurements of dielectronic recombination
processes in ion storage rings, we plan to search for NEEC at the ESR
storage ring of GSI. Using the ESR electron cooler as a free-electron
target provides the distinct advantage of avoiding effects introduced
by the solid target in the aforementioned single-pass experiment.

We will present the current status of experiment preparation along
with estimations of the expected count and background rates.

[1] C. J. Chiara et al., Nature 554, 216 (2018)

[2] Y. Wu et al., Phys. Rev. Lett. 122, 212501 (2019)

[3] S. Guo et al., Phys. Rev. Lett. 128, 242502 (2022)

A 4.3 Mon 12:15 N 25
Update on the LsymMm experimental setup — eFaBiaAN RaaB,
Maria PasiNeTTi, PAauL HoLzENkAMP, SARAH PLACEK, LEONIE
MARZEL, ANDREAS THOMA, SANGEETHA SASIDHARAN, and SVEN
SturM — MPIK, Heidelberg, Germany

LsyM is a new cryogenic Penning trap experiment that intends to test
the symmetry of matter and antimatter in the lepton sector. In par-
ticular, the experiment will test for differences in mass, charge and

Location: N 25

g-factor of the positron and electron to achieve the most precise test
for a hypothetical CPT violation for leptons so far. In the experi-
ment we detect the particles motional frequencies via image current
detectors. To further cool the trapped positron to its ground state
of motion, the trap assembly is cooled to about 300 mK, where the
trap cavity is largely depleted from black-body photons around the
cyclotron frequency of 140 GHz. In this presentation our recent steps
towards setting up our detection system as well as an update on the
microwave setup, that will be used to counteract heating above the
groundstate, will be illustrated.

A 44 Mon 12:30 N 25
Positron trapping and current trap design at LSym — eMARIA
PasineTTi, FABIAN RaAB, PaurL HonzENkamP, ANDREAS THOMA,
SANGEETHA SASIDHARAN, LEONIE MARZEL, SARAH PLACEK, and
SvEN STturM — MPIK, Heidelberg, Germany

LSym is a new cryogenic Penning trap experiment under development
at the Max-Planck-Institut fiir Kernphysik in Heidelberg. Its goal
is a stringent CPT test by comparing matter*antimatter properties
through a high-precision measurement of the electron and positron
spin precession frequencies. To this end, a single positron and a He+
ion, a proxy for the electron are trapped simultaneously, enabling a
decoherence-free comparison. A positron capture technique was suc-
cessfully tested in December 2024. Positrons from a weak 22Na g+
source are moderated and converted into positronium in a high Ry-
dberg state, which is then ionized inside the Penning trap, allowing
the positron to be retained. The key observable is the difference in
the two Larmor frequencies, determined by the charge-to-mass ratios
and g-factors of the particles. These frequencies are measured with a
dual Ramsey sequence, where we determine the spin projection of each
particle non-destructively via the continuous Stern-Gerlach effect in a
magnetic bottle. At LSym, spin-state detection occurs in the "Analy-
sisTrap", a five-electrode Penning trap with a ferromagnetic ring elec-
trode that generates the required gradient. The presentation outlines
the positron source concept and the current status of the AnalysisTrap
fabrication and assembly.

A 4.5 Mon 12:45 N 25
Hadronic Vacuum Polarization: From functional QCD to
Atomic Physics — eEuceEN Dizer!, ZorrAN HarMmAN?, FRANZ
R. SarTLER®, and Jonas WEsseLy? — lInstitut fiir Theoretische
Physik, Universitdt Heidelberg, Philosophenweg 12, 69120 Heidelberg,
Germany — 2Max Planck Institute for Nuclear Physics, Saupfercheck-
weg 1, 69117 Heidelberg, Germany — 3Fakultit fiir Physik, Univer-
sitéit Bielefeld, 33615 Bielefeld, Germany — *Institut fiir Theoretis-
che Physik, Justus-Liebig-Universitdt, Heinrich-Buff-Ring 16, 35392
Giessen, Germany
Hadronic vacuum polarization (HVP) remains a major source of un-
certainty in precision tests of the Standard Model, particularly in the
muon anomalous magnetic moment a,. The persistent discrepancy
between data-driven evaluations and lattice QCD, together with re-
cent updates to g — 2, motivates a deeper investigation of HVP across
independent methods. We study the hadronic polarization function
Mhaq(g?) using functional QCD techniques, and compare with state-
of-the-art data-driven determinations and lattice calculations.

We propose highly charged ions and muonic atoms as sensitive and
experimentally accessible systems for probing HVP at low momentum
transfer. Their clean QED structure and tunable energy scales make
them an ideal platform for testing effective hadronic contributions. Us-
ing an updated effective Uehling potential, we evaluate HVP effects in
these systems and assess their potential to clarify the present data—
lattice tension.
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A 5: Ultracold Matter Il — Bosons (joint session Q/A)

Time: Monday 17:00-19:00

A 51 Mon 17:00 P 2
In-situ cooling of bosonic Mott insulators via reservoir engi-
neering — eMICHELE MioTTo, FrRANCESco PETIzIOL, and ANDRE
EckarpT — Institut fiir Physik und Astronomie, Technische Univer-
sitat Berlin

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-
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.

A 52 Mon 17:15 P2
Weakly interacting Bose gases in the canonical ensemble —
eJonaTa SanTos!, AXEL PErLsTER?, and ARNALDO GAMMAL! —
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).

A 53 Mon17:30 P 2
Dipolar supersolids in toroidal traps — ePauL UERLINGS!,
Fiona HerLsTErn!, Kevin Ncl!, Micuaer WiscHiErT!, Tim
JErcLoTZ!, KOUSHIK MUKERJEE2, MALTE SCHUBERT?, STEPHAN
WEeLTeE!3, RaLF KreEmT!, STEPHANIE REIMANN?, and TILMAN
Praul3 — 15. Physikalisches Institut and Center for Integrated Quan-
tum Science and Technology IQST, Universitdt 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.

A 54 Mon 1745 P2
Dynamic behaviour of density correlations across the chaotic
phase for interacting bosons — eOscar Durfas SAncHEz!2 and

Location: P 2

ALBERTO RODRiGUEZ!'2 — lDepartamento de Fisica Fundamental,
Universidad de Salamanca, E-37008 Salamanca, Spain — 2Instituto
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.

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

A 55 Mon 18:00 P 2
How to seed ergodic dynamics of interacting bosons under
conditions of many-body quantum chaos — Lukas Pauscu!s2,
Epoarpo G. CarNio®?, ANDREAS BUCHLEITNER®'%, and e ALBERTO
Robpricuez®% — 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 — S3Physikalisches In-
stitut, Albert-Ludwigs-Universitét Freiburg, Hermann-Herder-Strafie
3, D-79104 Freiburg, Germany — “EUCOR Centre for Quan-
tum Science and Quantum Computing, Albert-Ludwigs-Universitét
Freiburg, Hermann-Herder-Strafle 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,

A 56 Mon 18:15 P 2
Vortex nucleation studied through spatially-resolved veloc-
ity fields — eEvrLiNOR KaTH, JELTE DucHENE, HANYI JANG, HEL-
MUT STROBEL, and MARkKUs 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.

A 57 Mon 1830 P 2
Observation of sine-Gordon solitons in a spinor Bose-Einstein
condensate — YANNICK DELLER, ALEXANDER SCHMUTZ, RAPHAEL
SCHAFER, ®ALEXANDER Framm, FLorian ScuwmitT, Ipo SioviTz,
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THoMAS GASENZER, HELMUT STROBEL, and MARKUS OBERTHALER
— Kirchhoff-Institut fiir Physik, Universitdt 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.

A 5.8 Mon 18:45 P 2
Single Realization Spatially Resolved Velocity Reconstruc-
tion for a 2D BEC — eJeELTE DucHENE, ErLiNorR KarH, HANYI
Jang, HELmuT STROBEL, and MARKUS OBERTHALER — Kirchhoff-
Institut fiir Physik, Universitat Heidelberg

We present a method to extract both the velocity field and density of
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.

A 6: Attosecond Physics | (joint session A/MO)

Time: Monday 17:00-18:45

Invited Talk A 6.1 Mon 17:00 N1
Measurement of neon photoemission delays and double-
core-hole Auger-Meitner lifetime using Angular Streaking —
eLars Funke!, SARA Saviol, Lasse WoLFiNG!, NicLAs WIELANDZ,
Magrkus ILcHEN?, and WoLrFraM HELML! — !Fakultit Physik, Tech-
nische Universitét Dortmund, Germany — 2Institut fiir Experimental-

physik, Universitat Hamburg, Germany

The extreme brightness of X-ray free electron lasers allows probing
non-linear processes in atoms and molecules in single-shot measure-
ments. The addition of a temporal reference, e.g. through an Angular
Streaking setup, enables the direct measurement of observables previ-
ously only accessible indirectly.

Here, we report on a European-XFEL measurement that simulta-
neously yields relative emission delays for multiple transitions trig-
gered by 990 €V photons in neon. Specifically, we are able to clock 1s,
2s and 2p photoelectrons, single- and double-core-hole Auger-Meitner
electrons at the same time, owing to a multi-resolution time-of-flight
detector setup covering a broad electron energy range.

A 6.2 Mon 17:30 N1
Observation of sub-cycle ponderomotive acceleration via
near-field-induced low-energy stripes (NILES) — L.
SerrFERT!, J. HeMERL2, S. MEIER?, A. Herzic!, F. LoPEz
HorrmanN?, D.M.B. Lesko?, S. HiLLMANN?, S. WITTIGSCHLAGER?,
T. Wertz?, T. FENneLD 3, and P. HomMmELHOFF?4 — lInstitute of
Physics, University of Rostock, Germany — 2Department of Physics,
Friedrich Alexander University Erlangen-Nuremberg, Germany —
3Department of Life, Light and Matter, University of Rostock, Ger-
many — “Faculty of Physics, Ludwig Maximilian University Munich,
Germany

Ponderomotive acceleration of electrons in strong fields is typically
regarded as a cylce-averaged effect and hence mostly associated with
long pulses. However, recently, subcycle sensitivity of the pondero-
motive acceleration effect has been reported for electrons injected
into the strong near-field gradient of a sharp metal tip by a few-
cycle optical waveform [1]. In this talk the recent observation of this
effect which manifests in the direct electrons part of carrier-envelope-
phase-dependent electron spectra in the form of near-field-induced
low-energy stripes (NILES) will be discussed from a theoretical point
of view. These stripes allow the tracking of direct and rescattered
electron emissions on subcycle timescales and provide access to the
electron momentum width at emission.

[1] J. Heimerl at al., Nat. Phys. (2025)

A 6.3 Mon 17:45 N1
A rigorous and universal approach for highly-oscillatory
integrals in attosecond science — eANNE WEkBER!, JoB
FeLDBRUGGE?, and EmiLio Pisanty! — lAttosecond Quantum
Physics Laboratory, King’s College London, WC2R2LS London, UK

— 2Higgs Centre for Theoretical Physics, University of Edinburgh, UK

Location: N 1

Light-matter interactions within the strong-field regime, such as high-
harmonic generation, typically give rise to highly-oscillatory integrals,
which are often solved using saddle-point methods. Not only do these
methods promise a much faster computation, but they also inform
a more intuitive understanding of the process in terms of quantum
orbits, as the saddle points correspond to interfering quantum trajec-
tories (think Feynman’s path integral formalism). Despite these ad-
vantages, a sound understanding of how to apply saddle-point methods
to highly-oscillatory integrals in a rigorous way, and with algorithms
which work uniformly for arbitrary configurations and laser drivers, re-
mains lacking. This hinders our ability to keep up with state-of-the-art
experimental setups which increasingly rely on tightly-controlled laser
waveforms. Here, I will introduce the key ideas of Picard-Lefschetz
theory — the foundation of all saddle-point methods — and their im-
plementation. Using high-harmonic generation and above-threshold
ionisation as examples, I will show how those ideas provide a robust
framework for the fast computation of integrals, as well as a widely-
applicable algorithm to derive the relevant semiclassical quantum or-
bits that underlie the physical processes.

A 6.4 Mon 18:00 N1
Structured light for enhanced attosecond chiral sensing —
eNicoLa Maver!, ANNE WEBER!, DANIELE TorroLi?>3, MAR-
cARITA KHOkHLOVA!, and EmiLio Pisanty! — 1Attosecond Quan-
tum Physics Group, King’s College London, London (United King-
dom) — 2Dipartimento di Scienze Chimiche e Farmaceutiche, Univer-
sita degli studi di Trieste, Via L. Giorgieri 1, 1-34127, Trieste, Italy —
3IOM-CNR, Istituto Officina dei Materiali, 34149, Trieste, Italy
Chirality is an ubiquitous phenomenon in nature, spanning many or-
ders of magnitude in length, from the cosmic scale in spiraling galaxies
to the microscopic one in chiral molecules. The interaction of poly-
chromatic synthetic chiral light beams (SCL) with chiral molecules is
expected to enhance chiral signals in observables such as HHG or pho-
toelectron yield. Here, we show that by using vector-vortex beams
with radial and azimuthal polarization, the chirality of SCL beams
carrying a chiral topological charge can be increased by two orders of
magnitude, leading to a huge enhancement in chiral signals. We prove
theoretically such enhancement by using an ab-initio based strong-
field approximation approach to describe HHG in fenchone and cam-
phor, with state-of-art saddle point methods to describe polychromatic
three-dimensional quantum orbits in the continuum. Our results bring
the goal of experimental proof of these techniques closer to reach, both
in chiral molecules as well as in atoms.

A 6.5 Mon 18:15 N1
Absolute photoemission timing in noble gases — eMAXIMILIAN
ForsTER!, MaximiLIAN Porrankal, Sven Paur!, CHRISTIAN
ScHRODER!, PascaL FREISINGER!, ANaToLl KHEIFETS?, and REIN-
HARD KIENBERGER! — ! Chair for laser and x-ray physics, E11, Tech-
nische Universitdt Miinchen, Germany — 2Research School of Physi-
cal Sciences, The Australian National University, Canberra ACT 0200,
Australia
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We measured the photoemission time delay in noble gases, namely
neon and xenon across different photon energies using the attosecond
streaking technique.

The photoemission delay of neon, being the first ever evidence of
atomic delay, has received repeated attention by both experimental
and theoretical investigations due to the large cross section and con-
venient properties of neon. As a helium reference is no possible for
neon, we used iodoemthane as a chronoscope. The internal delay be-
tween Ne2s and Ne2p can be extracted simultaneously, allowing for
a consistency check with previous experiments conducted only with
neon.

The Xenon states Xe4d and Xebs can be measured straightforward
relative to helium and are compared to theoretical calculations.

A 6.6 Mon 18:30 N1
Attosecond XUV-XUV Fourier Transform Spectroscopy
of Autoionizing Rydberg States in Molecular Nitrogen
— elaNacio Marrinez CasastUs!, OrLec KorniLovZ, ARNAUD
2

Rouzgr?, Luis Bafares MorciLLo®?, and Topias WiTTiNGZ —

IDepartamento de Quimica Fisica, Facultad de Ciencias Quimi-
cas, Universidad Complutense de Madrid, 28040 Madrid, Spain —
2Max Born Institute, Max-Born-Strae 2A, 12489 Berlin, Germany
— 3Instituto Madrilefio de Estudios Avanzados IMDEA-Nanoscience,
Faraday, 9, 28049 Madrid, Spain

We introduce attosecond XUV-XUV Fourier transform spectroscopy
to investigate the autoionizing Rydberg states of molecular nitrogen.
Phase-locked XUV pulse pairs are generated through high-harmonic
generation and delayed with sub-10-attosecond timing precision. The
first pulse prepares a coherent superposition between the molecular
ground state and a set of high-lying Rydberg states. The second pulse
probes the evolving coherence, imprinting delay-dependent modula-
tions onto the population of autoionizing levels. These modulations
are subsequently read out via the photoelectron spectra resulting from
autoionization into different ionic continua. Fourier analysis of the
delay-dependent photoelectron yields provides information about tran-
sition energies, coherence dynamics and vibrationally resolved ioniza-
tion cross-sections.

A 7: Collisions, Scattering and Correlation Phenomena Il (joint session A/MO)

Time: Monday 17:00-19:00

A 7.1 Mon 17:00 N 2
Theory of Electronic Transitions — eHUBERT KLAR — retired
from University Freiburg, Institut fiir Physik — 79000 Freiburg,
Hermann-Herder-Strasse 3

Starting from the Hamilton-Jacobi frame we present a novel parabolic
partial difference equation for s-wave electron atom scattering.This
equation serves for initial value problems.Thanks to an unexpected
separation of coordinates we calculate easily the classical action which
we use later to derive a quantum wave function in the semiclassical
limit including correlation. There is no way for direct excitation. That
lack is filled by a correlated multielectron wave propagation along a
potential ridge. The final destination of that wave is a multielectron
concentration point, i. e. all correlated electrons arrive near the nu-
cleus. In the special case of single excitation two electrons form a pair
comparable to a Cooper pair.These pairs fill a lake whose elements are
represented by converging and diverging Fresnel distributions. The
concentration point is highly unstable, the decay leads to an excited
target state plus an escaping electron.Our results are in conflict with
the old Born model for several reasons. (i) We describe the electrons by
matrial waves rather by mass-points. (ii) Correlation has been prop-
erly takn in account. (iii) The target electron is not kicked up but
pulled up due to electron-electron attraction.

A 7.2 Monl17:15 N2
Asymmetries observed in vibrational dissociation of HD by
proton impact — eMicHAEL ScHuLz!2, SHRUTI MaJUMDAR!, Su-
JAN Basrtoral, Basu LamiccHaNe!, DaNIEL FiscHeEr!, AHMAD
Hasan3, and Ramaz Lomsapze? — Missouri University of Science
& Technology, Rolla, USA — 2Max-Planck Institut fiir Kernphysik,
Heidelberg, Germany — 3UAE University, Al Ain, UAE — *Thilisi
State University, Tbilisi, Georgia

We have measured momentum-analyzed H+ and D+ molecular frag-
ments produced in p + HD collisions in coincidence with neutralized
scattering-angle resolved projectiles. From the data we extracted mul-
tiple (including fully) differential cross sections for dissociative capture.
In various spectra we observed a pronounced asymmetry favoring the
H+ + DO over the HO +D+ fragmentation channel. A qualitatively
similar, but weaker asymmetry was previously found for dissociative
ionization and well reproduced by theory [1]. It was explained by an
isotope shift in the asymptotic molecular energy curves favoring the
electron to be localized closer to the deuteron. We conclude that the
same explanation holds for our results on dissociative capture. The
larger magnitude of the asymmetry is probably due to the significantly
smaller projectile energy.
[1] I. Ben-Itzhak et al., Phys. Rev. Lett. 85, 58 (2000)

A 73 Mon 17:30 N2
Coherent Ionization of Atoms by Dense and Compact Beams
of Extremely Relativistic Electrons — eSamr KiMm, CARSTEN
MULLER, and ALEXANDER B. Vorrkiv — Institut fiir Theoretische
Physik I, Heinrich-Heine-Universitadt Diisseldorf
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Location: N 2

Coherent ionization of atoms by very dense and compact beams of
highly relativistic electrons is studied [1]. We consider and compare
two coherent electron-induced ionization mechanisms, tunnel/over-
barrier ionization and coherent impact ionization. In both mecha-
nisms, a significant fraction of the beam electrons acts coherently,
leading to a substantial ionization enhancement. The low-frequency
components of the total beam field can coherently induce tunneling
in target atoms, while the high-frequency components enable coherent
impact ionization. The processes are shown to depend very sensitively
on the spatiotemporal structure of these novel electron beams, which
offers a means for their characterization.

[1] S. Kim, C. Miiller and A. B. Voitkiv; arXiv:2508.17192v2

A74 Mon 17:45 N2
Detachment with target ionization in collisions of slow D-
ions with He and Ar — eMicHAEL Schurz!', FELIXx HERMANN',
WEIYU ZHANG!, ALEXANDER VoITKIV?, BENNACEUR NAJJARIS,
Maka Sippiki!, ALEXANDER DoRN', MANFRED GRIESER!, Fro-
rRIAN Grussie!, HoLcer KRreckiL!, OLpa NovoTny!, ANDREAS
Worr!, THoMmas PFEIFER!, CLAUS DIETER SCHROTER!, and ROBERT
MosHAMMER! — 1Max Planck Institut fiir Kernphysik, Heidelberg,
Germany — 2Heinrich Heine University, Diisseldorf, Germany —
3Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou,

China

We have measured momentum-analyzed recoil-ions and ejected elec-
trons in triple coincidence with projectiles neutralized in collisions of
D- ions with He and Ar at projectile energies between 20 and 120 keV.
From the data we extracted multiple-differential momentum distribu-
tions of electrons ejected in detachment accompanied by single target
ionization. For the Ar target the results confirm a strong role played
by a first-order correlated channel proceeding by a mutual interaction
between the active projectile- and target- electrons which we observed
earlier for Si- projectiles. Surprisingly, this is the case even well below
the threshold energy for this mechanism pointing to the significance of
the interaction between the two active electrons in this fundamental
scattering process. The first-order process is important for the He tar-
get as well, however, there signatures of higher-order channels are more
pronounced than for Ar. The data are qualitatively well reproduced
by our higher-order calculations.

A 75 Mon 18:00 N 2
Rate coefficients for dielectronic recombination of the as-
trophysically relevant N-like Ne ion at CRYRINGQ@ESR
oELENA-OANA Hanub23 MicHAEL LEsTINsky!, CARSTEN
BranDAU!, MicHAEL FocLE®?, PIERRE-MICHEL HILLENBRAND!,
Mirko Loosnorn®7, Estuer Menz!4, STEFAN ScHIPPERS®7, REIN-
HoLD ScuHucH®, Maria Tarscu®?, Ken UeBeruorTz?, SHU-XING
WanG%7, and Tuomas STorHLKER! — 'GSI GmbH, Darmstadt —
2HI Jena — 3GU Frankfurt am Main — 4Universitét zu Kéln — ®Dep.
of Physics, Auburn University, USA — S1. Physikalisches Institut, Uni
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Giessen — THFHF, Giessen — $Dep. of Physics, Stockholm Univer-
sity, Sweden — 2IKP, Uni Muenster

Dielectronic recombination of N-like Ne was studied using a merged-
beams setup at CRYRINGQ@ESR for collision energies from 0 to 25
eV. The measured energy-dependent recombination rate coefficient in-
cludes all AN=0 DR resonances from 2s to 2p core excitations was
compared with results from theoretical calculations. The ion beam
contained roughly equal fractions of ions in the ground-state and in
metastable states, therefore the theoretical rates were weighted accord-
ingly. From the measurements we derived a DR plasma rate coefficient
a(T). The results agree well with previous theory for high tempera-
tures where N-like Ne is abundant, but yield slightly higher rates at
the lower temperatures typical of photoionized plasmas and collision-
ally ionized plasmas. Parametrized fits of the experimental DR plasma
rates are provided for use in astrophysical models.

A 76 Mon 18:15 N2
Electron gun optimization for electron-ion crossed-beams
experiments eB. Micuer Dourine2, Kurr HuBer!,
Mirko LoosHORNY2 and STEFAN ScHIPPERs!:2

— LJustus-Liebig-
Universitit Giefen — 2Helmholtz Forschungsakademie Hessen fiir
FAIR (HFHF), GSI Helmholtzzentrum fiir Schwerionenforschung
GmbH, Darmstadt

Electron-impact ionization is a fundamental atomic collision process,
which is of importance for a wide range of scientific and technical appli-
cations such as astrophysics, EUV lithography and fusion research [1].
Recent cross-section measurements with moderately charged xenon
ions [2] and singly charged lanthanum ions [3] have demonstrated
the excellent performance of our high-current electron gun, which we
have designed and built in Giessen [4,5]. This gun has also served as
a prototype of the transverse free electron target for CRYRING at
GSI/FAIR [6]. Here, we report on our latest achievements in electron
beam resolution, on measurements particularly in the low-energy re-
gion, and on future plans for optimizing the flexible electron gun.

[1] A. Miiller, Adv. At. Mol. Opt. Phys. 55, 293 (2008).

[2] F. Jin et al., Eur. Phys. J. D 78, 68 (2024).

[3] B. M. Déhring et al., Atoms 13, 2 (2025).

[4] W. Shi et al., Nucl. Instrum. Meth. B 205, 201 (2003).

[5] B. Ebinger et al., Nucl. Instrum. Meth. B 408, 317 (2017).
[6] M. Lestinsky et al., Eur. Phys. J. ST 225, 797 (2016).

A 7.7 Mon 18:30 N 2
A Novel Compton Telescope for Polarimetry in the
MeV Range: Towards Delbriick Scattering — eToBiAs
OvER-WINTER!'23 ANTON Kononov!, THomas Krings?, WiLko
MippeENTsH 23, UwE SPILLMANNY, GUNTER WEBERD?, and THOMAS

SToHLKER!23 — 1Helmholtz Institute Jena, Jena, Germany — 2GSI

Helmholtzzentrum fiir Schwerionenforschung, Darmstadt, Germany —
3Friedrich Schiller University Jena, Jena, Germany — *Forschungs
Zentrum Jiilich, Jiilich, Germany

For photon energies from several tens of keV up to a few MeV, Compton
polarimetry provides insight into subtle details of fundamental radia-
tive processes in atomic physics. Within the SPARC collaboration [1]
several segmented semiconductor detectors have been developed that
are well suited for application as efficient Compton polarimeters. For
scattering and photon emission processes in the hard x-ray regime this
kind of detector enable revealing photon polarization effects in great
detail [2]. Recently, a new polarimeter has been constructed within
the SPARC collaboration based on an arrangement of two segmented
semiconductor crystals in a telescope structure. This design allows us
to employ the Compton polarimeter in a broad energy range of photon
energies from 50 keV up to 1 MeV. In my contribution I will present
this detector. Additionally, I will discuss first planned experiments
utilizing this detector at high photon energies up to 1 MeV.

[1] Th. Stohlker et al. Nucl. Instrum. Methods Phys. Res. B 365
(2015) 680.

[2] K.H. Blumenhagen et al. New J. Phys. 18 (2016) 119601.

A 7.8 Mon 18:45 N 2
Single-Electron Detection at Room Temperature Using
Background-Gas Ion Signals in a Penning Trap — e ARINDAM
Kumar Sikpar!2, Joyprp Nanpih2, M. CHATTERJIEE?, VYSHNAV
C.H.%, A Rav!, K. T. Sarvasita?, and P. Das!2 — 1Variable En-
ergy Cyclotron Centre, 1/AF Bidhannagar, Kolkata, INDIA — 2Homi
Bhabha National Institute, Anushaktinagar, Mumbai, Maharashtra,
INDIA — 3Jadavpur University, Raja Subodh Chandra Mallick Road,
Jadavpur, Kolkata, INDIA — “Delta Q, IMJ Institute of Research,
Moodlakatte, Karnataka, INDIA

We present a simple, room-temperature method for detecting a sin-
gle trapped electron without relying on cryogenic electronics or image-
current readout. A single electron confined in a Penning trap naturally
ionizes residual background molecules, producing low-energy ions that
are guided to a microchannel plate (MCP) and counted individually.
These ion bursts provide a clear, indirect signature of the electron*s
presence and confinement dynamics.

This ionization-based readout is highly sensitive, non-invasive, and
directly compatible with hybrid trap architectures such as dual-
frequency Paul traps and Penning*Paul combinations, where conven-
tional detection is limited by weak image currents and RF noise.
The technique offers a practical path toward single-lepton detection
in room-temperature electron, positron, and antimatter experiments,
and opens new opportunities for compact precision sensors and single-
particle studies.

A 8: Precision Spectroscopy of Atoms and lons | (joint session A/Q)

Time: Monday 17:00-19:00

Invited Talk A 81 Mon 17:00 N 3
Isotope shifts and population dynamics in neutron-rich
Mgt measured with MIRACLS — e¢KoONSTANTIN 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 3*Mg.

Simultaneous collinear and anticollinear spectroscopy of the Dy 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.
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Location: N 3

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.

A 82 Mon 17:30 N 3
Precision calculation of the bound-electron g factor in molec-
ular hydrogen ions — eOssama KurLLie!, Huco NoOGUEIRAZ,
and JeaN-PuiLipPE KARrRZ2 — ITheoretical Physics at Institute
for Physics, University of Kassel, Germany — 2Laboratoire Kastler
Brossel, Sorbonne Université, CNRS, ENS-Université PSL, Collége de
France, 4 place Jussieu, F-75005 Paris, France — 3Université Evry
Paris-Saclay, Boulevard Francois 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 ~ 10~11
is achieved for the scalar g-factor component, with an improvement by
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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.

A 83 Mon 1745 N3
Hyper-EBIT: The development of a source for very highly
charged ions — eLucaA YaNNIK GEISSLER, MATTHEW BOHMAN,
FaBiaNn Heisse, PHiLipP JusTus, ANTON GRAMBERG, JONATHAN
MORGNER, CHARLOTTE MARIA KONIG, JiaLiN Liu, Josgé Ramon
Crespo Lo6PEz-URRUTIA, SVEN STURM, and Kraus BLaum — Max-
Planck-Institut fiir Kernphysik, 69117 Heidelberg

Quantum electrodynamics (QED) is considered to be the most suc-
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 % 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 HClIs, 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.

A 84 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.

A 85 Mon 18:15 N 3
Isotope shifts of the 1Sy — 3P intercombination line in zinc
— oFELIX WALDHERR, LukAs MOLLER, and SIMON STELLMER —
Universitat Bonn, Germany

Zinc is a promising element for optical precision measurements due to

A 9: Ultracold Matter Il —
Time: Tuesday 11:00-13:00

A 9.1 Tuell:00 P2
Quantum gas microscopy of three-flavor Hubbard systems
— eJaN DEPPE!, JIRAYU MONGKOLKIATTICHAI?, L1ivu Liu2, SOHAIL
DascupTa®, KapEN R. A. Hazzarp®, and PeETER Schauss!:? —
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-

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.

