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Attosecond pulse control with sub-cycle, infrared waveforms — eMIGUEL
ANGEL SILVA-TOLEDO, YUDONG YANG, ROLAND E. MAINZ, GIULIO MARIA
Ross1, FABIAN SCHEIBA, PHILLIP D. KEATHLEY, GIOVANNI CIRMIR, FRANZ X.
KARTNER

Synthetic chiral light for control of achiral and chiral media — eNIicOLA
MAYER, DAVID Avuso, MisHA IvaANOvV, OLGA SMIRNOVA

Synchrotron radiation experiments with highly charged ions — eJOSE
R. CrEsPO LOPEz-URRUTIA, STEFFEN KUHN, MoTO TOoGAWA, MARC BoTZ,
JONAS DANISCH, JOSCHKA GOES, RENE STEINBRUGGE, SONJA BERNITT,
CHINTAN SHAH, MAURICE A. LEUTENEGGER, MING FENG GU, MARIANNA
SAFRONOVA, JAKOB STIERHOF, THOMAS PFEIFER, JORN WILMS

Isomer depletion via nuclear excitation by electron capture with electron
vortex beams — eYUANBIN WU, CHRISTOPH H. KEITEL, ADRIANA PALFFY
Optimizing large atomic structure calculations with machine learning —
ePAVLO BILOUS, ADRIANA PALFFY, FLORIAN MARQUARDT

Chemistry of an impurity in a Bose-Einstein condensate — eARTHUR
CHRISTIANEN, IGNACIO CIRAC, RICHARD SCHMIDT

Spectroscopy of a Highly Charged Ion Clock with Sub-Hz Uncertainty —
eLLUKAS J. SPIESS, STEVEN A. KING, PETER MICKE, ALEXANDER WILZEWSKI,
ToBiAsS LEOPOLD, ERIK BENKLER, NILS HUNTEMANN, RICHARD LANGE, AN-
DREY SURZHYKOV, ROBERT MULLER, LISA SCHMOGER, MARIA SCHWARZ, JOSE
R. CreEsPO LOPEZ-URRUTIA, PIET O. SCHMIDT

Cavity-enhanced optical lattices for scaling neutral atom quantum tech-
nologies — ¢JAN TRAUTMANN, ANNIE J. PARK, VALENTIN KLUSENER, DIMITRY
YANKELEV, IMMANUEL BLOCH, SEBASTIAN BLATT

High-resolution DR spectroscopy with slow cooled Be-like Pb™®* ions
in the CRYRING@ESR storage ring — eSEBASTIAN FucHS, CARSTEN
BrRANDAU, ESTHER MENZ, MICHAEL LESTINSKY, ALEXANDER BOROVIK JR,
YANNING ZHANG, ZORAN ANDELKOVIC, FRANK HERFURTH, CHRISTOPHOR
KozHuHAROV, CLAUDE KRANTZ, UWE SPILLMANN, MARKUS STECK, GLEB
VOROBYEV, REGINA HESS, VOLKER HANNEN, DARIUSZ BANAS, MICHAEL
FoGLE, STEPHAN FRITZSCHE, EVA LINDROTH, XINWEN MA, ALFRED MULLER,
REINHOLD SCHUCH, ANDREY SURZHYKOV, MARTINO TRASSINELLI, THOMAS
STOHLKER, ZOLTAN HARMAN, STEFAN SCHIPPERS

Invited talks of the joint symposium Laboratory Astrophysics (SYLA)
See SYLA for the full program of the symposium.

SYLA 1.1 Mon 14:00-14:30

Audimax Probing chemistry inside giant planets with laboratory experi-

ments — eDOMINIK KRAUS
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SYLA 1.2

SYLA 1.3

SYLA 14

SYLA 2.1

SYLA 24

SYLA 2.5

Mon

Mon

Mon

Mon

Mon

Mon

14:30-15:00

15:00-15:30

15:30-16:00

16:30-17:00

17:30-18:00

18:00-18:30

Audimax

Audimax

Audimax

Audimax

Audimax

Audimax

Inner-shell photoabsorption of atomic and molecular ions —
®STEFAN SCHIPPERS

Molecular Astrophysics at the Cryogenic Storage Ring — ¢HOLGER
KRECKEL

Observing small molecules in stellar giants - High spectral resolu-
tion infrared studies in the laboratory, on a mountain, and high
up in the air — ¢GUIDO W. FUCHS

State-to-State Rate Coefficients for NH3-NHj3 Collisions obtained
from Pump-Probe Chirped-Pulse Experiments — eCHRISTIAN P.
ENDRES, PAOLA CASELLI, STEPHAN SCHLEMMER

A multifaceted approach to investigate the reactivity of PAHs
under electrical discharge conditions — eDONATELLA LORU, AMANDA
L. STEBER, JOHANNES M. M. THUNNISSEN, DANIEL B. RAP, ALEXANDER
K. LEMMENS, ANOUK M. R1JS, MELANIE SCHNELL

Exploring the Femtosecond Dynamics of Polycyclic Aromatic
Hydrocarbons Using XUV FEL Pulses — eJAsON LEE, DENIS
TIKHONOV, BASTIAN MANSCHWETUS, MELANIE SCHNELL

Invited talks of the joint PhD symposium Solid-state Quantum Emitters Coupled to Optical

Microcavities (SYPD)
See SYPD for the full program of the symposium.

SYPD 1.1

SYPD 1.2

SYPD 1.3

SYPD 1.4

Mon

Mon

Mon

Mon

16:30-17:00

17:00-17:30

17:30-18:00

18:00-18:30

AKjDPG-H17 Fiber-based microcavities for efficient spin-photon interfaces

— eDAVID HUNGER

AKjDPG-H17 A fast and bright source of coherent single-photons using a

quantum dot in an open microcavity — eRICHARD J. WARBUR-
TON

AKjDPG-H17 New host materials for individually addressed rare-earth

ions — eSEBASTIAN HORVATH, SALIM OURARI, LUKASZ Du-
SANOWSKI, CHRISTOPHER PHENICIE, ISAIAH GRAY, PAUL STEVEN-
SON, NATHALIE DE LEON, JEFF THOMPSON

AKjDPG-H17 A multi-node quantum network of remote solid-state qubits

— eRONALD HANSON

Invited talks of the joint symposium SAMOP Dissertation Prize 2022 (SYAD)
See SYAD for the full program of the symposium.

SYAD 1.1

SYAD 1.2

SYAD 1.3

SYAD 1.4

Tue

Tue

Tue

Tue

14:00-14:30

14:30-15:00

15:00-15:30

15:30-16:00

Audimax

Audimax

Audimax

Audimax

New insights into the Fermi-Hubbard model in and out-of equilib-
rium — e ANNABELLE BOHRDT

Searches for New Physics with Yb™ Optical Clocks — eRICHARD
LANGE

Machine Learning Methodologies for Quantum Information —
eHENDRIK POULSEN NAUTRUP

Precision Mass Measurement of the Deuteron’s Atomic Mass —
eSASCHA RAU

Invited talks of the joint symposium Rydberg Physics in Single-Atom Trap Arrays (SYRY)
See SYRY for the full program of the symposium.

SYRY 2.1

SYRY 2.2

SYRY 2.3

SYRY 3.3

Wed

Wed

Wed

Wed

10:30-11:00

11:00-11:30

11:30-12:00

14:30-15:00

Audimax

Audimax

Audimax

Audimax

Many-body physics with arrays of Rydberg atoms in resonant
interaction — e ANTOINE BROWAEYS

Optimization and sampling algorithms with Rydberg atom arrays
— oHANNES PICHLER

Slow dynamics due to constraints, classical and quantum — eJUAN
P. GARRAHAN

New frontiers in quantum simulation and computation with neu-
tral atom arrays — eGIULIA SEMEGHINI
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SYRY 3.4 Wed

SYRY 3.5

Wed

15:00-15:30

15:30-16:00

Audimax

New frontiers in atom arrays using alkaline-earth atoms — e ADAM

KAUFMAN

Audimax

Spin squeezing with finite range spin-exchange interactions —

eANA MARIA REY

Invited talks of the joint symposium Quantum Cooperativity of Light and Matter (SYQC)
See SYQC for the full program of the symposium.

SYQC 1.1

SYQC 1.6 Thu

SYQC 2.1

SYQC 2.6 Thu

Sessions

Al1-12

A21-24
A 3.1-3.6

A 4.1-49
A5

A 6.1-6.5
AT1-77

A 8.1-84

A 9.1-95

A 10.1-10.10
Al11-114

A 12.1-12.15
A 13.1-13.15

A 14.1-14.6
A 15.1-15.7
A 16.1-16.7

A 17.1-17.5
A 18.1-18.6

A 19.1-19.5
A 20.1-20.21

A 21.1-21.9
A 22.1-22.7
A 23.1-23.6
A 24.1-24.6

A 25.1-25.8
A 26.1-26.7
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A 28.1-28.3
A 29.1-29.22

Thu

Thu
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12:00-12:30
14:00-14:30
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Mon 11:00-13:00
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Mon 14:00-15:30
Mon 14:00-16:15
Mon 16:30-17:00
Tue  10:30-12:00
Tue  10:30-12:15
Tue  16:30-18:30
Tue  16:30-18:30
Tue  16:30-18:30
Tue  16:30-18:30
Tue  16:30-18:30
Tue  16:30-18:30
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Wed 10:30-12:15
Wed 10:30-12:30
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Wed 14:00-15:30
Wed 14:00-15:15
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Wed 16:30-18:30
Thu 10:30-12:30
Thu 10:30-12:15
Thu 10:30-12:15
Thu 10:30-12:30
Thu  14:00-15:45
Thu 14:00-15:30
Thu 16:30-18:30
Thu 16:30-18:30

Audimax

Super- and subradiant states of an ensemble of cold atoms coupled

to a nanophotonic waveguide — ¢ ARNO RAUSCHENBEUTEL

Audimax

Cooperative Effects in Pigment-Protein Complexes:

Vibronic

Renormalisation of System Parameters in Complex Vibrational
Environments — eSUSANA F. HUELGA

Audimax

Quantum simulation with coherent engineering of synthetic di-

mensions — ePAoLA CAPPELLARO

Audimax

AKjDPG-H18

A-H1
A-H2

MO-H5
A-MV
A-H1
A-H2

avBaciiaviiye)

aviiav]

A-H1
A-H2
Q-H11

A-H1
Q-H11

A-H2

A-H1
A-H2
A-H3

Q-H10
A-H1

Q-H10

Quantum Fractals — e CRISTIANE MORAIS-SMITH

Tutorial Strong Light-Matter Interaction with Ultrashort
Laser Pulses (joint session AKjDPG/A)

Interaction with strong or short laser pulses I

Precision spectroscopy of atoms and ions I (joint session
A/Q)

X-ray FELs (joint session MO/A)

Annual General Meeting

Interaction with strong or short laser pulses I1

Ultra-cold atoms, ions and BEC I (joint session A/Q)
Atomic systems in external fields

Collisions, scattering and correlation phenomena
Interaction with strong or short laser pulses

Ultra-cold plasmas and Rydberg systems (joint session
A/Q)

Ultracold Atoms and Plasmas (joint session Q/A)
Precision Measurements and Metrology I (joint session
Q/A)

Interaction with VUV and X-ray light

Ultra-cold atoms, ions and BEC II (joint session A/Q)
Precision Measurements and Metrology IV (joint session
Q/A)

Collisions, scattering and correlation phenomena
Precision Measurements and Metrology V (joint session
Q/A)

Precision spectroscopy of atoms and ions II (joint session

A/Q)

Precision spectroscopy of atoms and ions (joint session
A/Q)

Highly charged ions and their applications

Charged ions and their applications

Ultra-cold atoms, ions and BEC III (joint session A/Q)
Precision spectroscopy of atoms and ions IIT (joint session
A/Q)

Ultracold Atoms and Molecules I (joint session Q/A)
Ultra-cold plasmas and Rydberg systems (joint session
A/Q)

Ultracold Atoms and Molecules II (joint session Q/A)
Interaction with VUV and X-ray light

Ultra-cold atoms, ions and BEC (joint session A/Q)
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A 30.1-30.16 Thu 16:30-18:30 P Precision Measurements and Metrology II (joint session
Q/A)

A 31.1-31.6  Fri 10:30-12:15  A-H1 Ultra-cold atoms, ions and BEC IV (joint session A/Q)

A 32.1-32.5  Fri 10:30-12:00 A-H2 Precision spectroscopy of atoms and ions IV (joint session
A/Q)

A 33.1-33.5  Fri 10:30-11:45 Q-H14 Rydberg Systems (joint session Q/A)

Annual General Meeting of the Atomic Physics Division

Monday 16:30-17:00 A-MV
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A 1: Tutorial Strong Light-Matter Interaction with Ultrashort Laser Pulses (joint session
AKjDPG/A)

Time: Monday 11:00-13:00

Tutorial A 1.1 Mon 11:00 AKjDPG-H18
Atoms and molecules in strong fields and how to observe
times and phases — eMANFRED LEIN — Institute of Theoretical
Physics, Leibniz University Hannover

The interaction of strong laser fields with atoms and molecules leads
to a number of nonlinear, i.e., multiphoton processes such as above-
threshold ionization, high-harmonic generation, or frustrated tunnel
ionization. This talk reviews the fundamental mechanisms and theo-
retical methods related to these processes. We will also review schemes
for observing the spatiotemporal properties of strong-field dynamics,
including for example ionization times, target structure, and the phases
of electron wave packets.

Tutorial A 1.2 Mon 12:00 AKjDPG-H18
Ultrafast light-matter interaction: Measuring and controlling
quantum dynamics with attosecond and femtosecond flashes
of light — eCHRIsTIAN OTT — Max-Planck-Institut fiir Kernphysik,
Saupfercheckweg 1, 69117 Heidelberg, Germany

Ultrafast light-matter interaction is an exciting aspect of modern quan-

Location: AKjDPG-H18

tum physics, directly resolving the fastest motion of electrons inside
and in between atoms and molecules that constitute the matter that is
surrounding us, where the coherence times can be as short as femtosec-
onds or even attoseconds. Strong laser fields are available as pulsed
flashes of light, with durations of only a few optical oscillation periods
in the single-digit femtosecond regime, and an electric field strength
that becomes comparable to the electromagnetic binding forces within
atoms and molecules. These pulses allow one to measure, understand
and control the electron dynamics in natural quantum systems at a
fundamental level. In combination with new attosecond light sources
at extreme ultraviolet and x-ray wavelengths, derived from high-order
harmonic generation or at (x-ray) free-electron laser facilities, this al-
lows one to obtain dynamic fingerprints that are very specific for each
atomic species (i.e., time-resolved ultrafast x-ray spectroscopy).

In this lecture I will give a basic introduction into this research topic
with focus on absorption spectroscopy of atoms and molecules, and
how the resonant transmission of ultrashort and intense light pulses
through an absorbing target can be modified and controlled with strong
fields and how the control of the dipole response of light-matter inter-
action develops on the ultrafast timescale.

A 2: Interaction with strong or short laser pulses |

Time: Monday 14:00-15:15

Invited Talk A 2.1 Mon 14:00 A-H1
Attosecond pulse control with sub-cycle, infrared waveforms
— eMIGUEL ANGEL Siwva-ToLepo!3, Yupona Yanc!, RoLAND
E. Mainz!, GruLio Maria Rossi!, FaBiaN ScueBAb2:3 PHILLIP
D. KearHLey?, Grovanni CirmIR'>2, and Franz X. KARrNErD:2:3
— 1Center for Free-Electron Laser Science CFEL and Deutsches
Elektronen-Synchrotron DESY, Notkestrasse e 85, 22607 Hamburg,
Germany — 2The Hamburg Centre for Ultrafast Imaging, Luruper
Chaussee 149, 22761 Hamburg, Germany — 3Physics Department,
Universitit Hamburg, Jungiusstrasse 9, 20355 Hamburg — 4Research
Laboratory of Electronics, Massachusetts Institute of Technology,
Cambridge, Massachusetts 02139, USA

Sub-femtosecond shaping of light fields driving high-harmonic genera-
tion (HHG) allows amplitude- and phase-control of coherent extreme
ultraviolet and soft X-ray radiation. Here, we experimentally demon-
strate such control in the energy range covering ~ 30 - 200 eV using tai-
lored, sub-cycle pulses (i.e., shorter than their main oscillation period),
delivered by an optical parametric amplification-based waveform syn-
thesizer. Sub-cycle pulse synthesis is realized by coherently combining
near-infrared (Ao ~ 0.8um, ~ 6 fs, ~ 150nJ) and infrared (Ag ~ 1.6pum,
~ 8 fs, ~ 500 pJ) pulses which, after varying their carrier envelope and
relative phases, lead to the direct generation of spectrally controlled
isolated attosecond pulses (IAPs). Attosecond-resolved measurements
characterize the temporal profile of the generated IAPs. Experimental
observations are also combined with HHG simulations. Our study will
aid research on optimal driver fields for efficient and tunable HHG.

A 22 Mon 14:30 A-H1

Reconstruction of Tunnel Ionization Dynamics in Dielectrics
from Injection Harmonics — PETER JURGENS!, eBENJAMIN
LieweHR?, BJOrRN Kruse?, CHRrisTIAN PELTZZ2, ToBIlAS WITTING!,
AnTon Husakou!, ArRNAUD Rouzeg!, MiknaiL Ivanov!, THoMAS
FENNEL'2, MARK J. J. VRAKKING!, and ALEXANDRE MERMILLOD-
Bronpin! — Max-Born-Institute for Nonlinear Optics and Short
Pulse Spectroscopy, Berlin, Germany — 2Institute for Physics, Uni-
versity of Rostock, Germany

The nonlinear response of dielectric solids to strong fields enables high-
harmonic generation that has been studied extensively in the context of
light-driven intraband charge dynamics and interband recombination
[1,2]. However, it was shown recently that these mechanisms do not ex-
plain the emission of low harmonic orders which are instead dominated
by the strong field tunneling excitation that drives Brunel and injec-
tion currents [3]. Based on an ionization-radiation model, we examine
signatures and scaling behavior of ionization induced harmonics to re-

Location: A-H1

veal the strong-field-induced nonlinearity in time-resolved, low-order
wave-mixing experiments in amorphous SiO2. From the identified in-
jection signal, the tunnel-ionization trace is reconstructed [4], which
opens routes for improved control in femtosecond laser processing of
solids.

[1] T. T. Luu, et al. Nature 521, 498 (2015)

[2] G. Vampa, et al. Nature 522, 462 (2015)

[3] P. Jiirgens, B. Liewehr, B. Kruse, et al. Nat. Phys. 16, 1035 (2020)
[4] P. Jiirgens, et al. (accepted) arXiv:2108.03053 (2021)

A 2.3 Mon 14:45 A-H1
Electron dynamical mechanisms for high-harmonic genera-
tion in Fibonacci quasicrystals — eFRraNcisco NAVARRETE and
DieTER BAUER — Institut fiir Physik-Universitat Rostock

The mechanism of high-harmonic generation (HHG) in solids has been
theoretically studied over the last two decades, and experimentally ver-
ified a decade ago [1]. While many conclusions have been drawn for
this process in periodic crystals, it has also been predicted a strong de-
pendence of the HHG spectrum on the topology of the sample [2]. Re-
cently, by the study of a Fibonacci chain, it has been demonstrated that
quasicrystals might constitute excellent materials for HHG due to their
higher yield [3], when compared with crystals of the same composition.
In this presentation, we will discuss the electron-dynamics responsible
for HHG in Fibonacci quasicrystals when compared to both crystals
and amorphous materials. We will describe the crystal-momentum
resolved [4] contributions as well as mechanisms that might explain
the yield enhancement as well as the parity of the harmonics in each
material.

[1] Shambhu Ghimire et al, Nat. Phys. 7, 138(2011)

[2]Christoph Jiirf and Dieter Bauer, Phys. Rev. B 99, 195428 (2019)
[3]Jia-Qi Liu and Xue-Bin Bian, Phys. Rev. Lett. 127, 213901 (2021)
[4]Francisco Navarrete, Marcelo F. Ciappina and Uwe Thumm, Phys.
Rev. A 100, 033405(2019)

A 2.4 Mon 15:00 A-H1
Making non-adiabatic photoionization adiabatic — eJoNATHAN
Dusois, ULr SaaLMANN, and JAN-MicHAEL Rost — Max Planck
Institute for the Physics of Complex Systems, Nothnitzer Strafe 38,
01187 Dresden, Germany

We consider the process of tunnel ionization of atoms driven by circu-
larly polarized (CP) pulses. An intuitive semiclassical picture of tunnel
ionization by a static laser field is an electron ionizing through the po-
tential barrier induced by the laser field with constant energy, referred
to as the adiabatic ionization. When the laser field alternates in time,
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such as it is the case for CP pulses, the energy of the electron changes
in time, and at the tunnel exit, it is distributed in a range of energy
on the order of the ponderomotive energy of the laser. The adiabatic
picture no longer holds, and the ionization process is referred to as
nonadiabatic. Extensive theoretical and experimental studies are per-
formed in the attosecond community to probe and understand these
nonadiabatic effects in photoionization.

Our goal is to understand nonadiabatic processes in CP pulses us-

ing electron trajectories in the combined laser and Coulomb fields. We
map the electron dynamics in a frame which rotates with the laser
field, referred to as the rotating frame (RF). Our results show that
in the RF, counter-intuitively, the energy of the electron is constant
during tunnel ionization, and as a consequence follows the picture of
adiabatic ionization. This allows us to understand and predict, for in-
stance, the role played by ring currents in atoms and the shape of the
laser envelope, and to shed light on classical-quantum correspondence.

A 3: Precision spectroscopy of atoms and ions | (joint session A/Q)

Time: Monday 14:00-15:30

A 3.1 Mon 14:00 A-H2

Sympathetic cooling of macroscopically separated ions

via image-current coupling — eCHRIsTIAN WILL!, MATTHEW
Bonuman!2,  Markus WiesiNGERD2,  Farma Abpass?, Jack
DevLIN?7, STEFAN ERLEWEIN?7, Markus FLeEck?®, JuLia

JAcerD7, BARBARA Lartacz?, PETER MICKE?, ANDREAS MOOSER!,

DanNIEL Popper?, ELIsE WURrsTEND27 Kraus Braum?!, YASUYUKI
MaTsupa®, CHRISTIAN OsPELKAUS®S, WoLrcanGg QUINT?, JOCHEN
Warz?4, CHRisTIAN SMORRAZ4 and STEFaAN ULMER? — Max-
Planck-Institut fiir Kernphysik — 2RIKEN — 3Helmholtz-Institut
Mainz — %Johannes Gutenberg-Universitit Mainz — 5Leibniz Univer-
sitit Hannover — SPhysikalisch-Technische Bundesanstalt — “CERN
— 8University of Tokyo — 9GSI Helmholtzzentrum fiir Schwerionen-
forschung GmbH

A general-purpose cooling technique that achieves mK-temperatures
for species without suitable laser transitions is of interest for a wide
range of AMO experiments with trapped charged particles. We present
recently published results on sympathetically cooling a single proton in
a Penning trap with laser-cooled beryllium ions located in a different
trap (Bohman et al., Nature, 2021). Coupling is achieved via image
currents induced in adjacent trap electrodes, allowing a macroscopic
separation between the two species. This techniques allows cooling of
any trapped charged particle, with a particular focus on exotic species
such as antimatter or highly-charged ions.

This talk will cover the most recent experimental results as well as
future prospects based on simulation work.

A 3.2 Mon 14:15 A-H2

Implementing Sympathetic Laser Cooling and a Josephson
Junctions based Voltage Source for the Measurement of the

Nuclear Magnetic Moment of 3He?* — e ANNABELLE KAISER!,

ANTONIA SCHNEIDER!', ANDREAS MoOsER!, STEFAN Dickopr!,
Marius MULLER!, ALEXANDER RiscHkal, STEFAN ULMER2, JOCHEN
Warz3, and Kraus Braum! — Max-Planck Institute for Nuclear
Physics, Heidelberg, Germany — 2RIKEN, Wako, Japan — 3Johannes

Gutenberg-University and Helmholtz-Institute, Mainz, Germany

The Heidelberg 3He-experiment is aiming at the first direct high-
precision measurement of the nuclear magnetic moment of 3He?* | with
a relative uncertainty on the 109 level. The helion nuclear magnetic
moment is an important parameter for the development of hyperpo-
larized 3He-NMR-probes for absolute magnetometry.

The measurement is performed using a cryogenic four Penning-trap
setup, with techniques presented in [1]. To achieve the mandatory
frequency stability for spin-state detection, a single 3He?* ion will be
prepared at temperatures of a few mK via sympathetic laser cooling
with 9Bet. To further improve the stability, the noise generated by
the voltage sources applied to the trap electrodes can be reduced by
implementing Josephson junctions as a voltage source. The tuning will
be achieved by switching a low-noise DAC in series to the Josephson
junctions, aiming at an absolute voltage stability better than 70nV over
two minutes. The setup and status of the project will be presented.

[1] Mooser et al, J. Phys.: Conf. Ser. 1138 012004 (2018)

A 3.3 Mon 14:30 A-H2
High-precision measurement of the hyperfine structure of
3He't in a Penning trap — eANTONIA ScHNEIDER!, Bas-
TIAN SIKORA!, STEFAN Dickoprr!, MAaRIUs MOULLER!, NATALIA
S. ORresHKINA!, ALEXANDER RiscHkAl, Icor VALUEV!, STEFAN
ULMER2, JocHEN WaLz3%, Zorran Harman!, ChuristopH H.
KerTeL!, ANDREAS Moosger!, and Kraus Braum! — 1Max Planck
Institute for Nuclear Physics, Saupfercheckweg 1, D-69117, Heidel-

berg, Germany — 2RIKEN, Ulmer Fundamental Symmetries Labora-

Location: A-H2

tory, 2-1 Hirosawa, Wako, Saitama, 351-0198, Japan — 3Institute for
Physics, Johannes Gutenberg-University Mainz, Staudinger Weg 7, D-
55099 Mainz, Germany — 4Helmholtz Institute Mainz, Staudingerweg
18, D-55128 Mainz, Germany

We investigated the ground-state hyperfine structure of a single 3Het
ion in a Penning trap to directly measure the zero-field hyperfine split-
ting, the bound electron g-factor and the nuclear g-factor with a rel-
ative precision of 3-10711, 2.10719 and 8 - 1019, respectively. The
latter allows for the determination of the g-factor of the bare nucleus
with a relative precision of 8 - 10710 via our accurate calculation of
the diamagnetic shielding constant. This constitutes the first direct
calibration for 3He nuclear magnetic resonance (NMR) probes and an
improvement of the precision by one order of magnitude compared to
previous indirect results [1]. The measured zero-field hyperfine split-
ting allows us to determine the Zemach radius, which characterizes the
electric and magnetic form factors, with a relative precision of 7-1073.
[1] Y. I. Neronov and N. N. Seregin, Metrologia, 51 (2014) 54.

A 3.4 Mon 14:45 A-H2
Optimal laser cooling of a single ion in a radiofrequency
trap — eDANIEL VADLEJCH!, ANDRE Kurosal, HENNING FURrsT!2,
OLec Prupnikov?, and Tanja MenLsTAUBLERD2 — 1Physikalisch-
Technische Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Ger-
many — 2Institut fiir Quantenoptik, Leibniz Universitit Hannover,
Welfengarten 1, 30167 Hannover, Germany — 3Institute of Laser
Physics, 630090, Novosibirsk, Russia

We present a systematic study of quench cooling of a single ion trapped
in a linear radiofrequency (RF) Paul trap. In our experiments, a nar-
row electronic quadrupole transition near 411nm in 72Yb™ is used
for resolved sideband cooling [1]. The cooling transition is effectively
quench-broadened by means of a laser at 1650 nm, coupling the ex-
cited state of the transition to a higher-lying, fastly decaying state.
We control the broadening via the intensity of the quenching field and
distinguish different regimes of laser cooling. We show optimum cool-
ing parameters for rapid cooling towards the motional ground state
of the trap and discuss their impact on the population distribution of
Fock states during the cooling process. The presented work builds the
fundament for further multi-ion experiments, e.g, using large mixed-
species crystals with different cooling properties for optical clocks [2].

[1] D. Kalincev et al., Quantum Sci. Technol. 6, 034033 (2021).

[2] J. Keller et al., Phys. Rev. A 99, 013405 (2019).

A 3.5 Mon 15:00 A-H2
Hyperfine Spectroscopy of Single Molecular Hydrogen Ions in
a Penning Trap at ALPHATRAP — ¢C. M. Konic!, F. Heissel,
J. MoreNeEr!, T. Saier!, B. Tul2, K. BLaum!, S. ScHILLER3,
and S. STurM! — Max-Planck-Institut fiir Kernphysik, 69117 Hei-
delberg — 2Institute of Modern Physics, Fudan University, Shanghai
200433 — 3Institut fiir Experimentalphysik, Univ. Diisseldorf, 40225
Diisseldorf

As the simplest molecules, molecular hydrogen ions (MHI) are an ex-
cellent system for testing QED. We plan to perform high-precision
spectroscopy on single MHI in the Penning-trap setup of ALPHATRAP
[1], initially focusing on the hyperfine structure of HD*. This will
allow extracting the bound g factors of the constituent particles and
coefficients of the hyperfine hamiltonian. The latter can be compared
with high-precision ab initio theory [2] and are important for a better
understanding of rovibrational spectroscopy performed on this ion.

In the future, we aim to extend our methods to single-ion rovibrational
laser spectroscopy of H;L enabling the ultra precise determination of
fundamental constants, such as mp/me [3]. The development of the
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required techniques will be an important step towards spectroscopy
of an antimatter H, ion [4]. In this contribution, I will present an
overview of the experimental setup and first measurement results of
the hyperfine structure of HDT.

[1] S. Sturm et al., Eur. Phys. J. Spec. Top. 227, 1425-1491 (2019)
[2] J.-Ph. Karr, et al. Phys. Rev. A 102, 052827 (2020)

[3] J.-Ph. Karr, et al., Phys. Rev. A 94, 050501(R) (2016)

[4] E. Myers, Phys. Rev. A 98, 010101(R) (2018)

A 3.6 Mon 15:15 A-H2

Enhanced Dipolar Interactions — eARTUR SKLIAROW!,
BENYAMIN SHNIRMAN!, Xiaovu CHENG!, CHARLEs S. ApaMsZ,
TizmMan Praul, Roerr Low!, and Hapisen Arvagian® — 15,

Physikalisches Institut and IQST, Universitat Stuttgart, Pfaffen-
waldring 57, Stuttgart, Germany — 2JQC Durham-Newcastle, Depart-
ment of Physics, Durham University, South Road, Durham, United
Kingdom — 3Department of Physics & Astronomy, Purdue Quantum
Science & Engineering Institute, Purdue University, West Lafayette,

IN, USA

The interest in nonlinear quantum optics based on strong photon-
photon interactions continuously grows with time as it might lead to
an all-optical quantum network.

Atoms aligned in a 1D chain or 2D lattice show stronger interactions
than in an arbitrary 3D arrangement as they exchange photons in a
favored direction. A wide variety of ultracold experiments makes use
of this fact by trapping individual atoms in 1D or 2D optical traps or
tweezers and probing their interaction with a free-space laser beam.
In contrast to the ultracold experiments, here we create confined 1D
light fields, well below the diffraction limit, with engineered nanopho-
tonic devices and immerse them in a thermal cloud of atoms. As a
result, we observe the first realization of repulsive blue-shifted dipole-
dipole interactions in a thermal vapor. Additionally, we demonstrate
the power of nanophotonics by boosting those interactions by almost
one order of magnitude via a Purcell modification hence, creating a
highly nonlinear medium.

A 4: X-ray FELs (joint session MO/A)

Time: Monday 14:00-16:15

A 4.1 Mon 14:00 MO-H5
Following excited-state chemical shifts in molecular ultra-
fast x-ray photoelectron spectroscopy — eDENNIS MAYER!,

FaBiano Lever!, Davip Picconi!, Jan MEeTJE!, SKIRMAN-
2

TAS Avrisauskas?, FraNcEsca CALEGARI®, STEFAN DUSTERER?,
CurisTOPHER EHLERT?, RAIMUND FEIFFEL?, MAaRrIO NIEBUHR!,
BasTiaN ManscHWETUSZ, MarioN KunLMaNN?, Tomaso Mazza%,
MarTHEW S. RoBinsonb3, RicHArRD J. SquiBB®, ANDREA
TRABATTONI®, MANS WALLNER?, PETER SAALFRANK!, THOMAS J.A.
WoLr’, and Markus GUHR! — 1 University of Potsdam, Germany —
2DESY, Hamburg, Germany — 3CFEL, Hamburg, Germany — *HITS
gGmbH, Heidelberg, Germany — ®University of Gothenburg, Sweden
— SEuropean XFEL GmbH, Hamburg, Germany — ?Stanford PULSE

Institute, Menlo Park, USA

We demonstrate the capabilities of time-resolved x-ray photoelectron
spectroscopy with a study of the UV-excited dynamics of 2-thiouracil
conducted at the FLASH free electron laser in Hamburg, Germany.
By probing sulfur 2p core electrons, we discover that a significant part
of the excited-state population relaxes to the ground state within 220-
250fs. Observed spectral shifts can be directly attributed to a charge
redistribution over the molecule during the relaxation process. Ad-
ditionally, we observe a 250fs oscillation in the kinetic energy of the
excited-state population which reveals a coherent population exchange
among electronic states.

A 4.2 Mon 14:15 MO-H5
How to produce nuclear-polarized hydrogen molecules and
for what they can be used — eRaLF ENGELs — Institut fiir Kern-
physik, FZ Jiilich/GSI Darmstadt

In accelerator experiments polarized proton/deuteron beams and hy-
drogen/deuterium targets are an important tool to investigate the spin
dependence of the nuclear forces. Both can be made with a polarized
atomic beam source, a modern version of a Rabi apparatus. By recom-
bination of these atoms hyper-polarized Ha, D2 and H D molecules in
many hyperfine substates are produced and can be used for further
applications. For example, the recombination process itself and his
dependence on the electron spin, surface materials or external radia-
tion can be investigated as well as the coupling of the nuclear spins
with the rotational magnetic moment. In nuclear physics the polar-
ized molecules allow to increase the target density and with polarized
molecular ions a better stripping injection into storage rings is possi-
ble. Further applications may be the use as polarized fuel for fusion
reactors or the search for an electric dipole moment of the nucleons.

A 4.3 Mon 14:30 MO-H5
Correlation fingerprints in the x-ray induced Coulomb explo-
sion of iodopyridine — eBrNoiT RicHARD!23, JuLiA ScHAFER!"4,
ZortaN JUrReEk!, RoBIN SANTRA}'234 and Lubpcer INHESTERDZ —
LCenter for Free-Electron Laser Science CFEL, Deutsches Elektronen-
Synchrotron DESY, Notkestr. 85, 22607 Hamburg, Germany — 2The
Hamburg Centre for Ultrafast Imaging, Luruper Chaussee 149, 22761
Hamburg, Germany — 3Department of Physics, Universitit Hamburg,

Location: MO-H5

Notkestr. 9-11, 22607 Hamburg, Germany — *Department of Chem-
istry, Universitdt Hamburg, Martin-Luther-King-Platz 6, 20146 Ham-
burg, Germany

Coulomb explosion induced by XFEL radiation is a promising exper-
imental tool to image individual molecules. However, the amount of
information about the original molecule geometry that can be inferred
from the measured final momenta of the produced ions is presently
unknown. In particular, the data acquired by state of the art multi-
coincidence measurement techniques contains information about cor-
relations between the different measured ions, but how to exploit this
extra information for geometry reconstruction is currently unclear. In
this work we propose a first step in this direction. To this end we
analyze simulation data for the x-ray induced Coulomb explosion of
2-iodopyridine and describe its fragmentation dynamics. Crucially, we
show that a collision between two ions during the Coulomb explosion
causes strong and possibly measurable correlations between their final
momenta.

A 44 Mon 14:45 MO-H5
Universal Reconstruction of Nanoclusters from Wide-Angle
X-Ray Diffraction Patterns with Physics-Informed Neural
Networks — eTHOMAS STIELOW and STEFAN SCHEEL — Institut fiir
Physik, Universitiat Rostock, Albert-Einstein-Strafie 23, 18059 Rostock

Single-shot diffraction imaging by soft X-ray laser pulses is a valuable
tool for structural analysis of unsupported and short-lived nanosys-
tems, while the exact inversion of the scattering patterns still proves
challenging [1]. Deep learning, on the other hand, is widely used in
data sciences for the extraction of information from images and has
recently been used to accelerate parameter reconstructions from wide-
angle scattering patterns [2]. Here, we show how a deep neural network
can be used to reconstruct complete three-dimensional object models of
uniform, convex particles from single two-dimensional wide-angle scat-
tering patterns. Through physics-informed training the reconstruc-
tions achieve unprecedented levels of detail on real-world experimental
data [3].

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

[2] T. StieLOW et al. Mach. Learn.: Sci. Technol. 1, 045007 (2020).

[3] T. StieLow and S. ScHEEL, Phys. Rev. E 103, 053312 (2021).

A 4.5 Mon 15:00 MO-H5
Ultrafast Auger spectroscopy of 2-thiouracil — eF. LEVER!, D.
Maver!, D. Picconi!, J. MeTJE!, S. ALisauskas?, F. CALEGARIZ,
S. DusteErer?, C. Enrerr®, R. Frrer?, M. Niesunr!, B.
ManscawETUs?, M. KunLMANNZ, T. Mazza® M. S. Rosinson®, R.
J. Squis%, A. TraBaTTONI®, M. WALLNER?, P. SaaLFrank!, T.
J. A. WoLr7, and M. GtHR! — !Universitit Potsdam — 2Deutsches
Elektronen Synchroton (DESY) — 3Heidelberg Institute for Theoret-
ical Studies — “Department of Physics, Gothenburg University —
5Center for Free-Electron Laser Science (CFEL) — SEuropean XFEL
— TSLAC, Stanford

Investigating the effects of UV exposure in thionucleobases can shed
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light on the mechanisms that cause the formation of DNA lesions. In
this talk, we show how ultrafast x-ray spectroscopy can be used to
gain information on such processes. We study the sulfur 2p Auger
spectrum of 2-thiouracil in a uv-pump, x-ray probe experiment at the
free electron laser FLASH. We observe ultrafast dynamics in the elec-
tron kinetic energy spectrum, happening on time scales of 100fs to
1ps. Using a simple coulomb model for the electron binding energies,
aided by quantum chemical calculations of the electronic states energy,
we deduce an elongation of the C-S bond on a 100fs time scale. The
geometric changes trigger internal conversion from the initally excited
S2 state to the S1 state. For longer pump-probe delays, the observerd
timescales provide evidence for inter system crossing from the S1 state
to the triplet manifold [1].
[1] F Lever et al 2020 J. Phys. B: At. Mol. Opt. Phys. 54 014002

A 4.6 Mon 15:15 MO-H5
Control of bionanoparticles with electrical fields — eJANNIK
Loekeb23, Lena Worss2, ArmMANDO EsTiLLOorRe!, AwmrIT
SamanTtal, and JocuEn KuppeEr':23 — 1Center for Free-Electron
Laser Science CFEL, Deutsches Elektronen-Synchrotron DESY, Ham-
burg, Germany — 2Department of Physics, Universitit Hamburg,
Hamburg, Germany — 3Center for Ultrafast Imaging, Universitit

Hamburg, Hamburg, Germany

Single-particle imaging (SPI) experiments at free-electron lasers
(FELs) promise high-resolution imaging of the structure and dynam-
ics of nanoparticles and macromolecules. Guiding sample particles into
the focus of an FEL, diffraction patterns of individual particles can be
collected. Sufficient amounts of patterns of identical nanoparticles are
needed to overcome the inherently small signal-to-noise ratio and re-
construct the underlying 3D structure. Optimized delivery of identical
nanoparticles is key to efficient and successful SPI experiments. Here,
we present an approach for the production of purified high-density
beams of a broad variety of biological nanoparticles, demonstrated on
a large protein. We establish control through electric fields, aiming at
charge state or conformational state selectivity. This is especially rele-
vant for soft biological samples, such as proteins or protein complexes,
which in uncontrolled environment are prone to structural instability.