A 86 Mon 18:30 N 3
Towards the first 1S-2S Measurement in Atomic Tritium
— oHENDRIK ScHURG and RanNpoLr PoHL — Johannes Gutenberg-
Universitdat Mainz, Institut fiir Physik, QUANTUM & Exzellenzcluster
PRISMAT, 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.

A 8.7 Mon 18:45 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] Kramer et al., Metrologia 55 268, (2018)

Fermions (joint session Q/A)
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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.

A 92 Tuell:15 P2
Spectroscopy of excitons and spin-waves in an optical su-
perlattice — eJonannes OBErRMEYERD2, PrTAR Bosoviéh2, Si
Wanc! 2, MarNIXx BARENDREGT!?, DorOoTHEE TELL!'2, IMMANUEL
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Brocu!2:3, and Trrus Franz!2 — 1Max-Planck-Institut fiir Quan-
tenoptik, Garching, Germany — 2Munich Center for Quantum Sci-
ence and Technology, Munich, Germany — °Ludwig-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.

A 9.3 Tuell:30 P2
Quantum engine and thermometry in the BEC-BCS
crossover — oFELIX LANG, ALEXANDER GUTHMANN, Louisa KINES-
BERGER, ELEONORA Li1pPpI, 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 %Li 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)

A 94 Tuellds P2
Observation of an integer quantum Hall state of six fermions
— eJoHANNES REITER, PaurL HiLL, Macies GALKA, and SELIM
JocHim — Physikalisches Institut, Univeristdt Heidelberg, Deutsch-
land

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.

A 95 Tue12:00 P2
Local shielding of ground state wavefunctions during imag-
ing of lithium-6 — eDaNIEL Dux, ToBias HAMMEL, MAXIMILIAN
Kaiser, FINN LuBeNAu, TiM ScCHIFFER, 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.
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‘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

A 96 Tuel2:15 P2
Ytterbium quantum gases under the microscope — ePHILIPP
Lunt!2, RiccArRDO Panza?, SANDRA SBERNARDORIZ, FABRIzZIO
BARBUIO2, ALESSANDRO Muzl FaLcoNi?, 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)

A 9.7 Tuel2:30 P2
Overcoming Atom Loss During Cooling Utilizing Two-
Photon Repumping for Ytterbium — eMicuaeL Huper!:?,
ReNE ViLLeLal:2, Er Zul2, Ronen Kroezel?, and MONIKA
AIDELSBURGERY? — 1Ludwig-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-
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.

A 9.8 Tuel245 P2
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
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)
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A 10: Ultra-cold Atoms, lons and BEC | (joint session A/Q)

Time: Tuesday 11:00-13:00

A 10.1 Tue11:00 N1
Dark-state semi-localization and subradiance in dissipative
systems — eRaApPHAEL MENU, THOMAS Borzung, 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)

A 10.2 Tue 11:15 N1
Mass-Gap Description of Heavy Impurities in Fermi Gases —
XiN CHEN, eEUGEN DizEr, EMiLIO RAMOs RODRIGUEZ, and RICHARD
ScuMIDT — 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
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).

A 10.3 Tuel11:30 N1
Quantum doubles in symmetric blockade structures — eSiMoN
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).

A 104 Tue11:45 N1

Paramagnetic Phases of Strongly Correlated Lattice

14

Location: N 1

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
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)

A 10.5 Tue 12:00 N1
Topological Order in Symmetric Blockade Structures —
eToBias FLorIAN Maier, Hans PETER BUcCHLER, and NicoLAl
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 Z2 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.

A 10.6 Tue 12:15 N1
Spin and density order of ultracold two-component fermions
coupled to an optical cavity — eDANIEL SAMOYLOV, RENAN DA
Siva 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.
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[1] K. Roux et al., Nat. Commun., 11, 1, 2974 (2020)
[2] M. Snoek et al., New J. Phys. 10, 093008 (2008)

A 10.7 Tue12:30 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 WERrRUM, Marco DE Pas, GERARD MEUJER, and GiAcOMO 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.

A 10.8 Tue 12:45 N1
Collective excitations in Quantum Bubbles — eTiMOTHE
EstramPEs!2, BRENDAN Ruyno!, CHARLES GARcioN!, ERNsT M.
RaseL!, Eric CHaRRON?, and NaceUur GaaLour! — !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.

A 11: Atomic Systems in External Fields |

Time: Tuesday 11:00-13:00

Invited Talk A 11.1 Tue 11:00 N 2
Dichroic Electron Emission Patterns from Oriented Helium
Ions — eNicLas WieLAND!, KrLaus Barrscuar?, FiLippa Dubpal,
MicHAEL MEvYER?, and MARkuUs ILcHEN! — lUniversity of Ham-
burg, Hamburg, Germany — 2Drake University, Des Moines, USA —

3European X-Ray Free-Electron Laser Facility

We report a joint experimental and theoretical study using a combi-
nation of polarization-controlled free-electron-laser (FEL) and near-
infrared (NIR) pulses in a synchronized two-color photoionization
scheme. Excited He+ ions, created by extreme ultraviolet (XUV)
circularly polarized radiation from the XUV-FEL FERMI in the ori-
ented 3p (m = +1) state, are exposed to circularly polarized 784-nm
NIR radiation with peak intensities from 10°12 W/cm~2 to 10°13
W/cm~2. The angular distribution of the ejected electrons exhibits
a strong dichroism depending on the NIR intensity. While the co-
rotating case is defined by a single path, for the counter-rotating case,
there are two dominant pathways whose relative strength and phase
difference are determined.

A 11.2 Tue11l:30 N 2
Coherent control of helium photoelectron emission using w—
2w SASE FEL pulses — eHaARIIYOTI MANDAL', MUWAFFAQ ALI
MourTtapAl, ALEXANDER Macunial, WErvu Zuang!, Yu HEel,
Hannes LINDENBLATT!, FLORIAN TrosT!, Lina HeEpEWIG!, CRIS-
TIAN MEDINA!, ARIKTA SaHA!, GERGANA D. Borisoval, STEFFEN
PaLUTKE?, EVGENY SCHNEIDMILLERZ, MIKHAIL YURKOVZ, STEFAN
DusTERER?, RoLr TrEUscu?, Curis H. GREENE®, YIMENG WANGS,
RoBERT MosHAMMER!, ULRIKE FRUHLINGZ, CHRISTIAN OTT!, and
Tuomas PreIFER! — !Max-Planck-Institut fiir Kernphysik, 69117
Heidelberg, Germany — 2Deutsches Elektronen Synchrotron DESY,
22607 Hamburg, Germany — 3Purdue University, West Lafayette, IN
47907, USA

Extreme-ultraviolet (XUV) free-electron lasers enable nonlinear ion-
ization and interference between multiple excitation pathways, provid-
ing a platform for coherent control in the few-photon regime. We
demonstrate phase-controlled w-2w photoionization of helium using
stochastic SASE pulses at FLASH2, DESY Hamburg. Interference
between one-photon (2w) and two-photon (w + w) channels produces
a tunable left-right asymmetry in the photoelectron angular distribu-
tion. Thin aluminium foils (100-300nm) imprint a calibrated disper-
sive phase shift between the fundamental (w = 21.2e¢V) and second
harmonic (2w 42.4eV). Fully differential momentum distributions
were recorded with a reaction microscope and correlated shot-by-shot
with spectral diagnostics, revealing asymmetry dependence on instan-
taneous photon energy, pulse intensity, and relative w/2w content.

A 11.3 Tue11:45 N2
Modeling dissipation in quantum active matter — ALEXAN-
pER P. AnTOoNOV!, SANGYUN LEE?, BENNO LiEBcHEN®, HARTMUT
Lowen!, Jannis MELLES!, GiovanNa Moriar?, YEHOR TUCHKOVZ,

and eMicHAEL TE VRuGT? — !nstitut fiir Theoretische Physik II,

15

Location: N 2

Weiche Materie, Heinrich-Heine-Universitit Diisseldorf — 2Institut
fiir Physik, Johannes Gutenberg-Universitit Mainz — SInstitut fiir
Physik der kondensierten Materie, Technische Universitdt Darmstadt
— 4Theoretische Physik, Universitéit des Saarlandes

Active particles, such as flying birds and swimming bacteria, are a
widely studied class of systems in classical soft matter physics. Re-
cently, there have been a variety of suggestions for how to realize activ-
ity on a quantum level in cold atom systems. Here, we investigate one
particular way in which such quantum active matter may differ from
its classical counterpart, namely the way in which it is influenced by
dissipation. We find that the choice of the quantum heat bath strongly
influences the dynamics of quantum active matter at short timescales,
which is the regime in which quantum effects are most relevant.

A 11.4 Tue 12:00 N 2
Trapped Rydberg ions as quantum simulators for coupled
exciton-phonon dynamics — eSimoN EucHNER!, MarHias B.
M. SVENDSEN!, and Icor LEsaNovsky!:2 — 1Universitit Tiibingen,
Auf der Morgenstelle 14, 72076 Tiibingen, Germany — 2School 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

Trapped Rydberg ions combine electronic and motional degrees of free-
dom, which can be coupled in a controllable fashion. This opens oppor-
tunities for the quantum simulation of molecular processes native to
light-harvesting complexes, such as excitation energy (exciton) trans-
port influenced by exciton-phonon (vibronic) coupling. We investigate
how such a simulator could be designed, thereby highlighting its fea-
sibility with state-of-the-art technology. Subsequently, we focus on a
simplified model for the simulator. Based on this model we study finite
temperature effects and the impact of different motional initial states
on the dynamics. Moreover, we find that for certain motional states,
two-phonon processes become relevant which can facilitate the exciton
transport.

A 11.5 Tue 12:15 N2
Extracting pairs of time-bin entangled photons from reso-
nance fluorescence — eXINXIN HU, GABRIELE MARON, LUKE MAS-
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.
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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.

A 11.6 Tue 12:30 N 2
On classically mediated quantum entanglement — eSEBASTIAN
ULsricHT" 2, ANDREs DARfO BERMUDEZ MANJARRES®, and MAR-
cEL REcINaTTO? — lInstitut fiir Mathematische Physik, Technische
Universitdt Braunschweig, Mendelssohnstrafie 3, 38106 Braunschweig,
Germany — 2Physikalisch-Technische Bundesanstalt PTB, Bunde-
sallee 100, 38116 Braunschweig, Germany — 3Universidad Distrital
Francisco José de Caldas, Cra. 7 No. 40B-53, Bogotéa, Colombia

The question of whether quantum states can become entangled when
they interact via a classical mediator is still a matter of ongoing dis-
cussion. This lively debate is deeply interwoven with the question
of whether entanglement studies can prove the quantum - or classi-
cal - nature of gravity. In recent years, there have been numerous
statements and no-go theorems, supporting one or the other position.
However, while appearing to be universal, no-go theorems ‘forbidding’
classically mediated quantum entanglement do depend on the used
quantum-classical hybrid theory. In this talk, we show that in Hy-
brid van Hove theory [1] two initially uncorrelated spins can become
entangled even if they are only coupled via a classical harmonic os-

cillator. We further demonstrate that the spin-spin correlations and
the entanglement of the spins closely resemble the fully quantum case.
Our investigation shows that existing no-go theorems are not universal.
It further implies that consistent quantum theories featuring classical
gravity cannot be categorically ruled out by quantum entanglement
studies. [1] M. Reginatto, A.D. Bermudez Manjarres, and S. Ulbricht,
J. Phys.: Conf. Ser. 3017 012037 (2025)

A 11.7 Tue 12:45 N2
Estimating quantum entropies using a quantum circuit and a
neural network — eSanayUN Ler!, Hyukioon KwonZ2, and JAE
Sunc Ler® — lInstitut fiir Physik, johannes gutenberg university
— 28chool of Computational Sciences, Korea Institute for Advanced
Study, Seoul 02455, Korea — 3School of Physics, Korea Institute for
Advanced Study, Seoul, 02455, Korea

Entropy is one of the key quantities in physics. In particular, it plays
important roles in phase transitions, heat engines, information pro-
cessing, and entanglement. However, estimating entropy is difficult
because it is not a standard physical observable and requires access to
the full probability distribution of the system. To address this chal-
lenge, we propose a method that combines a quantum circuit with a
neural network. Our approach is applicable to von Neumann entropy
and Rényi entropy. We validate our method on an XXZ chain model
and find that it can sensitively estimate the model*s entanglement
entropy.

A 12: Precision Spectroscopy of Atoms and lons Il (joint session A/Q)

Time: Tuesday 11:00-13:00

Invited Talk A 12.1 Tue 11:00 N 3
Stringent Tests of the Standard Model via High-Precision
Measurements at ALPHATRAP — eFaBiaN Heisse!, MATTHEW
Bonman!, Luca GrissLEr!, ANTON GrRAMBERG!, PuiLiPP JusTus?,

CuarLOTTE Konig!, IvaNn KorrunovZ, JiaLiN Liu!, JoNATHAN
MorcaNER!, JacoB ScHRADER!', VicTorR VocT?, STEPHAN
ScHILLER?, SveN SturM!, and Kraus Braum! — !Max-Planck-

Institut fiir Kernphysik, Heidelberg — 2Institut 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.

[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).

A 122 Tue 11:30 N 3
Doppler-free two-photon spectroscopy of xenon — eBJORN-
BenNNY Baugr?!, 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.

A 123 Tue 11:45 N3

16

Location: N 3

Precision X-Ray Spectroscopy of Ka transitions in He-like
Uranium using Metallic Magnetic Calorimeter Detectors
— eDANIEL A. ScuNAuss-MOLLER!2:3, Jouanna H. WarLcu23
PuiLie PrArrLEINDZ3 Marc O. Herpriceb2, MICHAEL
LesTiNsKY?, DANIEL HENGSTLER?, ANDREAS FLEISCHMANN?, CHRIS-
TiaN Enss?, GonTter WEBERD2, and THoMAs STOHLKER?Z —
THelmholtz Institut, Jena — 2GSI, Darmstadt — 3Friedrich-Schiller-
Universitét, Jena — 4Kirchhoff 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 CRYRINGQESR 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.

A 124 Tue 12:00 N 3

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

GmbH, Darmstadt, Germany — Hembholtz-Institut, Mainz, Germany
— Johannes Gutenberg-Universitit, 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
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28500 cm ™! (D35 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.

A 12,5 Tue 12:15 N 3
Measurement of the hyperfine structure of the 4f'45d
2D5 5 state in trapped '"3Yb™T jons — eRoHAN CHAKRAVARTHY?,
JiaLiane Yul, IkBaL A. Biswas', ANAND Prakasu?, CLARA
Zvskinp!| and Tania E. MeHLSTAUBLER!'"? — 1PTB, Germany —

2LUH, Germany

We report a measurement of the hyperfine structure of the 4f145d :
2D5/2 state in 173Yb™T using the 4f146s : 2S1/2 — 41454 : 2D5/2
electric quadrupole (E2) transition at 411 nm in trapped "3Yb™ ions
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 413652 : 2F7/2 state will lead to the resolution of the
higher order nuclear moments predicted in Yb.

A 12.6 Tue 12:30 N 3
Two-Dimensional Magneto-Optical Trap as a Cold Atomic
Beam Source for High-Precision Spectroscopy on Lithium —
o GREGOR SCHWENDLER, TiM REDELBACH, HANNAH JosT, and RAN-
poLF PoHL — Johannes Gutenberg-Universitat Mainz, QUANTUM,
Institut fiir Physik & Exzellenzcluster PRISMA ™, 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

A 13: Highly Charged lons

Time: Tuesday 11:00-12:45

Invited Talk A 13.1 Tue 11:00 N 25
Identifications of clock transitions in heavy highly charged
ions with high sensitivity to physics beyond the Standard
Model — Nius-HoLcEr REHBEHN!, Laksamr P. KozHIPARAM-
BIL SaJitH'2, MicHAEL K. RosNER!, CHARLEs CHEUNG3, SERGEY
G. Porsev?, MARIANNA S. SaFroNovA®, SAMUEL M. BREWERS,
STEVEN WorM2, DMITRY BUupkerR®%%7 THoMmas PrerrEr!, Josg
R. Crespo L6pez-UrruTial, and eHENDRIK BEKKER®50 — 1Max-
Planck-Institut fiir Kernphysik, 69117 Heidelberg, Germany —
2DESY, D15738 Zeuthen, Germany — 3Department of Physics and
Astronomy, University of Delaware, Newark, Delaware 19716, USA
— “Johannes Gutenberg-Universitit Mainz, 55122 Mainz, Germany
— SHelmholtz Institute Mainz, 55099 Mainz, Germany — 6GSI
Helmholtzzentrum fiir Schwerionenforschung GmbH, 64291 Darm-
stadt, Germany — ”Department of Physics, University of California,
Berkeley, CA 94720-7300, USA — 8Department of Physics, Colorado
State University, Fort Collins, Colorado 80523, USA

Atomic theory predicts numerous optical transitions in a plethora of
highly charged ions with exquisite sensitivity to new physics. However,
large ucertainties arrise due to the complexity of the atomic structures,
precluding direct application of state-of-the-art frequency metrology
techniques. We present measurements of Os1%:16:17+ and Pri0+ at an
electron beam ion trap leading to atomic-theory-supported identifica~
tions of transitions suitable for new-physics searches. The discovered
electric quadrupole (E2) transitions of Os'®t are especially suitable
for frequency metrology due to their small linewidth down to 44 pHz.

A 13.2 Tue 11:30 N 25
Laser cooling of bunched relativistic ion beams at the FAIR
SIS100 — eDanvaL WINTERs!, MicHAEL BussmMann?3, Tamina
GrunwiTz?, JENs Gumm?, VoLker HaNNEN®, THOMAs Komnn'S,
SEBASTIAN KLaMMES!, BENEDIKT LANGFELD?, ULRIcH ScHRAMM?7,
DENISE ScHWARZ?, MAaTHIAS SIEBOLD?, PETER SPILLER!, THOMAS
StoHLKER!08 KEN UEBERHOLZ®, and THoMas WarLTHERY? — 1GSI
Darmstadt — 2HZDR Dresden — 3CASUS Gérlitz — *TU-Darmstadt
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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 Ezpress 24.15 (2016), p. 17470.

A 12.7 Tue 12:45 N 3
Cold Hydrogen Beam Source for Magnetic Trapping of
Atomic Hydrogen — eMEgrTEN HEPPENER and RANDOLF PoOHL
— 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)

and their Applications Il
Location: N 25

— 5Uni Miinster — SHI-Jena — "TU-Dresden — 8Uni-Jena — YHFHF
Campus Darmstadt

The heavy-ion synchrotron SIS100 is (at) the heart of the Facility for
Antiproton and Ion Research (FAIR) in Darmstadt, Germany. It is
designed to accelerate intense beams of heavy highly charged ions up
to relativistic velocities and to deliver them to unique physics experi-
ments, such as those planned by the APPA /SPARC collaboration. In
order to cool these extreme ion beams, bunched beam laser cooling
will be applied using a dedicated facility at the SIS100. We will use a
novel 3-beam concept, where laser beams from three complementary
laser systems (cw and pulsed) will be overlapped in space, time and
energy to interact simultaneously with a very broad ion velocity range
in order to maximize the cooling efficiency. We will present this project
and give an update of its current status. We will also give an overview
of the laser and detector systems that will be used.

A 13.3 Tue 11:45 N 25
Stringent Constraints on New Pseudoscalar & Vector Bosons
from Precision Hyperfine Splitting Measurements — e CEDRIC
Quint!, FaBian Heisse!, Joere JAECKEL?, LuTz LEIMENSTOLLZ,
CaristorH H. KerTerL!, and ZortAiNn HarMAN! — Max Planck In-
stitute for Nuclear Physics, Saupfercheckweg 1, 69117 Heidelberg —
2Insitute for Theoretical Physics, Philosophenweg 16, 69120 Heidel-
berg

Axion-like particles and similar new pseudoscalar as well as vector
bosons coupled to nucleons and electrons are predicted to lead to spin-
dependent forces in atoms and ions. We argue that hyperfine structure
measurements in hydrogen- and lithium-like charge states are a sensi-
tive probe to this effect. Employing specific differences of these split-
tings reduces uncertainties due to nuclear effects in hyperfine structure
calculations and measurements. Using this, we show that existing mea-
surements on Be provide competitive limits in the region mg 2 100
keV, improving upon existing constraints by up to a factor of 2 for
pseudoscalar couplings. We also find that future measurements on
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Cs have a further factor of 2 — 2.5 improved discovery potential for
pseudoscalars and an order of magnitude for new vector bosons when
compared with the corresponding current constraints.

Reference: 2506.03274

A 13.4 Tue 12:00 N 25
Atomic parity violation in highly charged %948Ca and
208pPpb jons — eANNA VIATKINADZ, CHRISTOPHER MERTENS®, BEN
Onavon?, ViADpMIR YEROKHIN®?, and ANDREY SURzHYKOVDZ —
I Technische Universitdt Braunschweig, 38106 Braunschweig, Germany
— 2Physikalisch-Technische Bundesanstalt, 38116 Braunschweig, Ger-
many — SRheinisch-Westfiilische Technische Hochschule Aachen,
52062 Aachen, Germany — *Technion-Israel Institute of Technology,
Haifa 3200003, Israel — ®Max-Planck-Institut fiir Kernphysik, 69117
Heidelberg, Germany

We calculate parity-violation-induced E1 amplitudes for the 1s — 2s
and 1s22s — 1s523s transitions in H- and Li-like ions of 49Ca, 48Ca,
and 208Pb; neutron skin effects and nuclear uncertainties are included
for each nucleus. We consider spin-independent weak-interaction con-
tribution of the Z° boson described by standard model, as well as the
effects of a hypothetical new Z’ boson of varying mass. We conclude
that the neutron-skin corrections in the 4:48Ca isotope pair can be
mostly neglected when considering Z’ boson effects, which is an ad-
vantage for the search for new parity-violating physics. On the other
hand, both the neutron skin effect and the sensitivity to hypothetical
Z' interactions in 298Pb is shown to be significant.

A 13,5 Tue 12:15 N 25
Particle Motion Inside the HITRAP Penning Trap — eJoNas
KopeL for the HITRAP-Collaboration — Institut fiir Kernphysik, TU
Darmstadt, Schlofigartenstr. 9, Darmstadt, Germany — Helmholtz
Graduate School for Hadron and Ion Research, Germany

The HITRAP (highly charged ion trap) facility located at the GSI
Helmholtzzentrum fiir Schwer-ionenforschung in Darmstadt provides
the unique ability to decelerate heavy, accelerator-produced highly
charged ions (HCI) down to 6keV /nucleon and cool to eV equivalent
temperature. To facilitate electron cooling of a single charge state in-
side HITRAP’s Penning trap, the motion of HCI inside a cylindrical

Penning trap is explored.

We present our findings on the modes of motion of highly charged
Argon ions inside the HITRAP Penning trap. By leveraging inten-
tional over-excitation of stored ions by radio frequency, the character-
istic frequencies of axial-, magnetron- and reduced cyclotron motion
are extracted. With the full length of the cylindrical trap used for ion
capture, the electrode potential is flat, rather than hyperbolic, hence
the typical eigenmotion frequencies are mixed. Lastly, the effects of
changes in the Penning trap’s magnetic field, the ion’s charge state,
and the Penning trap’s potential on the three characteristic frequencies
are shown.

A 13.6 Tue 12:30 N 25
The Microwave Cavity Penning Trap for the Lsym Exper-
iment — ePauL HoLzeNkampP, MARIA PASINETTI, FABIAN RAAB,
LeEONIE MARZEL, SARAH PLACEK, ANDREAS THOMA, SANGEETHA
SASIDHARAN, and SVEN STurM — MPIK, Heidelberg, Germany

LsyM is a cryogenic Penning trap experiment, aiming to significantly
improve the precision of CPT tests for the electron and positron.
Specifically, we will look for an asymmetry in their charge-to-mass
ratio as well as their g-factors or determine stringent limits. The trap
will be cooled to about 300 mK to minimize transition rates out of the
ground states of the cyclotron and axial motion, respectively. While
the cyclotron motion cools via synchrotron radiation, for the axial
motion, cavity assisted side-band cooling will be employed. To this
end, the main Penning trap ("CavityTrap") not only should provide
a highly harmonic trapping potential but also needs to support effi-
cient millimeter wave spin control drives at the Larmor frequency and
axial sideband, while efficiently rejecting photons at the cyclotron fre-
quency. To achieve this, both the mode structure and the in-coupling
of the microwaves into the cavity have to be designed appropriately.
Additionally, the CavityTrap should allow for the separation of the
singly charged helium ion and the positron that are trapped together.
Numerical simulations are used to design the CavityTrap geometry
in order to simultaneously fulfill the requirements for the microwave
cavity structure and also optimize the electrostatic potential of the
Penning trap. I will show the current status of the Lsym CavityTrap
design.

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

Time: Tuesday 17:00-19:00

A 14.1 Tue 17:00 Philo 1. OG
Towards High Precision Laser Spectroscopy on a Cold Beam
of Atomic Lithium — eHannan Jost, TiMm REDELBACH, GRE-
GOR SCHWENDLER, and RaNpoLF PonL — Institut fiir Physik/
QUANTUM, Johannes Gutenberg-Universitdt Mainz, Staudingerweg
7, 55128 Mainz, Germany

Precision measurements of simple atoms and molecules are useful be-
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-
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).

A 14.2 Tue 17:00 Philo 1. OG
Metallic-Magnetic Calorimeters for Efficient High Resolu-
tion X-ray Spectroscopy for Energies up to 150 keV —
eDAaNIEL KREUZBERGER, ANDREAS ABELN, HENDRIK HADENFELDT,
DANIEL HENGSTLER, ANDREAS REIFENBERGER, DANIEL UNGER, AN-
DREAS FLEISCHMANN, LOREDANA GASTALDO, and CHRISTIAN ENss —
Kirchhoff-Institute for Physics, Heidelberg University, Germany
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Location: Philo 1. OG

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 um
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 TSVs 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.

A 14.3 Tue 17:00 Philo 1. OG
Spectroscopy and laser-cooling of zinc — eLukas MOLLER, FE-
LiX WALDHERR, DAvID ROSER, and SIMON STELLMER — Universitét
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.
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A 14.4 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,
LorEpANA GasTALDO, 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 4 mm and are equipped with 5 um 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.

A 14.5 Tue 17:00 Philo 1. OG
Microfabricated Penning trap for quantum logic inspired
CPT-tests — oPuiLiPP HorFMmANN!, JuLia CorNDERs!, NIKITa
Poriakov!, JaAN Scuaper!, MAREK Prasse!, Juan CorNEJOZ, JA-
cos Stupp!, STEFAN ULMER?® and CurisTiIAN OsPELKAUS!S —
!Leibniz Universitit Hannover, Germany — 2Universidad de Cadiz,
Spain — 3Physikalisch-Technische Bundesanstalt, Braunschweig, Ger-
many — 4Ulmer Fundamental Symmetries Laboratory, RIKEN, Japan
— SHeinrich-Heine-Universitit 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 9BeT 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).

A 14.6 Tue 17:00 Philo 1. OG
Digital Pulse Shape Analysis for Metallic Magnetic Calorime-
ters (MMC) — oJ. H. WaLcub23, D. A. Scunauss-MULLERDZ3,
M. O. Herpricu'23, Pu. PrAFrLEIND23 G. WEBER!?3, D.
HencsTLER?, A. FLElscuMaNN?, CH. Enss?, and TH. StoHLERD:2:3
— 1HI-Jena — 210Q, FSU — 3GSI — 4KIP

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:
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a Moving Window Deconvolution based algorithm presented by M. O.
Herdrich and the Optimal filter as described e.g. by A. Fleischmann.

A 14.7 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, MaiLt ScHUBE, Josg R. CreEspo LOPEzZ-URRUTIA,
TuoMmas PFrEIFER, 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
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.

errors.

A 14.8 Tue 17:00 Philo 1. OG
Calcium optical clock as an absolute frequency standard for
the thorium nuclear transition — eDarIus FENNER!, VALERII
AnDRIUsHKOVY2| KEERTHAN SUBRAMANIAN!, KE ZHANG!, SRINI-
vasA PRADEEP ARASADA', FLORIAN ZAcHERL!, Yumiao Wangl?,
Curistorn E. DoLLmann®2) DMmiTrRy Bupker!:23, FERDINAND
ScumipT-KALER!, and Lars voN DER WENsE! — !Johannes
Gutenberg-Universitit Mainz 2Helmholtz Institut Mainz
3University of California, Berkeley, USA — *Fudan 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; /5 and Dg/p. 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 10715, This project is supported by the BMFTR Quantum
Futur II Grant Project NuQuant (FKZ 13N16295A) and DFG Project
TACTICa (grant agreement no. 495729045).

A 14.9 Tue 17:00 Philo 1. OG
MMUC 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.

A 14.10 Tue 17:00 Philo 1. OG
Preparation of actinide samples for applications in fundamen-
tal physics and chemical studies — eA. T. Loria Bastol?2, C.
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MoxkryY2, J. Runke!3, CH .E. DuLLManny2:3 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.

A 14.11 Tue 17:00 Philo 1. OG

Heating rate measurements by time-resolved detection
of single-phonon excitations oSvyvain  Noirl2, TiLL
REHEMERT 2, GABRIELE GATTal'34 MAXIMILIAN J. ZAWIERUCHA2,
Pietr 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-
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.

A 14.12 Tue 17:00 Philo 1. OG
A pedestrian approach to the computation of atomic struc-
tures and processes — eSTEPHAN FRITzZsCHE — 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).

A 14.13 Tue 17:00 Philo 1. OG
Frequency Stabilization of a 1762 nm Diode Laser for Quan-
tum Logic Spectroscopy of Barium Ions — eHaN Bapr, ALEXAN-
pER 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
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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.