A 4.7 Mon 15:30 MO-H5
Tracing Inner-Shell-Ionization-Induced Dynamics of Water
Molecules Using an X-ray Free-Electron Laser and Ab-
Initio Simulations — eLUpGER INHESTER!, TiLL JAHNKE?, RENAUD
GuiLLeMIN®, and MARIA NoveLLa PiancasTeLLi®* — Center for
Free-Electron Laser Science CFEL, Deutsches Elektronen-Synchrotron
DESY, Hamburg — 2European XFEL, Schenefeld — 3Sorbonne Uni-
versité, CNRS, LCPMR, Paris — 4Uppsala University, Uppsala

The response of molecules to ionizing radiation is of utmost relevance
to many research areas. Multi-coincidence signals from experiments at
x-ray free-electrons lasers provide us new opportunities to study the
dynamics of molecules upon inner-shell ionization. In a recent experi-
ment at the European XFEL, water vapor has been exposed to intense
x-ray pulses and all the resulting ion fragments have been recorded in
coincidence. In this talk, I will discuss how through ab-initio simu-
lations of the multiphoton multiple ionization and fragmentation dy-

namics we could identify distinct signatures in the ion momentum data
with different break-up patterns. By combining experimental results
and theoretical modeling, we were able to image the dissociation dy-
namics of water after core-shell ionization and subsequent Auger decay
in unprecedented detail and uncover fundamental dynamical patterns
relevant for the radiation damage in aqueous environments. [1]

[1] T. Jahnke et al., Phys. Rev. X 11, 041044 (2021)

A 4.8 Mon 15:45 MO-H5
Competition of interatomic Coulombic decay and autoion-
ization in doubly excited helium nanodroplets — ¢BJOrRN Bas-
TIAN, JAKOB D. AsMmussigN, LTalEr B. LrTAIEF, AKGASH SUNDAR-
ALINGAM, CATHARINA I. VANDEKERCKHOVE, and MARCEL MUDRICH
— Department of Physics and Astronomy, Aarhus University, DK

Double-excitation states in helium atoms are an important model sys-
tem to study electron-electron correlation. Doubly excited atoms can
autoionize and the interference with the direct ionization pathway gives
rise to characteristic Fano peaks in the photoexcitation spectrum [1]
which has also been observed in helium nanodroplets [2]. In dimers
or clusters, the de-excitation energy can instead be transferred and
cause ionization of the environment. Theory has shown, that this
interatomic Coulombic decay (ICD) pathway becomes fast at small
interatomic distances and competes with autoionization especially in
large environments [3].

We present photoion-photoelectron coincidence spectra around the
Fano resonance below the N=2 ionization threshold in helium nan-
odroplets that have been recorded at our new endstation at the AMO-
Line of the ASTRID2 synchrotron at Aarhus. Slow electrons reveal
ICD or secondary inelastic scattering. Highly resolved electron spectra
recorded at various photon energies across the Fano resonance reveal
the details of the decay process.

[1] Domke et al. Phys. Rev. Lett. 66, 1306 (1991). [2] LaForge et al.
Phys. Rev. A 93, 050502 (2016). [3] Jabbari et al. Chem. Phys. Lett.
754, 137571 (2020).

A 4.9 Mon 16:00 MO-H5
Simulating Molecular Diffraction Patterns using CMId-
iffract — eNIDIN VADASSERY Y3, SEBASTIAN TRIPPEL}'2, and JOCHEN
Kupperb23 — 1Center for Free-Electron Laser Science, Deutsches
Elektronen-Synchrotron DESY, Hamburg — 2Department of Physics,
Universitit Hamburg — 3Department of Chemistry, Universitat Ham-
burg

The structure and time-dependent dynamics of molecules in the gas
phase reveal a plethora of information about fundamental processes in
nature. X-rays and electrons are typically used to image the molecular
structure using diffraction techniques. In that respect, x-ray pulses
provided by XFELs have the potential to study the chemical dynam-
ics of gaseous molecules on the ultrafast time scale with sub-picometer
spatial resolution. Here, we present our computational results using
CMlIdiffract, an in-house software package developed to compare ex-
perimental diffraction images with theory. The package incorporates
various aspects of x-ray diffraction experiments, e.g., angular distribu-
tions of molecular samples.

A 5: Annual General Meeting

Time: Monday 16:30-17:00

Annual General Meeting

Location: A-MV

A 6: Interaction with strong or short laser pulses Il

Time: Tuesday 10:30-12:00

Invited Talk A 6.1 Tue 10:30 A-H1
Synthetic chiral light for control of achiral and chiral media
— eNicoLa Maver!, Davip Avusol2, MisHa Ivanov!, and Orca
SmirNovAl — Max-Born-Institut, Berlin, Germany — 2Imperial Col-
lege, London, United Kingdom

Light that is chiral in the dipole approximation can be synthetized
by combining two or more beams with commensurate frequencies in a
non-collinear or tightly-focused setup. The interaction of this partic-

Location: A-H1

ular type of light with a chiral sample leads to giant enantio-sensitive
responses [1]. Moreover, the combination of chiral light with Gaussian
beams carrying orbital angular momentum (OAM) gives rise to vor-
texes with azimuthally-varying handedness [2|. Here, we demonstrate
new ways in which synthetic chiral can be used to shape the response
in both achiral and chiral media. Specifically, we demonstrate the exci-
tation of time-dependent chiral superpositions of atomic states whose
handedness can be probed by standard Photoelectron Circular Dichro-
ism methods [3]. Moreover, we demonstrate that chiral OAM beams
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shape the near- and far-field high-harmonic generation (HHG) signal
from isotropic samples of chiral molecules in a topological manner, i.e.
the spatial distribution of the HHG signal is described by an integer
topological charge.

[1] D. Ayuso et al., Nat. Phot., 2019, 13 (12), 866-871

[2] N. Mayer et al., Chiral topological light, in preparation

[3] N. Mayer et al., Imprinting chirality on atoms using synthetic
chiral light, arXiv:2112.02658

A 6.2 Tue 11:00 A-H1
Retrieval of the internuclear distance in a molecule from pho-
toelectron momentum distributions using convolutional neu-
ral networks — eNikoLAY SHVETSOV-SHILOVSKI and MANFRED LEIN
— Leibniz Universitat Hannover, Hannover, Germany

We train and use a convolutional neural network (CNN) to recognize
the internuclear distance of a two-dimensional H;’ molecule from the
photoelectron momentum distribution produced by a strong few-cycle
laser pulse [1]. We show that the CNN trained on a dataset consisting
of a few thousand images can retrieve the internuclear distance with
the mean absolute error less than 0.1 a.u.

We investigate the effect of the focal averaging on the retrieval of
the internuclear distance. The CNN trained on a set of focal averaged
momentum distributions also shows good performance in recognizing
of the internuclear distance: the corresponding mean absolute error
does not exceed 0.2 a.u. Furthermore, we compare the application of
the CNN with an alternative approach based on the direct comparison
of the momentum distributions.

[1] N. I. Shvetsov-Shilovski and M. Lein, submitted to Phys. Rev.A,
arXiv:2108.08057.

A 6.3 Tue 11:15 A-H1
Torus-knot angular momentum in attosecond pulses from
high-harmonic generation — eBJO6rRN MINNEKER!23, BIRGER
Boning23, ANNE WEeBER!, and StePHAN FRriTzscur!:?:3
ITheoretisch Physikalisches Institut, Friedrich-Schiller-Universitét,
Jena, Germany — 2GSI Helmholtzzentrum fiir Schwerionenforschung

GmbH, Darmstadt, Germany — 3Helmholtz Institut, Jena, Germany

We investigated the dynamical symmetry related to the conservation
of torus-knot angular momentum (TKAM) in attosecond bursts from
high harmonic generation. In particular, we discuss the characteri-
zation of the TKAM for bicircular Laguerre-Gaussian driving beams.
Since the orbital angular momentum of the emitted harmonics is not a
good quantum number anymore, a different kind of angular momentum
is required to characterize them, namely the TKAM. We developed an
intuitive model which relates the characteristic parameters 7 and « of
the TKAM to the geometry of a torus knot. This is done for both

the driving beam and the harmonic radiation. In addition, we found
a geometric relation between 7 and . We hope that our contribution
can help to get intuitively access to this form of angular momentum.
Furthermore, TKAM maid help to improve the spectroscopical classi-
fication of high harmonics driven by bicircular beams.

A 6.4 Tue11:30 A-H1
High-harmonic generation in finite Haldanite flakes —
oCHRIsTOPH JURSs and DIETER BAUER — Institute of Physics, Uni-
versity of Rostock

In topological insulators, edge states are important for the electron dy-
namics. The edge states allow a dissipation-less transport of electric
current, whereas the bulk is an insulator. In this work, we investi-
gate the contribution of the edge states to the high-order harmonic
generation in the Haldane model. Finite "Haldanite” flakes of different
sizes are considered. Compared to the spectrum for the respective bulk
system, the finite flakes show several additional peaks in the energy
region below the band-gap between valence and conduction band. We
find that some peaks depend on the flake size. This talk focuses on
the origin of this size dependency.

A 6.5 Tue 11:45 A-H1
Time Delay and Nonadiabatic Calibration of the Attoclock
and TDSEQ result — eOssama KurLie! and Icor Ivanov? —
ITheoretical Physics, Institute of Physics, University of Kassel —

2Centre for Relativistic Laser Science, Gwangju, Republic of Korea

The measurement of the tunneling time in attosecond experiments,
termed attoclock, triggered a hot debate about the tunneling time,the
role of time in quantum mechanics and the separation of the interac-
tion with the laser pulse into two regimes of a different character, the
multiphoton and the tunneling ionization. In earlier works of the the
adiabatic field calibration our real tunneling time showed a good agree-
ment with the experimental data of the attoclock [1]. In the present
work [1], we show that our model can explain the experimental results
in the nonadiabatic field calibration, where we reach a good agreement
with the experimental data of Hofmann et al [2]. Moreover, our result
is confirmed by a new numerical integration of the Time-dependent
Shrédinder equation, see Ivanov et al [2]. Our model is appealing be-
cause it offers a clear picture of the multiphoton and tunneling parts.
Surprisingly, at a field strength F' < F,, (the atomic field strength) the
model always indicates a time delay with respect to the lower quan-
tum limit at F = F,. Its saturation at the adiabatic limit explains
the well-known Hartman effect or Hartman paradox. [1] O. Kullie
arXiv:2005.09938v3, O. Kullie PRA 92, 052118, 2015. [2] logr Ivanov
et al, J. of Mod. Opt. 66, 1052, 2019. [3] Phys. Rev. A 89, 021402,
2014.

A 7: Ultra-cold atoms, ions and BEC | (joint session A/Q)

Time: Tuesday 10:30-12:15

A 7.1 Tue 10:30 A-H2
Imaging the interface of a qubit and its quantum many-body
environment — SIDHARTH RAMMOHAN'!, @ ARITRA MISHRAZ, SHIVA
Kant Trwart!, Asuuttr Penpse!, AniL. K. CHAUHAN®, REJISH
Narua?, ALEXANDER EIsFELDZ, and SEBASTIAN WUSTER! — lIndian
Institute of Science Education and Research, Bhopal, India — 2Max
Planck Institute for the Physics of Complex Systems, Dresden, Ger-
many — 3Palacky University, Olomouc, Czechia — *Indian Institute
of Science Education and Research, Pune, India

Decoherence affects all quantum systems and impedes quantum tech-
nologies. In this contribution, we theoretically demonstrate that for
a Rydberg atom in a Bose-Einstein condensate, experiments can im-
age the system environment interface that is central for decoherence
[1]. High precision absorption images of the condensate can capture
transient signals that show real time buildup of the mesoscopic entan-
gled states in the environment. The tuning of the decoherence time
scales is possible even from nano seconds to micro seconds using the
principle quantum number. As a result, probing is possible even be-
fore other sources of decoherence kick in [2|. Finally, we discuss the
case in which the system is under a constant microwave drive. This
simple modification drastically changes the Hamiltonian as well as the
system dynamics, making it non-Markovian, which we study using an
advanced numerical technique called the Hierarchy of Pure States [3].

Location: A-H2

[1] S. Rammohan, et al., (2020), URL https://arxiv.org/abs/2011.11022
[2] S. Rammohan, et al., Phys. Rev. A. 103, 063307 (2021)
[3] D. Suess, et al., Phys. Rev. Lett. 113, 150403 (2014)

A 7.2 Tue 10:45 A-H2
Observation of Feshbach Resonances between 38Ba™ and %Li
— oFABIAN THIELEMANN!, PascaL WEcCKEssER!2, JoacHim WELz!,
Wer Wu2, Tuomas WaLkeR!, and Tosias Scuarrz! — 1Albert-
Ludwigs Universitét, Freiburg — 2Max Planck Institut fiir Quantenop-
tik, Garching
The experimental control over Feshbach resonances in ensembles of ul-
tracold atoms has lead to breakthrough results in the field. An ion,
overlapped with a cloud of ultracold atoms, exhibits a longer range
interaction potential and can offer a high degree of control at the sin-
gle particle level. Reaching the ultracold regime, at which Feshbach
resonances emerge, in hybrid traps has so far proven difficult due to
micromotion heating. In this talk we present the first observation of
Feshbach resonances between ions and atoms by immersing a single
138Bat ion into a cloud of ultracold 8Li atoms and demonstrate tun-
ability of the two-body and three-body scattering rate of the atom-ion
system.

A 7.3 Tue 11:00 A-H2

Observation of Hole Pairing in Mixed-Dimensional Fermi-
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Hubbard Ladders — eSaran HirTHE!'2, THOMAS CHALOPIN
Dowminik Bourcunp!2, PETAR BoJsovic!:2, ANNABELLE BOHRDT
FaBIiaN GruspT?2, EuGENE DEMLER?®, IMMANUEL Broca®2:% and
TimoN HiLker!:2 — !Max-Planck-Institut fiir Quantenoptik, Garch-
ing, Germany — 2Munich Center for Quantum Science and Tech-
nology, Munich, Germany — 3Harvard University,Cambridge, USA
— 4ITAMP, Harvard-Smithsonian Center for Astrophysics, Cam-
bridge, USA — °Ludwig-Maximilians-Universitit, Munich, Germany
— SETH Zurich, Zurich, Switzerland

Doping an antiferromagnet lies at the heart of many strongly correlated
systems and the pairing of dopants in particular is believed to play a
key role in the emergence of high-Tc superconductivity. In the talk I
will discuss our recent direct observation of hole-pairing due to mag-
netic order in a Fermi-Hubbard type system in our Lithium quantum-
gas microscope. We engineer mixed-dimensional Fermi-Hubbard lad-
ders in which the tunneling along the rungs is suppressed, while en-
hanced spin exchange supports singlet formation, thus drastically in-
creasing the binding energy. We observe pairs of holes preferably oc-
cupying the same rung of the ladder. We furthermore find indications
for repulsion between pairs when there is more than one pair in the
system.

A 74 Tue11:15 A-H2
Adiabatic charge pumping in bosonic Chern insulator analogs
— eIsaac TEsraYE, Borao WanNG, and ANDRE EckarpT — TU
Berlin, Institut fiir Theoretische Physik, Hardenbergstr. 36, 10623
Berlin, Deutschland

Mimicking fermionic Chern insulators with bosons has drawn a lot of
interest in experiments by using, for example, cold atoms [1,2] or pho-
tons [3].

Here we present a scheme to prepare and probe a bosonic Chern insu-
lator analog by using an ensemble of randomized bosonic states.

By applying a staggered superlattice, we identify the lowest band with
individual lattice sites. The delocalization over this band in quasi-
momentum space is then achieved by introducing on-site disorder or
local random phases.

Adiabatically turning off the superlattice then gives rise to a bosonic
Chen insulator, whose topologically non-trivial property is further con-
firmed from the Laughlin-type quantized charge pumping.

Our protocol may provide a useful tool to realize and probe topological
states of matter in quantum gases or photonic waveguides.

[1] Aidelsburger, Monika, et al. "Measuring the Chern number of
Hofstadter bands with ultracold bosonic atoms." Nature Physics 11.2
(2015): 162-166.

[2] Cooper, N. R., J. Dalibard, and I. B. Spielman. "Topological bands
for ultracold atoms." Reviews of modern physics 91.1 (2019): 015005.
[3] Ozawa,Tomoki, et. al. "Topological photonics." Rev. of Mod.
Phys. 91.1 (2019): 015006

A 75 Tue 11:30 A-H2
Machine learning universal bosonic functionals — e BENAVIDES-
Riveros Carros L.1, ScumipT JoNnaTHAN?, and FADEL MATTEOS —
IMax Planck Institute for the Physics of Complex Systems, Néthnitzer
StraRe 38, 01187 Dresden, Germany — 2Institut fiir Physik, Martin-
Luther-Universitédt Halle-Wittenberg, 06120 Halle (Saale), Germany
— 3Department of Physics, University of Basel, Klingelbergstrasse 82,
4056 Basel, Switzerland

The one-body reduced density matrix « plays a fundamental role in de-

scribing and predicting quantum features of bosonic systems, ultra-cold
gases or Bose-Einstein condensates. The recently proposed reduced

density matrix functional theory for bosonic ground states establishes
the existence of a universal functional F[y] that recovers quantum cor-
relations exactly. Based on a novel decomposition of v, we have de-
veloped a method to design reliable approximations for such universal
functionals [1]. Our results demonstrate that for translational invari-
ant systems the constrained search approach of functional theories can
be transformed into an unconstrained problem through a parametriza-
tion of a Euclidian space. This simplification of the search approach
allows us to use standard machine learning methods to perform a quite
efficient computation of both F[v] and its functional derivative. For the
Bose-Hubbard model, we present a comparison between our approach
and the quantum Monte Carlo method.
[1] Phys. Rev. Research 3, L032063 (2021).

A 7.6 Tuell:45 A-H2
Fibre cavity based quantum network node with trapped
Yb ion — eSANTHOSH SURENDRA, PascaL KoBEL, RALF BERNER,
MoriTz BREYER, and MicHAEL KoHL — Physikalisches institute,
University of Bonn, Bonn, Germany

Quantum networks are promising to revolutionise information ex-
change and cryptography. An important part of these networks are
nodes where quantum states can be stored, and manipulated. In this
work, we investigate such a quantum communication node formed by
a trapped Yb ion coupled to an optical fibre cavity. Using a resonant
fibre cavity for the electric dipole transition at 370nm, we are able
to collect the emitted photons with high efficiency, which carry quan-
tum information from node to node via their polarisation. We use
pulsed excitation to realise a fibre coupled, deterministic single photon
source, where the photons are entangled with the hyperfine states of
the ion with a high fidelity of 90.1(17)%. The state of the trapped ion
represents the quantum memory, which is used to realise a memory
enhanced quantum key distribution protocol (BBM92), being the first
step towards realising a quantum repeater node.

A 7.7 Tue 12:00 A-H2
Pattern formation in quantum ferrofluids: From supersolids
to superglasses — eJens HERTKORN!, JAN-NIKLAS ScHMIDT!,
Mincyane Guol, FaBian BoTrcHErR!, KEVIN S. H. Ncl, SEan D.
GrauaMm!, PauL UgrrLiNgs!, TiM LANGEN!, MARTIN ZWIERLEINZ,
and TiLMaN Praul — 15, Physikalisches Institut and Center for Inte-
grated Quantum Science and Technology, Universitit Stuttgart, Ger-
many — 2MIT-Harvard Center for Ultracold Atoms, Research Labo-
ratory of Electronics, and Department of Physics, Massachusetts In-
stitute of Technology, USA

Pattern formation is a ubiquitous phenomenon observed in nonlin-
ear and out-of-equilibrium systems. In equilibrium, ultracold dipolar
quantum gases have been shown to host superfluid quantum droplet
patterns, which realize a supersolid phase. Here we theoretically study
the phase diagram of such quantum ferrofluids in oblate trap geome-
tries and discover a wide range of exotic states of matter. Beyond the
supersolid droplet regime, we find crystalline honeycomb and amor-
phous labyrinthine states with strong density connections. These pat-
terns, combining superfluidity with a spontaneously broken spatial
symmetry, are candidates for a new type of supersolid and superglass,
respectively. The stabilization through quantum fluctuations allows
one to find these patterns for a wide variety of trap geometries, inter-
action strengths, and atom numbers. Our study illuminates the origin
of the various possible morphologies of quantum ferrofluids, highlights
their emergent supersolid and superglass properties and shows that
their occurrence is generic of strongly dipolar interacting systems.

A 8: Atomic systems in external fields

Time: Tuesday 16:30-18:30

A 81 Tue 16:30 P
Numerical Studies of atom-based microwave eletric field sens-
ing in hot vapors — eMaTTHiAs ScHMIDT!, FABIAN Ripkal, CHANG
Liv', HaraLp KUBLER!2, and JamEes P. SHAFFER! — !'Quantum
Valley Ideas Laboratories, 485 Wes Graham Way, Waterloo, ON N2L
6R1, Canada — 25. Physikalisches Institut, Universitit Stuttgart,
Pfaffenwaldring 57, D-70569 Stuttgart, Germany

We present progress in atom-based microwave electric field sensing us-
ing Rydberg atoms in hot vapors. We find two distinct strategies to
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detect the electric field strength of the RF wave, namely the Autler-
Townes limit, where the splitting of the dressed states is proportional
to the incident RF electric field strength and the amplitude regime,
where we determine the electric field by measuring the difference of
transmission in the presence of the microwave. We present a simpli-
fied theoretical model where we consider the small microwave intensity
as an induced detuning of the coupling laser. With this model we can
analytically investigate the main contribution to the transmission sig-
nal and find a simple relation between the change of the transmission
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and the incident RF electric field strength. Furthermore we present a
three photon excitation scheme, with which residual Doppler broad-
ening is suppressed. This enables a spectral resolution comparable to
the Rydberg state decay rate, the spectral bandwith limitation.

A 82 Tue 16:30 P

Interaction of atoms with cylindrically polarized Laguerre-

Gaussian beams — oSHREYAs RaMAKRISHNAD:2:3  JIrI
HorBrUcKER!2, and STEPHAN FriTzscue'?? — l1Helmholtz In-
stitute Jena, Frobelstieg 3, D-07749 Jena, Germany — 2GSI

Helmholtzzentrum fur Schwerionenforschung GmbH, Planckstrasse 1,
D-64291, Germany — 3Theoretisch-Physikalisches Institut, Friedrich-
Schiller-Universitat Jena, Max-Wien-Platz 1, D-07743 Jena, Germany

The excitation of atoms with a single valence electron by cylindri-
cally polarized Laguerre-Gaussian beams is analyzed within the frame-
work of first-order perturbation theory. For cylindrically polarized
Laguerre-Gaussian beams, we show that the magnetic components
of the electric-quadrupole field varies significantly in the beam cross-
section with beam waist and radial distance from the beam axis. Fur-
thermore, we discuss the influence of varying magnetic components
of the electric-quadrupole field in the beam cross-section on the sub-
level population of a localized atomic target. In addition, we calculate
the total excitation rate of electric quadrupole transition (4s 251/2 -
3d 2D5/2) in a mesoscopic target of Cat ion. Our calculation shows
that the cylindrically polarized Laguerre-Gaussian beams are more effi-
cient in driving electric quadrupole transition in the mesoscopic atomic
target than circularly polarized beams.

A 83 Tue 16:30 P
Quadrupole transitions with continuous dynamical decou-
pling — eVicTor JosE MARTINEZ LAHUERTA!, LENNART PELZERZ,
Lupwic KriNnnNErR?, Ka1l DIerze?, Pier Scumipr?, and KLEMENS

HamMERER! — !Institute for Theoretical Physics and Institute for

Gravitational Physics (Albert-Einstein-Institute), Leibniz University
Hannover — 2Physikalisch-Technische Bundesanstalt (PTB), Bunde-
sallee 100, 38116 Braunschweig, Germany

Continuous dynamical decoupling provides a powerful method to pro-
tect decoherence on atomic transitions due to magnetic field fluctua-
tions or electric quadrupole shifts. Here, we analyze the structure of
the effective basis under one and two layers of continuous dynamical
decoupling. We use this to characterize quadrupole transitions among
dynamically decoupled, dressed states, as relevant for ion clocks. Addi-
tionally, we characterize effective selection rules and Rabi frequencies.

Finally, this is applied to a quadrupole transition in Ca+ showing
accordance with experimental results.

A 8.4 Tue 16:30 P
Quantum Mpemba Effect in simple spin models — eSimonN
Kocusiek, FEDERICO CAROLLO, and Icor LEsaNovsky — Institut
fir Theoretische Physik, Universitdt Tiibingen, Auf der Morgenstelle
14, 72076 Tibingen, Germany

In the context of both classical and quantum out-of-equilibrium sys-
tems the characteristic time scale that is needed to reach stationarity
is of central importance. In particular, if properties of the steady state
are to be exploited, the relaxation time is the central hurdle and meta-
stable regions become problematic. In a recent work [1] it was shown
that the (quantum) Mpemba Effect provides a way of preparing the
initial state of the dynamics such that its overlap with slowly decaying
modes is minimized.

We investigate the quantum Mpemba Effect in simple spin systems.
While the transformation which annihilates the overlap with the slow-
est decay mode is difficult to implement practically, we show, that even
simple product transformations can lead to a significant speed-up of re-
laxation. Furthermore we explore the connection between system size
and interaction strength with the achievable amount of acceleration.

[1] F. Carollo et al., Phys. Rev. Lett. 127, 060401 (2021)

A 9: Collisions, scattering and correlation phenomena

Time: Tuesday 16:30-18:30

A 9.1 Tue16:30 P
photoionization time delay in 2D model systems — esAJJAD Az-
1ZI, ULF SAALMANN, and JAN-MICHAEL ROST — Max Planck Institute
for the Physics of Complex Systems, Dresden, Germany

Time delay is a hot topic, which is discussed and measured mostly for
atoms, i.e. spherical single-center objects. In molecules, the interpre-
tation is considerably more challenging since there is a dependence on
the direction, and the molecule has a finite extension. We study this
problem for 2D short- and long-range model systems.

A 9.2 Tuel6:30 P
Charge-exchange three-body reaction with participation of
stau 7 — eRENAT A. Surranov — Odessa College, Department of
Mathematics, 201 W. University Blvd., Odessa, Texas 79764, USA

We report computational results for a few-body charge-exchange re-
action with participation of heavy, long-lived, SUSY supersymmetric
particle stau 7 (or tau slepton) [1]. Specifically, the cross sections and
rates are computed for the following three-body reaction:

(X ")+ He " - (*HeTTXT) +p, 1)
where p is a proton, *He™™ is a helium nucleus and X ~ is stau. The
mass of X~ is ~125 GeV [1]. Stau is a supersymmetric partner of
7-lepton. The quasi-stable negatively charged NLSP (next-to-lightest
supersymmetric particle) X~ can make Coulomb bound states with
nuclei and severely affect the early Big Bang Nucleosynthesis (BBN)
era nuclear reactions [2,3]. A detailed few-body approach based on a
modified Faddeev-Hahn-type equation formalism [4] is applied to the
charge-transfer reaction (1) in this work.

1. CMS Collaboration, Eur. Phys. J. C 80:189 (2020).

2. M. Pospelov, Phys. Rev. Lett. 98, 231301 (2007).

3. K. Hamaguchi, T. Hatsuda, M. Kamimura, Y. Kino, T. T.
Yanagida, Phys. Lett. B 650 268 (2007).

4. R. A. Sultanov and S. K. Adhikari, J. Phys. B 32, 5751 (1999).

A 9.3 Tue 16:30 P
Multi-electron transfers and -excitations in near-adiabatic
collisions of Xe524,54+ +Xe at the ESR Storage
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ring — eSIEGBERT HacMANN!,

JAN  Grorwus!, Uwe SpiLLMANN!, Yurr Litvinovl, Yurr
Kozuepus®, Irya TuprrsyN®, MicHAEL LESTINSKY!, ALEXANDER
GuMmBERIDZE}?| SERGI) TroTsENKOM?, HERMANN ROTHARD’, EN-
rico DEFILIPPO®, EMMANOUEL BENIs?, STEFAN NaNnos?, ROBERT
GriseENTIV?, Nikos PrTripisb2, SuaHAB SaNJARI!, CARSTEN
Branpaul, EsTHER MENz!, TiMO MORGENROTH!, and THOMAS
StoHLKER!"45 — 1GSI Helmholtz-Zentrum Darmstadt — 2Inst. f.
Kernphysik, Univ. Frankfurt — 3Extreme Matter Institut EMMI,
GSI Darmstadt — *Helmholtz Inst. Jena — ®Inst. f. Optik u. Quan-
tenelektronik, U. Jena — ®Dep. of Physics, St Petersburg State Univ.
— T"CIMAP, Ganil, Caen France — 8INFN Catania ,Italy — 9Univ.

of Ioannina, Greece

PIERRE-MICHEL HILLENBRANDZ,

In near adiabatic collisions of bare to He-like Xe ions with Xe atoms
multi-electron transfer processes are studied by measuring the emitted
target- and projectile K- and L- x rays in coincidence with projectiles
which have captured 3 to 6 electrons, and with time of flight of recoiling
Xe target ions. We find that in the projectiles a wide range of electron
levels even with main quantum numbers n>5 are excited- extending
to a very significant population of Rydberg levels, all dependent on
capture multiplicity; a strong contribution of K x rays from high n
shells indicates that outer shell transfer avoids Yrast states l=n-1 but
dominantly prefers low 1 states of the projectile with 1=1.

A 9.4 Tue 16:30 P
Compton Polarimetry on the polarization transfer in hard
x-ray Rayleigh scattering — eWiLko MippenTs!2, GUN-
TER WEBER%3, Uwe SPILLMANN?, MARcO Vockerr}2, PHILIP
PrAFFLEINT23  ALEXANDRE GUMBERIDZES, SopHIA STRNAT??,
ANDREY SurzHYkKov®5, ANDREY VoroTkal®, and TroMAS
SToHLKER!2:3 — 110Q, FSU Jena — 2Helmholtz Institut Jena —
3@GSI Darmstadt — 4PTB, Braunschweig — 5TU Braunschweig —
SITMO University

For photon energies up to the MeV range, the fundamental photon-
matter interaction process of elastic scattering, where both the energy
of the incident and the scattered photon are the same is dominated
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by Rayleigh scattering. This process, referring to the 2nd order QED
process of a photon being scattered on a bound electron exhibits a high
degree of sensitivity to the polarization characteristics of the incoming
photons. Thus precisely determining the poliarization of the incident
and scattered photon beam allow a stringent tests of the underlying
theory. For this purpose, we performed an experiment at the 3rd gen-
eration synchrotron facility PETRA III of DESY, Hamburg, scattering
a highly linearly polarized hard x-ray beam with a photon energy of
175 keV on a gold target. The polarization characteristics of the scat-
tered beam were analyzed within and out of the polarization plane of
the incident synchrotron beam using a prototype 2D-sensitive silicon
strip detector, developed within the SPARC collaboration, that can be
utilized as a highly sensitive Compton polarimeter. We will present

both experimental details as well as first results of this beamtime.

A 9.5 Tue 16:30 P
orientation recovery for scattering images from molecules us-
ing deep learning — eSIDDHARTHA PODDAR, ULF SAALMANN, and
JAN MICHAEL ROST — Max Planck Institute for the Physics of Com-
plex Systems, Noethnitzer Strasse 38, Dresden, Germany

The recovery of a molecule’s orientation in coherent-diffractive imag-
ing with intense Xray-pulses is tackled with a deep neural network.
This network provides the a priori unknown orientation for each im-
age within the set of single-molecule scattering images. By means of
this information it is possible to reconstruct the 3D structure of the
molecule from a dedicated subset of 2D projections.

A 10: Interaction with strong or short laser pulses

Time: Tuesday 16:30-18:30

A 10.1 Tue 16:30 P
Adiabatic models for the bicircular attoclock — ePauL WINTER
and MANFRED LEIN — Leibniz University Hannover

Using counter-rotating bicircular laser fields in an attoclock setup has
some big advantages when studying ionization dynamics in strong
fields: The field is quasilinear in the close temporal vicinity of the
maximal electric field, where ionization is most probable, but never-
theless rescattering is avoided in contrast to purely linearly polarized
fields.

The well-defined direction of the field at the ionization time enables
us to look at orientation dependencies in the ionization of molecules.
An important parameter range is the adiabatic limit, i.e. small Keldysh
parameter v = /2y % < 1. In this regime the ionization can be de-
scribed by a two step model, where the electron travels classically after
tunneling out. A crucial factor in these adiabatic models is the loca-
tion of the exit point where the classical motion starts. The main
observable is the attoclock shift of the electron final momentum due
to the attractive Coulomb force towards the parent ion.

We compare two-dimensional simulations of the time-dependent
Schrédinger equation for HeHT and Ha to results from adiabatic mod-
els. A connection of the attoclock shifts to molecular properties such
as dipole moment and polarizability arises due to the angle-dependent
Stark shift of the ionisation potential.

A 10.2 Tue 16:30 P
Time operator, real tunneling in strong field interaction and
the attoclok — eOssama KuLLiE — Theoretical Physics, Institute
of Physics, University of Kassel

In our work we found a relation to calculate the tunneling time in the
attoclock experiment in both cases, the adiabatic and nonadiabatic
field calibration [1,2]. Our real tunneling time can be derived from
an observable, i.e. a time-energy ordinary commutation relation or a
time operator. In addition, it is constructed from Fujiwara-Kobe time
operator and the well-known Aharonov-Bohm time operator. The spe-
cific form of the time operator is not decisive and a dynamical time
operator of a system refers to the intrinsic time of the system. The
result contrasts the famous Pauli theorem, and confirms the fact that
time is an observable, i.e. the existence of time operator and that
the time is not a parameter in quantum mechanics. Furthermore, we
discuss the relations with different types of tunneling times such as
Eisenbud-Wigner time, dwell time and the statistically defined tunnel-
ing time. We conclude with the hotly debated interpretation of the
attoclock measurement and the advantage of the real tunneling time
picture [3,4]. [1] To be submitted. [2] O. kullie, PRA 92, 052118
(2015). [3] O. Kullie, Ann. of Phys. 389, 333 (2018). [4] O. Kullie,
Qauntum report 02, 233 (2020).

A 10.3 Tue 16:30 P
Non-sequential double ionization of Ne by elliptically polar-
ized laser pulses — eFanc Liul23 ZuancJin CueEN?, BIRGER
Boning!2:3) and STEPHAN FriTzscuge!:2:3 — lHelmholtz Institute
Jena, Jena, Germany — 2FSU, Jena, Germany — 3GSI, Darmstadt,

Germany — *Shantou University, Shantou, China,
We show through simulation that an improved quantitative re-

scattering model (QRS)[1] can successfully predict the nonsequential
double ionization (NSDI) process by intense elliptically polarized laser
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pulses. Using the QRS model, we calculate the correlated two-electron
and ion momentum distributions of NSDI of Ne exposed to intense
elliptically polarized laser pulses with a wavelength of 788 nm at a
peak intensity of 5.0 x 10'* W/cm2. We analyze the asymmetry in
the doubly charged ion momentum spectra that were observed by H.
Kang et al.[2] in the transition from linearly to elliptically polarized
laser pulses. Our model reproduces their experimental data well. In
addition, we find that this ellipticity-dependent asymmetry is due to
the drift velocity along the minor axis of the polarization ellipse. It is
indicated that the correlated electron momentum distributions along
the minor axis provide access to the subcycle dynamics of recollision
and distinguish recollisions before and after the zero crossing of the
field. Futhermore, our results demonstrate that the NSDI process can
be driven by the elliptically polarized laser pulses.

[1]Z. Chen et at., Phys. Rev. Lett. 79, 033409 (2009).

[2]H. Kang et at., Phys. Rev. Lett. 120, 223204 (2018).

A 10.4 Tue 16:30 P
Accurate atomic states in the strong-field approximation with
application to the Coulomb asymmetry — eBirGErR BonNing!2
and STEPHAN FriTzscur!:23 — THelmholtz-Institut Jena, Germany
— 2GSI Helmholtzzentrum fiir Schwerionenforschung GmbH, Darm-
stadt, Germany — SFriedrich-Schiller-Universitét, Jena, Germany

Strong-field ionization experiments are routinely performed with a va-
riety of atomic targets. While such measurements play an important
role for understanding light-matter interactions, theoretical models of-
ten treat the target atoms in a simplified manner and neglect most
of their characteristic properties. Often major experimental findings
are therefore only qualitatively understood. In particular, the angular
distributions of photoelectrons in above-threshold ionization exhibit
an asymmetry due to the Coulomb force between photoion and the
field-dressed continuum electron if the process is driven by an ellip-
tically polarized laser pulse. Here, we demonstrate how strong-field
and atomic structure theories can be brought together to closely model
such observations. More precisely, we combine a partial-wave represen-
tation of the so-called strong-field approximation with target-specific
initial and continuum states from atomic many-body computations.
We show that our implementation reproduces the Coulomb asymme-
try for lithium, argon and xenon targets in agreement with experiment
if a target-specific distorted-Volkov continuum is used for the active
electron.

A 10.5 Tue 16:30 P
Modeling ultrafast plasma formation in dielectrics us-
ing FDTD — eJonas APPORTIN, CHRISTIAN PELTZ, BENJAMIN
LieweHR, BijorN KRrusg, and TuHomas FENNEL — Institute for
Physics, Rostock, Germany

The Finite-Differences-Time-Domain (FDTD) method provides a real-
time solution to Maxwell’s equations on a spatial grid that can be
easily extended by rate equations for e.g. ionization and is therefore
optimally suited for the modeling of nonlinear laser-material interac-
tion and plasma formation in dielectrics close to the damage threshold.
The material response is modeled using nonlinear Lorentz oscillators
for Kerr-type nonlinearities [1] and Brunel as well as injection currents
associated with the excitation of electrons into the conduction band
for higher order nonlinearities [2]. Along with strong field ionization,



Erlangen 2022 — A

Tuesday

plasma formation is induced by impact ionization which is strongly
dependent on the electron velocities. To avoid simulating the full elec-
tron velocity distributions required for the calculation of the impact
ionization rates, we apply an effective rate equation model for the
electron temperatures and drift velocities, by estimating equilibrium
distributions. First simulation results for strong and ultrashort laser
pulses tightly focused into thin fused silica films (d ~ 10um) show the
formation of a pronounced ionization grating.

[1] C. Varin et al., Comput. Phys. Commun. 222 70-83 (2018)

[2] P. Jiirgens et al., Nature Physics 160, 1035-1039 (2020)

A 10.6 Tue 16:30 P
Theoretical description of relativistic tunnel ionization in
highly charged ions by high intensity laser with the HILITE
experiment — ePRIYANKA Prakasu!, STEFAN RINGLEB!, MARKUS
Kirrer!, NiLs StaLLkaMP12, BELA ARNDT?, AXEL PRINTSCHLER!,
Suaam KuMmar®, ManueL VoceL?, WoLrcane QuinT?#, THOMAS
SToHLKERY' 23 and GERHARD G. Paurus!® — 1Friedrich-Schiller-
Universitét, Jena — 2GSI Helmotzzentrum fiir Schwerionenforschung
GmbH, Darmstadt — 3Helmholtz Institute, Jena — 4Ruprecht-Karls-
Universitit Heidelberg, Heidelberg — ®Goethe Universitéit Frankfurt,
Frankfurt — SInter-University Accelerator Centre, New Delhi

With the HILITE (High-Intensity Laser Ion-Trap Experiment) Pen-
ning trap we plan to investigate relativistic tunnel ionization with
highly charged ions. High-intensity laser pulses of the order of 10'? leQ
from the JETI laser facility will be utilized. One of the resulting phe-
nomena of high-intensity light-matter interaction is tunnel ionization,
which is dominant at these parameters. We present related calcula-
tions for our setup from recent relativistic tunnel ionization theories.
A comparison with results from the non-relativistic ADK theory is also
made. The expected yields of ionizations is calculated considering the
single-particle ionization rate and the overlap of the pulse with the ion
cloud and the results of the theories are compared with each other.