A 14.14 Tue 17:00 Philo 1. OG
How to overengineer an alkali vapor cell characterization
system? — eINnco HiLscuENz!'2, MarvIN KEssLER?3, FOLKE
DeNckERS3, JENs VoiaT?, PETER KRUGER?, and ILiA GERHARDT!
— light & matter group, Institute for Solid State Physics, Leibniz
University Hannover, Appelstrasse 2, D-30167 Hannover, Germany
— 2Physikalisch-Technische Bundesanstalt, Abbestrafie 2-12, D-10587
Berlin, Germany — 3Institute of Micro Production Technology, Leib-
niz University Hannover, An der Universitéit 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
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 Dj and D3 lines of rubidium,
scan the most relevant parameters, and adapts easily to varying cell
shapes.

A 14.15 Tue 17:00 Philo 1. OG
Precision spectroscopy of highly charged ions — e AMIrR KHAN!,
MarLre WEHRHEIM!, SHUYING CHEN!, Lukas J. Spiess!, ALEXAN-
peErR WiLzewski!, Josg R. C. Lo6pez-UrruTia?, and PieT O.
ScumipT!3 — 1Physikalisch Technische Bundesanstalt, Bundesallee
100, 38116 Braunschweig, Germany — 2Max-Planck Institut fiir Kern-
physik, Saupfercheckweg 1, 69117 Heidelberg, Germany — 3Institut
fiir Quantenoptik, Leibniz Universitat 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 Cal4* 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 Ni'2t. 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 10718 level. Finally, we
introduce Os'%t as a promising contender for an optical clock. Os'6+
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)

A 14.16 Tue 17:00 Philo 1. OG
Towards a Quantum Logic Clock for Precision Spectroscopy
of Highly Charged Heavy Ions — eNaDpINE HomBURGH'2:3| LUukas
Kaul2:3 Hirosur Havakawal:2:3 ZoraN ANDELKOVIC?, THOMAS
SToHLKERY2:3:4 and PeTeER MIicke!2:34 — 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
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on heavy HClIs, 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.

A 14.17 Tue 17:00 Philo 1. OG
Development of a cryogenic XUV-comb spectroscopy setup
for the 229Th nuclear isomer — ®ANANT AGARWAL!, LENNART
cuTH!, TOBIAS HELDT!, FLORIAN ZACHERLZ?, THORSTEN SCHUMMS,
LARS VON DER WENSE2, THOMAS PFEIFER!, and JOSE R. CRESPO
LOPEZ-URRUTIA! — 1 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*t ions embedded in a Th:CaFs
crystal cooled in a helium cryogenic environment, using an extreme-
ultraviolet (XUV) frequency comb. The XUV comb is generated as the
7th harmonic of a near-infrared frequency comb through intra-cavity
high harmonic generation.

A 14.18 Tue 17:00 Philo 1. OG

Development of a YBCO-based step-up resonator for
cryogenic Paul traps — eHirosHi Havakawal:2:3, NADINE
HomBurc!2:3, ELeENA Jorpan®, Lukas Kaul?23 and PeTEr

Mickge!2:34 — 1Helmholtz Institute Jena — 2GST Helmholtz Centre
for Heavy Ion Research, Darmstadt — 3Friedrich Schiller University
Jena — *Abbe Center of Photonics, Jena — 5Physikalisch-Technische
Bundesanstalt, Braunschweig

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 gq.

A 14.19 Tue 17:00 Philo 1. OG
Buffer-Gas Positron Source for Loading a Dual-Frequency
Paul Trap — eMOHAMMADREZA NEMATOLLAHI''Z3  VLADIMIR
MiksaiLovskil»2:3, NataLwa Sueru':23, Zumene Xue®, K. T
Saryasnta®, CurisTIAN SMORRAZ7, GUNTHER WERTH®, HARTMUT
HAFFNER?, FERDINAND ScHMIDT-KALER?, HENDRIK BEKKERD2:3,
and Dmitry Bupkger!:2:34 — lHelmholtz-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 — 5University 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)

A 1420 Tue 17:00 Philo 1. OG
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The superconducting resonator Paul trap: status and devel-
opments — eRUBEN B. HENNINGER, Etwin A. Dijck, VERA M.
SCHAFER, DEVANARAYANAN RAJEEB KUMAR, SEBASTIAN DAVIDSON,
K SHrEYA Rao, THomas PreIFER, and Josg R. Crespo LOPEz-
URrRuTIA — 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.

A 14.21 Tue 17:00 Philo 1. OG
Mechanical structure for alignment of a microfabricated

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

Nikita Poriakov!, PuiLipp HorrManN!, JuLiaA COENDERs!,
JuaNn MaNueEL CornEJo2?, STeEFaN ULMER??, and CHRISTIAN
OspELKAUSY® — 1Leibniz Universitit Hannover — 2Universidad
de Cadiz, Spain — 3Ulmer Fundamental Symmetries Laboratory,
RIKEN, Japan — *Heinrich-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!®2l.
‘We use a cryogenic multi-Penning trap and want to implement quan-
tum logic spectroscopy techniques with °Be™ as cooling and logic ion.
While optical sideband spectroscopy!®!, ground-state coolingl4!, and
fast adiabatic transport[5] of single °Bet ions has been achieved, a
microfabricated cylindrical Penning trap (d = 800 pm) will be added
for ground-state cooling and spin-state detection of (anti-)protons by
Coulomb coupling to 9Be™. 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. [1/C.
Smorra et al., Eur. Phys. J. Special Topics 224, 3055-3108 (2015)
[213.M. Cornejo et al., New J. Phys. 23 (2021) [B1J.M. Cornejo et al.,
Phys. Rev. Res. 5 (2023) [4J.M. Cornejo et al., Phys. Rev. Res. 6
(2024) [BIM. v. Boehn et al., Comms. Phys. 8 (2025)

A 14.22 Tue 17:00 Philo 1. OG
Ground-state cooling of mixed-ion crystals in the intermedi-
ate Lamb-Dicke regime — eSEBASTIAN DavipsoN, Etwin A. Di-
JCK, VERA M. ScHAFER, RUBEN HENNINGER, DEVANARAYANAN RaA-
JEEB KUMAR, SHREYA K. Rao, JosE R. CreEspo LOPEz-URRUTIA,
and THoMmAs PreiFER — 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 Bet crystals using
a combination of continuous sideband cooling on higher-order side-
bands and pulsed sideband cooling, we extend these techniques to a
Bet-Ar!3+ two-ion crystal. Since our current trap operates in an in-
termediate Lamb-Dicke regime with 7 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 BetT-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.

A 14.23 Tue 17:00 Philo 1. OG
Monolithic frequency doubling cavities for Beryllium pho-
toionization — eANTON J. STERR, MAGDALENA WINKELVOSS,
STEPAN KokH, SopHIA DORRA, MELINA GIizZEwsKI, FINJA MAYER,
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MaiLt SCHUBE, JosE R. CrEsPo 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)

A 14.24 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. Diick, SHREYA Rao KopANCHA, SEBASTIAN DaviDsoN, VERA M.
ScHAFER, José R. Crespo LOPEz-URRuUTIA, 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
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 10~ 16 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.

A 14.25 Tue 17:00 Philo 1. OG
Characterising Atomic Hydrogen beam for precision spectro-
scopic experiment — eSURABHI DESHPANDE!'2, DERyaA TARrAY!,
VINCENT WEIs!, PATRICK ScHAILE!, ALEXANDER WILZEWSKI!,
OMER AwmiT!, Vitary WirrHL!, THEODOR W. HAinscu!:2, and
Tuomas 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.

A 14.26 Tue 17:00 Philo 1. OG

High-resolution spectroscopy of '"3Yb*t ions — Jian Jiang!,

eANNA ViarkiNal:2) Saaswarn JK!, MarTiN STEINEL!, MELINA
FiLziNGER!, EkkeHARD Prik!, SErRGEY PORSEVZ, MARIANNA
SarFroNova®, ANDREY SurzHYKOV!:2, and NiLs HUNTEMANN! —

I Physikalisch-Technische Bundesanstalt, 38116 Braunschweig, Ger-
many — 2Technische Universitit Braunschweig, 38106 Braunschweig,
Germany — 3University of Delaware, Newark, Delaware 19716, USA

22

173Ybt 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 73Yb™T ion. The previously unobserved
28, /2 = 2Dy /2 electric quadrupole transition at 436 nm is coherently
excited, and the isotope shift between 171Yb* 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 10~8.

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 25, /2 and 2Dg /2 states. These findings provide
further information on the nuclear deformation and nuclear magneti-
zation distribution of ytterbium.

A 14.27 Tue 17:00 Philo 1. OG
Spectroscopy of the 3[11/2]11/2 state in YbT — eMoHAMED
EvLsHORBAGY, 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 «, has been used to set the most stringent limits
on its variations [PRL 130, 253001 (2023)]. These limits were derived
from frequency comparisons against the 25, /2 = 2Dg /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 2D3/2 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 2F7/2 state. We present the current status of our
investigation and details of the corresponding probe laser system and
interrogation sequence.

A 14.28 Tue 17:00 Philo 1. OG
Characterization of an XUV Frequency Comb by Spec-
troscopy of Rydberg States — eLENNART GuTH, ToBiAas HELDT,
AnNANT AcarwAL, Lukas MarT, JAN-HENDRIK OELMANN, NIck
LackMmAaNN, THOMAS PFEIFER, and JosE R. CrREspo LOPEzZ-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 uW 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)

A 14.29 Tue 17:00 Philo 1. OG
Internal conversion of Thorium-229 upon laser photo-
excitation eMarc Serrz!, DAaNIEL MoRITz?, SHENGFENG
7ZENG3, FrRaNcEsca CaLeEcari', HANNEs HUBENER?, UMBERTO DE
GiovanniNt?, PETER G. TuiroLr?, and ANDREA TRABATTONI' —
LCenter for Free-Electron Laser Science CFEL, Deutsches Elektronen-
Synchrotron DESY, Notkestrafe 85, 22607 Hamburg, Germany —
2LMU Miinchen, Fakultét fir Physik, 85748 Garching bei Miinchen,
Germany — 3Shenzhen Geim Graphene Center, Institue of Materials
Research, Tsinghua Shenzhen International Graduate School, Tsinghua
University, Shenzhen 518055, China — *Max 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
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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.
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A 15.1 Tue 17:00 Philo 1. OG
Efficient production of 229*Th via Cascade Decay — Y UMIAO
Wanc!? and CuaneBo Fu! — 'Fudan University, Shanghai, China
— 2Johannes Gutenberg Universitit Mainz, Germany

The low-energy nuclear isomeric state of 22°Th (8.36 ¢V) provides
a unique bridge between nuclear and atomic physics, with promising
applications in nuclear clocks and precision metrology. However, its
efficient and controllable population remains a long-standing experi-
mental challenge.

An indirect excitation scheme based on nuclear cascade decay in an
electron beam ion trap (EBIT) and a storage ring (SR) is formulated
for highly charged 229Th ions, for which the strengthened electron—
nucleus interaction leads to enhanced excitation cross sections. In this
scheme, 229Th nuclei are first excited to higher-lying nuclear states
via electron-induced processes, namely nuclear excitation by inelastic
electron scattering (NEIES) and nuclear excitation by electron capture
(NEEC). The corresponding excitation cross sections are calculated
within the Dirac-Hartree-Fock-Slater framework.

This study establishes a unified theoretical scheme linking electron-
induced nuclear excitation and cascade nuclear relaxation in EBIT and
SR environments, providing a realistic pathway toward the efficient and
controllable production of 229mTh,

This work is supported by the National Natural Science Foundation
of China (NSFC) under Grant No. 12235003 and the China Scholar-
ship Council (CSC).

A 15.2 Tue 17:00 Philo 1. OG
Optimised Y-bender design for efficient ion transport —
eSoprHIA DoORRA, STEPAN KokH, MAcGDALENA WINKELVOSS, AN-
TON STERR, MELINA GizewsKi, FiNnJA MAYER, MAILI SCHUBE,
José RamoN Crespo LOpPEz-URRUTIA, THOMAS PFEIFER, and VERA
ScHAFER — Max-Planck-Institut fiir Kernphysik, Heidelberg, Ger-
many

Precision spectroscopy to search for possible variations of the fine-
structure constant a require atomic systems with strong relativistic
level shifts. Highly charged ions (HCIs) are ideal candidates, but ex-
periments involving rare isotopes such as californium demand efficient
production, transport, and retrapping of HCIs. In our setup, HCIs
are generated in an electron beam ion trap (EBIT) and subsequently
transferred to one of two Paul traps for high-precision spectroscopy of
selected transition frequencies.

To maximize the overall transmission efficiency from the EBIT to
the trapping region, we are developing a new Y-bender beamline el-
ement composed of two symmetric 45° electrostatic benders. This
design enables deflection of the HCI beam to either side while pre-
serving beam quality and improving transport efficiency compared to
a single 90° deflection. As a preparatory step toward constructing the
Y-bender, we investigate the geometric and electrostatic properties of
a previously used 90° bender. The goal of these measurements and
simulations is to understand how electrode geometry influences beam
focusing and transmission in order to optimize the design of our 45°
bender modules.

A 15.3 Tue 17:00 Philo 1. OG
Hyperfine-induced transitions of nuclei and atoms
oSTEPHAN FRriTzscHE!2, Houke Huanc!, Wu Wane?, and Yona
L12 — Helmholtz-Institut Jena, Germany — 2Friedrich-Schiller Uni-
versity Jena, Germany — 3Hainan University, Haikou 570228, China

The hyperfine interaction between nuclear moments and the electronic
charge and current distributions is present in all atoms and ions with
non-zero nuclear spin I. However, this interaction becomes visible only
in transition probabilities, lifetimes and angular distribution of emit-
ted photons, if the combined system “nucleus + electrons” supports
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additional multipole transitions, which are not accessible alone for
the individual subsystems. Different communities have studied such
“hyperfine phenomena” with varying notations and physical pictures
in mind, including hyperfine transitions, the nuclear hyperfine effect
or various kinds of (so-called) electron-bridge processes [1,2]. We here
show how all these phenomena can readily be interpreted as special
cases of hyperfine-induced nuclear and/or electronic multipole transi-
tions.

[1] W. Wang, F. Zou, S. Fritzsche and Y. Li; Isomeric population
transfer of the 229 Th nucleus via hyperfine electronic bridge; Phys.
Rev. Lett. 133, 223001 (2024). [2] W. Wang, S. Fritzsche and Y. Li;
Search for variations of the fine-structure constant via the hyperfine
electronic bridge in highly charged 229Th ions; Phys. Rev. Al12,
022811 (2025).

A 15.4 Tue 17:00 Philo 1. OG
Interplay of Hyperfine Mixing and Nuclear-Atomic Interac-
tions in Highly Charged Ions — eKalqianc Sui!:2:3, XINWEN
Mal2, and ApriaNa PALFFY® — lInstitute of Modern Physics, Chi-
nese Academy of Sciences, Lanzhou, China — 2School of Nuclear Sci-
ence and Technology, University of Chinese Academy of Sciences, Bei-
jing, China — 3Institute of Theoretical Physics and Astrophysics, Uni-
versity of Wiirzburg, Wiirzburg, Germany

As nuclear-scale effects become increasingly relevant in atomic physics,
it is crucial to understand how atomic and nuclear degrees of freedom
couple in ions. Nuclear hyperfine mixing (NHM) [1] is central to this
problem. Beyond its role in 22°Th, recent theory [2] suggests that
boronlike 295Pb ions, with a 2.329 keV nuclear transition, may show
strongly enhanced NHM-driven decay, greatly shortening the isomer’s
radiative lifetime. This indicates that systems other than 229Th could
also serve as platforms for studying nuclear-atomic coupling.

Bound internal conversion (BIC), the inverse of NEET [3|, offers
another channel linking nuclear excitation to the electronic shell. Al-
though NHM and BIC are subject to different requirements—magnetic
coupling versus energy matching—some heavy nuclei with low-lying
transitions may naturally meet both. We investigate such cases, in
which the interplay between NHM and BIC becomes significant and
must be considered when analyzing nuclear decay in complex ionic
environments.

[1] V. M. Shabaev et al., Phys. Rev. Lett. 128, 043001 (2022).
[2] W. Wang and X. Wang, Phys. Rev. Lett. 133, 032501 (2024).
[3] S. K. Arigapudi and A. Palffy, Phys. Rev. A 85, 012710 (2012).

A 15.5 Tue 17:00 Philo 1. OG
Convolutional Neural Network for fast and accurate
ion-number counting with Micro-Channel Plate detector
eJun Huanc!, STEraN RincLEB!, MANUEL VogEL2?, and
TuomAs STOHLKER!23 — lFriedrich-Schiller-Universitit Jena —
2GSI Helmholtzzentrum fiir Schwerionenforschung Darmstadt —

3Helmholtz-Institut Jena

Micro-channel plates (MCP) are ideal detectors for detecting and
counting ions extracted from ion traps as long as the ion rate is low
enough to detect single ion hits. During our laser experiment with
the HILITE Penning trap, a huge amount of ions are expected to ar-
rive at the MCP within microseconds, hence overlapping of multiple
ions is very probable. The manual data evaluation is time consuming,
as a large amount of datasets is expected. A Convolutional Neural
Network (CNN) is extremely helpful in handling two-ion signals over-
lapping in order to recognise and count them rapidly in large datasets.
In our evaluation method, single-ion signals are first hand selected and
trained into a CNN of Single Ion Model (SIM) for detection with high
accuracy. Due to the low number of existing double-ion data for model
training, the single-ion data is used to create artificial double-ion sig-
nal, which enrich the training data for CNN of Double Ion Model
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(DIM). In our created CNN models, single-ion signals and double-ion
signals are rapidly recognised by SIM and DIM, and the detection is
then used to obtain the total ion number. We will present the model
and its ion counting capabilities with a special focus on detection ac-
curacy.

A 15.6 Tue 17:00 Philo 1. OG
Laser spectroscopy of highly charged ions in Spec-
Trap — eRma X. ScutissLEr23, ManueL VoceL!, VoLkER
HaNNEN?, WILFRIED NORTERSHAUSER®, GERHARD BIRKL®, ANDREAS
SoLpeRs®, and Tnomas StoHLKERD'Z3 — 1GSI Helmholtzzentrum
fiir Schwerionenforschung GmbH, Darmstadt — 2Helmholtz Institute
Jena — 3Friedrich Schiller Universitit Jena — 4Universitdt Miinster
— 5Universitdt Darmstadt — SUppsala Universitet

Heavy, highly charged ions (HCI) provide a unique possibility to test
fundamental physics in the presence of extreme electromagnetic fields.
To this end, the SpecTrap experiment, located at the HITRAP facility
of the GSI Helmholtz Centre for Heavy Ion Research, plans to per-
form laser spectroscopy of (hyper-)fine structure transitions in HCIs
in a Penning trap. Measurements will include the test of bound-state
quantum electrodynamics as well as the nuclear clock transition in
229Th89+ in the framework of the HiThor project.

The HCIs are produced in the accelerators of GSI and then decel-
erated by the HITRAP facility, before being guided to the cryogenic
Penning trap. Within the trap, they are sympathetically cooled down
with Mg*t ions. The trap has optical access for lasers as well as to
collect fluorescence of the HCIs.

A 15.7 Tue 17:00 Philo 1. OG
Lamb shift and g-factor shift calculations due to vacuum po-
larization in s states — eJAy DIPAKBHAI SOLANKI, ZOLTAN HAR-
MAN, and CHristorH H. KeITEL — Max-Planck-Institut fiir Kern-
physik, Heidelberg, Germany

Two-loop vacuum polarization contributions to the Lamb shift and
the bound-electron g factor are calculated with perturbative quantum
electrodynamics (QED) and some concepts from relativistic quantum
mechanics. The g factor — or magnetic moment — of an electron bound
in the strong Coulomb potential of a nucleus can nowadays be mea-
sured to an astonishing accuracy [1], enabling QED tests at the two-
loop level. The Kallén-Sabry potential describing certain diagrams is
rederived using the optical theorem. The corresponding g factor shifts
are calculated analytically from the expectation value of the potential
using some simple properties of the Dirac equation. The results repro-
duce and extend corrections derived in the framework of nonrelativistic
QED. — [1] J. Morgner, B. Tu, C. M. Konig, et al., Nature 622, 53
(2023).

A 15.8 Tue 17:00 Philo 1. OG

Highly charged ion beamline for efficient ion transmission
with charge state selection — eSHREYA Rao KoODANCHA, SEBAS-
TIAN DavibpsoN, EtwiNn A. Diick, RuBeN B. HENNINGER, DEvA-
NARAYANAN RAJEEB KUMAR, VERA M. SCHAFER, THOMAS PFEIFER,
and José R. Crespo L6pPEz-URRUTIA — Max Planck Institute for
Nuclear Physics

Highly charged ions (HCIs) are promising candidates for searches for
physics beyond the Standard Model, such as King plot isotope shift
studies. In the VAUQSI apparatus under development, HCIs will be
interrogated in a cryogenic superconducting RF Paul trap, where the
anticipated low Lamb*Dicke factor should enable efficient ground-state
cooling. HCIs produced in the electron beam ion trap (EBIT) must be
transported to the trap through a low-energy beamline consisting of
multiple electrostatic lenses for focusing, a 90° bender for steering, and
a pulsed drift tube for deceleration and bunching. Charge-state and
isotope selection along the beam path will also be explored. Optimizing
ion transmission involves a large parameter space, including electrode
voltages, EBIT extraction rate and switching times for charge-selection
electrodes. Building on our experience with the CryPTEx-SC beam-
line, automated optimization tools will be employed. We report on the
beamline design, accompanying simulations, current progress and the
planned optimization for VAUQSI.

A 159 Tue 17:00 Philo 1. OG
Development of a rare-isotope injector for optical spec-
troscopy of highly charged ions at HD-EBIT — eNutTaN
KuMaRl San?, LaksuMl PRriva KozHIPARAMBIL SaJsiTH?, FILIPE
GriLLo?, Joscuka Gogs!, THomas PrreirEr!, STEVEN WorMm?Z,
HeNDRIK BEKKER?, and Josg R. CreEspo L6PEz-URRuTIA! — 1Max-
Planck-Institut fiir Kernphysik, D-69117 Heidelberg, Germany —
2DESY, D-15738 Zeuthen, Germany — 3Helmholtz Institute Mainz,
55099 Mainz, Germany

Highly charged ions (HCI) are promising candidates for advanced fre-
quency metrology and precision tests of fundamental physics. Tran-
sitions between their strongly bound electronic states are insensitive
to external perturbations. Interestingly, the presence of a 5f — 6p or-
bital crossing in several charge states of californium enables strongly
forbidden optical transitions with exceptionally high sensitivity to a
hypothetical variation of the fine-structure constant. However, due to
theoretical uncertainties emission spectroscopy is needed to accurately
determine their wavelengths for future frequency metrology. We are
implementing at the superconducting Heidelberg electron beam ion
trap a laser-ablation-based injection system requiring only nanogram
amounts of californium and other rare elements. We will present an
update and outline the next steps towards spectroscopy of californium
HCI.

A 16: Ultracold Matter IV — Bosons, Rydberg Systems, and Others (joint session Q/A)

Time: Wednesday 14:30-16:30

A 16.1 Wed 14:30 P 2
Interfacing Rydberg atoms with a high overtone bulk acoustic
wave resonator in the GHz regime — eJuLiA GAMPER, VALERIE
Leu, CeEpRIC WIND, WOLFGANG 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

24

Location: P 2

via engineered dissipation of the coupled Rydberg atoms.

A 16.2 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, CurisTiaN Gross!, and Icor Lesanovskyl3
1Universitdt 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-
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ized superposition states of elementary excitations displays collective
many-body enhancement. This work can be found in (Kaltenmark et
al., 2025, arXiv:2511.13279).

A 16.3 Wed 15:00 P 2
Dissipative Optical Nonlinearities in Ultracold Ytterbium —
eTanct LEGrRAND, XIN WAaNG, ANTHEA NiTscH, CHRIS GEORGE,
Worrcane Arr, EDUARDO 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 17#Yb 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.

A 16.4 Wed 15:15 P 2
Functional approach to quantum depletion in the thermo-
dynamic limit — eJin Han!, THoMmas GasenzerD:2, and JaN M.
Pawrowski?2 — !Kirchhoff-Institut fiir Physik, Universitat Heidelberg,
Im Neuenheimer Feld 227 — 2Institut fiir Theoretische Physik, Uni-
versitat 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.

A 16.5 Wed 15:30 P 2
Tuning the Effective Range via Periodic Driving — eSEjuNG
Yong and AXEL 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).

A 16.6 Wed 15:45 P 2
Interplay between topology and disorder in driven honey-
comb lattices — eJoHANNES ARCERIV2, ALEXANDER HEssel:2,
Moritz Hornung!?2, Dizuou Xiel?, Curistorn Braunb?2,
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and MonNIkA AIDELSBURGER!"? — !Ludwig-Maximilians-Universitt,

80799 Miinchen, Germany — 2Max-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. In
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.

A 16.7 Wed 16:00 P 2
An autonomous Thouless Pump — eJuLius Boum!, JaMes
AncLIN!, and MicHAEL FLEIscHHAUER!'2 — 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)

A 16.8 Wed 16:15 P 2
Dipole induced phonon topology in one-dimensional Rydberg
atom arrays — e CHRISTIAN GOMMERINGER — Universitat 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.
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A 17: Ultra-cold Atoms, lons
Time: Wednesday 14:30-16:30

Invited Talk A 171 Wed 14:30 N 1
Three-body dynamics between an ion and two Rydberg
states — oJENNIFER KRAUTER!, MAXIMILIAN FUTTERKNECHT!, Os-
cAR ANDREY HERRERA SaNcHO!, FLORIAN ANscHUTz!, UTzURI
HocL 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.

A 172 Wed 15:00 N1
Measuring inter-atomic friction with ultracold gases — eSiLvia
HiEBEL, SABRINA BURGARDT, JUuLIAN 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.

A 17.3 Wed 15:15 N 1
Fast Parallel Atom Sorting for a Rydberg Atom Quan-
tum Computer Demonstrator — eAcuiM Scuorz!'2, CHRIsTO-
PHER Bounpsh?, MANUEL MoRGADO!2, GovIND UNNIKRISHNAN'»Z,
RaLF BeErRNERD2, JiacHEN Znaol':2, Juria Hickr'2, MAXIMILIAN
Kos!2, SepasTiaN WEBER?2, HaNs-PETER BUCHLER32, SIMONE
MoNTANGERO?, CHRIsTOPH TRESP®, JURGEN STUHLER®, TILMAN
Praub?, and FroriaN MEiINERTH2 — 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
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

and BEC Il (joint session A/Q)
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paves the way towards flexible qubit connectivity and operations.

A 174 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 PaLANI, 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)

A 175 Wed 15:45 N1
Ultracold mixture of erbium and lithium atoms — eKIrILL
Karprov, ALEXANDRE DE MaRrTINO, FLORIAN KIESEL, JONAS AucH,
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.

A 17.6 Wed 16:00 N 1
Generation of Laughlin states of ultracold atoms exploit-
ing coherent driving — eALBERTO TABARELLI DE Fatis!, Iacoro
CarusoTTo!, CHRISTOF WEITENBERG?, ALEXANDER SCHNELL®, and
ANDRE EckarDT? — !'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.

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.

A 177 Wed 16:15 N 1
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Fractal ground state of mesoscopic ion chains in periodic
potentials — RapuaL MEeNU!, JORGE Yaco MaLo?, eJosHua
WEISSENFELS!, VLADAN VULETIG?, MaRria Luisa CHIoFALO?, and
GrovanNa Morict! — !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
«. The predictions of the piecewise parabolic potentials are compared
with the case when the substrate is a sinusoidal potential.

A 18: Interaction with Strong or Short Laser Pulses | (joint session A/MO)

Time: Wednesday 14:30-16:15

Invited Talk A 181 Wed 14:30 N 2
Cross-process interference in single-cycle electron emission
from metal needle tips — e ANNE HERzIG!, PETER HOMMELHOFFZ,
ELEFTHERIOS GOULIELMAKIS!, THoMAs FENNEL!, and LENNART
SEIFFERT! — lInstitute of Physics, University of Rostock, 18059 Ros-
tock, Germany — 2Faculty of Physics, Ludwig Maximilian University
Munich, 80799 Munich, and Department of Physics, Friedrich Alexan-

der University Erlangen-Nuremberg, 91058 Erlangen, Germany

Photoelectron spectra from strong-field ionization exhibit energy cut-
offs and interference patterns from direct and backscattered electrons.
While cutoffs at 2 U, and 10 U, follow from the three-step model, ob-
served fringe structures are usually linked to interference within either
emission channel. However, cross-process interference (CPI) between
direct and backscattered electrons remains largely unexplored. With
single-cycle pulses limiting emission to one optical cycle [1| and nan-
otips directing electrons into a single half-space [2]|, conditions arise
under which CPI can be clearly resolved.

In our recent study [3], we predict carrier-envelope-phase-dependent
spectra with clear CPI signatures by comparing TDSE simulations
with a trajectory model extended by quantum interference. The re-
sulting fringe pattern encodes sub-cycle information on the near-field
acceleration dynamics, highlighting CPI as a promising route toward
ultrafast solid-state photoemission metrology.

[1] M.T. Hassan et al., Nature 530, 66-70 (2016)

[2] S. Zherebtsov et al., Nature Physics 7, 656-662 (2011)

[3] A. Herzig et al., https://arxiv.org/abs/2509.01524 (2025)

A 18.2 Wed 15:00 N 2
Multiphoton ionization with three-dimensional laser fields —
oHANS-CHRISTIAN AHLSWEDE, DARIUs KOuNKE, Tim BAYER, and
MarTHIAS WOLLENHAUPT — Carl von Ossietzky Universitdt Olden-
burg

We report the first observation of free-electron angular momentum
wave packets generated by atomic multiphoton ionization with bichro-
matic three-dimensional (3D) polarization-tailored ultrashort laser
fields. These fields, created by the non-collinear superposition of two
polarization-shaped pulses of different colors from a supercontinuum
polarization pulse shaper, provide electric-field components along all
spatial directions. The resulting photoelectron momentum distribu-
tions, recorded via velocity map imaging, demonstrate full 3D coher-
ent control of electronic superposition states extending beyond the
constraints of planar polarization fields by unlocking all dipole selec-
tion rules Am = 0,%1. As an application, 3D pump*probe fields are
used to image previously unobserved photoelectron wave packets map-
ping spin-orbit dynamics of the potassium 3d fine structure doublet.
Our shaper-based approach establishes a route to fully controllable 3D
light fields for chiral-sensitive light-matter interactions and ultrafast
spectroscopy.