A 10.7 Tue 16:30 P
Characterization of a Resonator for Non-Destructive Ion
Detection — eAxkL PriNTscHLER!, STEFaN RiINGLEB!, MARKUS

Kirrer!, NiLs StaLLkamMpl:2, BELA ARNDT?, PRIYANKA PrAKASH!,

Sucam Kumar?, Worrcanag QuiNT?®, MANUEL VoGEL?, GER-
HARD PaurLus!:®, and THomas STOHLKERD'2:6 — 1Friedrich-Schiller-
Universitit, Jena — 2GSI Helmotzzentrum fiir Schwerionenforschung
GmbH, Darmstadt — 3Goethe Universitit Frankfurt, Frankfurt —
4Inter-University Accelerator Centre, New Delhi — 5Ruprecht-Karls-
Universitit Heidelberg, Heidelberg — SHelmholtz Institute, Jena

Laser systems with intensities of the order of 1020% have electric
fields that are similar to the electric fields in highly-charged ions which
makes them interesting targets for laser experiments. HILITE (High
Intensity Laser Ion Trap Experiment) supplies an ion target designed
for the particular needs at different laser facilities.

To provide a well defined ion cloud, the ions should be as cool as
possible. A common way to cool them to sub-meV energies is resis-
tive cooling. A coil is connected in parallel to an electrode into which
moving ions induce a current. When the motion frequency of the
ions matches the resonance frequency of the resonator, this current is
amplified resonantly, enabling efficient non-destructive detection. In
resonance the ions transfer their energy to the resonantor and hence
are cooled.

In order to increase the resonator’s quality factor, a superconducting
NbTi wire is used for the coil. We will present the assembly, properties
and characterization measurements of the axial resonator.

A 10.8 Tue 16:30 P
Quantum mechanical aspects of high harmonic generation
with Laguerre-Gaussian beams — eSHAHRAM Pananrvan2 and
FrANK ScHLAWIN''2 — 1Max Planck Institute for the Structure and
Dynamics of Matter, Center for Free Electron Laser Science, Luruper
Chaussee 149, 22761 Hamburg, Germany — 2The Hamburg Centre for
Ultrafast Imaging, Luruper Chaussee 149, 22761 Hamburg, Germany

High harmonic generation has been intensively investigated for the past
decades due to its fundamental and technological importance [1]. A
recent study on the quantum nature of the high harmonic generation
demonstrated the generation of Schrodinger cat states in the trans-
mitted fundamental mode [2]. Given that light can carry both spin
and orbital angular momentum [3], we study the quantum mechanical
aspects of high harmonic generation with Laguerre-Gaussian beams.
Specifically, we are interested in the role of orbital angular momen-
tum and its interplay with spin angular momentum for the creation of
optical "cat" and "kitten" states as well as modification from one to
another one.

[1] K. Amini, et al., Rep. Prog. Phys., 82, 116001 (2019).

[2] M. Lewenstein et al., Nat. Phys., 17 1104 (2021).

[3] L. Allen, et al., Phys. Rev. A 45, 8185 (1992).

A 109 Tue 16:30 P
Impact of coherent phonon dynamics on high-order har-
monic generation in solids — eJiNBIN Li%2, ULF SAALMANNZ,
Honccuuan Dul, and JaN MicHAEL RosT? — 1School of Nuclear
Science and Technology, Lanzhou University, Lanzhou, China — 2Max
Planck Institute for the Physics of Complex Systems, Dresden, Ger-

many

We theoretically investigate the impact of coherent phonon dynam-
ics on high-order harmonic generation (HHG), as recently measured
[Hollinger et al., EPJ Web of Conferences 205, 02025 (2019)]. A
method to calculate HHG in solids including phonon excitation is de-
veloped for a model solid. Within this model we calculate the signal
of specific harmonics as a function of a pump-probe delay in the pico-
second range. The characteristic behavior of the harmonic signal is
traced back to underlying phonon dynamics.

A 10.10 Tue 16:30 P
Classical model for collisional delays in attosecond streak-
ing at solids — eELisaBETH A. HERzIG!, LENNART SEIFFERT!, and
TroMas FENNELY2 — 1Universitit Rostock — MBI Berlin

Scattering of electrons in solids is at the heart of laser nanomachining,
light-driven electronics, and radiation damage. Accurate theoretical
predictions of the underlying dynamics require precise knowledge of
low-energy electron transport involving elastic and inelastic collisions.
Recently, real-time access to electron scattering in dielectric nanopar-
ticles via attosecond streaking has been reported [1,2]. Semiclassical
transport simulations [3] enabled to identify that the presence of the
field inside of a dielectric nanosphere cancels the influence of elastic
scattering, enabling selective characterization of the inelastic scatter-
ing time [1]. However, so far a clear picture of the underlying physics
was lacking. Here, we present an intuitive classical model for the pre-
diction of collision-induced contributions to the delays in attosecond
streaking at solids.

[1] L. Seiffert et al., Nat. Phys. 13, 766-770 (2017)

[2] Q. Liu et al., J. Opt. 20, 024002 (2018)

[3] F. Stikmann et al., Nat. Commun. 6, 7944 (2015)

A 11: Ultra-cold plasmas and Rydberg systems (joint session A/Q)

Time: Tuesday 16:30-18:30

A 11.1 Tue 16:30 P
Probing Ion-Rydberg hybrid systems using a high-resolution
pulsed ion microscope — eVIRAATT ANASURI, NICOLAS ZUBER,
MoRrITzZ BERNGRUBER, YIQUAN Zou, FLORIAN MEINERT, ROBERT
Low, and TiLman Prau — 5. Physikalisches Institut and Center for
Integrated Quantum Science and Technology, Universitdt Stuttgart,
Stuttgart, Germany

Here, we present our recent studies on Rydberg atom-Ion interactions
and the spatial imaging of a novel type of molecular ion using a high-
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resolution ion microscope. The ion microscope provides an exceptional
spatial and temporal resolution on a single atom level, where a highly
tuneable magnification ranging from 200 to over 1500, a resolution bet-
ter than 200nm and a depth of field of more than 70*m were demon-
strated. A pulsed operation mode of the microscope combined with
the excellent electric field compensation enables the study of highly ex-
cited Rydberg atoms and ion-Rydberg atom hybrid systems. Using the
ion microscope, we observed a novel molecular ion, where the bond-
ing mechanism is based on the interaction between the ionic charge
and an induced flipping dipole of a Rydberg atom [1]. Furthermore,
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we could measure the vibrational spectrum and spatially resolve the
bond length and the angular alignment of the molecule. The excellent
time resolution of the microscope enables probing of the interaction
dynamics between the Rydberg atom and the ion. [1] N. Zuber, V.
S. V. Anasuri, M. Berngruber, Y.-Q. Zou, F. Meinert, R. Low, T.
Pfau, Spatial imaging of a novel type of molecular ions, arXiv preprint
arXiv:2111.02680 (2021).

A 11.2 Tue 16:30 P
Creating spin spirals with tunable wavelength in a disor-
dered Heisenberg spin system — eEDUARD JURGEN BRaUN!,
Trtus Franz!, Lorenz Lucer!, MAXIMILIAN MULLENBACH!, AN-
DRE SALZINGER!, SEBASTIAN GEIER!, CLEMENT HAaINaUT?, GER-
HARD ZURN!, and MaTTHIAS WEIMULLER! — 1Physikalisches Instut,
Universitat Heidelberg, Im Neuenheimer Feld 226, 69120 Heidelberg,
Germany — 2Université de Lille, CNRS, UMR 8523, France - PhLAM
- Physique des Lasers, Atomes et Molécules

We present a novel method to create a spin spiral in a Heisenberg
spin system composed of Rydberg atoms. We have designed a proto-
col that allows to create a spin spiral of a fixed wavevector q for an
interacting spin system composed of two different angular momentum
Rydberg states of Rubidium. By creating a constant electric gradi-
ent field around a fixed offset electric field one can achieve a linear
detuning between the two Rydberg levels as function of position. As
a consequence, after applying a %—pulse the wavelength can be tuned
by the duration for which the gradient field is applied. We investi-
gate numerically how the disorder in our system and the interaction
can disturb the spiralization as well as how fast the electric fields can
be ramped in order to still adiabatically follow the Rydberg states in
the Stark map. The subsequent relaxation dynamics of the spirals for
varying wavefector q gives insight into the mode of transport in the
Heisenberg spin system. First numerical simulations with few atoms in
1D suggest that we might find a localized regime for sufficiently strong
disorder in the system.

A 11.3 Tue 16:30 P
Towards an optogalvanic flux sensor for nitric oxide
based on Rydberg excitations — eFaBIAN MUNKEs!®, PATRICK
Kaspar®  YANNICK SCHELLANDER2?:®, LARS BAUMGARTNER®?,

PuiLiep NeureLp!®, Lea EBerLb®, Jens ANDERs®®, EDWARD

GRrANT?, RoBERT Low!:5, TiLmMan Praul®, and HaraLp KUBLER!/D

— 15, Physikalisches Institut, Universitit Stuttgart, Pfaffenwaldring
57, 70569 Stuttgart — 2Institut fiir Intelligente Sensorik und The-
oretische Elektrotechnik, Universitdt Stuttgart, Pfaffenwaldring 47,
70569 Stuttgart — 3Institut fiir GroRflichige Mikroelektronik, Uni-
versitit Stuttgart, Allmandring 3b, 70569 Stuttgart — *Department
of Chemistry, The University of British Columbia, 2036 Main Mall,
Vancouver, BC Canada V6T 1Z1 — 5Center for Integrated Quantum
Science and Technology, Universitat Stuttgart

We demonstrate the applicability of a new kind of gas sensor based on
Rydberg excitations. From a gas mixture the molecule in question is
excited to a Rydberg state. By succeeding collisions with all other gas
components this molecule becomes ionized and the emerging electrons
can be measured as a current. We investigate the excitation efficiency
dependent on the used laser powers, the applied charge-extraction volt-
age as well as the overall gas pressure.

A 11.4 Tue 16:30 P
Self-organization of facilitated Rydberg excitations — eJana
BENDER, PaTrick MiscHKE, TANITA KrAs, THOMAS NIEDERPRUM,
and HErwic OTT — Department of Physics and research center OP-
TIMAS, Technische Universitidt Kaiserslautern, Germany

We investigate the facilitation dynamics in a Rydberg system and the
expected phase transition resulting from the interplay between driving
strength and excitation decay.

In an off-resonantly driven cloud of atoms, the strong dipole-dipole
interactions between two Rydberg states will compensate the laser de-
tuning for a specific interatomic distance. For high enough driving
strength, this results in a spreading of correlated excitations. We
investigate the predicted non-equilibrium steady state phase transi-
tion between this active phase and the absorbing phase in which the
spread of excitations is suppressed. The influence of disorder in our
system might introduce additional, more complex phases dominated
by excitation avalanches. Due to a loss of excited atoms, the system
self-organizes from the acive phase towards the phase transition.

Our results show a persistant algebraic distribution of excitation
cluster sizes independent of starting parameters when the system ap-
proaches the phase transition. We observe varying exponents which
hint towards the influence of disorder in our system.

A 12: Ultracold Atoms and Plasmas (joint session Q/A)

Time: Tuesday 16:30-18:30

A 12.1 Tue 16:30 P
Controlling multipole moments of magnetic chip traps —
eToBIAs LiEBMANN and REINHOLD WALSER — Institute of Applied
Physics, TU Darmstadt, Hochschulstr. 4a, 64289 Darmstadt, Germany

Magnetic chip traps are a standard tool for trapping atoms [1, 2].
These are robust devices with multiple fields of use ranging from fun-
damental physics experiments [3] to applications of inertial sensing [2].
While magnetic traps do provide good confinement potentials, they
are not perfectly harmonic. In particular, they do exhibit cubic an-
harmonicities. In this contribution, we discuss a method for designing
printable two-dimensional wire guides which compensate unfavorable
multipole moments. Parametrizing a wire shape with suitable basis
functions allows us to calculate the magnetic induction field using the
Biot-Savart law from Magnetostatics. This enables us to control the
multipole moments in proximity to the trap minimum.

[1] J. Reichel, and V. Vuletic, eds. Atom chips (John Wiley & Sons,
Weinheim, 2011).

[2] M. Keil, et al., Fifteen years of cold matter on the atom chip:
promise, realizations, and prospects, Journal of Modern Optics 63,
1840 (2016).

[3] D. Becker, et al., Space-borne Bose-Einstein condensation for pre-
cision interferometry, Nature 562, 391 (2018).

A 12.2 Tue 16:30 P
Optical zerodur bench system for the BECCAL ISS quantum
gas experiment — eFARUK ALEXANDER SELLAMI!, JEAN PIERRE

MARBURGER!, ESTHER DEL PINo RoseEnDO!, ANDRE WENzZLAWSKI',

OrrwiIN HeELLMIGZ, KLAUS SENGSTOCK?, PATRICK WINDPASSINGER!,
and THE BECCAL TEAM:3:45,6,7,8,9,10,11 _ 11pngt  fiir Physik,

JGU Mainz — 2ILP, UHH — 3Inst. fiir Physik, HUB — 4FBH, Berlin
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— %IQ & IMS, LUH — SZARM, Bremen — "Inst. fiir Quantenoptik,
Univ. Ulm — 8DPG-SC — 9DPG-SI — 1°DPG-QT — 1OHB

BECCAL is a NASA-DLR collaboration, which will be a facility for
the study of Bose Einstein Condensates consisting of potassium and
rubidium atoms in the microgravity environment of the International
Space Station (ISS). An essential component of the apparatus is the
optical system, which takes over laser light distribution and frequency
stabilization for several light fields. To ensure this, all system compo-
nents must for instance be able to cope with vibrations during rocket
launch and temperature fluctuations during the campaign. To this
end, we are using and extending a toolkit based on the glass-ceramic
Zerodur, that has already successfully been used on numerous space
missions, like FOKUS, KALEXUS or MAIUS. This poster discusses
the optical modules developed for BECCAL. Our work is supported
by the German Space Agency DLR with funds provided by the Fed-
eral Ministry for Economic Affairs and Energy (BMWi) under grant
number 50 WP 1433, 50 WP 1703 and 50 WP 2103.

A 12.3 Tue 16:30 P
Improved Laser System for Optical Trapping of Neutral Mer-
cury — eRupoLr Homwm, TATJANA BEYNSBERGER, and THOMAS
WarLTHER — Technische Universitdt Darmstadt, Institut fiir Ange-
wandte Physik, Laser und Quantenoptik, Schlossgartenstrafie 7, 64289
Darmstadt

Cold Hg-atoms in a magneto-optical trap offer opportunities for various
experiments. The two stable fermionic isotopes are interesting with re-
gard to a new time standard based on an optical lattice clock employing
the 1Sg - 3Pg transition at 265.6 nm. The five stable bosonic isotopes
can be used to form ultra cold Hg-dimers through photo-association in
connection with vibrational cooling by applying a specific excitation
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scheme.

The laser system consists of an MOFA-Setup at 1014.8 nm followed
by two consecutive frequency-doubling stages. Due to a new high-
power diode and a 50 W-pump laser at 976 nm the fundamental power
was amplified up to 12 W. This results in up to 5 W at 507.4 nm after
the first frequency-doubling cavity.

The limiting factor in generating high power at 253.7 nm so far,
was the degradation of the non-linear BBO-crystal used in the second
frequency-doubling stage. To avoid this problem, we developed and
tested a cavity with elliptical focusing [1,2]. This new cavity produces
over 700 mW at 253.7 nm without a sign of degradation. We will
report on the status of the experiments.

[1] Preikler, D., et al., Applied Physics B 125 (2019): 220

[2] Kiefer, D., et al., Laser Physics Letters 16 (2019): 075403

A 12.4 Tue 16:30 P
Generation of time-averaged potentials using acusto-optical
deflectors — e VERA VOLLENKEMPER, HENNING ALBERS, SEBASTIAN
BobpEg, ALEXANDER HERBST, KNUT STOLZENBERG, ERNST M. RASEL,
and DENNIS SCHLIPPERT — Institute of Quantum Optics, Leibniz Uni-
versity Hannover, Welfengarten 1, 30167, Hannover, Germany

The production of degenerated quantum gases in optical dipole traps
is a cornerstone of many modern experiments in atomic physics. To
achieve ultracold temperatures evaporative cooling is commonly used.
However, the long timescales of a few seconds for conventional evapo-
rative cooling represent a bottleneck for many applications like inertial
sensors, where high repetition rates are essential. Time-averaged op-
tical potentials are a technique to shorten these timescales and there-
fore significantly increasing the repetition rate. Among other methods,
these potentials can be implemented using an 2D acusto-optical deflec-
tor (AOD) modulating the trapping laser beam. Due to the nonlinear-
ity of the AOD the input frequency ramps are not exactly imprinted
on the beam and therefore the exact form of the potential in the trap is
unknown. To investigate the resulting shape of the trapping potential
a test stand was set up. We test the influence of different RF-sources,
lens systems and modulation techniques. The generated trap geome-
tries are analyzed using a large beam profiling camera. We compare
the measured potentials and frequency ramps imprinted on the laser
beam to the theoretically expected ones.

A 12,5 Tue 16:30 P
A first two-dimensional magneto-optical trap for dyspro-
sium eJiANSHUN Gao, CHRISTIAN GOLZHAUSER, KARTHIK
CHANDRASHEKARA, JOSCHKA SCHONER, VALENTINA SALAZAR SILVA,
LeENNART HooOENEN, SHUWEI JIN, and LAURIANE CHOMAZ
Physikalisches Institut der Universitdt Heidelberg, Im Neuenheimer
Feld 226, 69120 Heidelberg, Germany

Ultracold atoms offer an ideal platform to explore new quantum phe-
nomena due to their great experimental controllability and a high
degree of isolation. Being the most magnetic element, dysprosium
presents not only a tunable short-range contact interaction but also a
competing isotropic long-range dipole-dipole interaction. Making use
of this competition, novel many-body quantum states were discovered,
including liquid-like droplets, droplet crystals, and most recently su-
persolids. Our new group, Quantum Fluids, at Heidelberg University is
designing a novel compact experimental set-up which will be based on
the first two-dimensional magneto-optical trap (2D-MOT) to produce
a high-flux beam of slow dysprosium atoms, instead of the more stan-
dard Zeeman slower design. Additionally, combining a crossed-optical
dipole trap, a tuneable accordion lattice optical trap, a tailorable in-
plane trap, and a tunable magnetic environment, will give us a great
opportunity to investigate many-body phenomena occurring in dipolar
gases confined in two-dimensional spaces. At the Erlangen 22 confer-
ence, I would like to present the design and implementation of our
2D-MOT.

A 12.6 Tue 16:30 P
A modular optics approach for a new quantum simu-
lation apparatus — eVIVIENNE LEIDEL!, MaLalkA GoriTz!,
MARLENE MaTzkE!, Toias HammeL!, MaxiMiLian Kaisgr!,
PuiLipp Prerss?, SELiM Jocumm?!, and MarTHIAS WEIDEMULLER! —
I Physikalisches Institut, Universitit Heidelberg, Im Neuenheimer Feld
226, 69120 Heidelberg (Germany) — 2Max Planck Institute of Quan-

tum Optics, Hans-Kopfermann-Str. 1, 85748 Garching (Germany)

In order to conduct quantum simulation with ultracold trapped
Lithium-6 atoms, a multitude of optical elements is needed. By divid-
ing our setup into modules that can be easily moved and exchanged,
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we hope to become more efficient both in implementing new setups
and tweaking existing ones. Additionally, reducing degrees of freedom
as much as possible will yield more stable alignments.

Examples for this passive stability are our double pass modules for
acousto-optic modulators, which are used to detune a cooling and a
repumping beam.

The first cooling stage of the experiment is a 2D-MOT. As available
laser power is crucial for a fast loading rate, we use a bowtie configu-
ration and prepare flat-top beam profile using an optical diffuser. We
use a high-power TA-SHG laser system providing 1W of laser power.

This Laser is locked to the Lithium-6 D2 transition using a modu-
lation transfer scheme to ensure minimal drifts in frequency.

A 12.7 Tue 16:30 P
Erbium-Lithium: Towards a new mixture experiment —
eFLoRrIAN KIESEL, ALEXANDRE DE MARTINO, and CHRISTIAN GROSS
— Eberhard Karls Universitat Tiibingen, Physikalisches Institut, Auf
der Morgenstelle 14, 72076 Tibingen

Ultra cold fermions can not be cooled below 10% of the Fermi tempera-
ture efficiently. Sympathetic cooling with a classical gas as an entropy
reservoir may provide a new direction to overcome the current limit.
Testing this approach, we are building a new two species ultra cold
quantum gas experiment. Its goal is to overlap fermionic lithium and
bosonic erbium using a dipole trap at a tune-out wavelength. Doing
this, we are planning to trap and cool both species separately. Trans-
porting the atoms into the science chamber will be done optically, but
aided by magnetic levitation. In the course of this, a transport distance
of up to 1 m has to be demonstrated. The following sympathetic cool-
ing by an intentionally kept classical erbium gas of the lithium cloud,
enables to overcome the limiting factor of exponentially rising thermal-
ization time of spin-mixture cooling. There, the great mass imbalance
does not only help to cool lithium more efficiently, but it also gives
rise to the chance of exploring polaron and impurity physics. In the
future using the interspecies Feshbach resonances, this mixture could
allow to exhibit in process cooling of qubits to stabilize long sequences
of gate operations.

A 12.8 Tue 16:30 P
Simulating atom dynamics in grating magneto-optical trap —
eAADITYA MisurAal, HENDRIK HEINE!, JosEPH MucHOVO!, WALDE-
MAR Herr'2, CurisTiAN ScHUBERTD?, and ErNsT M. RaseL!
— lInstitut fiir Quantenoptik, Leibniz Universitit Hannover —
2Deutsches Zentrum fiir Luft- und Raumfahrt e. V. (DLR), Institut
fiir Satellitengeodéasie und Intertialsensorik, c/o Leibniz Universitat
Hannover, DLR-SI, Callinstr. 36, D-30167 Hannover, Germany

Ultracold atoms provide exciting opportunities in precision measure-
ments using atom interferometers, quantum information and testing
fundamental physics. Grating magneto-optical traps (gMOTS) in con-
junction with atom chips provide an efficient and compact source of
cold atoms. However, experimentally tuning the gMOT parameters
for trapping maximum number of atoms is rather challenging, given
the laborious installation of several microfabricated test gratings and
re-establishing the ultra-high vacuum required for trapping.

In this poster, I will present a computational simulation of atom
dynamics emerging from atom-light interactions, as well as gMOT pa-
rameter optimization for atom cooling and trapping. This is useful for
quick analysis of various design techniques for gMOTs and atom chips.

This work is supported by the German Space Agency (DLR) with
funds provided by the Federal Ministry for Economic Affairs and En-
ergy (BMWi) due to the enactment of the German Bundestag un-
der grant number DLR 50WM1947 (KACTUS-II), DLR 50RK1978
(QCHIP) and by the German Science Foundation (DFG) under Ger-
many’s Excellence Strategy (EXC 2123) "QuantumFrontiers".

A 129 Tue 16:30 P
Point-spread-function engineering for 3D atom microscopy
— eTaNa1 LEGRAND!, CARRIE ANN WEIDNERZ?, BRIAN BERNARDS,
GautaM Ramoral, RicHARD WINKELMANN!, DIETER MESCHEDE!,
and ANDREA ALBERTI' — lInstitut fiir Angewandte Physik der Uni-
versitit Bonn, Bonn, Germany — 2Department of Physics and As-
tronomy, Aarhus University, Aarhus, Denmark — S3Ecole normale
supérieure Paris-Saclay, Gif-sur-Yvette, France

Quantum gas microscopes can resolve atoms trapped in a 3D optical
lattice down to the single site in the horizontal plane. Along the line
of sight, however, a much lower resolution is achieved when the po-
sition in this direction is inferred from the defocus. It is shown how
phase-front engineering can be used to detect atoms’ positions with
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submicrometer resolution in the three dimensions using a single image
acquisition. By means of a spatial light modulator, we imprint a phase
modulation in the Fourier plane of the imaging system, resulting in a
superposition of Laguerre-Gaussian modes at the camera. As a result,
the so-called point spread function of the imaging system exhibits a
spiraling intensity distribution along the line of sight. The angle of the
spiraling distribution encodes the position in the third dimension. As
a proof of concept, we set up an optical experiment reproducing the
conditions of a quantum gas microscope. The choice and optimization
of the mode superposition and an implementation scheme for Bonn’s
quantum walk setup is discussed. This method can find applications
in other quantum gas experiments to extend the domain of quantum
simulation from two to three dimensions.

A 12,10 Tue 16:30 P
Development of a laser system for Hg-photoassociation —
e TaTiANA BEYNSBERGER, RupoLr HomMm, and THOMAS WALTHER
— Technische Universitat Darmstadt, Institut fiir Angewandte Physik,
Laser und Quantenoptik, Schlossgartenstrafe 7, 64289 Darmstadt

The trapping of cold Hg-atoms in magneto-optical traps in combina-
tion with the fact that Hg consists of stable fermionic and bosonic
isotopes provides the opportunity for a number of different experi-
ments. For the two fermionic isotopes the 'Sg — 3P transition could
prove valuable for defining a new time standard based on an optical
lattice clock. A matter of particular interest for the bosonic isotopes is
the formation of ultra cold Hg-dimers via photoassociation, where two
colliding atoms absorb a photon to form an excited molecule, and sub-
sequent vibrational cooling employing a specific excitation scheme. A
laser system to be used for photoassociation needs to fulfill certain re-
quirements, namely a narrow line width and sufficient power while also
being tunable. The photoassociation laser system, when finished, con-
sists of an interference filter-stabilized external cavity diode laser with
an emission at 1016.4nm, a tapered amplifier, and two consecutive
frequency-doubling stages, the latter includes a cavity with elliptical
focus designed to reduce crystal degradation. Our goal is to achieve
several tens of milliwatt for the frequency-quadrupled light. We will
report on the current status of the laser system.

A 12.11 Tue 16:30 P
A Compact Optical Lattice Quantum Simulator for Random
Unitary Observables — eNamAN JAIN and PHiLiPP PREISs — Max
Planck Institute of Quantum Optics, Garching, Germany

The recent advances in probing complex quantum many-body systems
at the level of single constituents allow us to pose incisive questions
regarding the dynamics of such systems. Combining approaches from
quantum information theory with state-of-the-art quantum simulation
techniques may lead to new ways of characterizing itinerant quantum
systems more generally. We pursue this in our project UniRand by
realizing a new, widely applicable approach to measuring global quan-
tum state properties in a system of ultracold atoms in an optical lattice
- using random unitary operations. The strategy promises an entirely
new toolbox for state characterization and device verification. To this
end, we are developing a new, compact apparatus for the preparation
of small-scale fermionic quantum gases in optical lattices with short cy-
cle times. The design features a 2D MOT atomic source, a nanocoated
glass cell and high-resolution imaging. Here, we report on the progress
of this new experimental setup.

A 12.12 Tue 16:30 P
Towards hybrid quantum systems of ultracold Rydberg
atoms, photonic and microwave circuits at 4 K — eCEDRIC
WinDp, JuriaA GaMPER, HANNEsS BuscHE, and SEBASTIAN HOFFER-
BERTH — Institut fiir Angewandte Physik, Universitat Bonn, Germany

The strong interactions of ultracold Rydberg atoms can be exploited
not only for neutral atom quantum computing and simulation, but
also to implement a growing toolbox of nonlinear single photon de-
vices in Rydberg quantum optics (RQO). Following demonstrations of
e.g. single photon sources, optical transistors, or quantum gates, it
is our goal to bring RQO closer to practical applications by realizing
networks of such devices “on-a-chip”. Moreover, as Rydberg atoms
couple strongly to microwaves, RQO provides a promising route to-
wards optical read-out of superconducting qubits, e.g. in combination
with electromechanical oscillators. However, unlike most experiments
with ultracold Rydberg atoms to date, all these applications require
cryogenic temperatures to suppress thermal noise.

Here, we present our progress towards a closed-cycle cryogenic ultra-
cold atom apparatus that will allow us to trap and manipulate atoms
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near integrated photonic chips and microwave circuits. Besides reduced
thermal noise, we also expect that the improved vacuum due to cryo-
pumping eliminates the need to bake the system and allows for a rapid
sample exchange. The cryogenic environment should also suppress
blackbody-induced decay of Rydberg excitations, a major limitation
in quantum simulation and information processing applications.

A 12.13 Tue 16:30 P
Autler-Townes spectroscopy of Rydberg ions in coherent mo-
tion — eALEXANDER ScHULzE-MakucH!, JoNas VoGeL!, MARIE
NiepERLANDER!, BasTiEN GELY!'2, AREzOO MoKHBERI!, and FER-
DINAND ScHMIDT-KALER!3 — QUANTUM, Institut fiir Physik, Uni-
versitat Mainz, D-55128 Mainz, Germany — 2ENS Paris-Saclay, 91190
Gif-sur-Yvette, France — 3Helmholtz-Institut Mainz, D-55128 Mainz,
Germany

The exaggerated polarizability of Rydberg atoms and ions has led to
significant interest in the cold atom and ion community. Due to their
enhanced electric field sensitivity, electric kicks on a Rydberg ion result
in large state dependent forces which can be used to generate entangle-
ment in a multi-ion crystal in the sub-us timescale [1]. We use electric
kicks to excite a Rydberg ion into a coherent motional state. Observing
now the Stark shift in the Rydberg spectrum allows for the determi-
nation of the state polarizability. By microwave-coupling Rydberg nS
and mP states, with opposite sign of polarizability, we aim for dressing
the state and engineering the polarizability. We present Autler-Townes
spectroscopy measurements with a single trapped ion probing thermal
and coherent motional excitations in the trapping fields, and eventu-
ally the engineering of the effective polarizability, important for gate
operations [2].

[1] Vogel et al., Phys. Rev. Lett. 123, 153603 (2019)
et al., Nature 580, 7803 (2020)

[2] Zhang

A 12.14 Tue 16:30 P
Towards the formation of ultracold ion-pair-state molecules
— oMARTIN TRAUTMANN, ANNA SELZER, LUukAs MULLER, MICHAEL
PEPER, and JoHANNES DEIGLMAYR — Leipzig University, Department
of Physics and Geosciences, 04103 Leipzig, Germany

Recently it was proposed that a gas of long-range Rydberg molecules
(LRM) may be converted into a gas of ultracold molecules in ion-
pair states (UMIPS) by stimulated deexcitation [1,2]. UMIPS may
facilitate the creation of a strongly correlated plasma with equal-mass
charges [3], a system hitherto unavailable for laboratory studies, and
provide a source of ultracold anions, e.g. for the sympathetic cool-
ing of anti-protons [4]. To explore the proposed route towards the
creation of UMIPS, we first create a gas of Cso LRMs using photoas-
sociation (PA). By referencing the PA laser to an atomic spectroscopy
via an electronic-sideband-locked transfer cavity, we can stabilize the
PA lasers frequency to arbitrary molecular resonances with frequency
fluctuations of less than 0.3 MHz per day. To drive the transition
towards UMIPS, we have set up a pulsed Mid-IR laser with pulse en-
ergies around 1 mJ and a transform-limited bandwidth of 130 MHz.
This improved spectroscopic setup will be presented together with the
current status of our experiments.

[1] M. Peper, J. Deiglmayr, J. Phys. B 53, 064001 (2020) [2] F.
Hummel et al., New J. Phys. 22, 063060 (2020) [3] F. Robicheaux et
al., J. Phys. B 47, 245701 (2014) [4] C. Cerchiari et al., Phys. Rev.
Lett. 120, 133205 (2018)

A 12.15 Tue 16:30 P
Towards a photonic phase gate using stationary light polari-

tons — eLorENz Luarr!, ANnika TEBBEN!, EDUARD J. BrRAUN!,

Trrus Franz', MAXIMILIAN MUOLLENBACH!, ANDRE SALZINGER!,
SEBASTIAN GEIER!, CLEMENT HaINauT!'2, GERHARD ZURN!, and
MatTHIAS WEIDEMULLER! — !Physikalisches Institut, Im Neuen-
heimer Feld 226 — 2Université Lille, CNRS, UMR 8523 -PhLAM-

Physique des Lasers, Atomes et Molécules, Lille, France

We work towards a photonic phase gate where a target photon expe-
riences a phase shift of pi depending on the presence of a control pho-
ton. By using quantum states, a superposition of atomic coherences
and electromagnetic light fields, we take advantage of the long storage
times of atomic coherences and the fast transport properties of light
fields. The light fields couple an atomic ground state to a long-lived
Rydberg state where the fields are chosen such that no short-lived ex-
cited states are populated. These quantum states are called dark state
polaritons and we incorporate a so-called stationary light polariton
where these dark state polaritons are coupled. We aim to achieve a
mode coupling like that of a Bragg grating with sharp transmission
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resonances by finding particular field parameters. In presence of a Ry-
dberg excitation, called Rydberg impurity, the coupling is modified,
leading to reflection of an incoming target probe field. By using a

Sagnac interferometer this switch between transmission and reflection
is transformed in a photonic pi phase gate.

A 13: Precision Measurements and Metrology | (joint session Q/A)

Time: Tuesday 16:30-18:30

A 13.1 Tue 16:30 P
Towards dual species interferometry in space: MAIUS-B
laser system — ePAwEL ARcIszEwskI', KLaus DORINGSHOFF!,
AcuiM PeTERs!, and Tue MAIUS Tgam!:2:3:4.5 Hnstitut
fiir Physik, Humboldt-Universitdt zu Berlin — 2Ferdinand-Braun-
Institut gGmbH, Leibniz-Institut fiir Hochstfrequenztechnik, Berlin —
3ZARM, Zentrum fiir Angewandte Raumfahrttechnologie und Mikro-
gravitation, Bremen — *Institut fiir Physik, JGU Mainz — ®IQO,
Leibniz Universitat Hannover

The first production of a space-borne BEC carried out during the
MAIUS-1 sounding rocket mission in January 2017 paved the way for
more advanced experiments with an ultra-cold matter in space. The
goal of upcoming MAIUS-2 and MAIUS-3 missions is to perform dual-
species interferometry onboard a sounding rocket to investigate the
weak equivalence principle.

To make that possible a new laser system was developed. The de-
signed equipment can provide the light needed for simultaneous laser
cooling of rubidium and potassium and further stages used in atom
interferometry experiments. Moreover, the system has to be robust
and reliable to meet the demands of a sounding rocket mission.

We report on the current status of the system, its assembly pro-
cess, and used technologies as well, as tests carried out to assure the
equipment can face the present needs of the mission.

This work is supported by the German Space Agency (DLR) with
funds provided by the Federal Ministry of Economics and Technology
(BMWi) under grant number 50WP1432.

A 13.2 Tue 16:30 P
Third-order atomic Raman diffraction in microgravity —
oSABRINA HARTMANN!, JENs JENEWEIN!, SVEN ABEND?, ALBERT
RouraZ2, and Enno Giesel®4 — lInstitut fiir Quantenphysik and
Center for Integrated Quantum Science and Technology (IQST), Uni-
versitat Ulm — 2Institut fiir Quantentechnologien, DLR — 3Institut
Angewandte Physik, TU Darmstadt — ?Institut fiir Quantenoptik,
Leibniz Universitdt Hannover

Large-momentum-transfer (LMT) applications such as sequential
pulses, higher-order Bragg diffraction and Bloch oscillations are es-
sential tools to increase the enclosed area of an atom interferometer
and thus, its sensitivity. However up to now only sequential pulses
have routinely been employed with Raman diffraction.

We show theoretically [1] that double Raman diffraction [2,3] enables
third order diffraction. We compare the process to a sequence of first-
order pulses with the same total momentum transfer and demonstrate
that third-order diffraction gives higher diffraction efficiencies for ul-
tracold atoms. Hence, it is a competitive tool for atom interferometry
with BECs in microgravity which increases the momentum transfer by
a factor of six. Moreover, it allows us to reduce the complexity of the
experimental setup and the total duration of the diffraction process.

The QUANTUS project is supported by the German Aerospace Cen-
ter (DLR) with funds provided by the Federal Ministry of Economics
and Energy (BMWi) under grant number 50WM1956 (QUANTUS V).
[1] PRA 102, 063326 (2020). [3] PRL 103, 080405 (2009).
[2] PRA 101, 053610 (2020).

A 13.3 Tue 16:30 P
Towards high-precision Bragg atom interferometry using
rubidium Bose-Einstein condensates — eDoroTHEE TELL!,
CHRISTIAN MEINERs!, HENNING ALBERs!, ANN SaBul:2, Kraus H.
zZipreL!, ErRnsT M. RaseL!, and DeENNIS ScHLIPPERT! — !Leibniz
Universitdt Hannover, Institut fiir Quantenoptik, Deutschland —
2Cochin University of Science and Technology (CUSAT), Kerala, India

The Very Long Baseline Atom Interferometry (VLBAI) facility at the
university of Hannover aims for high precision measurements of inertial
quantities. Goals span from contributions to absolute geodesy as well
as fundamental physics at the interface between quantum mechanics
and general relativity. The VLBALI facility makes use of a freely falling
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Location: P

ensemble of ultracold atoms as a probe for inertial forces, interrogat-
ing the atoms in an interferometer scheme using near-resonant light
pulses.

Here we present details of the fast, all-optical preparation of ru-
bidium Bose-Einstein condensates in time-averaged dynamic optical
dipole traps. We will show first proof-of-principle Bragg beam split-
ting and interferometry in a reduced baseline of up to 30 cm. Prospects
and challenges of extending the free fall distance to more than 10 m
in the frame of the VLBALI facility will be discussed.

We acknowledge funding by the Deutsche Forschungsgemeinschaft
(DFG, German Research Foundation) - Project-ID 434617780 - SFB
1464 as well as CRC 1227 (DQ-mat), project BO7. The VLBALI facility
is a major research equipment funded by the DFG.

A 134 Tue 16:30 P
Second-quantized effective models for Raman diffraction with
center-of-mass motion — eNikoLlJA MoMcEILoVIG!, ALEXANDER
FriepricH!, and WoLrcane P. ScraLEIcH!2 — lInstitut fiir Quan-
tenphysik and Center for Integrated Quantum Science and Technol-
ogy (IQST), Universitdt Ulm — 2Institut fiir Quantentechnologien,
Deutsches Zentrum fiir Luft- und Raumfahrt

Two-photon Raman transitions are commonly used to facilitate 7/2-
and m-pulses in atom interferometry, and are the analogue of beam
splitters and mirrors in optical interferometers. In practice, these tran-
sitions are driven by laser light which can be described semi-classically
as quasi-coherent states. Thus quantization effects are averaged out
due to the broad photon distribution in typical beams. However, tech-
nological progress moves towards the use of optical cavities due to
their superior optical properties. Theoretical modeling of such con-
figurations demands a second-quantized description of the light fields
which we pursue based on the light-matter interaction of two second-
quantized single-mode light fields and an effective two-level atom. In
our contribution we derive and investigate a two-photon Rabi model
with center-of-mass motion including intensity-dependent operator-
valued couplings between the light field and the center-of-mass motion.
We show, that under certain approximations we obtain an effective
Jaynes-Cummings model with a center-of-mass dependent detuning.

The QUANTUS project is supported by the German Aerospace Cen-
ter (DLR) with funds provided by the Federal Ministry for Economic
Affairs and Energy (BMWi) under grant number 50WM1956.