A 18.3 Wed 15:15 N 2
Towards a velocity-map-imaging spectrometer for ultracold
atoms — eLasseE PauLsen!, JurLian FiepLer!, JeTTE HEYER!,
Magrkus DRrescHER!, Kraus SeNGsTock!, KLAUS BARTSCHATZ,
JULIETTE SimoNET!, and PHILIPP WESSELS-STAARMANN! — ! Center
for Optical Quantum Technologies, Universitdat Hamburg, Hamburg,
Germany — 2Department of Physics and Astronomy, Drake Univer-

sity, Des Moines, USA

The intense electric field of femtosecond laser pulses enables the ultra-
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fast creation of ions and electrons within an ultracold quantum gas.
This opens new possibilities for investigating the dynamics of ionic im-
purities and atom-ion hybrid systems, provided that the kinematics of
the ionization process are well understood.

Here we report on the characterization of an electron velocity-map-
imaging spectrometer for ultracold quantum gases, as part of a novel
coincidence detection unit including an ion microscope. For charac-
terization a pulsed krypton gas jet is ionized by femtosecond laser
pulses with a center wavelength of 511 nm and peak intensities around
6 x 10'® W/cm2. The measured photoelectron momentum distribu-
tion is compared to theoretical predictions based on the solution of
the time-dependent Schrodinger equation, which confirm the observed
significant shifts in the photoelectron energies caused by the high peak
intensities.

This work is funded by the Cluster of Excellence "CUI: Advanced
Imaging of Matter" of the DFG - EXC 2056 - project ID 390715994
and by the NSF under project Nos. PHY-2110023 and PHY-2408484.

A 18.4 Wed 15:30 N 2
Modeling ultrafast plasma formation in dielectrics — eJuLia
AppPORTIN', CHRISTIAN PELTZ!, THOMAS FENNEL!, MIisHA IvaNov?Z,
and AnToN Husako? — !nstitute for Physics, Rostock, Germany —

2Max Born Institute, Berlin, Germany

Laser induced damage in dielectrics due to short pulse excitation plays
a major role in a variety of scientific and industrial applications, such
as the preparation of 3D structured evanescently coupled wave-guides
[1] or nano-gratings [2]. The corresponding irreversible material modi-
fications predominantly originate from higher order nonlinearities like
strong field ionization and plasma formation, which makes their con-
sistent description imperative for any kind of theoretical modeling. In
particular the associated feedback effects on the field propagation can
have drastic implications.

‘We developed a numerical model, that combines a local description
of the plasma dynamics in terms of corresponding rate equations for
ionization, collisions and heating [3] with a fully electromagnetic field
propagation via the Finite-Difference-Time-Domain method, adding
self-consistent feedback effects like the sudden buildup of plasma mir-
rors. Considering laser pulses of constant energy (30 nJ), we investigate
the influence of pulse duration and focus size on material modification
and compare the resulting geometries, energy deposition and critical
plasma volume.

[1] L. Englert et al, Opt. Express 15, 17855-17862 (2007)

[2] M. Alameer et al, Opt. Lett. 43, 5757-5760 (2018)

[3] B. Rethfeld, Phys. Rev. B 73 035101 (2006)

A 185 Wed 15:45 N 2
Photoinduced transient symmetry breaking and non-linear
anomalous Hall responses in centrosymmetric 2D materials
— @ ARKAJYOTI MaITY, ULF SAALMANN, and JAN-MIcHAEL RosT —
Max Planck Institute for the Physics of Complex Systems, Dresden

We theoretically investigate the prospect of inducing a non-trivial, non-
linear Hall response in Dirac materials obeying both inversion and
time-reversal symmetries, specifically pristine graphene. This is possi-
ble by creating a non-thermal electronic distribution in the system by
driving it with a finite duration ultrafast sub-cycle laser pulse. The re-
sultant non-equilibrium state, generated by non-adiabatic transitions
induced by the laser, can be made to break the general trigonal (C3)
symmetry of the Hamiltonian and hence allow for a second-order Hall
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response to a weak electric probe, closely related to the quantum ge-
ometry of the system

A 186 Wed 16:00 N 2
High-harmonic generation in an organic molecular crystal
— oFaLK-Erik WiecHMANND2, SAMUEL Scuopal, LiNa MARIE
BIELKE!, SVENJA RINDELHARDT!, SERGUEI PATCHKOVSKII®, FELIPE
MoraLEs3, MariA RicHTER3, DIETER Baurer!'2, and FRANZISKA
FeNNEL!2 — lntitute of physics, University of Rostock, 18059 Ros-
tock, Germany — ?Department of Life, Light and Matter, University
of Rostock, 18059 Rostock — 3Max Born Institute (MBI) for Nonlinear

Optics and Short Pulse Spectroscopy, 12489 Berlin, Germany

Recently, organic molecular crystals (OMCs) were introduced as a
novel target class for high-harmonic generation (HHG)[1], bridging the

gap between gas-phase and solid-state targets. In OMCs, neighboring
molecules experience a weak van-der-Waals coupling, which leads to
solid like features, e.g. a delocalization of the electronic states over sev-
eral unit cells. The perfect inherent alignment of all molecules makes
OMC:s an ideal target class for high-harmonic spectroscopy of large or-
ganic molecules, as it avoids the need for extremely challenging align-
ment techniques that have so far prevented corresponding measure-
ments in the gas phase. With a fundamental 4000 nm mid-IR beam
reaching 0.99 TW/cm2 we demonstrate that HHG from Pentacene
crystals is possible without imposing physical damage. Measurements
of the harmonic yield as a function of the driving polarization direction
reveal that the harmonic generation process is driven by intermolecular
effects and not by the response of non-interacting aligned molecules.
[1] Wiechmann, FE. et al., Nat. Commun. 16, 9890 (2025)

A 19: Precision Spectroscopy of Atoms and lons Il (joint session A/Q)

Time: Wednesday 14:30-16:30

Invited Talk A 19.1 Wed 14:30 N 3
Enhanced Sensitivity for Electron Affinity Measurements
— eoFRrANzISkA MARIA MAIER, ERICH LEISTENSCHNEIDER, LuUTZ
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 33Cl 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).

A 19.2 Wed 15:00 N 3
High resolution dielectronic recombination of beryllium-
like heavy ions at the CRYRINGQESR storage ring —
eMIrRKO LoosHORNY2, CARSTEN Branpau®, Mike FocLe?, Jan
Grorius3, ELENa Hanu?%6 VoLker HANNEN?, PIERRE-MICHEL
HiLLENBRAND?, CLAUDE KRANTZ3, MICHAEL LESTINSKY®, ESTHER
Menz3:8, ReingoLp Scuuch?, Uwe SpiLLMANNS, KEN UEBERHOLZ?,
Suuxine Wance!2, and STeran Scuippers!?2 — 1Justus-Liebig-
Universitit Giefen — 2Helmholtz Forschungsakademie Hessen fiir
FAIR (HFHF), GSI Helmholtzzentrum fiir Schwerionenforschung,
Darmstadt — 3GSI Helmholtzzentrum fiir Schwerionenforschung,
Darmstadt — 4Auburn University — 5Helmholtz-Institut Jena —
6Goethe University Frankfurt — 7 Universitét Miinster — 8 Universitét
zu Kéln — ?Stockholm 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.

[1] S. Schippers et al., Phys. Rev. Lett. 135, 113001 (2025).

A 193 Wed 15:15 N 3

Adaptive, symmetry-informed Bayesian metrology for pre-
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cise measurements — eMaTT OVERTON!, JESUS RUBIO2, NATHAN
OOPER ANET NDERS an UCIA ACKERMULLER"® —

C J A 3 d L H 1

LUniversity 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.

A 194 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
— Universitat 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.

A 19.5 Wed 15:45 N 3
Development of a cw laser system at 185nm — eJoNas
GOTTSCHALK, SASCHA HEIDER, THORSTEN GROH, SIMON STELLMER,
and UVQuANT Consortium — Universitdt Bonn, Germany

Many of the strong transitions in diatomic molecules with double
bonds, such as O2, N 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-
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.
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A 19.6 Wed 16:00 N 3
A single frequency continuous wave OPO laser as pow-
erful and flexible tool for high resolution spectroscopy —
eJakoB Weiss!, KaTriN WEIDNER!, RapHAaeL Hasse!, THOR-
BEN NIEMEYER!, MATOU STEMMLER', KrLaus WENDT!, and Sap-
A AKHUNDZADA? — !Johannes 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.

A 19.7 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
CoEeNDERs!, JuAN MaNUEL CorNEJO2, KLEMENS HAMMERERS, STE-
FAN ULMER?®®, and CHRISTIAN OsPELKAUSY'® — 1Leibniz Universitét
Hannover, Germany — 2Universidad de Cadiz, Spain — 3Universitét
Innsbruck, Austria — 4Ulmer Fundamental Symmetries Laboratory,
RIKEN, Japan — 5Heinrich-Heine-Universitdt 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(12] to test CPT symmetry via quantum logic spec-
troscopy (QLS)B] with a 9Be™ cooling and logic ion. After demon-
strating key steps - optical sideband spectroscopyl®!, ground-state
coolingl® of a 9Be™ ion, and fast adiabatic transport(®l - 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 9Be™ 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) [?1J. Cornejo et al., Phys.
Rev. Res. 6 (2024) [6IM. Boehn et al., Comms. Phys. 8 (2025).

A 20: Poster — Atomic Clusters

Time: Wednesday 17:00-19:00

A 20.1 Wed 17:00 Philo 1. OG
Towards experimental studies of interatomic Coulombic
electron capture (ICEC) 1, DeepTHY

e ANDRE GIRALDI',
MooTHERIL!, NicoLas SisouraT?, THOMAS PFEIFER!, and ALEXAN-
DER DORN! — Max Planck Institut fiir Kernphysik, Heidelberg, Ger-
many — 2Sorbonne Universite, Paris, France

This work targets the experimental detection of an environment as-
sisted atomic decay mechanism, referred to as Interatomic Coulombic
Electron Capture, or ICEC. This process consists of a free electron
being captured by an atom or molecule, and the excess energy being
transferred to a neighbor, ionizing or exciting it. Despite the promising
theoretical results [1], there has been so far no experimental detection
of ICEC. Aiming to obtain first experimental results, we propose a
reaction envolving NeAr dimers:

e + Ne(2p6)Ar —> Ne*-(2p5 3s2)Ar —> Ne-(2p5 3s)Ar+ + e —>
NeAr + e + hf

Presently we are adapting an electron and ion momentum spectrom-
eter (reaction microscope) and are optimizing the formation of mixed
neon-argon dimers or larger clusters. First results on electron impact
ionization will be presented, which confirm the formation of the mixed
species and show reactions like Interatomic Coulombic Decay (ICD)
taking place.

[1] Jan Senk, Vincent Graves, Jimena D. Gorfinkiel, Piemysl
Kolorené, Nicolas Sisourat. J. Chem. Phys. 7 November 2024; 161
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(17): 174113.

A 20.2 Wed 17:00 Philo 1. OG
Experimental investigation of non-nearest-neighbour ICD af-
ter 2s ionization in Ne clusters — eJOHANNES VIEHMANN!,
ADRIAN KrONE!, NiKLAS GOLCHERT!, YUSAKU TERAO!, CATMARNA
KusTNER-WETEKAM!, LuTz MARDER!, ARNO EHRESMANN!, NOELLE
WaLsu2, AnTT1 Kivimiki2, and ANpreas Hans! — lInstitut fiir
Physik und CINSaT, Universitit Kassel, Heinrich-Plett-Str. 40, 34132
Kassel, Germany — 2MAX IV Laboratory, Lund University, Foton-
gatan 8, 224 84 Lund, Sweden

Interatomic Coulombic Decay (ICD) is an energy-transfer process in
weakly bound matter, typically assumed to act dominantly between
nearest neighbors. Following recent theoretical prediction, we report
experimental evidence for non ICD. Using synchrotron radiation to ion-
ize the Ne 2s shell in Ne clusters and electron-electron coincidence mea-
surements with a time-of-flight spectrometer, we present ICD electron
spectra that isolate decay channels beyond the nearest-neighbor shell.
The data show qualitative agreement with the expected non-local ICD
mechanism. Measurements were performed using the Transverse Res-
onance Island Buckets (TRIBs) at the MAX IV synchrotron (Lund,
Sweden), enabling simultaneous multibunch and pseudo-single-bunch
operation at different beamlines by adjusting the respective optics to
distinct electron orbits.

A 21: Poster — Atomic Systems in External Fields

Time: Wednesday 17:00-19:00

A 21.1 Wed 17:00 Philo 1. OG
Revealing emergent many-body phenomena by analyzing
large-scale space-time records of monitored quantum sys-
tems — eMAaRrceEL Cecu!, CeciLia DE Fazio!, Maria Cra?23,
MaRr! CARMEN BaRurs?:3, Icor Lesanovskyl? and FEDERICO
CaroLLO® — !Universitit Tiibingen, Tiibingen, Germany — 2Max-
Plank-Institut fiir Quantenoptik, Garching, Germany — 3Munich Cen-
ter for Quantum Science and Technology (MCQST), Miinchen, Ger-
many — 4University of Nottingham, Nottingham, United Kingdom —
5Coventry University, Coventry, United Kingdom

Recent advances in quantum simulators permit unitary evolution inter-
spersed with locally resolved mid-circuit measurements. This paves the
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way for the observation of large-scale space-time structures in quan-
tum trajectories and opens a window for the in situ analysis of complex
dynamical processes. We demonstrate this idea using a paradigmatic
dissipative spin model [1], which can be implemented, e.g., on Rydberg
quantum simulators. Here, already the trajectories of individual ex-
perimental runs reveal surprisingly complex statistical phenomena. In
particular, we exploit free-energy functionals for trajectory ensembles
to identify dynamical features reminiscent of hydrophobic behavior
observed near the liquid-vapor transition in the presence of solutes in
water. We show that these phenomena are observable in experiments
and discuss the impact of common imperfections, such as readout er-
rors and disordered interactions.
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[1] M. Cech, et al., arXiv:2507.00944 (2025)

A 21.2 Wed 17:00 Philo 1. OG
Interaction between Poincaré light and atoms — eSHREYAS
RamakrisuNA'? and STEpHAN FriTzscneb2 — 1Helmholtz Institute
Jena, Germany — 2Friedrich-Schiller University Jena, Germany

This poster discusses the physics underlying the interaction between a
Poincaré beam and an optically polarized atomic medium in the pres-
ence of a constant magnetic field. Our investigation reveals that the
absorption profile of the Poincaré beam exhibits axial asymmetry. This
asymmetry depends sensitively on the relative orientation of the pump
and probe light fields with respect to the quantization axis, as well
as on the strength of the magnetic field. To illustrate these findings,
we choose the incoming radiation drives an electric dipole transition,
Fy =1 to Fe = 0 in rubidium atoms subjected to various magnetic
field strengths.

A 21.3 Wed 17:00 Philo 1. OG
Suppression and revival of Floquet-Feshbach resonances —
eL.ouisA MARIE KIENESBERGER, ALEXANDER GUTHMANN, FELIX
LanNg, ViceNTE Baca, Davib Lang, ELEoNORA Lippi, and ARTUR
WipErRA — RPTU University

Resonant scattering is a central concept in physics, providing a pow-
erful tool on interaction dynamics from nuclear reactions to ultracold
quantum gases. In ultracold atomic systems, magnetically tunable
Feshbach resonances enable precise and flexible control over interac-
tion strengths. Recently, we demonstrated that Floquet engineering
of two-body interactions via periodically modulated magnetic fields
enables the creation of additional, tunable Feshbach resonances [1].

In this contribution, we investigate the behaviour of these Floquet-
Feshbach resonances as a function of the modulation strength and iden-
tify a characteristic Bessel-function dependence, where the order of the
Bessel function corresponds to the order of the Floquet-Feshbach res-
onance. These Bessel functions define how the widths and amplitudes
of the individual Floquet-Feshbach resonances vary with modulation
amplitude and frequency, providing a simple handle to enhance or sup-
press specific resonances. Furthermore, these studies offer insight into
Floquet-induced scattering dynamics and support the tailored control
of atomic interactions required for quantum simulations of complex
many-body systems and the exploration of exotic quantum phases.

[1] A. Guthmann, F. Lang, L. M. Kienesberger, S. Barbosa, and A.
Widera, Floquet engineering of Feshbach resonances in ultracold gases,
Science Advances 11, eadw3856 (2025).

A 22: Poster — Attosecond
Time: Wednesday 17:00-19:00

A 22.1 Wed 17:00 Philo 1. OG
New 1D atomic model potential for more accurate high-
order-harmonic-generation spectra — eKRiszTiNA SaLLarl:2,
SzaBoLcs Hack!2, SziLARD Majorosi!, and ArTiLa CzirJAk!:2
IThe Extreme Light Infrastructure ERIC | ALPS Facility, Szeged, H-
6728, Hungary — 2University of Szeged, Szeged, H-6720, Hungary

Building on the favourable properties of previously used one-
dimensional (1D) atomic model potentials, we introduced a new 1D
Gaussian-windowed atomic model potential in [1] for simulating the
quantum dynamics of a single active electron atom driven by a strong,
linearly polarized near-infrared laser pulse. This new model potential
upgraded the accuracy of 1D numerical simulations for single-atom
high-order-harmonic-generation (HHG) spectra under commonly used
driving laser pulse parameters. By combining two model potentials,
we define the Gaussian windowed soft-core Coulomb (GSC) potential
(with a =2.551 and b = 2) as

VAP, (2) = VAR (2) exp(—(2/)?) + Vi (2) (1 — exp(—(2/5)2)) .

The GSC potential offers an outstanding balance of accuracy and
computational efficiency, enabling TDSE simulations that generate
reliable HHG spectra within minutes in the 1.26 x 10'* — 6.88 x
104 W/ecm? peak intensity range. Our research suggests that the
GSC potential performs best when the Keldysh parameter is within
0.45 < v <1 and the 1D ground state population loss simulated with
the GSC potential, is not greater than 0.6 at the end of the laser pulse,
which is well in line with most GHHG methods.

References: [1] K Sallai et al., Phys. Rev. A 110, 063117 (2024)

A 21.4 Wed 17:00 Philo 1. OG
Mechanical squeezed Kerr oscillator based on a tapered ion
trap — BocomiLa Nikoroval, Moritz Gos?, KiLian SINGER?, and
ePETER Ivanov! — 1Sofia University, Bulgaria — 2University of Kas-
sel, Germany

‘We propose a theoretical description of a mechanically squeezed Kerr
oscillator with a single ion in a tapered trap. We show that the mo-
tion coupling between the axial and radial modes caused by the trap
geometry leads to Kerr nonlinearity of the radial mode with magni-
tude controlled by the trap frequencies. This allows the realization
of non-Gaussian quantum gates, which play a significant role in the
universal set of continuous variable quantum gates. Furthermore, we
show that, because of the nonlinearity of the ion trap, applying an
off-resonant time-varying electric field along the trap axis causes a
motion squeezing of the radial mode. Finally, we discuss the motion
mode frequency spectrum of an ion crystal in a tapered trap. We show
that the frequency gap between the motion modes increases with trap
nonlinearity, which benefits the realization of faster quantum gates.

A 21.5 Wed 17:00 Philo 1. OG
High-fidelity multistate Stimulated Raman adiabatic passage
via parallel eigenenergies — eJurLian K. DimiTrov and Niko-
LAY V. VitaNnov — Center for Quantum Technologies, Department of
Physics, Sofia University, James Bourchier 5 blvd., 1164 Sofia, Bulgaria

We present a new approach to high-fidelity multistate Stimulated Ra-
man adiabatic passage (STIRAP). Techniques that optimize multistate
STIRAP have been proposed before and they require using additional
(shortcut) fields. Here we propose an optimization which does not
require additional fields but pulse shaping only. The optimization
is based upon the concept of quasi-parallel eigenenergies, which are
known to suppress nonadiabatic transitions between two states. It is
shown analytically how the parallelization criterion imposes certain
time-dependent pulse shapes of the driving fields. Similar to parallel
three-level STIRAP, proposed earlier, the parallel multistate STIRAP
is robust to errors in the driving fields and the detunings while leaving
the intermediate states unpopulated in the adiabatic limit. Moreover,
this improvement of fidelity does not require prohibitively large pulse
areas. We manage to enhance the STIRAP fidelity by up to 5 orders of
magnitude thereby making multistate STIRAP suitable for quantum
information processing. We anticipate applications in atomic clocks
and atom optics.

Physics (joint session A/MO)
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A 22.2 Wed 17:00 Philo 1. OG
A rigorous and universal approach for highly-oscillatory
integrals in attosecond science eANNE WEBER!, JoB
FELDBRUGGE?, and EmiLio PisanTy! — lAttosecond Quantum
Physics Laboratory, King’s College London, WC2R2LS London, UK

— 2Higgs Centre for Theoretical Physics, University of Edinburgh, UK

Light-matter interactions within the strong-field regime, such as high-
harmonic generation, typically give rise to highly-oscillatory integrals,
which are often solved using saddle-point methods. Not only do these
methods promise a much faster computation, but they also inform
a more intuitive understanding of the process in terms of quantum
orbits, as the saddle points correspond to interfering quantum trajec-
tories (think Feynman’s path integral formalism). Despite these ad-
vantages, a sound understanding of how to apply saddle-point methods
to highly-oscillatory integrals in a rigorous way, and with algorithms
which work uniformly for arbitrary configurations and laser drivers, re-
mains lacking. This hinders our ability to keep up with state-of-the-art
experimental setups which increasingly rely on tightly-controlled laser
waveforms. Here, I will introduce the key ideas of Picard-Lefschetz
theory — the foundation of all saddle-point methods — and their im-
plementation. Using high-harmonic generation and above-threshold
ionisation as examples, I will show how those ideas provide a robust
framework for the fast computation of integrals, as well as a widely-
applicable algorithm to derive the relevant semiclassical quantum or-
bits that underlie the physical processes.

1

A 22.3 Wed 17:00 Philo 1. OG
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Coulomb-corrected reconstruction of ionization and re-
combination times in high-order harmonic generation —
eMonAaMMAD MONFARED and MANFRED LEIN — Institute for The-
oretical Physics, Leibniz Universitdt Hannover, Hannover, Germany

Accurate attosecond-scale measurement of electron dynamics is fun-
damental to ultrafast science. The orthogonally polarized two-color
(OTCQ) field technique enables the reconstruction of electron ionization
and recombination times from high-order harmonic generation (HHG)
spectra. However, established retrieval methods often neglect or utilize
an oversimplified treatment of the Coulomb interaction, limiting their
precision. In this work, we introduce a refined time-retrieval method
that significantly improves the accuracy of reconstructing ionization
and recombination times in OTC fields. We identify that one of the
main time-retrieval equations, namely the condition used in earlier
works to maximize the harmonic intensity as a function of the two-
color delay, is only approximate and replace it with a more accurate
stationarity equation. In addition, we incorporate Coulomb effects be-
yond the simple approximation of an instantaneous momentum kick
by numerically integrating the Coulomb force and potential along the
classical electron trajectories, providing a more physically consistent
correction. We benchmark our method against exact time-dependent
Schrédinger equation simulations and the analytical R-matrix theory.
Our results demonstrate a substantial improvement in the accuracy of
the retrieved ionization times, achieving near-perfect agreement with
benchmark models especially for high-frequency probe fields.

A 22.4 Wed 17:00 Philo 1. OG
Technical performance of the upgraded XUV and soft X-
ray split-and-delay unit at FLASH1 — eMaATTHIAS DREIMANN,
MicHAEL WOsTMANN, and HELMUT ZAcHARIAs — Center for Soft
Nanoscience, Universitdt Miinster

The split-and-delay unit at FLASHI1, in operation since 2007, has
been upgraded to meet the advances of increasing photon energies of
FLASH]1 since then. With the original design first experiments were
performed in 2007 and the SDU was permanently incorporated in the
BL2 at FLASHI in 2010. The upgrade increases the spectral range of
the SDU from former hv = 250 €V to now hv = 750 eV. Two differ-
ent mirror coatings achieve a high transmission in the whole spectral
range. The design is based on a three dimensional beam path and
allows choosing the propagation via two sets of mirrors with different
coatings. A carbon coating allows a total transmission on the order of
T > 0.74 for photon energies between hv = 30 eV and hv = 200 eV at
a grazing angle of 3.0° in the variable beam path. In the fixed beam
path a shallower grazing angle of 2.5° is used, which yields a total
transmission of T > 0.79. An Ni coating can be used to additionally
cover a range up to hv = 750 eV. This results in a total transmission
of typically T = 0.4 in the variable and T = 0.3 in the fixed beam
path. The delay range of the new set-up is -1 ps < t < 49 ps with a
subfemtosecond temporal delay.

A 225 Wed 17:00 Philo 1. OG
Attosecond Streaking Spectroscopy: From Gas-Phase Dy-
namics to Adsorbed Molecules — eRoN DUCKE, SVEN-JOACHIM
Paun, MaxiMIiLIAN PoLLANKA, CHRISTIAN SCHRODER, PAscaL
FREISINGER, ANDREAS DUENSING, REINHARD KIENBERGER, and
MaxIMILIAN FORsTER — Technische Universitdt Miinchen, Garching,
Germany

We present the attosecond streaking setup established in our labo-
ratory, designed to investigate time-resolved photoemission dynamics
with high temporal precision. By using attosecond pulses, generated
by HHG, we successfully determined absolute photoemission delays
across a broad range of systems. In the gas phase, we review key results
including absolute delays in the valence range of water and compar-

ative studies of isosteric molecules, which elucidate the link between
electronic structure and emission timing. Furthermore, a systematic
analysis of iodoalkanes reveals the significant influence of the molecular
environment on the emission from the iodine atom. Moving beyond the
gas state, we discuss the photoemission delays of molecules adsorbed
on crystal surfaces. Investigations of iodomethane and iodoethane on
Pt(111) demonstrate how molecular orientation and surface interac-
tions affect the measured delays compared to the gas phase. Finally,
we present an outlook on our current measurements regarding e.g.
Xenon and Neon.

A 22.6 Wed 17:00 Philo 1. OG
Phase control in XUV-assisted high-order harmonic genera-
tion — eZrINAB HARDANI and MANFRED LEIN — Leibniz University
Hannover, Institute of Theoretical Physics,30167 Hannover, Germany

We investigate high-order harmonic generation (HHG) driven by a
combined extreme-ultraviolet (XUV) pulse combined with a strong in-
frared (IR) laser field. Single-photon absorption of the XUV pulse
releases the electron with well-defined initial conditions, while the
IR field governs its motion in the continuum and its recombination
with the parent ion. We evaluate the harmonic phase in XUV-assisted
HHG and identify four main contributions: the strong-field phase, the
Coulomb phase from the long-range potential, the recombination phase
from the transition dipole, and an additional ionization phase associ-
ated with XUV-assisted emission. To quantify these contributions,
we solve the one-dimensional time-dependent Schrédinger equation
(TDSE) for an atomic model driven by combined IR+XUYV fields and
compare the extracted phase with the theoretical methods: strong-field
approximation, analytical R-matrix, and scattering-theory predictions.
In addition, we employ a classical model including the Coulomb po-
tential and the XUV-imposed initial velocity to obtain ionization and
recollision times, these recollision times agree with those inferred from
the TDSE. Overall, we show that the XUV field shifts ionization and
recombination to later times, thereby delaying harmonic emission and
reshaping the phase of attosecond electron trajectories in agreement
with both quantum simulations and classical modeling, and offering a
flexible route to control XUV-triggered HHG in time.

A 22.7 Wed 17:00 Philo 1. OG
Building a high-resolution XUV attosecond transient absorp-
tion spectrometer to observe time-dependent effects in atoms
and molecules — eNoan L. Wacnu!, GErcana D. Borisoval:2,
CurisTIAN O1T!, and THomas Prerrer! — !Max-Planck-Institut
fiir Kernphysik, Saupfercheckweg 1, 69117 Heidelberg, Germany —
2Department of Physics, Lund University, P.O. Box 118, 22100 Lund,
Sweden

Attosecond transient absorption spectroscopy (ATAS) has been exten-
sively used to observe ultrafast electronic as well as vibrational dy-
namics in atoms and molecules[1,2]. Here, a combination of intense
NIR femtosecond pulses, together with a high-harmonic-generated
XUV pulse derived from them, is used to probe and control the
systems quantum dynamics. We develop a new experimental setup,
SHARP-XUV, which combines a conventional ATAS setup with a high-
resolution XUV spectrometer in a Rowland configuration featuring a
3-meter arm length. This design is aimed to obtain an energy resolu-
tion of more than 10 000. Together with a time resolution of about a
hundred attoseconds, we will be able to observe the complex dynamics
where electronic or vibrational resonances lie extremely close and are
hard to resolve with conventional XUV spectrometers. This setup will
enable us to study the laser control of the overlapping series of highly
doubly excited helium states as well as the laser-driven dynamics of
increasingly closely spaced transitions near an ionization threshold.

[1] C. Ott et al., Nature 516, 374-378 (2014)

[2] G. Borisova et al., Phys. Rev. Research 6, 033326 (2024)

A 23: Poster — Interaction with Strong or Short Laser Pulses (joint session A/MO)

Time: Wednesday 17:00-19:00

A 23.1 Wed 17:00 Philo 1. OG
Bound-free electron-positron pair production in combined
Coulomb and constant crossed electromagnetic fields — eSvEA
REMME, ALEXANDRA ECkKEY, SELYM VILLALBA-CHAVEZ, ALEXAN-
DER B. Voitkiv, and CARSTEN MULLER — Institut fiir Theoretische
Physik I, Heinrich-Heine-Universitadt Diisseldorf
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Bound-free electron-positron pair production by a highly charged bare
ion in the presence of a strong constant crossed electromagnetic field is
studied. We apply two different methods to calculate the pair produc-
tion rate: (i) a quasiclassical tunneling theory and (ii) a strong-field
approximation, both equipped with appropriate Coulomb correction
factors. The resulting rate is shown to depend nonperturbatively on
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both the Coulomb field of the ion and the constant crossed field.

A 23.2 Wed 17:00 Philo 1. OG
Time-delay in Tunnel-Ionization and barrier-suppression ion-
ization — eOssama KuLLIE — Theoretical Physics, Institute for
Physics, Department of Mathematics and Natural Science, University
of Kassel, Germany.

In previous work, we presented tunnel-ionization model [1,2], in which
we showed a real tunneling time-delay picture that agrees well with
the experimental results in the adiabatic [1] and nonadiabatic [3] field
calibrations. In addition, we showed that the tunnel-ionization time
exhibits a universal behavior consistent with Winful’s unified tunnel-
ing picture [4], which amounts to determine the barrier time-delay with
good agreement with the experimental result and it corresponds to the
interaction time [5|. Barrier-suppression ionization is a phenomenon in
strong-field physics where a high-intensity laser field completely flat-
tens the potential barrier, allowing an electron to escape an atom or
molecule without the need for quantum tunneling. In the present work,
based on our model [1] and the findings of recent work [5], we extend
our time-delay model to include the regime of barrier-suppression ion-
ization. [1] O. Kullie, Phy. Rev. A 92, 052118 (2015). [2] O. Kullie,
Annals of Physics 389, 333 (2018). [3] O. Kullie and I. A. Ivanov, An-
nals of Physics 464, 169648 (2024). [4] H. Winful, Phys. Rev. Lett.
90. 023901 (2003). [5] O. Kullie, J. Phyis. Commun. 9, 015003,
(2025).

A 233 Wed 17:00 Philo 1. OG

Investigation of Interactions at relativistic laser inten-
sities with Highly Charged Ions — eSTEFaAN RINGLEB!,
MAaNUEL VogeL?, SucaMm KuMar?3, STEFaN Kieser?, and THoMAS
STOHLKER!:2:4 IFriedrich-Schiller Universitdt Jena 2GsI
Helmholtzzentrum fiir Schwerionenforschung Darmstadt — S3Inter-
University Accelerator Centre, New Delhi, India — *Helmholtzinstitut
Jena

Interaction of high-intensity lasers with highly charged ions is a widely
explored field theoretically. In contrast, there is still a lack of exper-
imental data on the interaction with highly charged ions, with most
experiments to date focusing on high-intensity laser ionization of ini-
tially neutral gases. In our working HILITE setup, highly charged ions
prepared for ion targets in a defined initial quantum state containing
between 5,000 and 25,000 ions. We have elaborated techniques for ion-
cloud preparation regarding fast ion cooling in axial direction and ion
number. We have investigated the radial self arrangement of the ions
to maximise the ion number in the laser volume. Currently, an experi-
ment at the 200 TW femtosecond Laser system JETi200 is in operation
to investigate the ionization dynamics at relativistic laser intensities.
In the experiment, we will focus on hydrogen-like ions which can be
described precisely by theory. This will also allow for the intensity de-
termination in the laser focus, as this is the less accurate determined
parameter in laser experiments. The setup is designed to enable exper-
iments of laser-ion interaction with high accuracy and allow the test
of laser-ionisation models for many-electron systems.

A 24: Poster — Interaction with VUV and X-ray Light (joint session A/MO)

Time: Wednesday 17:00-19:00

A 24.1 Wed 17:00 Philo 1. OG
Temporal evolution of x-ray fluorescence of highly charged
xenon ions under FEL irradiation — eMoriTz J. GRUNWALD-
DeLiTz!, TrHOMAS M. BaUMANN!, MicHAEL MEYER!, JoHAN
SODERSTROM?, and JaN-Erik Rubensson? — !European XFEL,
Holzkoppel 4, 22869 Schenefeld, Germany — 2Department of Physics
and Astronomy, Uppsala University, Box 516, 751 20 Uppsala, Sweden

We present the results of x-ray emission spectroscopy (XES) measure-
ments on the interaction of intense x-ray free-electron laser pulses with
xenon gas, aiming for a state-resolved exploration of non-linear multi-
photon ionization and excitation processes. We utilize the 1D-imaging
spectrometer [M. Agéker et al., J. Synchrotron Radiat., 31(5), 2024.]
at the SQS instrument of European XFEL and its gas cell sample envi-
ronment, which allows for studying Xe at a few mbar, a regime where,
besides photon-driven processes, electron collisions start to contribute
to the highly charged ion and excited state populations. Interestingly,
this was not observed during prior studies on neon gas under similar
conditions [S.-K. Son et al., Phys. Rev. A, 112(5), 2025, L051101.].
Our measurements monitor the evolution of these contributions over
several nanoseconds after the XFEL pulse, revealing a distinct double-
peak structure in the time-of-flight distribution.

A 242 Wed 17:00 Philo 1. OG
Parametric M6ssbauer Radiation Generated by the European
XFEL Electron Beam — eZg-aN PeEng, CHrisTOPH H. KEITEL,
and JOra EVERs — Max-Planck-Institut fiir Kernphysik, Heidelberg,
Germany

The ultranarrow nuclear resonances of Mdssbauer isotopes enable
precision spectroscopy and x-ray quantum optical applications, yet
they make strong resonant excitation difficult with conventional x-ray
sources. Parametric x-ray radiation (PXR), produced when relativis-
tic electrons traverse a crystal, provides a high-quality, low-divergence
x- ray source. When the crystal contains M&ssbauer nuclei, spectrally
narrow parametric Mossbauer radiation (PMR) can be generated un-
der suitable conditions. We develop a general dynamical diffraction
theory of PMR for arbitrary emission directions, covering both the
conventional diffraction geometry and the more extreme grazing spec-
ular diffraction geometry. We show that the new geometry can sub-
stantially enhance PMR intensity due to specular diffraction of the
electron virtual-photon fields at the crystal surface, which allows radi-
ation to form predominantly outside the crystal and thus avoids strong
absorption. We further apply the framework to superradiant PMR
(SPMR) generated by microbunched XFEL electron beams, and in-
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troduce how superradiant amplification and geometric optimization
combine to boost emission. The scheme applies broadly to PXR and
PMR from both incoherent continuous- wave electron beam and the
XFEL electron bunches, offering a pathway toward intense, coherent,
and spectrally narrow Mossbauer x-ray sources.

A 24.3 Wed 17:00 Philo 1. OG
Microcrystalline and thin layers for precision spectroscopy —
eSimoN B. DiewaLp!, Jonas STricker!2, DeEnNis Reniscu! 2, and
CarisToPH E. DuLLmann2:3 — 1JGU Mainz, Deutschland — 2HI
Mainz, Deutschland — 3GSI Darmstadt, Deutschland

232ThF, is a promising host material for high-precision spectroscopy
experiments related to the realization of a solid-state nuclear clock
based on the 229™Th isomer. We present a compact method for pro-
ducing thin and microcrystalline 232ThFy layers on silicon, CaFa,
MgF2, and stainless-steel substrates via thermal evaporation in an
ohmic furnace. The produced layers were characterized regarding their
homogeneity and provide samples suitable for future high-precision
vacuum-ultraviolet spectroscopy. The method provides homogeneous
samples suitable for various high-precision spectroscopy and nuclear-
physics applications.

A 244 Wed 17:00 Philo 1. OG
Accessing ultrafast electron dynamics with single-shot single-
particle diffraction imaging and spectroscopy — eINDRANI
DEey, JaspEr Bourrwoopn, JosE GOMEZ TORREs, FReEDERIC Us-
SLING, YVES ACREMANN, ISABELLE BOLLIERS, EHSAN HASSANPOUR
YEsaci, Linos HecuT, KATHARINA KoLATZKI, MARIO SAUPPE,
SimoN WACHTER, CHANGJI PAN, JANNIS LEHMANN, ALESSANDRO
CoLoMBO, BJORN SENFFTLEBEN, and DANIELA Rupp — Nanostruc-
tures and Ultrafast X-Ray Science, ETH Zurich

Ultrafast electron dynamics are in principle imprinted in diffraction
patterns of single nanoparticles but they are difficult to extract. We
have developed high-harmonic generation based single-shot single-
particle diffractive imaging in the lab with excellent temporal stability
and resolution. To gain access to ultrafast laser-driven changes in the
electronic properties of an isolated nanoparticle, also the spectral dis-
tribution of the diffracted light needs to be recorded, as it reflects
the static and dynamic interaction of the intense XUV pulse with the
target. It is also crucial for accurate phase retrieval and structural
reconstruction, as multi-harmonic contributions blur fine details. We
discuss the design and setup for simultaneous recording of single-shot
diffraction patterns and spectrum of free-flying particles and present
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first results. The development of Coherent Diffraction Imaging and
Spectroscopy has the potential to enable also novel XFEL-based ex-

periments with few- and sub-femtosecond pulses.

A 25: Poster — Cluster and Nanoparticles (joint session MO/A)

Time: Wednesday 17:00-19:00

A 25.1 Wed 17:00 Philo 1. OG
Penning ionization and direct photoionization of Mg and Na
doped in helium nanodroplets — eRaJN1 Raini!, Narcis-Siviu
Bras', AsBJjoRN ORNEMARK LAGDSMAND', MARCEL MubpricH!,
Lraier L. Ben2, NikrLas Scupeen?, and HENRIK PEDERSEN? —
nstitute of Physics, University of Kassel, D-34132 Kassel, Germany
— 2Department of Physics and Astronomy, Aarhus University, 8000

Aarhus C, Denmark

We investigate the direct photoionization and Penning ionization of
alkali (Na) and alkaline-earth metals (Mg) embedded in superfluid he-
lium nanodroplets under irradiation with extreme ultraviolet (XUV)
synchrotron radiation that resonantly excites the He droplets. He-
lium is a well-suited system for studying indirect ionization processes
due to the simple electronic structure of He, well-resolved electron
spectra, weak interaction with embedded species, efficient pick up of
molecules and controlled aggregation inside the nanodroplets. We mea-
sured spectra of all electrons and of electrons recorded in coincidence
with specific ions for He nanodroplets doped with Mg and Na atoms.
For Na, the Penning ionization electron spectrum is well resolved but
shifted due to attractive interaction of the Na atom and the excited
He* (short-range interatomic Coulombic decay). For Mg, we observe
a pronounced enhancement of shake-up ionization where an excited
Mg ion is produced in the Penning process. Shake-up states are only
weakly present in direct photoelectron spectra.

A 25.2 Wed 17:00 Philo 1. OG
Tracking Microhydration of Salt Molecules in Helium Nan-
odroplets and Commissioning a New Nanoparticle Injec-
tor System — eMIKKEL MORTENSEN!, NikLas ScHEELZ, MAR-
cEL Muprica?, HENRIK B. PEDERSEN?, and LtalEF B. LralEr?
Hnstitute of Physics, Kassel University — 2Department of Physics and

Astronomy, Aarhus University

The solvation of NaCl molecules in water, is an important process
in chemistry. However, microscopic structures and energetics of the
hydration complexes remain to be investigated. A recent study has
quantified the number of water molecules needed, to form a complete
hydration shell around NaCl in helium nanodroplets using Penning
Tonization Electron Spectroscopy (PIES)[1]. Building upon this study,
we investigate the microhydration dynamics of KBr, NaBr, and NaCl
under comparable conditions at the XUV synchrotron light source,
ASTRID 2. Our PIES measurements aim to investigate how different
ionic constituents affect hydration structure and stability.

Furthermore, we are commissioning a new nanoparticle injector
based on an aerodynamic lens system for producing aerosol beams of
salt nanoparticles. This development will allow us to do experiments
on salt hydration and electron spectroscopy in aerosols, including in-
teractions with XUV radiation at ASTRID.

[1] L. B. Ltaief et al., submitted (2025), arXiv.2510.22000

A 25.3 Wed 17:00 Philo 1. OG
XUV photoionization of Microhydrated Biomolecules —
oNikLAS ScHEEL!, Lraier BeN Lraier!, HENrRIK B. PEpERSEN!, and
MarceL C. Mubrica? IDepartment of Physics and Astronomy,
Aarhus University, 8000 Aarhus C, Denmark — 2Institute of Physics,
University of Kassel, 34132 Kassel, Germany

Microhydrated biomolecules serve as valuable model systems for study-
ing radiophysical processes in biologically relevant complexes, offer-
ing insights into the mechanisms of radiation damage in biological
tissue. In this work, we present photoelectron-photoion coincidence
(PEPICO) spectra of XUV-irradiated microhydrated thymine and
uracil clusters, measured using the electron ion double-imaging end-
station XENIA[1] at the ASTRID2 synchrotron.

We investigate outer-valence photoionization, confirming that at-
tached water molecules stabilize the DNA bases against fragmenta-
tion[2] by acting as an efficient heat bath. At the same time, the data
reveal a charge-transfer mechanism from the DNA base to the water:
a charge hole initially created on a water moiety ultimately localizes
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on the DNA base.

Finally, we will present PEPICO spectra recorded at higher photon
energies. These measurements probe inner-valence photoionization,
where double ionization becomes accessible, leading to pronounced
fragmentation and involving Intermolecular Coulombic Decay (ICD)
as an efficient relaxation pathway.

[1] B. Bastian et al., Rev. Sci. Instrum., 2022, 93, 075110

[2] J. D. Asmussen et al., PCCP, 2023, 25, 24819-24828

A 254 Wed 17:00 Philo 1. OG
Novel Apparatus for Synchrotron X-ray Photoelectron Spec-
troscopy of Size-Selected Gas-Phase Clusters — LoTar KURTI,
PHiLLiP STdcKs, FaBiaAN BAR, Lukas WEISE, and eBERND V. Is-
SENDORFF — Physikalisches Institut, Universitat Freiburg, Freiburg,
Germany

A newly developed apparatus enables X-ray photoelectron spec-
troscopy on mass-selected cluster ions at synchrotrons. The heart of
this system is a liquid nitrogen-cooled linear Paul trap, where stored
cluster ions interact with synchrotron radiation. The emitted electrons
are guided by a specially designed magnetic field into a Hemispherical
Energy Analyzer, where the photoelectron spectra are recorded. Clus-
ters are produced in a magnetron cluster source, mass-selected using a
quadrupole mass spectrometer, and then introduced into the linear ion
trap. This setup will allow for element-specific binding energy mea-
surements of core levels and hence detailed insights into the chemical
bonding of pure and mixed metal and semiconductor clusters. In this
contribution, we present the current status of the new apparatus and
some initial commissioning results.

A 25.5 Wed 17:00 Philo 1. OG
Single-shot imaging and modeling of individual water
nanodroplets with an intense extreme ultraviolet labora-
tory source — eLea ScHUPKE!, José GoMEz Torres!, Linos
Hecur!, FrREDERIC UssLiNG!, ALEssANDRO CoLoMmBO!, KATHARINA
Korarzki', INpraNt Dev!, Cuanciyi Pan!, IsaBELLE BoLLIER!,
ConsTaNTIN KocH!, Ensan HassaNnPoUrR!, YVEs ACREMANNI,
Mario SAauppe!, BioRN SENFFTLEBEN!, HaNcHAO TANGZ, ARNAB
CHOUDHURY?2, BRUCE YoDER2?, RuTH SiGNORELL?, and DANIELA

Rupp! — 'ETH Ziirich, DPHYS — 2ETH Ziirich, DCHAB

Our unique high-intensity extreme ultraviolet (XUV) beamline enables
flash-imaging of individual free-flying nanoparticles in a lab environ-
ment, thus avoiding the severe access limitations of large-scale facili-
ties. We have started to investigate the freezing dynamics of super-
cooled water droplets between few 100 nm and few pm in diameter.
This size range is mostly unexplored due to the lack of suitable imag-
ing methods. In this work, Mie-simulations are discussed that allow to
understand subtle changes in the diffracted light distribution caused
by aggregate state changes and droplet sizes.

A 25.6 Wed 17:00 Philo 1. OG
Detailed investigation of unexpected photoelectron spec-
tra via angle-resolved spectroscopy of noble metal clusters
— oSTEVE TakouaN TcHouNGgA, Lukas WEISE, and BERND VON
IsseNDORFF — Physikalisches Institut, Albert-Ludwigs-Universitit,
Freiburg im Breisgau, Germany

Angle-resolved spectroscopy provides an important test of the theoret-
ical description of clusters since these spectra carry more information
than the bare electron binding energies. Specifically, the anisotropy of
photoelectron spectra depends on the angular momentum state [1, 2].

The presented analysis utilizes the additional information from
angle-resolved spectroscopy to gain a better understanding of the elec-
tronic structure of the cluster. For Augs an electronic shell closing is
expected, leading to the opening of a new shell for Auz,. The angu-
lar momentum character of this new shell is not in accordance with a
simple shell model.

The Issendorff’s model [2] was utilized to gain insight into the char-
acter of the orbital involved in the premature shell closing of Cug;.
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The B parameter curve for this orbital exhibits a clear f-type charac-
ter, indicating a premature filling of the next shell. The reason for
this premature shell closing cannot be identified by this result, but
the additional information on the character should help in finding the
reason.

[1] Bartels et al., Science, 323, 5919 (2009). [2] Piechaczek et al.,
Phys. Rev. Lett. 126, 233201 (2021). [3] Bartels et al., Phys. Rev. A
88, 043202 (2013).

A 25.7 Wed 17:00 Philo 1. OG
HHG Coherent Diffraction Imaging of water nanodroplets
— eJosi GomEz Torres!, Davip Biner!, ConstanTiN KocHu!,
INDRANT  DEv!, FreEDERIC Ussnuing!, Linos HecuT!, YvEs
AcrEMANN!, IsABELLE BoLLiER!, ALEssANDRO CoLomBo!, EHsAN
Hassanpour!, Karnarina Korarzki!, Cuanci Pan!, Mario
Sauppel, LEa ScHUPKE!, BJORN SENFFTLEBEN!, HANcHAO TANGZ,
ARNAB CHOUDHURY?, BRUcE YopER?, RuTH SIGNORELLZ?, and

DanieLa Rupp! — 1D-PHYS, ETH Ziirich — ?D-CHAB, ETH Ziirich

Homogeneous freezing of free-flying water droplets of 1um radius and
smaller remains largely not understood due to the resolution limit of
optical imaging. A change in freezing dynamics is expected in respect
to droplets over 10pum [1], but no experimental study has confirmed
this. Ice nucleation rates are also uncertain, with previous studies not
agreeing on a compatible value [2|. Using intense XUV pulses from
our tabletop HHG source, we obtain single-shot diffraction patterns of
individual nanodroplets injected using an aerodynamic lens, to inves-
tigate possible morphology changes related to freezing. Here, the first
results from this measurement are shown.
[1] Buttersack, T et al., JPCB 120 (2016): 504

[2] Amaya, A. and Wyslouzil, B., J. Chem. Phys. 148.8 (2018)

A 25.8 Wed 17:00 Philo 1. OG
High-Resolution Electron Spectroscopy of Doped Helium
Nanodroplets with a Hemispherical Electron Analyzer —
eNaRcis-Siviu Bras!, NikrLas ScuerrL?, Raini Raini!, AsBigrN
LAEGDSMAND!, ALEKSANDAR MiLosavLiEvic®, JoN Bozek?®, and
MarceL Mupricn'? — lInstitute of Physics, University of Kassel,
D-34132 Kassel, Germany — 2Department of Physics and Astronomy,
Aarhus University, 8000 Aarhus C, Denmark — 3Soleil Synchrotron,
91190 Saint-Aubin, France

Helium nanodroplets (HNDs) have mostly been used as inert cryo-
matrices for spectroscopy of embedded molecules and clusters.

We performed the first high-resolution X-ray photoelectron spec-
troscopy (XPS) measurements of pure and doped helium nanodroplets
at the PLEIADES beamline of SOLEIL Synchrotron using a hemi-
spherical electron analyzer (HEA). In particular, we explored droplets
doped with krypton and argon. The formation of Ar and Kr clusters
was identified through the appearance of additional low-binding-energy
features accompanying the spin-orbit doublets of the atomic photo-
lines (Kr 3d and Ar 2p), in agreement with earlier observations of
photoemission from pure small Kr and Ar clusters. We systematically
recorded XPS spectra as a function of photon energy, droplet size, and
doping level, allowing us to study the evolution of spectral line shifts
and intensity ratios between atomic and cluster-specific components.

In addition, we plan further experiments at SOLEIL as well as at
other synchrotron facilities to explore a wider range of photon energies,
dopants, and cluster conditions.

A 26: Poster — Ultracold Matter (joint session Q/A)

Bosons; Fermions; Rydberg Systems; Experimental Methods

Time: Wednesday 17:00-19:00

A 26.1 Wed 17:00 Philo 2. OG
Pattern coarsening in dipolar quantum gases — e ANDREEA-
Maria Oros!, Wryarr Kirkey'?2, LauriaNe CuoMmaz?, and
Tuaomas GasenzerD3 — 1Kirchhoff-Institut fiir Physik, Universitit
Heidelberg, Im Neuenheimer Feld 227 — 2Physikalisches Institut, Uni-
versitéit Heidelberg, Im Neuenheimer Feld 226 — 3Institut fiir Theo-

retische Physik, Universitat 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. Our 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.

A 26.2 Wed 17:00 Philo 2. OG
Stability analysis of a holographic superfluid — eMARTIN
ZBoroN!, GREGOR BaLs?3, CarrLo Ewerz?3, and THOMAS
Gasenzer!23 — Kirchhoff-Institut fiir Physik, Univ. Heidelberg,
Im Neuenheimer Feld 227, 69120 Heidelberg — 2Institut fiir Theo-
retische Physik, Univ. Heidelberg, Philosophenweg 16, 69120 Heidel-
berg — 3ExtreMe Matter Institute EMMI, GSI Helmholtzzentrum fiir
Schwerionenforschung, Planckstrafe 1, 64291 Darmstadt, Germany

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
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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.

A 26.3 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. GrLUck, YannNick DELLER, HELMUT STROBEL, Markus K.
OBERTHALER, and THoMAS GAaSeENZER — Kirchhoff Institute for
Physics, Universitdat 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
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.

A 26.4 Wed 17:00 Philo 2. OG
Universal dynamics of 3D Bose gases near the superfluid
transition in the collective-scattering regime — e ANNE-SOLENE
BornNens, ELisaBETH GrioTT, and NicoLaAs 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
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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.

A 26.5 Wed 17:00 Philo 2. OG
The Slox Trap: Absorptive Boundaries for Infinitely Ex-
tended Physics — eNikorLas LieBsTerY2, Jeure DUcCHENE!,
Erinor Karn!, Hanyr Janc!, HELMuT 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.

)

A 26.6 Wed 17:00 Philo 2. OG
Dynamics of trapped dipolar Bose gases at BEC-quantum
droplet crossover — eDENIs Mujol!, Ivana Vasié!, MivLan
Raponié?!, and AXgEL PreLsTER? — !Institute of Physics Belgrade,
University of Belgrade, Serbia — 2I. Institute of Theoretical Physics,
University of Hamburg, Germany — 2Physics Department, Rheinland-
Pfalzische 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
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).

A 26.7 Wed 17:00 Philo 2. OG
Supersolid from first principles with Complex Langevin. —
eLuca Farzoni!, PuiLipp HEINEN!, and THOMAS GASENZERD:Z3 —
IKirchhoff-Institut fiir Physik, Uni Heidelberg, Im Neuenheimer Feld

227, 69120 Heidelberg — 2Institut fiir Theoretische Physik, Uni Heidel-
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berg, Philosophenweg 16, 69120 Heidelberg — 3ExtreMe Matter Insti-
tute EMMI, GSI Helmholtzzentrum fiir Schwerionenforschung, Planck-
strafle 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  |¢|®> 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.

A 26.8 Wed 17:00 Philo 2. OG
Phase diagrams for dipolar interacting quantum gases
— eRoBIN RuepiGEr KRriLL!, JAN ALEXANDER Kozior?, Anija
LangHELD?, CawviN KrAMER?, Glovanna Moricr!, and Kar
PuiLLip ScuMIDT? — !Theoretische Physik, Universitidt des Saar-
landes, 66123 Saarbriicken, Germany — 2Department fiir Physik,
Friedrich-Alexander Universitdt Erlangen-Niirnberg, Staudtstrafe 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)

A 26.9 Wed 17:00 Philo 2. OG
Sine-Gordon solitons in a spinor Bose-Einstein condensate
— oFLORIAN ScHMITT, IDO StoviTz, YANNICK DELLER, ALEXANDER
ScHMUTZ, RAPHAEL SCHAFER, ALEXANDER FramMm, HELMUT STRO-
BEL, MARKUS K. OBERTHALER, and THOMAS GASENZER — Kirchhoff-
Institut fiir 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.

A 26.10 Wed 17:00 Philo 2. OG
Topological properties of lattice solitons in the two-
dimensional Harper-Hofstadter model — eHuco GEgRLITZ,
Jurius BoaMm, 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
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
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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]: Jurgensen et. al., Nature 596, 63-67 (2021) [2]: Bohm et. al.,
arXiv:2506.00090 (2025)

A 26.11 Wed 17:00 Philo 2. OG
Observation and detection of crystal phases with vari-
able structures in dipolar quantum gases — eJIANSHUN GAO,
KarTHIK CHANDRASHEKARA, CHRISTIAN GOLZHAUSER, LiLy PLATT,
JuriaNn KuscH, 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.

A 26.12 Wed 17:00 Philo 2. OG
Theoretical analysis of the mitigation of Floquet heating with
multi-tone drives in a Hubbard lattice — eCarLoTTA KOROLL
and eFrRANCEsco PETizioL — Technische Universitéat 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.

A 26.13 Wed 17:00 Philo 2. OG
Quantum gas microscopy of exotic Hubbard systems
ePuiLip  KimMmiLe!, Jan Deppe!, Livu L2, JmRavu
MOoNGKOLKIATTICHAI?, Davis Garwoobp?, JIN Yanc?, and PETER
Scuauss! — !Institute 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-
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.

A 26.14 Wed 17:00 Philo 2. OG

Developing a quantum gas microscope with programmable
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lattices — eSaumya SuaAH'2, ConNsTaNzZE VocEL:2, SARAH
WabppINGgTOND 2, IsaBeLLE Saral2, Robprico Rosa-Mepinal:2,

and JuLiaN LEoNarD!2 — 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.

A 26.15 Wed 17:00 Philo 2. OG
Programmable State Preparation of Ultracold Fermions Us-
ing Optical Tweezer Arrays — eFranNcEsco TEsTi'»2, MARCUS
CULEMANN', JiN ZHaNGg!, NamaN Jain!, and PuiLipp Preiss!3
IMax Planck Institute of Quantum Optics, Garching — 2Ludwig-
Maximilians-Universitét 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.

A 26.16 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, Universitdt 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.

A 26.17 Wed 17:00 Philo 2. OG
Phases of Matter in Few Fermions with Dipolar Interac-
tions — eT1m PoHLMANN, XIMENG SONG, PAULA SEYFERT, LENNART
NAEVE, LENNART HOENEN, PHILIPP LUNT, and LAURIANE CHOMAZ —
Physikalisches Institut Universitat 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-



Mainz 2026 — A

Wednesday

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.

A 26.18 Wed 17:00 Philo 2. OG
Shielding of ultracold Lithium-6 — eFINN LuBENAU, DANIEL
Dux, Timm ScHIFFER, ToBias HamMmEL, MAaXIMILIAN 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 2S5 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

A 26.19 Wed 17:00 Philo 2. OG
Upgrades for the modular quantum gas platform — eTim
ScHIFFER, ToBias HaMmMmEL, DaNIEL Dux, FINN LuBENAU, MAXx-
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

A 26.20 Wed 17:00 Philo 2. OG
Design and Optimization of a Zeeman Slower for Ultra-
cold Fermionic Dysprosium Experiments — eXIMENG SoONG,
PaurLa 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-
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 161Dy, 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 61Dy 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
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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).

A 26.21 Wed 17:00 Philo 2. OG
Hybrid analog-digital quantum simulation with a quan-
tum gas microscope — eDoroTHEE TELL!, S1 Wang!, PETAR
Bosovié!, JouanNeEs OBERMEYER!, MARNIX BARENDREGT', Im-
MANUEL Brocu!:2, and Titus Franz! — !Max Planck Institute
of Quantum Optics, Garching, Germany — 2Fakultdt 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)

A 26.22 Wed 17:00 Philo 2. OG
Towards Fermionic Systems with Dipolar Interactions —
ePauLA SEYFERT, TiMm POoHLMANN, XIMENG SONG, LENNART NAEVE,
LenNART HoeNEN, PHiLipP LunT, and LAURIANE CHOMAZ —
Physikalisches Institut (Universitidt 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 Li 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).

A 26.23 Wed 17:00 Philo 2. OG
Individual cooler and repumper power stabilisation for count-
ing 6Li-atoms — e ARMIN MIrzAEI KiAN, JOHANNES REITER, PauL
Hin, Macies GaLka, and SELIM JocHIM — Physikalisches Institut,
Universitat Heidelberg, Deutschland

Precise counting of the number of atoms in a magneto-optical trap
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
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and repumper power individually, leading to a stronger discrimination
of atom number.

A 26.24 Wed 17:00 Philo 2. OG
Experimental setup for trapping ultracold atoms near 4K
solid state samples — oVALERIE LEu, JuriaA GAMPER, CEDRIC
WinD, WoLFGANG 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.

A 26.25 Wed 17:00 Philo 2. OG
Stabilizing a continuous family of quantum many-body
scarred states in the PXP model using periodic driving —
oSTEFAN MALIJEVIC 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).