A 13.5 Tue 16:30 P
Light-pulse atom interferometry with quantized light fields
— oToBias AssmMaNn!, FaBio D1 Pumpol!, KATHARINA SOUKUP!,
Enno Giesi?, and Worrgang P. Scureicu!»3 — nstitut fiir Quan-
tenphysik and Center for Integrated Quantum Science and Technology
(IQST), Universitdt Ulm — 2Institut fiir Angewandte Physik, Tech-
nische Universitit Darmstadt — 3Institute of Quantum Technologies,

German Aerospace Center (DLR)

The analogues of optical elements in light-pulse atom interferometers
are generated from the interaction of matter waves with light, where
the latter is usually treated as a classical field. Nonetheless, light fields
are inherently quantum, which has fundamental implications for atom
interferometry.

In particular, quantized light fields lead to a reduced visibility in
the observed interference [J. Chem. Phys. 154, 164310 (2021)]. This
loss is a consequence of the encoded which-way information about the
atom’s path. However, the quantum nature of the atom-optical ele-
ments also offers possibilities to mitigate such effects: We demonstrate
that involving superpositions in every light field yields an improved
visibility, and an infinitely-strong coherent state recovers full visibility.
Moreover, entanglement between all light fields can erase information
about the atom’s path and by that partially recovers the visibility.
The QUANTUS project is supported by the German Aerospace Center
(DLR) with funds provided by the Federal Ministry of Economics and
Technology (BMWi) due to an enactment of the German Bundestag
under grant DLR 50WM1956 (QUANTUS V).
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A 13.6 Tue 16:30 P
Hybridized atom interferometer with an opto-mechanical res-
onator — eAsuwIN Rajacoparan!, Ler Kumancuik?3, CLaus
BraxMarer?3, FeLipE GuzMmAN?, ERnsT M. RaseL!, SVEN ABEND!,
and DENNIs ScHLIPPERT! — 1Leibniz Universitdt Hannover, Institut
fiir Quantenoptik, Hannover — 2DLR - Institute of Space Systems,
Bremen — 3University of Bremen - Center of Applied Space Technol-
ogy and Microgravity (ZARM),Bremen — “Department of Aerospace
Engineering & Physics, Texas A&M University, College Station, TX
77843, USA

Vibrational noise coupling through the inertial reference mirror hinders
the atom interferometer (AI) performance, so we use a novel opto-
mechanical resonator (OMR) in order to suppress it. We have utilized
the OMR signal to resolve a T = 10 ms Al fringe, which would have
otherwise been obscured by an average ambient vibrational noise of
3.2 mm/s? in our laboratory. By incorporating the OMR in our AT we
could demonstrate operation in a noisy environment without the use of
bulky vibration isolation equipment, therefore paving a way for minia-
turization of the Al sensor head. We show our sensor fusion concept
and discuss prospects for tailored setups by design and implementation
of customized OMRs.

Funded by the Deutsche Forschungsgemeinschaft (DFG, German
Research Foundation) under Germany’s Excellence Strategy - EXC-
2123 QuantumFrontiers - 390837967. This work is supported by
the DLR with funds provided by the BMWi under grant no. DLR
50RK1957 (QGyro) and DLR 50NA2106 (QGyro+).

A 13.7 Tue 16:30 P
Multi-axis quantum gyroscope with multi loop atomic Sagnac
interferometry — eYuevanc Zou!, MouiNne ABipi', PHILIPP
BaArBEY!, AsnwIN RaAJaGoPALAN!, CHRISTIAN SCHUBERT 2,
MatTHIAS GERSEMANN!, DENNIS SCHLIPPERT!, SVEN ABEND!, and
ErRNST M. Raser! — !nstitut fiir Quantenoptik - Leibniz Univer-
sitat, Welfgarten 1, 30167 Hannover — 2Deutsches Zentrum fiir Luft-
und Raumfahrt e.V. (DLR), Institut fiir Satellitengeodésie und Iner-

tialsensorik, Germany

The interferometric Sagnac phase shift can be used for rotation detec-
tion in inertial navigation. We are designing a transportable demon-
strator aiming at a multi-axis inertial sensor, not only for the precise
measurement of rotations but also for accelerations. This poster will
give an overview of the multi-loop atomic Sagnac interferometry the-
ory, and present a preliminary system design for the demonstrator with
Bose-Einstein condensates (BECs) of 87Rb atoms.

We acknowledge financial support from the Deutsche Forschungs-
gemeinschaft (DFG, German Research Foundation) under Germany’s
Excellence Strategy - EXC-2123 QuantumFrontiers - 390837967 and
through the CRC 1227 (DQ-mat), as well as support from DLR with
funds provided by the BMWi under grant no. DLR 50RK1957 (QGyro)
and DLR 50NA2106 (QGyro+).

A 13.8 Tue 16:30 P
Single-photon transitions in atom interferometry
e ALEXANDER BorT!, FaBIO DI Pumpol, Exno Giese?, and WoOLF-
caNG P. ScuLEicH!3 — llnstitut fiir Quantenphysik and Center
for Integrated Quantum Science and Technology (IQST), Universitt
Ulm, Albert-Einstein-Allee 11, D-89069 Ulm, Germany — ZInstitut
fir Angewandte Physik, Technische Universitdt Darmstadt, Schloss-
gartenstr. 7, Darmstadt D-64289, Germany — 3Institut fiir Quanten-
technologien, Deutsches Zentrum fiir Luft- und Raumfahrt, S6flinger
Str. 100, D-89077 Ulm, Germany

Differential measurements with atom interferometers have been em-
ployed for the measurement of gravity gradients and are promising for
the detection of gravitational waves. By using only a single laser to
create atom interferometers in a differential setup, phase noise from
secondary laser beams cannot influence the measurement. However,
with a single laser two-photon transitions are no longer possible. In-
stead, single-photon transitions have to be employed to create the in-
terferometers. In our contribution we perform a detailed discussion of
possible types of single-photon transitions and investigate their advan-
tages and draw-backs for atom interferometers. Specifically, we focus
on the effects of the coupling induced by the dispersion relation of the
laser driving the single-photon transitions in earth-bound experiments.

The QUANTUS project is supported by the German Aerospace Cen-
ter (DLR) with funds provided by the Federal Ministry for Economic
Affairs and Energy (BMWi) under grant number 50WM1956 (QUAN-
TUS V).
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A 139 Tue 16:30 P
Absolute light-shift compensated laser system for a
twin-lattice atom interferometry — eMikHAIL CHEREDINOV!,
MarTHIAS GERSEMANN', MARTINA GEBBE?, EkiM T. HANIMELIZ,
SimoN KantHAK®, SVEN ABEND!, ErRnsT M. Raser!, and THE
QUANTUS TEAME2:3:456 _ 1Institut fiir Quantenoptik, LU Han-
nover — 2ZARM, Uni Bremen — 3Institut fiir Physik, HU zu Berlin
— 4Institut fiir Quantenphysik, Uni Ulm — 5Institut fiir Angewandte

Physik, TU Darmstadt — SInstitut fiir Physik, JGU Mainz

Twin-lattice interferometry is a method to form symmetric interferom-
eters featuring matter waves with large relative momentum by employ-
ing two counterpropagating optical lattices. A limiting factor here is
loss of contrast, linked to the AC-Stark effect from far detuned light.
This contribution presents the realisation of an absolute light-shift
compensation and its potential to increase the interferometric con-
trast. The optical setup utilizes two independent frequency doubling
stages. Key features are beam overlap on an interference filter with
low power loss and coupling of high optical power in a photonic crystal
fiber, opening up possibilities for new records in momentum transfer.

This work is supported by the DLR with funds provided by
the BMWi under grant no. DLR 50WM1952-1957 (Q-V-Ft), DLR
50RK1957 (QGyro) and DLR 50NA2106 (QGyro+), the VDI with
funds provided by the BMBF under grant no. VDI 13N14838 (TAIOL)
and by the Deutsche Forschungsgemeinschaft (DFG, German Research
Foundation) under Germany’s Excellence Strategy EXC-2123 Quan-
tumFrontiers 390837967.

A 13.10 Tue 16:30 P
An ytterbium setup for gravity measurements at VLBAI
— ALl Lezeik!, ApuisHEk PuromiT!, Kraus ZipreL!, CHRIs-
TIAN ScHUBERT!'2, ErRNsT M. RaseL!, and DENNIS ScHLIPPERT!
— 1Leibniz Universitdt Hannover - Institut fiir Quantenoptik —
2Institute for Satellite Geodesy and Inertial Sensing - German

Aerospace Center (DLR)

Atoms such as strontium (Sr) and ytterbium (Yb) have no magnetic
moments in their spin-singlet ground state making them nearly in-
sensitive to external magnetic fields and hence appealing for precision
measurements through atomic interferometry. Furthermore, Yb’s high
mass and hence low expansion rate in addition to its narrow clock
transition in the optical frequency range creates an ideal candidate for
gravity measurements tests.

We present the Yb-174 setup for producing a robust, high-flux source
of laser-cooled ytterbium atoms for the Very Large Baseline Atomic
Interferometry (VLBAI) facility [1,2]. We present the laser system,
the cooling sequence, the transfer cavity for frequency stabilization
of the cooling beams, and a clock cavity for the 1156nm clock tran-
sition beam. We outline possible implementations of this system for
atom-interferometric tests of the universality of gravitational redshift
[3]-

[1] E. Wodey et al., J. Phys. B: At. Mol. Opt. Phys. 54 035301
(2021)

[2] D. Schlippert et al., arXiv:1909.08524 (2019)

[3] C. Ufrecht, ..., C. Schubert, D. Schlippert, E. M. Rasel, E. Giese,
arxiv:2001.09754 (2020)

A 13.11 Tue 16:30 P
An overview of Very Long Baseline Atom Interferometry fa-
cility — eABHISHEK PuronIT!, Kraus H. Ziprer!, ALr Lezeik!,
DoroTHEE TELL!, CHRISTIAN MEINERS!, CHRISTIAN SCHUBERT!Z,
ErRNnsT M. RaseL!, and DENNIS SCHLIPPERT! — Leibniz Universitét
Hannover, Institut fiir Quantenoptik, Germany — 2German Aerospace
Center (DLR), Institute for Satellite Geodesy and Inertial Sensing,
Hannover, Germany

Our Very Long Baseline Atom Interferometry (VLBAI) facility aims
for a complementary method to the state-of-the-art gradiometers and
gravimeters when operated with a single atomic species, and for quan-
tum tests of the universality of free fall at levels comparable to the
best classical tests and beyond in a mode with two atomic species.

We discuss the main components of the Hannover VLBALI facility:
the sources for ultra-cold atom samples, a magnetically shielded inter-
ferometry zone, state-of-the-art vibration isolation and gravity gradi-
ent mapping and modeling with an uncertainty below the 10 nm/s?
level. We also show the design and target performance for applications
in geodesy and tests of fundamental physics.

The VLBALI facility is a major research equipment funded by the
DFG. We acknowledge support from the CRCs 1128 *geo-Q* and 1227
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A 13.12 Tue 16:30 P
Testing trapped atom interferometry with time-averaged
optical potentials — eKNUT STOLZENBERG, SEBASTIAN BODE,
ALEXANDER HERBST, HENNING ALBERS, and DENNIS SCHLIPPERT —
Institute of Quantum Optics, Leibniz University Hannover, Welfen-
garten 1, 30167 Hannover, Germany

Time-averaged optical potentials can be used to realise flexible quan-
tum sensors, for example by exploiting the tunnel effect for beam split-
ters and recombiners.

We use an acousto-optical deflector (AOD) to diffract the laserlight of
a 55 W MOPA with a wavelength of 1064 nm to create dynamic time-
averaged traps such as harmonic and double well potentials.

We demonstrate creation of a 87Rb BEC in a crossed optical dipole
trap and our first results on coherent beam splitting by momentum
driven tunneling, showing stable interference patterns 37 ms after the
BEC is split at a potential barrier.

A 13.13 Tue 16:30 P
Analytic Theory for Diffraction Phases in Bragg Interfer-
ometry — oJaN-NicLas SiEmss'2, FLoriaN Firzek!2, ErRnsT M.
RaseL?, NacEUR Gaarour?, and KLemMENs HAMMERER! — !Institut
fiir Theoretische Physik, Leibniz Universitdt Hannover, Germany —
2Institut fiir Quantenoptik, Leibniz Universitdt Hannover, Germany

High-fidelity Bragg pulses operate in the quasi-Bragg regime. While
such pulses enable an efficient population transfer essential for state-of-
the-art atom interferometers, the diffraction phase and its dependence
on the pulse parameters are currently not well characterized despite
playing a key role in the systematics of these interferometers. We
demonstrate that the diffraction phase when measuring relative atom
numbers originates from the fact that quasi-Bragg beam splitters and
mirrors are fundamentally multi-port operations governed by Landau-
Zener physics (Siem# et al., Phys. Rev. A 102, 033709).

We develop a multi-port scattering matrix representation of the pop-
ular Mach-Zehnder atom interferometer and discuss the connection be-
tween its phase estimation properties and the parameters of the Bragg
pulses. Furthermore, our model includes the effects of linear Doppler
shifts applicable to narrow atomic velocity distributions on the scale
of the photon recoil of the optical lattice.

This work is supported through the Deutsche Forschungsge-
meinschaft (DFG) under EXC 2123 QuantumFrontiers, Project-ID
390837967 and under the CRC1227 within Project No. A05 as well

as by the VDI with funds provided by the BMBF under Grant No.
VDI 13N14838 (TAIOL).

A 13.14 Tue 16:30 P
Systematic Approach To Phaseshifts of Matter Wave In-
terferometers in Weekly Curved Spacetimes — eMICHAEL
WERNER and KrLEMENS HAMMERER — Institut fiir theoretische
Physik, Leibniz Universitdt Hannover, Germany

We present a systematic approach to calculate all relativistic phase-
shift effects in matter wave interferometer (MWI) experiments up to
(and including) order ¢~2, placed in a weak gravitational field. The
whole analysis is derived from first principles and even admits test of
General Relativity (GR) apart from the usual Einstein Equivalence
Principle (EEP) tests, consisting of universality of free fall (UFF) and
local position invariance (LPI) deviations, by using the more general
'parametrized post-Newtonian’ (PPN) formalism. We collect general
phase-shift formulas for a variety of well-known MWI schemes and cal-
culate how modern experimental setups could measure PPN induced
deviations from GR without the use of macroscopic test masses. This
procedure should be seen as a way to easily calculate certain phase
contributions, without having to redo all relativistic calculations in
new MWI setups.

A 13.15 Tue 16:30 P
Universal atom interferometer simulator — e GABRIEL MULLER,
CHRISTIAN STRUCKMANN, STEFAN SECKMEYER, FLORIAN FI1TZEK, and
NacteUR GaaLouL — Institut fiir Quantenoptik, Leibniz Universitat
Hannover, Welfengarten 1, 30167 Hannover

The simulation of matter-wave light-pulse interaction is crucial for
designing and understanding atom interferometry (AI) experiments.
However, the usual approach of solving the associated system of ordi-
nary differential equations is limited by a quadratic scaling with the
number of coupling states. Here, the universal atom interferometer
simulator (UATIS) [1] overcomes this limitation with log-linear scal-
ing while solving the problem of atom-light diffraction in the elastic
case for all regimes. By interpreting a light-pulse beam as an external
potential, UATIS achieves high numerical accuracy while maintaining
great flexibility. We propose intuitive methods for assembling various
atom-light interactions into AI sequences. We expect UATIS to lead
to a straightforward modelling of experiments and to be promoted to
a widely used tool.

[1] Fitzek et al. Universal atom interferometer simulation of elastic
scattering processes. Sci Rep 10, 22120 (2020).

A 14: Interaction with VUV and X-ray light

Time: Wednesday 10:30-12:15

Invited Talk A 14.1 Wed 10:30 A-H1
Synchrotron radiation experiments with highly charged ions
— eJose R. Crespo Lo6pPEz-UrruTial, STEFFEN KUHN!, MoTo
Tocawal, Marc Borz!, Jonas Daniscu!, Joscuka Goes!, RENE
STEINBRUGGEZ, SonjA BerNITT!3, CHINTAN SHAHD4 MAURICE A.
LeUTENEGGER*, MiNng FENG GU®, MARIANNA SAFRONOVAS, JakoB
STiERHOF', THOMAS PFEIFER!, and JORN WiLms? — !Max-Planck-
Institut fiir Kernphysik, 69117 Heidelberg, Germany — 2DESY, 22607
Hamburg, Germany — 3Helmholtz-Institut Jena, 07743 Jena, Ger-
many — 4NASA/Goddard Space Flight Center, Greenbelt, MD 20771,
USA — 5Space Sciences Laboratory, UC Berkeley, CA 94720, USA —
SDept. of Physics and Astronomy, University of Delaware, Newark,
DE 19716, USA — 7Dr. Karl Remeis-Observatory, 96049 Bamberg,
Germany

Synchrotrons provide intense, highly monochromatic X-rays which we
use for exciting highly charged ions (HCI) produced and confined in
electron beam ion traps. This gives access to a regime of radiation-
matter interaction dominant in hot astrophysical plasmas such as ac-
tive galactic nuclei, accretion disks, and stellar radiative cores as well as
coronae. Unlike neutrals, HCI thrive under those extreme conditions,
modifying energy transfer and delivering spectral lines for diagnostics.
Space missions need laboratory-tested theory for their science goals.
We study X-ray photoexcitation and photoionization of HCI, test the
related theory with unprecedented accuracy, solve two longstanding
astrophysical questions, and enable future stringent tests of quantum
electrodynamic calculations in complex isoelectronic sequences.
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A 14.2 Wed 11:00 A-H1
Influence of multiple transitions for Quantum Coherent
Diffractive Imaging — eBJorN Kruse!, BENJAMIN LIEWEHR!,
CurisTIAN PELTz!, and Tnomas FENNELD2 — lInstitute for Physics,
University of Rostock, Germany — 2Max-Born-Institute for Nonlinear

Optics and Short Pulse Spectroscopy, Berlin, Germany

Coherent diffractive imaging (CDI) of isolated helium nanodroplets
has been successfully demonstrated with a lab-based HHG source [1]
operating in the vicinity of the 1s - 2p transition of helium. Near such
strong resonances, a non-linear theoretical description including quan-
tum coherence is required. We developed a density matrix-based scat-
tering model in order to include quantum effects in the local medium
response and explored the signatures of transition from linear to non-
linear CDI for the resonant scattering from Helium nanodroplets [2].
We found substantial departures from the linear response case for al-
ready experimentally reachable pulse parameters. An important next
step in this approach is the implementation of additional levels next
to the 1s - 2p transition. This way, we can describe multiple non-
resonant transitions and study transient shifts of energy levels as well
as light-induced coupling in pump-probe scenarios. Particularly, their
influence on CDI experiments is currently unknown as these effects are
usually measured in the gas phase in attosecond transient absorption
experiments [3].

[1] D. Rupp et al., Nat. Commun. 8, 493 (2017)

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

[3] P. Birk et al., J. Phys. B: At. Mol. Opt. Phys. 53 124002 (2020)
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A 14.3 Wed 11:15 A-H1
Towards Two-Dimensional Spectroscopy in X-Ray Quantum
Optics — eLukas WoLrr and JOrRG EVERs — Max-Planck-Institut
fiir Kernphysik, Heidelberg, Germany

Advanced spectroscopic techniques based on the precise control of tim-
ing and phase properties of light pulses are well-established throughout
the long-wavelength part of the electromagnetic spectrum. In the re-
cent past, considerable progress has also been achieved in the x-ray
and XUV-regime. In the hard x-ray regime where the implementation
of such control schemes is still challenging, Moéfbauer nuclei featuring
exceptionally narrow resonances can be employed to split light from
modern high-brilliance coherent x-ray sources into double-pulses with
characteristic spectral features. High-precision control of the relative
phase between these double-pulses was demonstrated recently using
fast mechanical motion of nuclear targets.

Here, we propose a new technique for the analysis of 2D spectra
obtained via time- and frequency-resolved measurements in the hard
x-ray regime using a tunable Mofbauer reference absorber and ex-
ploiting mechanical phase control. To demonstrate advantages and
limitations of the approach, we extract spectral properties of ensem-
bles of Méssbauer nuclei from simulated data. Our findings may help
to pave the way towards studies of more complex spectral structures
or nonequilibrium phenomena in Mofsbauer science.