A 26.26 Wed 17:00 Philo 2. OG
Imaging transverse interactions between Rydberg polari-
tons — eDANIIL Svirskiy!, BankiM CHANDRA Das?, MATTHIAS
MerTERNICH!, ENrRICO Huranp!, BENepIkT Beck!, NiNna
StiespaLl, WoLrcang Arr!, OFErR FIRSTENBERGZ, and SEBASTIAN
HorreErBERTH! — 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
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,
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the pulse sequence in the experiment and the synchronization will be
discussed in detail.

A 26.27 Wed 17:00 Philo 2. OG
Nonlinear Quantum Optics and Rydberg Molecules in Ul-
tracold Ytterbium — eANTHEA NiTscu!, Curis GEORGE!, TANGI
LeGrAND!, MILENA SiMi¢2, Epuarpo URruRNeELal, XiN Wancl,
WoLrcaNG 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. In
contrast, two-valence-electron species like ytterbium offer unique ad-
vantages, including narrow-linewidth laser cooling and, as we show
for 174Yb, 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.

A 26.28 Wed 17:00 Philo 2. OG
Long-Range Enhanced Robust Quantum State Transfer in
Topological Rydberg Models — eSir1 RauracH, MaTHIAS B. M.
SVENDSEN, and BeEaTriz 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.

A 26.29 Wed 17:00 Philo 2. OG
Effects of spin-phonon coupling on Rydberg facilitation in
a lattice — eBENNO Bock, DaNiEL Brabpy, 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
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
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localization regime.

A 26.30 Wed 17:00 Philo 2. OG
Active magnetic field stabilization for a dipolar quantum
gas experiment — eT1Mm JEGLORTZ, PAuL UERLINGS, FioNA HELL-
sTERN, KEVIN NaG, MicHAEL WISCHERT, STEPHAN WELTE, RALF
KrLeEmT, and TiLmMaN 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.

A 26.31 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

A 27: Ultra-cold Atoms, lons
Time: Thursday 11:00-13:00

Invited Talk A 271 Thull:00 N1
Quantum-enabled active matter at the atomic scale —
®SABRINA BURGARDT!, JuLiaN FEss!, Sivia HieBeL!, ALEXAN-
DER GUTHMANN!, ARITRA K. MUKHOPADHYAY?, SANGYUN LEE3,
MicHAEL TE VRuGT3, BENNO LIEBCHEN?, HARTMUT LOWEN?,
RapuAEL WiTTkOowski®® and Arrur Wipera! — !Department
of Physics and State Research Center OPTIMAS, RPTU Univer-
sity Kaiserslautern-Landau, Erwin-Schrédinger-Str. 46, 67663 Kaiser-
slautern, Germany — 2Institute for Condensed Matter Physics, Tech-
nical University of Darmstadt, Hochschulstrafe 8, 64285 Darmstadt,
Germany — °Institute of Physics, Johannes-Gutenberg University
Mainz, Staudingerweg 9, 55128 Mainz, Germany — 4Institute 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 33Cs 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.

A 272 Thull:30 N1

In-situ observation of density-wave ordering in strongly inter-

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.

A 26.32 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 Tiibingen

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.

and BEC Il (joint session A/Q)
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acting Fermi gases — oeZEvyaNc XUE, Gaia S. BoLogNINI, TABEA
BUHLER, AURELIEN FABRE, KyunwaN LEg, TiMO ZWETTLER, GIULIA
D. PacE, VicTtor HELsoN, 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.

A 273 Thull4s N1
Time resolved formation dynamics of a heavy Fermi po-
laron — eToB1as Krom!, MicHAEL RAUTENBERG!, EUGEN DizERZ,
RicHARD ScuMIDT?, OLIVIER BLEU?, TiLMAN Enss?, LAURIANE
Cuomaz!, and MarthHias 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 6Li. As we show, this interacting system of impurities and a de-
generate Fermi sea can be well described by the quasiparticle picture
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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 7 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

A 274 Thul2:00 N1
Spectroscopic structure of the heavy Fermi polaron —
eMicHAEL RAUTENBERG!, ToBias Krom!, EuceEN Dizer2, OLIVIER
BLeEU2, RicHARD ScHMIDT2, TILMAN ENss2?, LAURIANE CHomMmAz!,
and MaTTHIAS WEIDEMULLER! — ! 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)

A 275 Thul2:1l5 N1
Determination of the dissipative response of a circularly
driven atomic erbium quantum Hall system — eFranz
RicHARD HuyBRECHTS!, ARIF WARsI Laskar?2, and MARTIN WEITZ!
— 1University of Bonn, Germany — 2IIT Guwahati, India

Cold atomic gases are an attractive system for studying topological
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.

A 276 Thul2:30 N1
Exploring dynamic properties of finite-temperature Bose-
Einstein condensed bubbles in microgravity — eBRENDAN
Ruvyno!, TimoruE EsTtrampres!:2, CuarLEs GAaRrcion!, ZAIN
MEenpr®, ABEL BEerecr?, Jean-BapTisTE GERENT?, NATHAN
LunpsrLap?, Kuer Sun®, SmitHA VisHvESHWARAS, and NAcCEUR
GaaLouL! — !Leibniz Universitit Hannover — 2Université Paris-
Saclay — 3Australian National University — 4Bates College —
5Washington State University — ©¢University 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.

A 277 Thul12:45 N1
Towards a dual-species dipolar quantum gas microscope
— oGERARD SoLA Bercal, CLEmeEns Urm!:2, Eva Casorti':?,
ANDREA Litvinov!, ManFreD J. Mark!2, and FRANCEsca
FEerLAINO!2 — 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.

A 28: Ultra-cold Plasmas and Rydberg Systems Il (joint session A/Q)

Time: Thursday 11:00-13:00

Invited Talk A 28.1 Thu 11:00 N 2
Long-lived giant circular Rydberg atoms at room temper-
ature — eFaABIAN 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
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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 A 28.2 Thu 11:30 N 2
Dynamical decoupling in a dipolar Rydberg gas — eMENY
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MEeNASHES, EDUARD BRrRAUN, 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-
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

A 283 Thu12:00 N 2
Stabilizing a Dissipative Non-Equilibrium Phase Transition
— ePaTrIick MIiscHKE, HERwIG 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.

A 28.4 Thu 12:15 N 2
Cryogenic Strontium Quantum Processor — eXINTONG Su,
RoBERTO FRANCO, VALERIO AMICO, JONAS DROTLEFF, and CHRIs-
TIAN GRross — Physikalisches Institut, Eberhard Karls Universitit
Tibingen, 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-
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.

A 28.5 Thu 12:30 N 2
Entanglement of mechanical oscillators mediated by a Ry-
dberg tweezer chain — eCaris NiLL!:2, CEpRIc WINDZ, JULIA
GaMPER?, SAMUEL GERMER?, VALERIE MauTn?, WoOLFGANG 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).

A 28.6 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.

A 29: Precision Spectroscopy of Atoms and lons IV (joint session A/Q)

Time: Thursday 11:00-13:00

Invited Talk A 29.1 Thu 11:00 N 3
An optical clock with entangled trapped %°Ca' ions.
oKar Dierzel2, LenNarT PeLzERD'Z, BENNET BENNYD2, FABIAN
DaweLb2, Mirza A. Arib2, DerweLL Drapier!, and PieT O.
ScamipT!2 — 1QUEST Institute for Experimental Quantum Metrol-
ogy, Physikalisch-Technische Bundesanstalt, 38116 Braunschweig, Ger-
many — 2Leibniz Universitat Hannover, 30157 Hannover, Germany

Optical atomic clocks based on trapped ions reach fractional system-
atic uncertainties in the low 10~ '8 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
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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 49Cat 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)

A 29.2 Thu 11:30 N 3
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Precision Angular Profiling of a Thermal Hydrogen Dissoci-
ation Source via Recombination Calorimetry — eMAXIMILIAN
BarLTtHAsSAR HONEBORN, SEBASTIAN BOsSeEr, 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
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.

A 293 Thull4s N3
Spin noise spectroscopy of hot rubidium vapor under two-
photon excitation — eOskar SunND and ILjA 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)

A 294 Thu 12:00 N 3

High-resolution laser spectroscopy on iron — eKATRIN
WEIDNER!, THORBEN NIEMEYER!, JakoB WEIss!, SEBASTIAN
BerNDT!, Pia BRreINBAUER!, CHurisTorH E. DUrLLMANND?Z3,

RaPHAEL Hasse!, DENNIS RENISCH Jora Runkel2, Marou

STEMMLER!, DoMINIK STUDER?, SEBASTIAN RAEDER2, and KLAUS

1,2
b

WENDT! — 1Johannes-Gutenber-Universitdt 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).

A 29.5 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 Universitét

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 298Bi%0+t . 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.

A 296 Thul2:30 N3
The long range validity of the Wigner law - experimen-
tal test on negative oxygen — eTHORBEN NIEMEYER!, OLIVER
ForsTNER?3%, VapIM GADELSHIN', RaPHAEL Hasse!, LoTHAR
ScHMIDT®, MARKUS SCHOFFLER?, MaTou STEMMLER', DOMINIK
Stuper!, and Kraus WENDT! — 1Johannes Gutenberg-Universitit
Mainz — 2Friedrich-Schiller-Universitit Jena — 3GSI Darmstadt —
4Helmholtz Institut Jena — 2Johann Wolfgang-Goethe Universitit
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.

A 29.7 Thu12:45 N3
Assessment of the differential polarizability of Yb™ and Srt
clock transitions — eMARTIN STEINEL', THOoMAS LINDVALLZ, MAR-
1ANNA SaFrRoNovA®, MELINA Finzinger!, Jian Jiang!, SaaswaTH
JK', EkkeHARD PEIk!, and NiLs HunTEMANN! — !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 VTT, 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 171YbT clocks operating on the S1/2 — Fro electric-
octupole (E3) transition currently reach 3 x 1018 [2], limited by the
blackbody-radiation (BBR) shift Avggr « AaT?*. The dominant
uncertainty arises from the ~ 2% accuracy of the differential polariz-
ability A«, 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 A« uncertainty
of 0.04% for 33Srt [3]. We present direct comparisons of both tech-
niques using 38Srt and determine the ratio of Aa for 171Yb™ and
8831+ 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)

A 30: Members' Assembly
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Time: Thursday 13:15-14:00

Location: N 25

All members of the Atomic Physics Division are invited to participate.

A 31: Ultra-cold Atoms, lons and BEC IV (joint session A/Q)

Time: Thursday 14:30-16:30

A 311 Thul4:30 N1
Stability of current-carrying Bose-condensed states in a
hard-core Bose-Hubbard model with long-range hopping —
eYosuiniro YABuucHI'? and IppEr DansarTa? — ! 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
for both Landau and dynamical instabilities decrease with decreasing
« from a large value and vanishes at a = 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

A 312 Thul445 N1
Quantum bubbles in the Einstein-Elevator facility at Leib-
niz University Hannover — eCHARLES GARcioN', TIMOTHE
EsTrRAMPES!, BRENDAN RuyYNO!, JEAN-BAPTISTE GERENTZ, ERIC
CHARRON®, ERNST Maria RaseL!, Naruan Lunpsrap?, and
NaceurR Gaarour! — llInstitute 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-
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.

A 31.3 Thu 15:00 N1
Hilbert space fragmentation in driven-dephasing Rydberg
atom array — TIANYI YAN, CHUNHEI LEUNG, and eWEIBIN 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
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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.

A 31.4 Thu 15:15 N1
Discovery of atomic Shapiro steps — eVway Sincu!, E.
BErRNHART?, M. RoHRLE?, H. OTT?, G. DEL PacE?, D. HERNANDEZ-
Raikov3, N. Grani®, M. FrRoMETA FERNANDEZ3, G. NEsTI3, J. A.
Seman?, M. Inguscio®, G. Roatr®, L. Maruey®, and L. Amico!
— 1QRC,TII,AbuDhabi, UAE — 2RPTU Kaiserslautern, Germany —
3LENS, University of Florence, Italy — 4UNAM Mexico — ®ZOQ and
IQP, 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)

A 315 Thu15:30 N1
Bayesian Thermometry with Single-Atom Quantum Probes
for Ultracold Gases — eJuLiaAN FEss, Luca GRANERT, SABRINA
BurcarDpT, 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.
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.

A 316 Thul545 N1
Vortices in a 2D fermionic superfluid — eHans LEONARD
MiIcHEL, ARTAK MKRTCHYAN, MORITZ VON UssLAR, RENE HENKE,
CeEsArR CABRERA, and HENNING MoriTz — Institut fiir Quanten-
physik, Universitat 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
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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.

A 31.7 Thu 16:00 N 1
Extended Gross-Pitaevskii equation for quantum droplets
in cavity BEC systems eLeEoN Mixal23, LAURENZ
TiMMERMANNY, MiLaN Raponsiéh 4, Axer PeLsTER®, and MICHAEL
THORWARTY2 — 1I. Institut fiir Theoretische Physik, Universitét
Hamburg, Germany — 2The Hamburg Center for Ultrafast Imaging,
Hamburg, Germany — 3Physics Department and Research Center OP-
TIMAS, Rheinland-Pfélzische Technische Universitiat 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.

A 31.8 Thu 16:15 N1
Analytical approach to collisional decoherence in a BEC
double-well accelerometer — eKATERYNA KORsHyNskal:? and
SeBasTIAN 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
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.

A 32: Interaction with VUV and X-ray Light | (joint session A/MO)

Time: Thursday 14:30-16:30

Invited Talk A 32.1 Thu 14:30 N 2
IR-laser induced dressing signatures in helium nanodroplets
probed by coherent diffractive imaging — eToM VON SCHEVEN,
BiorN Krusg, and THomAs FENNEL — Institute of Physics, Univer-
sity of Rostock, Albert-Einstein-Str. 23-24, D-18059 Rostock, Ger-

many

Single-shot coherent diffractive imaging (CDI) enables the capture of
a full diffraction image of a nanostructure using a single flash of XUV
or X-ray light. The resulting scattering image encodes both the ge-
ometry and the optical properties of the target. So far, this method
has mainly been employed for ultrafast structural characterization [1].
However, CDI can also be utilized to resolve ultrafast optical property
changes caused by e.g. transient excitation from nonlinear scattering
[2], or by illumination with a second ultra-short laser pulse.

Here, we explore the expected signatures for the latter case theo-
retically, where simultaneous exposure to a strong IR field can induce
transient optical properties. To this end, the effective optical proper-
ties, emerging from the laser dressing, are extracted from the dipole
response of a local quantum description based on an atom-like solu-
tion of the time-dependent Schrodinger equation. In a second step, we
apply the well-known Mie-solution, to use the obtained optical prop-
erties in order to describe the resulting scattering process at helium
nanodroplets and compare the results to recent experiments [3].

[1] I. Barke et al., Nat. Commun. 6, 6187 (2015)

[2] B. Kruse et al., J. Phys.: Photonics 2, 024007 (2020)

[3] J. Schéfer-Zimmermann et al., arXiv, 2508.19936 (2025)

A 32.2 Thu 15:00 N 2
Non-Hermitian X-Ray photonics and Exceptional Points in
thin-film cavities with Mdssbauer nuclei — eFaBIAN RICHTER!,
Lars BockLAGE?, SVEN VELTEN?, RALF ROHLSBERGER?, XIANGJIN
Konc?, and Apriana PALrry! — 1Julius-Maximilians-Universitit,

Wiirzburg — 2DESY, Hamburg — 3Fudan University, Shanghai

Exceptional Points (EPs) mark non-Hermitian degeneracies where
eigenvalues and eigenvectors coalesce, producing enhanced sensitivity
to perturbations. While widely explored in optical gain-loss systems
[1], translating the physics of EPs to the X-ray regime offers distinct
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advantages such as superior penetration depth, focusability, and de-
tection efficiency.

Here, we investigate non-Hermitian X-ray photonics in thin-film cav-
ities with 119Sn Méssbauer nuclei under grazing-incidence illumina-
tion. In addition to theoretical modeling, we analyze experimental
time spectra and reflectivity data recorded at PETRA III. The cav-
ity geometry and incidence angle offer tunable control over dissipation
[2], while a magnetic hyperfine field enables steering the system to-
ward EPs. In theory, we identify the magnetic field strengths at which
EPs emerge and predict qualitatively distinct features in the simulated
time spectra. In the experimental time spectra, the situation is more
complicated, especially as quadrupole splitting introduces additional
spectral structure and increases the complexity of the eigenvalue prob-
lem, yet we are able to reliably extract the relevant signatures.

[1] L. Feng et al., Nature Photon. 11, 752-762 (2017).
[2] J. Evers, K. P. Heeg, Phys. Rev. A 88, 043828 (2013).

A 32.3 Thu 15:15 N 2
Single-shot sorting of Mo&ssbauer time-domain data at X-ray
free electron lasers — eMiriaM GERHARZ and JORG EVERS for the
Fe-57 EuXFEL-Collaboration — Max-Planck-Institut fiir Kernphysik,
Heidelberg, Germany

Moéssbauer spectroscopy is widely used to study structure and dynam-
ics of matter with remarkably high energy resolution, provided by the
narrow nuclear resonance line widths. However, the narrow width im-
plies low count rates, such that experiments commonly average over
extended measurement times or many x-ray pulses (“shots”). This
averaging impedes the study of non-equilibrium phenomena. It has
been suggested that X-ray free-electron lasers (XFELs) could enable
Mossbauer single-shot measurements without averaging, and a proof-
of-principle demonstration has been reported [1]. However, so far, only
a tiny fraction of all shots resulted in signal-photon numbers which are
sufficiently high for a single-shot analysis. In [2], we develop a sorting
approach which allows us to include all data on a single-shot level,
independent of the signal content of the individual shots. It utilizes
the presence of different dynamics classes, i.e. different nuclear evolu-
tions after each excitation. Each shot is assigned to one of the classes,
which can then be analyzed separately. We envision that our approach
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opens up new grounds for Mossbauer science and beyond, enabling the
study of out-of-equilibrium transient dynamics of the nuclei or their
environment.

[1] Chumakov et al., Nature Phys 14, 261-264 (2018)

[2] Gerharz et al., arXiv:2509.15833

A 324 Thu 15:30 N2

Neural networks for diffraction image separation — eNikiTA
Morozov — European XFEL, Schenefeld, Germany

Newly available soft X-ray two-color FEL pulse mode at European
XFEL opens a new path to the structural and plasma studies at the
nanometer scale. The first pulse, designated as the pump, character-
izes the initial state of the object, whereas the second probe pulse cap-
tures the system’s evolution following its interaction with the pump.
The pulses are separated by a short time interval of less than 1 ps.
Because this delay is shorter than the detector acquisition time, the
state-of-the-art detectors are unable to capture two independent Co-
herent Diffractive Imaging (CDI) images corresponding to the pump
and probe pulses. Instead, it records a single data frame that con-
tains a superposition of CDIs from both FEL pulses, making it almost
impossible to follow the evolution process.

This work presents machine learning-based solutions for separating
the overlapping components in such data sets. We propose two meth-
ods: the first one is based on diffusion probabilistic models, a recent
and powerful approach for image generation, and the second using
feed-forward convolutional neural networks to solve the same task.

Ideally, after the image separation task is done, the pump and probe
densities could be recovered using standard phase retrieval techniques,
allowing the excitation-induced changes to be examined in a time-
resolved manner.

A 325 Thu 15145 N 2
Laser-driven electron dynamics in helium nanodroplets
retrieved from single-shot diffraction patterns oB.
SENFFTLEBEND'23 A. CorLomso!, A. HorrmMaNNZ, M. Saurprl2,
K. Kovrarzki®2, B. LANGBEHN?, J. SCHAFER-ZIMMERMANN'2 M.
KreETscHMAR?, M. Krause?, T. Nacy?, M. J. J. VRakkINGZ, B.
ScutTTE?, and D. Ruppl?2 — 1ETH Zurich, Switzerland — 2Max-
Born-Institut Berlin, Germany — 3European XFEL, Schenefeld, Ger-
many — 4TU Berlin, Germany

Coherent diffraction experiments on single particles using intense X-ray
or XUV light sources have revolutionized the structural determination
of fragile, short-lived nanoscale samples and their dynamics. How-
ever, electronic properties are also inherently encoded in the diffraction
patterns, but their extraction requires new analysis methods. In our
study, we employed a high-harmonic-generation (HHG) light source to
perform NIR-XUV pump-probe experiments at photon energies near
strong electronic resonances of helium droplets.

In this presentation, several of our analysis approaches to address
challenges related to detection artifacts and the multicolor nature of

HHG radiation will be discussed. Moreover, initial findings on ultra-
fast changes in the optical properties and, thus, on electron dynamics
of helium nanodroplets will be presented.

A 32.6 Thu 16:00 N 2
Fast Simulation of Wide-Angle Coherent Diffractive Imag-
ing — ePauL TUEMMLER, JULIA APPORTIN, THOMAS FENNEL, and
CHRrisTIAN PELTZ — Institute of Physics, University of Rostock 18051,
Rostock, Germany

Single-shot coherent diffractive imaging with intense XUV and soft X-
ray pulses offers the exciting possibility of retrieving both the 3D struc-
ture and optical properties of nanoscale objects from a single diffraction
pattern. Achieving this, however, requires an accurate description of
the underlying wide-angle scattering and propagation effects, which
are significantly more complex than in conventional X-ray diffraction.

In this talk, I will introduce the propagation multi-slice Fourier
transform method (pMSFT) [1], a fast and accurate approach for
simulating the scattering process in this regime. I will outline its
derivation from first principles, introduce a unified physical picture to
show its relation to existing methods, and finally present systematic
benchmarks demonstrating its superior performance for wide-angle
scattering.

[1] P. Tuemmler, et al., Laser Photonics Rev (2025): €02001
https://doi.org/10.1002/1por.202502001

A 32.7 Thu 16:15 N 2
K-edge core excitation and ionization of singly charged sulfur
cations — eSimMoN REINWARDT!, Parrick CiesLik!, Ticia BuHRZ,
ALEXANDER PERRY-SASSMANNSHAUSENS, STEFAN SCHIPPERS®, AL-
FRED MULLER®, STEPHAN FRiTzZscHE®®, FLoRIAN TRINTER®, and
MicHAEL MARrTINs! — !Universitit Hamburg, Hamburg, Germany
— 2Deutsches Elektronen-Synchrotron (DESY), Hamburg, Germany
— 3 Justus-Liebig-Universitiat GieRen, Giefen, Germany — 4Friedrich-
Schiller-Universitit Jena, Jena, Germany — 5Helmholtz-Institut Jena,
Jena, Germany — SFritz-Haber-Institut, Berlin, Germany

Near-edge X-ray absorption spectroscopy on sulfur cations provides
important reference data for X-ray telescopes and to investigate ten-
der or soft X-ray induced fragmentation processes on sulfur-containing
molecular ions. Using the photon-ion merged-beams technique, imple-
mented at the Photon-Ion Spectrometer at PETRA III [1], we mea-
sured relative cross sections for twofold, threefold, fourfold, and fivefold
photoionization of singly charged sulfur cations in the photon-energy
range from 2460 eV to 2510 eV. To theoretically describe the relative
cross sections of the different product charge states, we have calculated
decay cascades with the Jena Atomic Calculator [2].

[1] S. Schippers et al., J. Phys. B 47, 115602 (2014).

[2] S. Fritzsche, Comput. Phys. Commun. 240, 1 (2019).

A 33: Precision Spectroscopy of Atoms and lons V (joint session A/Q)

Time: Thursday 14:30-16:30

A 33.1 Thu 14:30 N 3
Indium multi-ion clock operation and investigations of
ground state cooling — eSHoBHIT SaAHEB DEevY!, INGRID
MaRria RicHTER!, MoUHAMED-OMAR MaNar', HARTMUT NIMROD
Hausser!, DoncrLianc Cong!, Jonas KeLLEr!, and Tania E.
MEeHLSTAUBLER 2 — 1Physikalisch-Technische Bundesanstalt, Braun-

schweig — 2Institut fiir Quantenoptik, Leibniz Universitdt Hannover

Optical clocks based on trapped ions are pushing forward the lim-
its of time and frequency metrology with systematic uncertainties
approaching the low 10719 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/v/N. We establish this scaling up to
8 jons in a 15Int—172Ybt Coulomb crystal clock interrogating the
1Sq—3Py clock transition of 11°In* and Doppler cooling via 172Yb™T
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
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Location: N 3

crystal with tens of ions using the 360 kHz wide 'Sp—3P; intercom-
bination line in 115InT. 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.

A 332 Thu 14145 N3

Hyperfine-induced state-dependent lifetime quenching on the
251/2 — 2F7/2 elctric octupole transition in 1"3YbT — eIkBaL
A. Biswas!, Jiariancg Yul, ANanp Prakasa?, CLARA ZYSKIND!,
RaTrTAKORN KAEWUAM3, Pryapuar PHoonTHONGZ, and Tanja E.
MEeHnLSTAUBLER!2 — !Physikalisch-Technische Bundesanstalt (PTB),
Braunschweig, Germany — 2Institut fiir Quantenoptik, Leibniz Uni-
versitit Hannover, Hannover, Germany — S3National 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 173Yb* with nuclear spin

I = 5/2. The measured lifetimes of the Fe = 2,3,4 hyperfine states
are shorter than the unperturbed 2F7/2 clock state of 171YbT due to
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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 2F7/2 clock state. Our results pave the way toward
multi-ion optical clocks based on 173Yb™.

A 33.3 Thu 15:00 N 3
Shelving Spectroscopy of ground state ultraviolet transi-
tions in dysprosium — eKEeviN Ng!, PauL Uerrincs!, Fiona
HeLLsTERN!, JENs HERTKORN!, Luis Weiss!, STepHAN WELTED2,
TimaN Praul, and RaLr Kuemt! — 15, Physikalisches Institut and
Center for Integrated Quantum Science and Technology IQST, Uni-
versitat 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
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.

A 33.4 Thu 15:15 N 3
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). MMGs 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.

A 335 Thul15:30 N3
High-Precision Spectroscopy of Single Molecular Hydrogen
Ions in a Penning Trap at ALPHATRAP — eP. Justus!, M.
Bouman!, A. GramBERG!, F. Hrisse!, I. Korrunov2, V. VoaT?,
C. Konig!, K. Braum!, S. ScuiLLER?, and S. STUurRM! — '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 HD Y.

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-
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drogen ions, including H; and the antimatter equivalent H, - 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)

A 33.6 Thu 1545 N3
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
source. The JGU Mainz atomic test stand uses a Hydrogen Atom
Beam Source (HABS) in which molecular hydrogen flows through a
1l-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.

A 33.7 Thu 16:00 N 3
Towards electron and Cat ion cotrapping in a dual-
frequency Paul trap — eVLADIMIR MIKHAILOVSKII''23, Na-
TALJA SHETHDZ3, MoHAMMADREZA NEMATOLLAHID23 GUOFENG
Qu?, MicuaL Heipuk®, NikLas ViLHELM LausTi®, K. T.
Saryasntu®, CurisTIAN SMORRA7, GuUNTHER WERTH?, NEHA
Yapav®, Qian Yu®, CLEMENS MATTHIESEN®, HARTMUT HAFFNERS,
FERDINAND ScHMIDT-KALER?, HENDRIK BEkkERD?3 and DmITRY
Bupkger!:2:3:8 — 1Helmholtz-Institut Mainz, 55128 Mainz, Germany
— 2GSI 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)

A 33.8 Thu 16:15 N 3
Sympathetic cooling and spectroscopy of Ca-Th ion crys-
tal — eVALERI ANDRIUSHKOV!:2:3 KE ZHANG3, Yumiao Wang3,
Darius FENNER3, KEERTHAN SUBRAMANIANS, FLORIAN ZACHERLS,
SRINIVASA PRADEEP ARASADA®, JoNas STrRICKER!D'2:3, CHRISTOPH
E. DoLLMANN'2:3 LLARS VON DER WENSE3, FERDINAND SCHMIDT-
KaLEr3, and DMrTRy Bupker!2:34 — Helmholtz 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 22°Th
for the development of a nuclear clock. Thorium ions are produced us-
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ing a laser-ablation ion source and loaded into a linear Paul trap, where
they form a mixed-species Coulomb crystal with Ca®. 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).

A 34: Correlation Phenomena

Time: Thursday 14:30-15:15

A 34.1 Thu 14:30 N 25
Robust detection of entanglement transitions in the projec-
tive transverse field Ising model — oFELix Roser!, ETIENNE
M. SpriNGERZ, Hans PETER BUcHLER!, and Nicorar Lanc! —
Hnstitute for Theoretical Physics III, University of Stuttgart, Ger-
many — 2Institute for Theoretical Physics I, University of Stuttgart,
Germany

We propose a scalable and noise-resilient protocol for the detection of
the entanglement transition in a projective version of the transverse-
field Ising model. Entanglement transitions are experimentally difficult
to observe due to the inherent randomness of projective measurements
which prohibits repeated state preparation, and due to noise in large-
scale experimental settings. Our approach combines decoding tech-
niques with classical shadow tomography to overcome both problems.
This allows for experimentally accessible upper and lower bounds on
the entanglement transition without post-selection or full state tomog-
raphy. These bounds remain robust under noise and their sharpness is
only limited by the noise rate.

A 34.2 Thu 14:45 N 25
Graph neural network models for predicting local elec-
tronic properties of disordered correlated electron systems
— eKonraD KoeNigsMANNY, Ho Janc!, PETER ScHAUSs2, and GIa-
WEI CHERN! — !Department of Physics, University of Virginia, 382
McCormick Road, Charlottesville, VA 22904, USA — Z2Institut fiir
Quantenphysik, Universitdt Hamburg, Luruper Chaussee 149, 22761
Hamburg, Germany

The rapid development of machine learning (ML) methods has opened

Location: N 25

up many new avenues of research in the field of condensed matter
physics by bridging the tradeoff between efficiency and accuracy that
is inherent to many numerical methods used for multiscale simulations.
Here, we present a scalable ML model that can predict local and short-
range electronic and spin properties of disordered correlated electron
systems. A novel feature of our model is the use of a graph neural
network (GNN). While GNNs have achieved considerable success in a
number of fields including quantum chemistry and materials science,
their applications in condensed matter physics remain largely unex-
plored. We tested the model by training on small-system-size determi-
nant quantum Monte Carlo (DQMC) simulations of the square-lattice
Anderson-Hubbard model, a paradigmatic system for studying the in-
terplay between disorder and correlations. We find that the model
is able to reasonably predict the local and short-range electronic and
spin properties of the system. Our results demonstrate the potential
and effectiveness of using GNNs for multiscale modeling of disordered
correlated electron and other condensed matter systems.

A 34.3 Thu 15:00 N 25
Bell’s theorem and non-commutation — eCARSTEN HELD —
Nonnenrain 2, 99096 Erfurt, Germany

Bell’s theorem, in the form of the CHSH inequality (<ab> + <ab’>
+ <a’b> - <a’b’> * 2), can be derived using the presupposition that
the values of hidden variables are scalars, not vectors. Here the rela-
tion of this thought with geometric algebra more generally is explored.
Non-commutation appears as a key to understanding the significance
of Bell’s theorem.

A 35: Cluster and Nanoparticles (joint session MO/A)

Time: Thursday 15:15-16:45

Invited Talk A 35.1 Thu 15:15 P 105
Charge and electronics in molecule activation by transition
metal clusters — e GEREON NIEDNER-SCHATTEBURG, NIiLs WOLF-
GrRAMM, and CHRISTOPH VAN WULLEN — Fachbereich Chemie, RPTU
Kaiserslautern-Landau, 67663 Kaiserslautern

Isolated transition metal clusters (TMCs) serve as well established
proxys for the characterization of elementary reaction steps and in-
termediates. The charge states of such clusters are subject of debate
ever since. We have developed and applied a cryo trapping tech-
nique [1] that allowed us to characterize size selected TMCs and their
adsorbates for their kinetic and spectroscopic properties [2-8]. Elec-
tronic characterization arose through novel X-ray techniques which
we have brought to gas TMCs [9]. We have recently started a sys-
tematic quantum chemical survey of electronic effects along the N 2
activating reaction pathways of some selected clusters [10], and the
conceptual findings of this survey shall be presented and discussed.
[1] 10.1016/B978-0-12-814013-0.00019-3; [3] 10.1039/c5cp00047e; [2]
10.1021/acs.jpcc.6b12167; 10.1063/1.4997403 ; 10.1063/1.4997407;
[5] 10.1007/s11244-017-0865-2 ; 10.1080/00268976.2021.1953172; [4]
10.1063/5.0064965 ; 10.1063/5.0064966; [5] 10.1063/5.0075289 ;
10.1063/5.0075286; [7] 10.1039/DOCP06208A ; 10.1063/5.0157218 ;
10.1063/5.0157217; [8] 10.1021/acs.jpclett.8b00093 ; submitted to
Helv. Chim. Act. (2025); [9] 10.1103/PhysRevLett.107.233401 ;
10.1039/C5CP01923K ; 10.1063/1.4929482; [10] to be published

A 35.2 Thu 15:45 P 105
Size characterization of doped rare-gas clusters utilizing ro-
tational coherence spectroscopy — ¢ ARNE MoORLOK!, GRZEGORZ
Kowzan?, ULricH Bancerr!, YN Li', FRANK STIENKEMEIER!,

and Lukas BRubper! — !University of Freiburg, Institute of Physics,
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Hermann-Herder-StraRe 3, 79104 Freiburg, Germany — 2Nicolaus
Copernicus University in Torun, Institute of Physics, Grudziadzka 5,
87-100 Torun, Poland

A prominent challenge in spectroscopy is to investigate individual
molecules or their aggregates in a well-defined and controlled envi-
ronment. This goal can be accomplished with cluster-isolation spec-
troscopy, a technique in which molecules are isolated in or on the sur-
face of rare-gas clusters. A complication of this technique is that the
clusters, which are produced in a supersonic expansion, do not have
a uniform size but follow a broad size distribution dependent on the
expansion conditions. Although semi-empirical scaling laws based on
the expansion parameters have been derived in order to predict the
mean cluster size, results seem to underestimate the actual cluster size
in comparison with experimentally determined size distributions. In
this contribution, a novel spectroscopic approach is discussed to deter-
mine the mean cluster size of neutral rare-gas clusters. The technique
is based on already known methods from rotational coherence spec-
troscopy. Results suggest a new scaling regime for the mean cluster
size in the already established model in a certain parameter range.

A 35.3 Thu 16:00 P 105
Measuring the speed of interatomic Coulombic decay in
helium nanodroplets — ®ASBIGRN DRNEMARK LAEGDSMAND!,
Lraier BeN Lraier?, Eva KLivesova®, KEsHav SisHopia®, MARTIN
ALBrECHT?, and MARCEL Muprica! — lInstitute of Physics, Uni-
versity of Kassel, 34132 Kassel, Germany — 2Department of Physics
and Astronomy, Aarhus University, 8000 Aarhus C, Denmark — 3ELI
Beamlines, The Extreme Light Infrastructure ERIC, Za Radnici 835,
252 41 Dolni Bfezany, Czech Republic

Helium nanodroplets are an interesting *test tube* for many types
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of interatomic reactions. In this work we have looked at both inter-
atomic Coulombic decay (ICD) and laser-assisted electron scattering
(LAES). We have measured the rate of ICD in lithium-doped helium
nanodroplets by an EUV-pump NIR-probe scheme.

The nanodroplets are resonantly excited into the 1s 2p 1P state with
a 21.6 eV pump pulse and multi-photon ionized with an 1.56 €V probe
pulse. ICD and LAES electrons are detected with in a magnetic bottle
electron spectrometer. Arrival of the probe pulse ionizes most of the
1s2p 'P He, quenching the ICD process. Thus by varying the time
delay between pump and probe we measure the speed of the ICD for
different droplet sizes.

From the resulting electron spectra we distinguish several ionization
pathways, such as ICD, LAES and above threshold ionization. We
model the dynamics of the different pathways by rate equations and
estimate their contribution to the total electron yield as a function of
pump-probe delay time.

A 354 Thu 16:15 P 105
An optical laser blade setup for the detection of isolated
nanoparticles — eConsTANTIN Kocu!, José G6MEz TORREs!,
Davip BINer!, INDRaNI DEY!, FREDERIC Ussning!, Linos HEcHT!,
YveEs AcrREMANN!, IsaBELLE BoLLIER!, ALEssanpDro CoLomBol,
EnsaNn Hassanpour!, KarHarRINA Korarzkil, CHancil Panl,
Magrio Sauprpe!, LEA ScHUPKE!, BJORN SENFFTLEBEN', HANCHAO
Tanc?, ARNAB CHOUDHURY?, BRUCE YoDER?, RUTH SIGNORELLZ,
and DaNiELa Rupp! — 'D-PHYS, ETH Zurich — ?D-CHAB, ETH

Zurich

Coherent diffraction imaging (CDI) of free-flying water nanodroplets
with our high-intensity extreme ultraviolet (XUV) beamline requires
optimal overlap of droplet beam and micrometer-sized XUV focus. So
far, this was difficult to achieve because of the small hitrates and large
variability of the single-shot signals from XUV diffraction. We present
the design, setup and comissioning of an optical laser blade, that makes
nanoparticles in the interaction region directly visible and enables a
quantitative characterization of the water source. A continuous-wave

450 nm laser is shaped into a thin horizontal laser sheet crossing the
droplet beam. The scattered light is recorded with a CMOS camera
adapted for vacuum compatibility. We observe clear signal from single
droplets in the few hundred nm range and achieved a fast and reliable
alignment procedure. The consistent signal also allowed us identify
previously overlooked problems in the injector system and to obtain
a three-dimensional density distribution of the droplet beam in our
vacuum chamber.

A 35.5 Thu 16:30 P 105
Uptake of Ammonia onto Mixed Sodium Sulfate/Bisulfate
Cluster Ions Studied in a Cryogenic Ion Trap — eKEvIN Li,
Yinur YaN, and Jozer LENGYEL — School of Natural Sciences, Tech-
nical University of Munich, Garching, Germany

Understanding the earliest stages of atmospheric new particle forma-
tion (NPF) requires direct measurements on sub-nanometer molecular
clusters, yet such studies remain experimentally challenging. To in-
vestigate this size range, we have developed a cryogenic ion trap mass
spectrometer for kinetic studies with mass-selected cluster ions under
multicollisional conditions. The instrument utilizes a ring-electrode
ion trap, which enables stable confinement and allows for long reac-
tion times of up to seconds. Therefore, the trap provides a powerful
platform for investigating reaction pathways relevant to atmospheric
aerosol formation.

In this study, we characterize the performance of the cryogenic ion
trap and show its capabilities in a model study measuring uptake of
gaseous ammonia onto mixed sodium sulfate and bisulfate ions. We
further highlight that investigating mixed multicomponent clusters can
reveal synergistic effects in NPF, where different components jointly
enhance the uptake efficiency. In mixed sodium sulfate-bisulfate clus-
ters, bisulfate units govern the number of uptaken ammonia molecules,
whereas sulfate units control the reaction rate. With these experi-
ments, we demonstrate the instrument’s ability to investigate reaction
pathways relevant to NPF.

A 36: Poster — Ultra-cold Atoms, lons and BEC (joint session A/Q)

Time: Thursday 17:00-19:00

A 36.1 Thu 17:00 Philo 1. OG
Suppressing crosstalk for Rydberg quantum gates — eGiNna
WARTTMANN!, FLORIAN MEINERTZ, HANs PETER BU'CHLER!, and SE-
BASTIAN WEBER! — !Institute 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.

A 36.2 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 WALTER HorsTETTER! — 1Goethe-
Universitat, Institut fiir Theoretische Physik, 60438 Frankfurt am
Main, Germany — 2Theoretical Physics 111, 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-
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ally favors pairing. By considering an ultracold gas of two-component
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.

A 36.3 Thu 17:00 Philo 1. OG
Optical dipole trapping of mercury — eSascHA HEIDER,
THORSTEN GROH, and SIMON STELLMER — Universitat 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.

A 36.4 Thu 17:00 Philo 1. OG
QRydDemo - Architecture for Dynamic Tweezer Arrays —
eRALF BERNER!2, CHRIsSTOPHER BounDs!2, MANUEL MoRrRGADO 2,
Govinp UNNIKRISHNAND2) Achim Schorz! 2, JIAcHEN Znaol»2, Ju-
Lia Hickp!2, Maxmvinian Kosl:2, SEBasTIAN WEBER®2, HANs-
PeETER BUcHLER??, SIMONE MONTANGERO?, CHRIsTOPH TRESP®,
JURGEN STUHLER®, TiLmMaN Praul:2) and FLorRIAN MEINERT!Z —
15th Inst. of Physics, University of Stuttgart — 2IQST — 3Inst. for
Theoretical Physics III, University of Stuttgart — 4Inst. for Complex
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Quantum Systems, University of Ulm — STOPTICA Photonics AG

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.

A 36.5 Thu 17:00 Philo 1. OG
Stroboscopic Quantum Sensing in Trapped-Ion Systems —
oFREDERIKE DOERR, FLORIAN Hasse, 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

A 36.6 Thu 17:00 Philo 1. OG
Towards the production of groundstate RbYb — e ARNE 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)

A 36.7 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
AnscutTz!, Urzurt HocL VipaLl, MoriTz BERNGRUBER?, FLoO-
RIAN MEINERT!, RoBERT Low!, and TiLmMaN Praul — 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-
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solved study of interactions between Rydberg atoms and ions in a bulk
gas of ultra-cold Rubidium atoms. The apparatus has an achievable
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.

A 36.8 Thu 17:00 Philo 1. OG
Stabilizing binary Bose droplets by ions ®SHUNSUKE
NisHIMURA, PanNacioTis GIANNAKEAS, and JAN-MIcCHAEL 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.

A 36.9 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.

A 36.10 Thu 17:00 Philo 1. OG
MEMS-Mirror-driven Optical Tweezer for Neutral-Atom
Quantum Computing. — eMarceL Keck!, Jonas WITZENRATH!,
Tosias PArkaul, Jonas GurschHe!, DIETER Jakscu?, NiIcLAs
Luick?, HENNING MoRriTz2, THomas NiepErPROM!, HERwIG OTT!,
PETER SCHMELCHER?, KLAUS SENGSTOCKZ, ARTUR WIDERA!, SHAN-
sHAN Gu-StoprpEL3, PAuL RascHDORF®, and LENA 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),



Mainz 2026 — A

Thursday

these mirrors introduce no position dependent frequency shift, allow
atom movement in all three spatial dimensions, and have a high re-
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.

A 36.11 Thu 17:00 Philo 1. OG
An Atomtronic Toolbox for Josephson Physics — eFLORIAN
BivoTH, Kam T. MircHELL, ERIK BERNHART, JAN GERHARDT,
MarvIN ROHRLE, and HErRwiG OTT — Department of Physics and
Research Center OPTIMAS, Rheinland-Pfilzische Technische Univer-
sitdt 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.

A 36.12 Thu 17:00 Philo 1. OG
Fano-suppression of losses in scattering resonances of bosonic
erbium eArRFOR Houwman!, Louls LAFFORGUEZ, SARAH
EmBacHER!, MANFRED MaRrk!2, and Francesca FerLainob2 —
Mnstitut fiir Quantenoptik und Quanteninformation, Osterreichische
Akademie der Wissenschaften — 2Universitéit 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.

A 36.13 Thu 17:00 Philo 1. OG
A Cryogenic Surface Trap for experiments with Rydberg
ions — eVINAY SHANKAR!, MARION MALIWEGER!, SiMON ScHEY!Z,
NaranLia 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.
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[1] M. Miiller, et al., NJP, 10, 093009 (2008).
[2] F. Schmidt-Kaler, et al., NJP, 13, 075014 (2011).
[3] C. Zhang, et. al., Nature 580, 345 (2020)

A 36.14 Thu 17:00 Philo 1. OG
Fast single atom spin and number resolved imaging of
SU(N) fermions — eLroN Scuirer!2, Sopnie HAFELED2, THiES
PrassMaNN'2, 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.

A 36.15 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 TOBIAS SCHATZ —
Physikalisches Institut, Albert-Ludwigs-Universitat, 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.

A 36.16 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 Cuoupnury!, Arwir Durral, Tao QiN2, and WALTER
HorsTETTER! — 1Goethe-Universitit, 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
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spectral broadening.

A 36.17 Thu 17:00 Philo 1. OG
Transportable magneto-optical trap of strontium for edu-
cational outreach — eDaRriUs HoYER, SoPHIA PAuL, JOHANNA
KrAMER, and SimMoN 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.

A 36.18 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
Ursura HocL Vipar!, Oscar ANDREY HERRERA Sancho!»2,
FLoriaAN MEINERT!, RoBerr Low!, and TiLman Praul — 15,
Physikalisches Institut, Universitat 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 ®Li (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.

A 36.19 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,
ErLeoNora 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.

A 36.20 Thu 17:00 Philo 1. OG
Investigating structural phase transitions in dipolar quantum
gases — CHRISTIAN GOLZHAUSER, eLiLy PrarT, KARTHIK CHAN-
DRASHEKARA, JIANSHUN GAao, MaNoN BarLLu, WyarT KIrRkBY, and
LAauriaNE CHOMAZ — Physikalisches Institut, Universitdt 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
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phase coherence in a small range of scattering lengths below the su-
perfluid to supersolid transition. We aim to study the nature of the
different transitions to and within the density modulated regime.

A 36.21 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.

A 36.22 Thu 17:00 Philo 1. OG
Towards continuous superradiance in Strontium-88 — eYING
Cui, Luuk MicHELs, Erisa WENzEL, BENEDIKT HEIZENREDER,
AnANYA SiTtaraM, 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.

A 36.23 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 THomAas, 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)

A 36.24 Thu 17:00 Philo 1. OG
Fast SLM holography for arbitrary atom transport in neutral
atom QPUs. — eMaximviLiaNn Kos!h2, CHrisToPHER Bounps!:?,
MANUEL Morcapo!2, GoviND UNNIKRISHNANDZ, RALF BERNERD'Z,

AcuiM Scuorz!:2, JiacHeEN Zuaol?, Juria Hickrl2, TiLman
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Praul2, and FLoriaAN MEINERTY2 — 15th Inst.
versity of Stuttgart — 2IQST

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)

of Physics, Uni-

A 36.25 Thu 17:00 Philo 1. OG
Design of a new accordion optical lattice for a quantum
gas microscope — oLENNART HoENEN!, CarrLos Gas?, AN-
DREAS MEYER?, LAURIANE Cnomaz!, and LeTicia TARRUELL? —
I Physikalisches 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

A 36.26 Thu 17:00 Philo 1. OG
Morphological false vacuum decay in dipolar supersolids —
oWvarT KirkBy! 2, THOMASs GasENzER?, and LAUrRIANE CHomaz!
— 1Physikalisches Institut, Universitdt Heidelberg, Heidelberg, Ger-
many — 2Kirchhoff-Institut fiir Physik, Universitat 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.

A 36.27 Thu 17:00 Philo 1. OG
Rymax one: A neutral atom quantum processor to solve op-
timization problems — eS1via FERRANTE!, JoNAs WITZENRATH?,
Tosias Eserr!, KapiL GoswaMmi', HeNDrik Koser!, Tobias
PAirkau?, BEnjamiNn ABELN!, Haukk Biss!, Giovannt pE VEccni!,
Jonas GurscHE?, NADER Mostaan!, Rick MUKHERJEE?, SUTHEP
PomiaksiLp!, NicLas Luick!, TrHomas NIEDERPRUOMZ, DIETER
Jakscu!, HENNING MoriTz!, HERwic OTT2, PETER SCHMELCHER!,
Kraus SengsTock!, and ARTUR WIDERAZ — !University of Ham-
burg, 22761 Hamburg, Germany — 2RPTU Kaiserslautern-Landau,
67663 Kaiserslautern, Germany — 3 University 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
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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
performance of novel quantum algorithms tailored to tackle real-world
problems.

A 36.28 Thu 17:00 Philo 1. OG
Stabilizing the repulsive Bose polaron — eRENE HENKE, CESAR
R. CaABRERA, and HENNING MoRITZ — Institut fiir Quantenphysik,
Universitdt 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.

A 36.29 Thu 17:00 Philo 1. OG
Temperature-dependent extended Gross-Pitaevskii treat-
ment for dipolar quantum gases — eJuriaN 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.

A 36.30 Thu 17:00 Philo 1. OG
Progress toward a Lithium-based quantum gas microscope —
eSHAURYA BHAVE, Runiia 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.

A 36.31 Thu 17:00 Philo 1. OG
Long-lived giant circular Rydberg states at room tempera-
ture for quantum simulation — eEiN1Us PuULTINEVICIUS, AARON
GOTZELMANN, ARMIN Huwmic, Marius THoMmAs, FABIAN THIELE-
MANN, CHRISTIAN HOLzL, and FLoORIAN MEINERT — 5. Physikalisches
Institut, Universitat 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
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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-
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.

A 36.32 Thu 17:00 Philo 1. OG
Towards Lithium Bose-Fermi-mixtures in a compact experi-
mental apparatus — eJONATHAN BRACKER, MARTIN GUILLOT, and
CHRISTOF 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.

A 36.33 Thu 17:00 Philo 1. OG
Optimizing pulsed resolved sideband cooling outside the
Lamb—Dicke regime — eErwiN A. Duck, SEBASTIAN DAVIDSON,
RuBEN B. HENNINGER, SHREYA Rao KobpaNcHA, DEVANARAYANAN
RaJEEB KuMAR, STEPAN KOKH, VERA M. ScHAFER, THOMAS
PreIFER, and José R. Crespo-Loprez 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 Be™T ion and a highly charged ion.

A 36.34 Thu 17:00 Philo 1. OG
Confinement-induced stabilization of a resonantly interact-
ing ultracold Bose-Fermi mixture — eTomMAsO VEDOVELLO,
D Dicvuay, PREMJITH THEKKEPPATT, KLAASJAN VAN DRUTEN, and
FLoRIAN SCcHRECK — 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-
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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
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)

A 36.35 Thu 17:00 Philo 1. OG
Bayesian Optimization of Measurement Protocols for the
Thermometry of Ultracold Gases — eLuca LEoON GRANERT, JU-
LIAN FEss, SABRINA BURGARDT, Siivia 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.

A 36.36 Thu 17:00 Philo 1. OG
Realizing and probing programmable 2D optical lattices with
flexible geometries and connectivity — eSuENG-Hune Wang!:2,
KRITSANA SRAKAEW!2, Davip Werh2, DaNIEL ApLErRY2, SUCHITA
AcrawaLb?, Davip GROTERsD 2, PAscAL WECKESSER!'2, IMMANUEL
Brocu!2:3 and Jonannes ZEemHER!:2:3 — 1Max-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.

A 36.37 Thu 17:00 Philo 1. OG
Spin-resolved microscopy of an SU(N) Fermi-Hubbard sys-
tem — eLroNarRDO Bgrzzo!, CarrLos Gas-FERrRER!, SANDRA
Buos!, AnTtonio RuBio-ABapaLl, and LeTiciA TARRUELL!:2

HICFO, 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
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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.

A 36.38 Thu 17:00 Philo 1. OG
Enhanced Atom Capture via Multi-Frequency Magneto-
Optical Trapping — eBeNjaMIN HopToN, NaATHAN 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.

A 36.39 Thu 17:00 Philo 1. OG
Towards a UV single-site addressing system for a hybrid
fermionic quantum processor — oINo AHRENs!'2, FRANCESCO
TesTi'4, Luca MuscareLLAb3, RoBIN GroTH!3, ANDREAS VON
Haaren!3, Livane Qiul:3, Trrus Franz!3, PaiLipp Preissh3, and
IMMANUEL Brocn!34 — 1Max-Planck Institute of Quantum Optics
— 2Technical University of Munich — 3Munich Center for Quantum
Science and Technology — *Ludwig 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.

A 36.40 Thu 17:00 Philo 1. OG
Photonic bandgaps and normal mode splitting in lat-
tices interacting with optical cavities — PHILIPPE WILHELM
CourTEILLE!, eDALILA RIvERO!, GUsTaAvO HENRIQUE DE FRANGAL,

Craubpio ALves Pessoa Junior!, Ana Crpris!, MAYERLIN NURNEZ
PorreLA?, RAUL TEIXEIRAS, and SEBASTIAN SLama? — lInstituto de
Fisica de Sdo Carlos, Universidade de Sao Paulo, Sdo Carlos, Sdo Paulo
13566-970, Brazil — 2Laboratorio de Optica Cuantica, Universidad de
los Andes, A.A. 4976, Bogot4a D.C., Colombia — 3Departamento de
Fisica, Universidade Federal de Sdo Carlos, Sdo Carlos, Sao Paulo
13565-905, Brazil — 4Center 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.

A 36.41 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 BROWAEYS — 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).

A 36.42 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.

A 37: Poster — Ultra-cold Plasmas and Rydberg Systems (joint session A/Q)

Time: Thursday 17:00-19:00

A 37.1 Thu 17:00 Philo 1. OG
Cryogenic Strontium Quantum Processor eROBERTO
Franco, XiNToNG Su, VALERIO AMico, Jonas DROTLEFF, and
CHRrIsTIAN 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-
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Location: Philo 1. OG

long coherence and lifetimes of the atoms in the optical tweezer array.
‘We report our efforts on the architecture to perform single qubit gates
and the plans for adding two-qubit gates in the experiment.

A 37.2 Thu 17:00 Philo 1. OG
Hilbert space fragmentation in driven-dephasing Rydberg
atom array — eTIANYI YAN, CHUNHEI LEUNG, and WEIBIN LI — School
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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

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.

A 37.3 Thu 17:00 Philo 1. OG
Construction of a versatile platform for Rydberg atom exper-
iments — e AARON THIELMANN, DOMINIK ISSLER, ERIK BERNHART,
SVEN ScuMIDT, 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.

A 374 Thu 17:00 Philo 1. OG
Collectively Enhanced Detection — eLEw SCHONE, AMAR BEL-
LAHSENE, SWAYANGDIPTA BERA, CLEMENT GRADZIEL, MAXIMILIAN
MULLENBACH, SHUZHE YANG, ToM 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)

A 37.5 Thu 17:00 Philo 1. OG
Study of Rydberg states in ultracold ytterbium — eNELE
KocH, ALEXANDER MIETHKE, JELLINA NUHA, and AXEL GORLITZ
— Heinrich-Heine-Universitéat, Institut fiir Experimentalphysik, Diis-
seldorf, Germany
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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-
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.

A 37.6 Thu 17:00 Philo 1. OG
Towards the simulation of 2D lattice gauge theories in dec-
orated Rydberg tweezer arrays — eRoxaNa WEDOWSKI}, ANA
PErEz BARRERA!, QUENTIN REDON!, JuLiA BERGMANND2| ALESSIO
CeL1»2, and LeTicia TARRUELLY3 — 1ICFO - Institut de Ciencies Fo-
toniques, Castelldefels (Barcelona), Spain — 2Universitat Autonoma
de Barcelona (UAB), Barcelona, Spain — 3ICREA, Instituci6 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.

A 37.7 Thu 17:00 Philo 1. OG
Effect of small interaction terms in a time-reversal
protocol for a Rydberg Quantum Simulator — eVARrRAD
DuopaPkaR!, MaHARsHI PraNn Bora?, Epuarp Braun®, MENY
MEeNasuEs?, MarTuias 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 — ®Physikalisches 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.

A 37.8 Thu 17:00 Philo 1. OG
Orientation of Trilobite Rydberg Molecules in Electric Fields
— eMaRrkUs 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-l1 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 8"Rb atoms using a three-photon excitation scheme. We
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make the molecules orientation visible on the 2D detector of a reaction
microscope taking advantage of state changing collisions.

A 379 Thu 17:00 Philo 1. OG
Towards a global otoc in a rydberg spin system — eMAHARSHI
Pran Bora, EDUARD 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.

A 38: Poster — Collisions, Scattering and Correlation Phenomena (joint session A/MO)

Time: Thursday 17:00-19:00

A 38.1 Thu 17:00 Philo 1. OG
Relativistic S-Matrix Calculations of Compton Scattering
from Bound Electrons — eNick Marius Maver!:2, Jonas
SOMMERFELDT?, and ANDREY SuRzHYKOV!:2 — lTechnische Uni-
versitiit, Braunschweig, Germany — 2Physikalisch-Technische Bunde-
sanstalt. Braunschweig, Germany — S3Laboratoire Kastler Brossel,
Paris, France

Compton scattering is a fundamental process in which an incoming
photon is inelastically scattered by an electron bound to an atomic
nucleus. It finds important applications across many areas of modern
science, ranging from medical radiotherapy to X-ray polarimetry. With
regard to the latter, we present theoretical analyses of Compton scat-
tering by bound electrons, with special focus on polarization effects.
In particular, we discuss calculations based on S-matrix theory. To
carry out these calculations, we developed a program that numerically
solves the radial Dirac equation accurately for a bound electron in the
central nuclear potential, approximated here by a Coulomb potential.
Based on this approach, detailed calculations of the doubly differen-
tial cross section (DDCS) and the polarization properties of photons
scattered by K-shell electrons can be carried out across a broad range
of energies and for arbitrary polarization states of the incident photon
beam.

A 38.2 Thu 17:00 Philo 1. OG
Observing ergodicity breaking via violations of random ma-
trix theoretic predictions — e VENELIN PavLov!, PETER Ivanov!,
Dieco Porras?, and CHARLIE Nation® — !Center for Quantum
Technologies, Department of Physics, St. Kliment Ohridski University
of Sofia, James Bourchier 5 blvd, 1164 Sofia, Bulgaria — 2Institute of
Fundamental Physics IFF-CSIC, Calle Serrano 113b, 28006 Madrid,
Spain — 3Department of Physics and Astronomy, University of Ex-
eter, Stocker Road, Exeter EX4 4QL, United Kingdom

Quantum many-body systems can exhibit distinct regimes where dy-
namics is either ergodic in the sense that it explores an extensive region
of available state-space, or non-ergodic, where the dynamics may be
restricted or localized. In this work we explore the ability to probe

Location: Philo 1. OG

the ergodicity of dynamics via local observables, and use expected
results from random matrix theory (RMT) as a benchmark for the
ergodic regime. We explore the time evolution of the quantum Fisher
(QFI) information in the presence of three different ergodicity break-
ing mechanisms in a non-integrable spin system, namely, as a conse-
quence of transition to integrability, Many-Body Localization (MBL)
and Quantum Many-Body Scars (QMBS). We show that it can be
used as a potential witness for transition to non-ergodic behavior. In
ergodic quantum systems the QFI exhibits an additional intermediate
linear time scaling together with it’s typical short-time and long-time
quadratic scaling. We show that in all of the three ergodicity breaking
scenarios the violation of the random matrix theory predictions leads
to the vanishing of the intermediate linear time regime.

A 38.3 Thu 17:00 Philo 1. OG
Analytical determination of multi-time correlation functions
in quantum chaotic systems — eYoANA CHORBADZHIYSKAL, PE-
TER Ivanov!, and CHARLIE Nation? — lFaculty of Physics, Sofia
University ”St. Kliment Ohridski”’, 5 James Bourchier Blvd, Sofia
1164, Bulgaria — 2Department of Physics and Astronomy, University
of Exeter, Stocker Road, Exeter EX4 4QL, United Kingdom

The time-dependence of multi-point observable correlation functions
are essential quantities in analysis and simulation of quantum dynam-
ics. Open quantum systems approaches utilize two-point correlations
to describe the influence of an environment on a system of interest, and
in studies of chaotic quantum system, the out-of-time-ordered corre-
lator (OTOC) is used to probe chaoticity of dynamics. In this work
we analytically derive the time dependence of multi-point observable
correlation functions in quantum systems from a random matrix the-
oretic approach, with the highest order function of interest being the
OTOC. We find in each case that dynamical contributions are related
to a simple function, related to the Fourier transform of coarse-grained
wave-functions. We compare the predicted dynamics to exact numer-
ical experiments in a spin chain for various physical observables. We
comment on implications towards the emergence of Markovianity and
quantum regression in closed quantum systems, as well as relate our
results to known bounds on chaotic dynamics.

A 39: Poster — Precision Measurement (joint session Q/A)

Matter Wave Optics and Interferometry; Atom and Ion Clocks; Nuclear Clocks; Metrology; Others

Time: Thursday 17:00-19:00

A 39.1 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-
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Location: Philo 2. OG

ting and receiving spacecraft. The status of IfoCAD simulations using
LISA’s latest optical design is included.

A 39.2 Thu 17:00 Philo 2. OG
Unifying Sequential Bragg and Bloch Large-Momentum-
Transfer Atom Interferometry — e ASHKAN ALIBABAEI!, PATRIK
MONKEBERG?, KLEMENS HAMMERER?34 and NAcEUR GaaLouL! —
Hnstitut of Quantum Optics, Leibniz University Hannover, Germany
— Z2Institute 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
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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.

A 39.3 Thu 17:00 Philo 2. OG
Development of a Compact Electronic System for the Ab-
solute Aero Quanten-Gravimetry (AeroQGrav) Project —
ePaTRICK 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 pum/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
electronic system to operate the quantum gravimeter and merge the
aforementioned sensors data streams using sensor fusion in the noisy
environment of an airplane.

A 39.4 Thu 17:00 Philo 2. OG
Double Bragg atom interferometry with Bose-Einstein con-

densates in microgravity — eANURAG BuAaDANE!, DORTHE
LeopoLDT

, Privanka BARik2, GoOVINDARAJAN Prakasu®, JuLia
Panr*, SvEN HERRMANN®, ANDRE WENzLAWSKI!, SVEN ABEND?,
Markus Krurzik?®, Parrick WINDPASSINGER!, ERNST RASELZ,
and THE QuanTus TEaMD2:3:4:6,7 __ 1JGU Mainz — 2LU Hannover
— 3ZARM, U Bremen — *HU 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.

A 39.5 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
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built for easy assembly and fits into one 19* rack, as the electronics and
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+).

A 39.6 Thu 17:00 Philo 2. OG

Challenges behind performing atom interferometry in ex-

tended free fall — ePRrIvANKA BARIK!, GOVINDARAJAN PRAKASHZ,

DortHE LroroLDT!, ANURAG BHADANE?, Junia Panr?, Sven
ABEND!, SvEN HERRMANNZ, ANDRE WENZLAWSKI®, MARKUS
Krurzik®7, Patrick WINDPASSINGER?, ErNsT M. Raser!, and

QUANTUS Team!1:2:3:4,5.6,7 __ 11U Hannover — 2ZARM, U Bre-
men — 3JGU Mainz — 4HU Berlin — °U Ulm — TU Darmstadt —
"FBH Berlin

The QUANTUS-2 apparatus is a high-flux 8"Rb 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 8"Rb 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.

A 39.7 Thu 17:00 Philo 2. OG
Improving PIXL — eKNUT STOLZENBERG, DAIDA THOMAS, CHRIS-
TIAN STRUCKMANN, ASHWIN RAJAGOPALAN, ALEXANDER HERBST,
WEI Liu, KONSTANTIN AVVACUMOV, SEBASTIAN BoODE, NACEUR
GaarouL, ErnsT RaAseL, 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.

A 39.8 Thu 17:00 Philo 2. OG
Frequency ratio measurements at the 10718 level with an
aluminum ion clock — eFaBiaN DaweL!2, DERwWELL DRAPIER!,
Mirza AkBAR ALib2, LENNART PeLzer!, Kar DieTze!2, BENNET
Benny!:2| Jonannes KraMmeRD2, and PieT 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
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and probe-time independent value. The introduced electric field of
the cooling lasers can be characterized by Ca® allowing to bound the
ac-Stark shift on AlT on a low 10~1% uncertainty level, which is the
largest contribution to the total systematic frequency uncertainty of
1.7 x 10~18. 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 27Al* /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.

A 39.9 Thu 17:00 Philo 2. OG
Advancements of a transportable quantum logic optical clock.
— eSoria HErBERs!, M. MaziNn AMmIR}2, ALEXANDER BERNET!:2,
PascaL ENGELHARDTH?, JoosT HiNricHsD 2, CoNsTANTIN Naukh?2,
GAYATRI SASIDHARAND2, and Pi1eT O. ScHmIDT!'2 — 1Physikalisch-
Technische Bundesanstalt, 38116 Braunschweig, Germany — 2Leibniz
Universitat 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°Cat 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 27Al*, for which we
demonstrated a fractional frequency instability below 5 x 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

A 39.10 Thu 17:00 Philo 2. OG
Miniaturized Rubidium Two-Photon Frequency Reference
Utilizing MEMS Cells — eDanieL. EmanurL Kour!:2, JuLien
Krucel2, Moritz Eiserrrrh2, JanicE WoOLLENBERG!, KLAUS
DoORrINGsHOFF12, STEN WENZzEL!, ANDREAS WicHT!, and MARKUS
Krutzik!? — !Ferdinand-Braun-Institut (FBH) — Z2Institut fiir

Physik - Humboldt-Universitat 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 55; /5 — 5D5/5 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 - 10713, 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.

A 39.11 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 MAaHDIAN!2| OLIVER FARTMANN!, MARC CHRISTZ,
Levi Winan!, and Markus Krutzikh2 — 1Humboldt-Universitit,
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 1Sg — 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
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apparatus features an integrated thermal atomic source and vacuum
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).

A 39.12 Thu 17:00 Philo 2. OG
Entanglement-enhanced multi 40Ca+ ion clock — eBENNET
Benny!:2) Kar DieTze!2, LENNART PELzZERD'2, VINCENT BARBE!,
Lupwic KrRINNERD'Z, FaBiaN DaweL!2, DERWELL DRAPIER!, MIRZA
A. Aub2) and Pier O. Scumipth? — 1QUEST, 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)

A 39.13 Thu 17:00 Philo 2. OG
Frequency-Comb Induced Excitation of 229Th in a Crystalline
Environment — e¢CHIARA BRUGGEMANN, ToB1As KiRscHBAUM, and
ADpRrIANA PALFFY — Julius-Maximilians-Universitdt Wiirzburg

Large band gap crystals such as CaF2 or LiCaAlFg serve as an ideal
host for doping 229Th. 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)

A 39.14 Thu 17:00 Philo 2. OG
Tuning and preparation of a laser system for airborne atom
interferometry — eArLisa UkHaNoval, JuLia PanL!, MARKUS
Krutzikh?2, and THE AEROQGRAV TEAMD3:4:5,6,7:8,9 T umboldt-
Universitét zu Berlin, Institut fiir Physik — 2Ferdinand-Braun-Institut
(FBH), Leibniz-Institut fiir Héchstfrequenztechnik, Berlin — 3LUH,
Hannover — 4DLR, Hannover — 5TUB, Braunschweig — SBKG,
Leipzig — "TUC, Clausthal — 8Geo++®GmbH, Garbsen — 2iMAR
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 87Rb
atoms in 2D- and 3D-magneto-optical traps, Raman interferometry,



Mainz 2026 — A

Friday

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.

A 39.15 Thu 17:00 Philo 2. OG

Quantum Systems With Multiple Weak Interactions
— eVinay TumurLurub 23, Jan  Dziewior!23, CarrLoTTA
VERsmoLD}2:3 FLorian Huserb23, Lev Vaipman?, and Har-

ALD WEINFURTER!'23 — IFaculty of Physics, Ludwig-Maximilians-

University, Munich, Germany — ?Max-Planck-Institute of Quantum
Optics, Garching, Germany — 3Munich Center for Quantum Science

A 40: Ultra-cold Atoms, lons
Time: Friday 11:00-13:00

Invited Talk A 40.1 Fri11:00 N1
Toolbox for of Rydberg state engineering in trapped ions —
eRoOBIN THOMM, VINAY SHANKAR, NATALIA 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.

A 40.2 Fril1l:30 N1

Hybrid van Hove approach to mixed quantum-classical gases

— eMaja Mascukgeb? and SeasTIAN ULBRIcHT!? — lInstitut
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

A 403 Frill:i4s N1

Observation of a structural transition in dipolar (su-
per)solids — eKARTHIK CHANDRASHEKARA, JIANSHUN GAo, CHRIS-

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)

and BEC V (joint session A/Q)
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TIAN GOLzZHAUSER, Liry Prart, Wyart KirkBY, MANON BaLLU,
and LAurRIANE 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-
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.

A 404 Fri12:00 N1

Localized to Delocalized: Radial Eigenmodes in a Tapered

Ion Trap — eMoritz Go6B!, MaNika Buarbpwail, Bocowmira
Nikorova?, 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. G6b, M. Masuhr, J. Rofnagel, G. Jacob, D. Wang,
K. Singer, Quantum Sci. Technol. 10, 015017 (2025).

A 40.5 Fril12:15 N1
Dark Energy search using atom interferometry in micrograv-
ity — eSukHJOVAN SINGH GILL!, MAGDALENA MissLiscu!, CHARLES
GarcioN!, ALEXANDER HEIDTZ, IoANNIS PAPADAKIS®, CHRISTOFF
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Lotz2, SHENG-WEY Caiow?, Nan Yu?, and ERNsST RASEL
Hnstitut fiir Quantenoptik, Leibniz Universitit Hannover, Germany
— 2Institut fiir Transport- und Automatisierungstechnik, Leibniz Uni-
versitit Hannover, Germany — 3Institut fiir Physik, Humboldt Uni-
versitat 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.

A 40.6 Fri12:30 N1
Quantum Simulation of Excitons in Ultracold Dipolar
Fermi Gases in Optical Lattices — eFLorIAN Hirscu!, ORi-
ANA DiesserL?, RaraL OLpziesewskr®, and RicHARD ScamipT! —
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-
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.

A 40.7 Fril12:45 N1
Spin-resolved microscopy of an SU(N) Fermi-Hubbard sys-
tem eLEONARDO BEzz0!, CaARLOS GAs-FERRER!, SANDRA
Buos!, AnTtonio Rusio-ABapaLl, and LeticiA 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-
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.

A 41: Interaction with Strong or Short Laser Pulses Il

Time: Friday 11:00-12:45

Invited Talk A 41.1 Fri 11:.00 N 2
State-resolved femtosecond phase control in dense-gas laser-
atom interaction enabled by XUV interferometry — eLina
Hepewic!2, CarLo KreENe!, Yu He!, FELix Wieper!2, CHRis-
T1aN OTTh2, and THoMas PrerrerD?2 — !Max-Planck-Institut fiir
Kernphysik, Heidelberg, Germany — 2Ruprecht-Karls-Universitit
Heidelberg, Germany

We perform an interferometric measurement of an extreme ultraviolet
(XUV) pulse passing through an optically dense gas-phase target. Uti-
lizing the interaction with strong and narrow atomic resonances, we
demonstrate the femtosecond phase control of the resonant XUV pulse
propagation by means of a time-delayed intense near-infrared (NIR)
laser pulse. To this end, the concept of spectral interferometry is trans-
ferred to the extreme ultraviolet in combination with a computational
phase stabilization during post—processing [1]. By doing so, we obtain
direct access to the amplitude and phase of the transmitted pulse and
hence to the ultrafast dynamics in the target gas.

We benchmark our measurement approach with the singly excited
1s4p Rydberg state of helium to directly reconstruct the temporal
structure of the transmitted XUV pulse beyond the single-atom re-
sponse. An NIR-intensity-controlled variable phase step between 0
and 2 rad is measured on the XUV pulse after passage through the
medium, originating from laser-induced transient Stark shifts. [2]

[1] L. Hedewig et al., Opt. Express 33, 48151-48159 (2025)
[2] L. Hedewig et al., Opt. Lett. 50, 3006-3009 (2025)

A41.2 Fril11l:30 N2
Phenomenological rate formulas for over-barrier ionization
in strong constant electric fields — eSvEa ReEMME!, ALEXAN-
pER B. Vorrkivl, Georc PRrETZLER?, and CARSTEN MULLER! —
Hnstitut fiir Theoretische Physik I, Heinrich-Heine-Universitit Diis-
seldorf — Z2Institut fiir Laser- und Plasmaphysik, Heinrich-Heine-

60

Location: N 2

Universitat Diisseldorf

Over-barrier ionization (OBI) of atoms in strong constant electric
fields is studied [1]. To develop an intuitive physical picture behind
established empirical formulas in the near OBI regime, we extend
corresponding tunneling rates by the combined action of the Stark
effect and a widened electron emission angle. Furthermore, we present
analytical rate formulas in a far OBI regime which closely agree with
numerical data. In result, compact rate expressions describing OBI
in a broad range of applied field strengths are obtained. They can be
useful in numerical laser-plasma simulation codes to describe elemen-
tary ionization events.

[1] S. Remme, A. B. Voitkiv, G. Pretzler, and C. Miiller, J. Phys.
B: At. Mol. Opt. Phys. 58, 195602 (2025)

A 41.3 Frill:45 N2
Deep learning for the retrieval of internuclear motion from
photoelectron momentum distributions based on full quan-
tum dynamics — eNIKoLAY SHVETSOV-SHILOVSKI and MANFRED
LeEIN — Leibniz Universitdat Hannover

We retrieve the time-dependent internuclear distance of a dissociating
one-dimensional molecule using a neural network that takes photoelec-
tron momentum distributions (PMDs) generated by strong-field ioniza-
tion as input. The PMDs are calculated by solving the time-dependent
Schrédinger equation, with nuclear motion treated fully quantum me-
chanically. We find that a neural network trained on distributions
with fixed bond lengths can recover the time-varying internuclear dis-
tance with an absolute error of 0.3 a.u. This opens new perspectives
for applying machine learning to real-time visualization of molecular
dynamics.

A 414 Fri 12:00 N 2
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Strong-field ionization and electron diffraction in standing
waves — o ToB1As HELDT, JAN-HENDRIK OELMANN, LENNART GUTH,
Lukas MarT, ANANT AGARWAL, THOMAS PFEIFER, and JosE R.
Crespo Lo6pPEz-URRUTIA — Max-Planck-Institut fiir Kernphysik, Hei-
delberg, Germany

Achieving the intensities required for strong-field effects, such as
multiphoton ionization (MPI), usually relies on kilohertz-rate ampli-
fied laser systems. We employ a femtosecond enhancement cavity
seeded by a near-infrared frequency comb to reach intensities exceed-
ing 1013 Wem™2 at a repetition rate of 100 MHz. The bow-tie cavity
supports counter-propagating pulses that form a transient standing
wave at the focus. Combined with a gas jet and velocity-map imaging
(VMI) [1], this setup allows angle-resolved photoelectron spectroscopy
to compare traveling- and standing-wave ionization.

The standing wave doubles the peak intensity and compresses the
interaction volume from the Rayleigh length to the < 200fs pulse-
overlap region, enabling momentum imaging without electrostatic re-
focusing [2]. Furthermore, the spatially periodic ponderomotive po-
tential of a standing wave diffracts electrons (Kapitza-Dirac effect),
reshaping the momentum distribution. We aim to time-resolve the
diffraction dynamics using an additional interferometer that generates
two successive standing waves.

[1] J.-H. Oelmann et al., Rev. Sci. Instrum., 93(12), 123303 (2022).
[2] T. Heldt et al., Opt. Lett. 49, 6825-6828 (2024).

A 415 Fril2:15 N2
Optimizing the incident electron momentum for resonant
three-photon Kapitza-Dirac scattering in bichromatic laser
fields — eInco ELsNER and CARSTEN MULLER — Institut fiir Theo-
retische Physik I, Heinrich-Heine-Universitéat Diisseldorf

Spin dynamics in Kapitza-Dirac scattering of electrons from counter-
propagating bichromatic X-ray laser waves is studied theoretically in
the resonant Bragg regime [1]. We show that the intrinsic field-induced
detuning, which arises in the Rabi oscillation dynamics between initial

and scattering electron state, can be compensated by a suitable adjust-
ment of its incident momentum. Analytical formulas of the optimized
electron momentum for spin-dependent three-photon Kapitza-Dirac
scattering are obtained from simplified model systems in reduced di-
mensionality.

[1] Ingo Elsner and Carsten Miiller, Phys. Rev. A 112, 032215 (2025).

A41.6 Fril12:30 N2
Can the Quantum Supeluminalilty of Tunnel-Ionization be
experimentally confirmed? — eOssama Kurnie! and Icor
Ivanov? — !Institute for Physics, Department of Mathematics and
Natural Science, University of Kassel, Germany. — 2Department of
Fundamental and Theoretical Physics, Australian National University,
Australia.

The quantum tunneling time remains the subject of heated debate,
and one of its most curious features is the faster-than-light tunnel-
ing or quantum superluminality (QS). In our tunnel-ionization model
presented in previous work [1,2,3], we showed that tunnel-ionization
time-delay exhibits a universal behavior, which amounts to determine
the barrier time-delay with good agreement with the experimental re-
sult and it corresponds to the interaction time. In the present work, we
show that the the tunnel-ionization time-delay for H-like atoms with
large nuclear charge can be superluminal, which could be validated ex-
perimentally using the attoclock scheme. We discuss the QS in detail
for the two experimental calibrations of the field strength (adiabatic
and nonadiabatic) of the attoclock and support our result with numer-
ical integration of the time-dependent Schrédinger equation [2]. Our
result shows that QS is indeed possible, albeit under somewhat extreme
conditions [4]. This raises the question of experimental confirmation
of QS. [1] O. Kullie, J. Phyis. Commun. 9, 015003, (2025). [2] O.
Kullie and I. A. Ivanov, Annals of Physics 464, 169648 (2024). [3] O.
Kullie, Phy. Rev. A 92, 052118 (2015). [4] O. Kullie and I. A. Ivanov,
the quantum suprluminlality of tunnel-ionization. In preparation.

A 42: Atomic Systems in External Fields Il

Time: Friday 11:00-12:45

A 421 Fri11:00 N3
3Helium magnetometers for high fields — ePETER BLUMLER!,
MarTiN FerTL!, Hans-JoacHIM GRrAFE2, RoBERT GRAF3, and
WERNER HEIL! — !nstitute of Physics, University of Mainz, 55128
Mainz, Germany — 2Leibniz Institute for Solid State and Materials
Research (IFW), 01069 Dresden, Germany — 3MPI for Polymer Re-

search, 55128 Mainz, Germany

Low magnetic fields (< 1072 T) can be measured with extreme preci-
sion using SQUID or SERF sensors. But at higher fields nuclear mag-
netic resonance provides the greatest accuracy. Continuous frequency
measurements require samples with long coherence times, as obtainable
from motionally averaged hyperpolarized nobel gases at a few millibar
pressure. 3He is ideal because it can be hyperpolarized by metastabil-
ity optical pumping, interacts only weakly with its environment, and
has an independently determined gyromagnetic ratio. With suitable
low-susceptibility containers, extremely long T times (100 - 200 s) and
absolute field measurements are possible. In addition to low-pressure
hyperpolarized 3He for ultra-precise magnetometry (< 10712), we have
also produced high-pressure (up to 50 bar) thermally polarized 3He-
filled cells for applications where optical polarization is impractical.
These robust NMR magnetometers can operate from 1 - 300 K, and
we describe methods to tune 77 for rapid sampling across 5 - 300 K
(DOT: 10.1063/5.0258240). Overall, 3He magnetometers show strong
potential as a new standard for high-precision magnetometry at high
magnetic fields.

A 422 Frill:15 N3
Drone Integration of an Optically Pumped Magnetometer
for Airborne Magnetic Field Sensing — eRucGERO GIAMPAOLI,
INnco HinLscHENZ, GUNNAR LANGFAHL, DENIS UHLAND, and ILsa
GERHARDT — light & matter group, Institute for Solid State Physics,
Leibniz University Hannover, Appelstrasse 2, D-30167 Hannover, Ger-
many

We report on the integration and testing of a compact, alkali-vapor op-
tically pumped magnetometer (OPM) mounted on an unshielded drone
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platform for magnetic field measurements in flight. The system is in-
tended for use in applications such as mineral exploration, landmine
detection, and unexploded ordnance detection. The system features
a rubidium-based vapor OPM, which operates at high sampling rates
suitable for drone operation. The design focuses on producing a robust,
flexible and portable setup, allowing the testing of different configura-
tions and components to ensure seamless integration with the onboard
electronics. A flight-test campaign is conducted to assess the perfor-
mance of the magnetometer in flight and to establish a basis for future
refinement toward a full airborne gradiometer configuration. We dis-
cuss the integration process, key engineering challenges, and initial test
results, outlining progress toward the robust real-world deployment of
an optically pumped magnetometer.

A 42.3 Fri11:30 N 3
High-sensitivity magnetometry with an ensemble of nitrogen-
vacancy centers in diamond — ePuaNI PEppiBHOTLAY, SHASHANK
Kumar!, Bapan DesnaTu!, PraniT TERSE!, Saksui Dwivepy!,
Sourav CHATTERJEEZ, and PrRaLEKH DUBEY! — lIndian Institute of
Science Education and Research, Bhopal, India — 22TCS Research,
TATA Consultancy Services, Kolkata, India

Nitrogen-vacancy (NV) centers are atom-like defects in diamond which
enable quantitative magnetic field measurements with high sensitivity
and spatial resolution. Using an ensemble of NV centers, we demon-
strate magnetic field sensitivities approaching 100 pT per root Hz un-
der ambient conditions, at low frequencies (10 to 100 Hz), and over
a large dynamic range. We also discuss applications of NV magne-
tometry for detection of defects in steel with sub-millimeter spatial
resolution.

A 424 Frilli45 N3
Towards improvement of the antiproton magnetic moment
with phase-sensitive high-fidelity spin spectroscopy — eBELA
PeTeEr ARNDT for the BASE-Collaboration — Max-Planck-Institut
fir Kernphysik, Saupfercheckweg 1, D-69117, Heidelberg, Germany
— GSI-Helmholtzzentrum fiir Schwerionenforschung GmbH, Planck-
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strafe 1, D-64291 Darmstadt, Germany

The BASE collaboration is dedicated to the development and appli-
cation of advanced Penning-trap setups as well as cryogenic supercon-
ducting detection systems with single-particle resolution. These meth-
ods enable stringent tests of CPT invariance through high-precision
measurements on protons and antiprotons. Notable results include
the antiproton and proton charge-to-mass ratio with a fractional pre-
cision of 16 parts per trillion (ppt), as well as the antiproton g-factor
with a fractional precision of 1.5 parts per billion (ppb). This pre-
sentation will address challenges associated with spin-state detection
in g-factor measurements and will summarize the recent improvements
implemented and characterized within the BASE experiment. Particu-
lar emphasis will be placed on phase-sensitive frequency-measurement
techniques and improved particle cooling, both of which enable new
experimental approaches that facilitate sub-100-ppt precision and thus
more than a 10-fold improvement in the determination of the antipro-
ton and proton g-factors.

A 42,5 Fri12:00 N 3
Role of Structured Light in Atomic Magnetometers
oSHREYAS RAMAKRISHNAL2 and STEPHAN FRiTzSCHE!:?
1Helmholtz Institute Jena, Germany — 2Friedrich-Schiller University
Jena, Germany

The use of structured light in atomic magnetometers has attracted con-
siderable attention in recent years. Specifically, we can infer magnetic
field properties by analyzing how vector light interacts with a polar-
ized atomic ensemble. In this talk, we will show how we can extend
this technique to determine the full vector nature: both direction and
strength of an arbitrary constant magnetic field. To do this, we model
the interaction between vector Bessel light and Rubidium atoms, fo-
cusing on the electric dipole transition from Fy = 1 to Fe = 0 under
the influence of test and reference fields.

A 426 Fril12:15 N3
Completed two-loop QED calculations for improving the
bound-electron g-factor theory — eBAsSTIAN SIKORA, VLADIMIR
A. YEROKHIN, CHRIsTOPH H. KEITEL, and ZoLtAN HARMAN — Max
Planck Institute for Nuclear Physics, Heidelberg, Germany

The bound-electron g-factor in heavy hydrogenlike ions can be mea-
sured with extreme precision. However, the theoretical uncertainty of

A 43: Ultra-cold Atoms, lons
Time: Friday 14:30-16:00

A 43.1 Fri14:30 N1
High fidelity quantum logic on two trapped-ion qubits with-
out ground-state cooling — AmMy HUGHES, RAGHAVENDRA SRINI-
vAS, CLEMENS LOSCHNAUER, eHANNAH KnNaAck, RoLanD MATT,
CHris BaLLance, Macies MavLiNowskl, THomAs HArry, TYLER
SUTHERLAND, and OXrorD 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
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)

A 43.2 Fril14:45 N1
Hybridization of topological defects and repulsive polarons in
a Bose gas — eTana ALPER YOGURT!, MarTHEW EILES!, NIKOLAY
YEecovTseEv?, and VicTorR GURARIE? — !Max Planck Institute for
the Physics of Complex Systems N&thnitzer St. 38 01187 Dresden,
Germany — 2Department of Physics and Center for Theory of Quan-
tum Matter, University of Colorado, Boulder Colorado 80309, USA

the g-factor is orders of magnitude larger than the experimental un-
certainty in this regime, due to uncalculated QED binding corrections
at the two-loop level. This was highlighted in a recent collaboration
where experimental and theoretical g-factors of the hydrogenlike tin
ion were compared [1].

Taking into account the electron-nucleus interaction exactly, we re-
cently completed the computation of QED Feynman diagrams with two
self-energy loops. In our new work, we demonstrate that our results
lead to a significant improvement of the total theoretical uncertainty
of the bound-electron g-factor in the high-Z regime [2].

Our calculations will enable improved tests of QED in planned near-
future experiments with heavy hydrogenlike ions, e.g. at ALPHA-
TRAP and ARTEMIS. Furthermore, our results are relevant for the
determination of fundamental constants and nuclear parameters as well
as searches for physics beyond the standard model using heavy ions.

[1] J. Morgner, B. Tu, C. M. Konig, et al., Nature 622, 53 (2023)

[2] B. Sikora, V. A. Yerokhin, C. H. Keitel and Z. Harman, Phys.
Rev. Lett. 134, 123001 (2025)

A 42.7 Fri12:30 N 3
Lithium Faraday Filter — eMaxiMiLiaAN Luka, Yioun WanNg, DE-
N1s UHLAND, and ILja GERHARDT — light & matter group, Institute
of Solid State Physics, Leibniz University Hannover, Germany

We report the first experimental realization and theoretical model-
ing of a lithium-based Faraday filter operating at 671 nm. Lithium’s
D-line splitting of approximately 10 GHz, combined with the require-
ment for operating temperatures above 260 °C, positions the system in
a regime that is exceptional among alkali metals. A custom-designed
heat pipe was developed to ensure stable lithium vapor generation and
to enable the application of longitudinal magnetic fields up to 300 G.
To accurately model the filter response, we extended the open-source
“ElecSus” library to include lithium’s closely spaced D; and Ds tran-
sitions, enabling simultaneous simulation of both lines and direct com-
parison with experimental data. The modified code reproduces the
measured spectra with excellent agreement, predicting and confirming
a peak transmission exceeding 80 % under optimized conditions. This
work expands the family of alkali-metal Faraday filters and provides
a framework for lithium-based optical systems, ranging from precision
spectroscopy to atmospheric detection of anthropogenic satellite de-
bris.
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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-
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.

A 43.3 Fri15:00 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-
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cation of spin-coherent eigenstates of Heisenberg XXZ7 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.

A 434 Frils5:15 N1
High-repetition-rate fermionic quantum gas microscope
for quantum simulation — eRoBIN GroTuH'2, ANDREAS VON
HaarenD2 Livance Qrul2, JaNeT Qesial2, Luca MuscarReLLAbZ,
Trrus Franz!:2, Tmvon HiLker3, ImmanuveL Brocub?24, and
PuiLipp Preiss?24 — 1Max Planck Institute of Quantum Optics,
Garching — ?Munich 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.

A 43,5 Fri15:30 N1

Simulating the Fermi Hubbard model with a quantum gas
microscope — eLuca MuscarReLLA2, ANDREAS VON HaARENDZ,
RoBIN GroTH!2, JANET QEsial2) Livane Qrub2, Ino AHRENsDZ,
Trtus Franz!:2, TimoN HiLKER?3, PHIiLIPP PrEISs!2, and IMMANUEL
Brocu!?* — IMax-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.

A 436 Fril545 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.

A 44: Precision Spectroscopy of Atoms and lons VI (joint session A/Q)

Time: Friday 14:30-15:30

A 44.1 Fri 14:30 N 3
Towards a direct g-factor difference measurement of '2:14C5+
eMax ANTON GRAMBERG!, MarTHEW Bonman!, EwmiLy
Bursacu?, FaBiaN Heisse!, PuiLipp Justus!, KrisTian KonNiG2,
JiaLiN Liv!, WiLFRIED NORTERSHAUSER?, 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 C5t 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
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).

A 44.2 Fril14:45 N3
Atomic Hydrogen beam formation and cryogenic pre-cooling
for Project 8 — eAva EL BousTani and SEBASTIAN B&SER 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.
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Location: N 3

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 Kki-
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,
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.

A 44.3 Fri 15:00 N 3
Constraints on Ultra-Light Dark Matter from Networks
of Optical Clocks and Cavities — eLuis HerLLmicH!2, ULL-
RICH ScHWANKEZ?, CiepeEM Issever!:2, and STEVEN Worm!:?
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
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possible to constrain dark matter masses m ~ 10710 — 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
constraints from equivalence principle tests.

A 444 Frils515 N3
Electron Mass, Charge and Sommerfeld FSC — eMANFRED
GEILHAUPT — HS Niederrhein Ménchengladbach

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 Schroédinger but source for mass and charge - can be found using
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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.