A 144 Wed 11:30 A-H1
Fast resonant adaptive x-ray optics via mechanically-induced
refractive-index enhancements — eMiriaAM GERHARZ and JORG
EvERs — Max-Planck-Institut fiir Kernphysik, Heidelberg, Germany

In this project we introduce a concept for fast resonant adaptive x-
ray optics. Using piezo-control methods, we can displace a solid-state
target much faster than the lifetime of its resonances. This creates
a mechanically-induced phase shift, that can be associated with an
additional contribution on resonance to the real part of the refrac-
tive index while the imaginary part remains unchanged. Hence, we
can achieve polarization control by mechanically-induced birefringence
without changes in absorption. We theoretically and experimentally
demonstrate the approach with a x-ray polarization interferometer, in
which the interference is controlled by the mechanically-induced bire-
fringence. This setup can be used for temporal gating and provides a
sensitive tool for a noise background analysis on sub-Angstrom level.

A 145 Wed 11:45 A-H1
Reconstruction of s-state radial wave functions from pho-
toionization cross-section data — eHANs KIRSCHNER, ALEXAN-
DER GoTTwaLD, and MatrHiAs RiCHTER — Physikalisch-Technische
Bundesanstalt, Abbestrafte 2-12 D-10587 Berlin-Charlottenburg

A 15: Ultra-cold atoms, ions

Time: Wednesday 10:30-12:15

A 15.1 Wed 10:30 A-H2
Hole-induced anomaly in the thermodynamic behavior of a
1D Bose gas — eGiuLia DE Rost!, Riccarpo Rota2, Gricorr E.
AsTRAKHARCHIK!, and JorpI BoroNaT! — !Universitat Politécnica
de Catalunya, Barcelona, Spain — 2Ecole Polytechnique Fédérale de
Lausanne, Switzerland

We reveal an intriguing anomaly in the temperature dependence of the
specific heat of a one-dimensional Bose gas. The observed peak holds
for arbitrary interaction and remembers a superfluid transition, but
phase transitions are not allowed in 1D. The presence of the anomaly
signals a region of unpopulated states which behaves as an energy gap
and is located below the hole branch in the excitation spectrum. The
anomaly temperature is of the same order of the energy of the maxi-
mum of the hole branch. We rely on the Bethe Ansatz to obtain the
specific heat exactly and provide interpretations of the analytically
tractable limits. The dynamic structure factor is computed with the
Path Integral Monte Carlo method for the first time. We notice that
at temperatures similar to the anomaly threshold, the energy of the
thermal fluctuations become comparable with the maximal hole energy.
This excitation pattern experiences the breakdown of the quasiparticle
description for any value of the interaction strength at the anomaly,
similarly to any superfluid phase transition at the critical tempera-
ture. We provide indications for future observations and how the hole

The atomic photoionization cross-section can be determined by an in-
tegral transformation, containing the final and the initial radial state
of the unbound and bound electron, respectively. For the calculation
of the cross-section, previous works used Hartree-Fock or even more
advanced approaches to model the initial electron wave function. We
reversed the process and reconstructed s-state initial radial wave func-
tions in real space from photoionization cross-section data of Ne 2s, Ar
3s and Kr 4s in the VUV and soft x-ray region. To evaluate the radial
integral, the final state was approximated by a Coulomb wave function.
For the initial state, we assumed a linear combination of Slater-type
orbitals with adjustable parameters. These parameters were fitted
to measurement data through the integral transformation. Markov
Chain Monte Carlo methods were applied to receive the best param-
eter fit with additional probability distributions. With the resulting
parameter space the initial radial wave functions with uncertainty was
calculated. Density functional theory was consulted for comparison.
Despite systematic deviations, the general behavior of the radial wave
functions was reconstructed.

A 14.6 Wed 12:00 A-H1
Inner-shell multiple photodetachment of silicon anions —
eTiciA Bunr!, ALEXANDER PERRY-SASSMANNSHAUSEN!, MICHAEL
MARTINS2?, SiMON REINWARDT?, FLORIAN TRINTER?'?, ALFRED
MOLLER!, STEPHAN FRiTzScHE?®, and STEFAN ScuipPERs! —
1 Justus-Liebig-Universitit Giefen, Giessen — 2Universitit Hamburg,
Hamburg — 3Goethe-Universitdt Frankfurt am Main, Frankfurt am
Main — 4Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin —
5Helmholtz-Institut Jena, Jena — ®Friedrich-Schiller-Universitit Jena,

Jena

A sensitive tool for studying the interactions between the valence and
the core electrons is inner-shell ionization of negative ions. In the
present work, m-fold photodetachment (m=3-6) of silicon anions via
K-shell excitation and ionization have been experimentally investi-
gated in the photon energy range of 1830 eV to 1900 eV [1] using the
PIPE setup [2] at the synchrotron PETRA III. All cross sections ex-
hibit a threshold behavior that is masked by prethreshold resonances
associated with the excitation of a 1s electron to higher, either partly
occupied or unoccupied atomic subshells. The experimental cross
sections are in good agreement with the results of multiconfiguration
Dirac—Fock calculations if small energy shifts are applied to the calcu-
lated resonance positions and detachment thresholds.
[1] A. Perry-Sassmannshausen et al., Phys. Rev.
(2021).

[2] S. Schippers et al., X-Ray Spectrometry 49, 11 (2020).

A 104, 053107
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anomaly can be employed for in-situ thermometry, identifying different
collisional regimes and understanding other anomalies in atomic, solid-
state, electronic and spin-chain systems. [arXiv:2104.12651 (2021)].

A 15.2 Wed 10:45 A-H2
Signatures of radial and angular rotons in a two-dimensional
dipolar quantum gas — eSEAN GRaHAM!, JAN-NIKLAS SCHMIDT!,
JeNs HERTKORN!, MiINGYANG Guol, FABIAN BOTTCHER!, MATTHIAS
ScamipT!, KeviN Ncl, Tim LanGeEN!, MARTIN ZWIERLEIN2, and
TiLmaN Praul — 15th Institute of Physics and Center for Integrated
Quantum Science and Technology IQST, University of Stuttgart, Ger-
many — 2MIT-Harvard Center for Ultracold Atoms, Research Labo-
ratory of Electronics, and Department of Physics, Massachusetts In-

stitute of Technology, Cambridge, USA

We observed signatures of radial and angular roton modes and their
contribution to droplet formation in an oblate dipolar quantum gas.
Roton modes have a finite momentum that can be significantly pop-
ulated in dipolar quantum gases when dipole-dipole interactions are
strong relative to hard-core interactions. For stronger dipole-dipole
interactions the condensate will crystallize into droplets. Near this
crystallization transition we extract the static structure factor from
in-situ density fluctuations. We identify the presence of a radial ro-
ton by a peak at finite momentum in the radial structure factor that
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appears near the transition. Additional peaks are observed in the an-
gular structure factor corresponding to the population of the angular
roton mode. Finally, a comparison to simulated mode patterns from
the extended Gross-Pitaevski equation shows good agreement with our
results.

A 15.3 Wed 11:00 A-H2

Two-body correlations in imbalanced quantum sys-
tems — eCARL HEINTzZE!, KEERTHAN SUBRAMANIAN', SANDRA
BRANDSTETTER!, MaARvIN Horren', PuiLipp Prriss™ 2, and Sk-

Lim Jocumm! — 1Physikalisches Institut, Im Neuenheimer Feld 226,
69120 Heidelberg — 2Max Planck Institut fiir Quantenoptik, Hans-
Kopfermann-Str. 1, 85748 Garching

Superfluidity in strongly correlated systems still poses a challenging
task for experimentalists and theorists. Explaining the phenomenon
with pair formation enables us to tackle the problem in the limit of
strongly bound particles building up molecules (BEC limit) and de-
localized zero momentum pairs (BCS limit). Nevertheless, complete
and verified theories of strongly correlated regimes in between are still
missing. Additionally, there are ongoing discussions about the pair-
ing mechanisms, the breakdown of superfluidity and the rich phase
diagram in imbalanced systems.

Our experiment focuses on the emergence of correlations and col-
lective behaviour in many particle systems from the few-particle limit.
The apparatus enables us to prepare small quantum systems (two to
twelve particles) deterministically in a two-dimensional harmonic os-
cillator and to image the final state with spin and single particle reso-
lution. Therefore, we can extract the in-situ two-body correlations in
momentum as well as in real space. By using spectroscopic measure-
ments, we are also able to measure excitation spectra.

Recently we achieved to prepare imbalanced systems (3+1, 643,
641 particles) and to measure their momentum correlations.

A 154 Wed 11:15 A-H2
An impurity with a resonance in the vicinity of the Fermi en-
ergy — eMIkHAIL MasLov, MIKHAIL LEMESHKO, and ARTEM VOLOS-
NIEV — IST Austria, Am Campus 1, 3400 Klosterneuburg, Austria

We study an impurity with a resonance level whose energy coincides
with the Fermi energy of the surrounding Fermi gas. An impurity
causes a rapid variation of the scattering phase shift for fermions at
the Fermi surface, introducing a new characteristic length scale into
the problem. We investigate manifestations of this length scale in the
self-energy of the impurity and in the density of the bath. Our calcu-
lations reveal a model-independent deformation of the density of the
Fermi gas, which is determined by the width of the resonance. To
provide a broader picture, we investigate time evolution of the density
in quench dynamics, and study the behavior of the system at finite
temperatures. Finally, we briefly discuss implications of our findings
for the Fermi-polaron problem.

A 15,5 Wed 11:30 A-H2
Dynamics of atoms within atoms — eSHiva KaNT Trwari!, FE-
L1x EnceEL?, MARcCEL WAGNER®?, RicHARD ScuMIDT?#, FLORIAN
MEINERT2, and SEBASTIAN WUSTER! — !Department of Physics, In-
dian Institute of Science Education and Research, Bhopal, Madhya
Pradesh 462 066, India — 2Physikalisches Institut and Center for Inte-
grated Quantum Science and Technology, Universitat Stuttgart, Pfaf-
fenwaldring 57, 70569 Stuttgart, Germany — 3Max-Planck-Institut
fiir Quantenoptik, 85748 Garching, Germany — *Munich Center for
Quantum Science and Technology (MCQST), Schellingstr. 4, D-80799
Miinchen, Germany

Recent experiments with Bose-Einstein condensates have entered a

regime in which thousands of ground-state condensate atoms fill the
Rydberg-electron orbit. After the excitation of a single atom into a
highly excited Rydberg state, scattering off the Rydberg electron sets
ground-state atoms into motion, such that one can study the quantum-
many-body dynamics of atoms moving within the Rydberg atom. Here
we study this many-body dynamics using Gross-Pitaevskii and trun-
cated Wigner theory. Our simulations focus in particular on the sce-
nario of multiple sequential Rydberg excitations on the same Rubidium
condensate which has become the standard tool to observe quantum
impurity dynamics in Rydberg experiments. We investigate to what
extent such experiments can be sensitive to details in the electron-
atom interaction potential, such as the rapid radial modulation of the
Rydberg molecular potential, or p-wave shape resonance. Finally, we
explore the local dynamics of condensate heating.

A 15.6 Wed 11:45 A-H2
Quantum Rabi dynamics of trapped atoms far in the deep
strong coupling regime — eGERAM HUNANYAN!, JOHANNES
Kocu!, ENRIQUE Rico?3, ENRIQUE SoLaN023, and MaRrTIN WEITZ!
— Unstitut fiir Angewandte Physik, Universitdt Bonn, Wegelerstr. 8,
53115 Bonn, Germany — 2Department of Physical Chemistry, Univer-
sity of the Basque Country UPV/EHU, Apartado 644, 48080 Bilbao,
Spain — SIKERBASQUE, Basque Foundation for Science, Plaza Eu-
skadi 5, 48009 Bilbao, Spain

The coupling of a two-level system with a field mode, whose fully
quantized field version is known as the quantum Rabi model (QRM),
is among the central topics of quantum physics and recent quantum in-
formation technologies. When the coupling strength reaches the field
mode frequency, the full QRM Hamiltionian comes into play, where
excitations can be created out of the vacuum.

We demonstrate a novel approach for the realization of a periodic
variant of the quantum Rabi model using two coupled vibrational
modes of cold atoms in optical potentials, which has allowed us to
reach a Rabi coupling strength of 6.5 times the bosonic field mode fre-
quency, i.e., far in the so called deep strong coupling regime. For the
first time, the coupling term dominates over all other energy scales.
Field mode creation and annihilation upon e.g., de-excitation of the
two-level system here approach equal magnitudes, and we observe the
atomic dynamics in this novel experimental regime, revealing a subcy-
cle timescale raise in field mode excitations, in good agreement with
theoretical predictions.

A 15.7 Wed 12:00 A-H2
orbital many-body dynamics of bosons in the second bloch
band of an optical lattice — eJOSE vARGAS!, MARLON NUSKEDL2:3,
RAPHAEL EICHBERGER'2, CARL HIPPER', LUDWIG MATHEY' 23 and
ANDREAS HEMMERICHD 23 — lInstitut fiir Laserphysik, Universitét
Hamburg, 22761 Hamburg, Germany — 2Zentrum fiir Optische Quan-
tentechnologien, Universitat Hamburg, 22761 Hamburg, Germany —
3The Hamburg Center for Ultrafast Imaging, Luruper Chaussee 149,

Hamburg 22761, Germany

We explore Josephson-like dynamics of a Bose-Einstein condensate of
rubidium atoms in the second Bloch band of an optical square lattice
providing a double well structure with two inequivalent, degenerate
energy minima. This oscillation is a direct signature of the orbital
changing collisions predicted to arise in this system in addition to
the conventional on-site collisions. The observed oscillation frequency
scales with the relative strength of these collisional interactions, which
can be readily tuned via a distortion of the unit cell. The observa-
tions are compared to a quantum model of two single-particle modes
which reproduces the observed oscillatory dynamics and show the cor-
rect dependence of the oscillation frequency on the ratio between the
strengths of the on-site and orbital changing collision processes.

A 16: Precision Measurements and Metrology IV (joint session Q/A)

Time: Wednesday 10:30-12:30

Invited Talk A 16.1 Wed 10:30 Q-H11
Searching for physics beyond the Standard Model with iso-
tope shift spectroscopy — eErLINA FuchHs — CERN, Depart-
ment for Theoretical Physics — Leibniz Universitdt Hannover —
Physikalisch-Technische Bundesanstalt (PTB) Braunschweig

I will present searches for New Physics beyond the Standard Model
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using precision isotope shift spectroscopy with a focus on the King
plot method and new avenues with Rydberg states.

A 16.2 Wed 11:00 Q-H11
Metamirrors as platform for next-generation ultra-stable
laser cavities — oSTEFFEN SAUERD2, JoHANNES DickMann!:2
1,2,3 1TU

Liam SHELLING NEeToM2, and STEFANIE KROKER
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Braunschweig, Institute for Semiconductor Technology, Hans-Sommer-
Str. 66, 38106 Braunschweig, Germany — 2LENA Laboratory for
Emergng Nanometrology, Langer Kamp 6a/b, 38106 Braunschweig
— 3Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116
Braunschweig, Germany

The key ingredients of today’s most precise quantum optics exper-
iments are laser cavities, e.g. in interferometric gravitational wave
detectors and atomic clocks. These cavities are based on two highly
reflective mirrors with required reflectivities of > 99.997 %. Addi-
tionally, cavities will play a key role in future dark matter research.
The currently most stable laser cavities are limited by the mirror coat-
ing noise. A highly promising approach for the reduction of thermal
noise is the implementation of metamirrors. Metamirrors are formed
by laterally structured optical sub-wavelength nanostructures, which
are designed to manipulate the near-field of the impinging light. Thus,
the reflectivity can theoretically reach 100 % with only one structured
layer. In this contribution, we present the current progress in the field
of metamirrors for ultra-stable laser cavities, including thermal noise
computation and reflectivity measurements.

A 16.3 Wed 11:15 Q-H11
Precision Optical Techniques in the ALPS II Experiment —
eTopp Kozrowski — University of Florida, Gainesville, USA

On behalf of the ALPS Collaboration. The Any Light Particle Search
II (ALPS II) is a "light-shining-through-the-wall” experiment currently
in commissioning at DESY. ALPS II will search for axion-like parti-
cles (ALPs), a family of hypothetical particles outside of the Standard
Model which have a feeble coupling to the electromagnetic field, moti-
vated by exciting astrophysical hints. The experiment aims to detect
light which has undergone photon-ALP and subsequent ALP-photon
conversion in the presence of a magnetic field. ALPS II utilizes a pair
of 122-meter long high finesse Fabry-Perot optical resonators to im-
prove detection sensitivity. One of the resonators will store 150 kW of
circulating light to improve the amplitude of the generated axion field.
The second resonator, located on the other side of a light-tight (but
ALP transparent) barrier, will build up the regenerated laser field to
gain a factor >10,000 in signal enhancement. The resulting signal, on
the order of 1 photon/day, can then either be counted by a cryogenic
photon counter or detected as modulation of a reference field. The ex-
periment requires a control scheme to allow for the two cavities to both
be held simultaneously on resonance with the same frequency of light,
without any light from the first resonator entering the second. I will
discuss the optical technologies utilized in this experiment, including
nested optical offset phase locking, heterodyne interferometric readout
of ultra-low optical fields, and alignment sensing and control. I will
also present updates from the in-progress experimental commissioning.

A 16.4 Wed 11:30 Q-H11
Tailoring narrower phase-matching bandwidth with resonant
quantum pulse gate — eDana EcHEVERRIA-OVIEDO, MICHAEL
STEFSzKY, JANO GIL-LoPEz, BENJAMIN BRECHT, and CHRISTINE SIL-
BERHORN — Paderborn University, Integrated Quantum Optics, War-
burguer Str. 100, 33098, Paderborn, Germany.

Time-frequency quantum metrology has been shown to saturate the
quantum Cramér-Rao lower bound -the ultimate precision limit im-
posed by quantum mechanics- if temporal-mode selective measure-
ments can be implemented. These can be realized with a so-called
quantum pulse gate, a dispersion engineered sum-frequency genera-
tion between shaped pulses. In practice, the achievable resolution of
such measurements is limited by the finite phase-matching bandwidth
of the quantum pulse gate. It is of paramount importance to tailor
narrower phase-matching bandwidths to alleviate this limitation and
push technology further towards practical applications. We propose
a resonant quantum pulse gate, which is comprised of two coupled
waveguide cavities that reduce the phase-matching bandwidth, one of
them the nonlinear cavity in which the interaction takes place, the
other an additional linear cavity which helps to select only one single
resonance. Our design facilitates a reduction in phase-matching band-
width by several orders of magnitude compared to existing devices.
In this talk, we report on the current progress in which our team is
working with great effort.

A 16.5 Wed 11:45 Q-HI11
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Integrated broadband PDC source for quantum metrology
— oRENE PoLLmANN, FrRANZ ROEDER, MATTEO SANTANDREA, TIM
WORMANN, VicTor QUIRING, RAIMUND RICKEN, CHRISTOF EIGNER,
BenjamiNn BrecHT, and CHRISTINE SILBERHORN — Paderborn Uni-
versity, Integrated Quantum Optics, Institute for Photonic Quantum
Systems (PhoQS), Warburger Strafe 100, 33098 Paderborn, Germany

Broadband quantum light is a vital resource for quantum metrology ap-
plications such as quantum spectroscopy, quantum optical coherence
tomography or entangled two photon absorption. To produce light
suitable for these applications we implemented a broadband (10 THz)
non-degenerate type-II parametric down conversion source in a 40 mm
long periodically poled LiNbO3 waveguide. The broadband nature of
the created photon pairs yields a very short correlation time (100 fs),
while the narrowband CW pump ensures strict frequency anticorre-
lations. This high degree of time frequency entanglement makes the
created state ideal for driving two photon absorption.

Furthermore, the bandwidth of the produced biphotons can be tuned
from 1 THz to 10 THz by adjusting the operating temperature of the
source.

A broadband, bright source of quantum light also enables its use as an
active element of so-called SU(1,1)-interferometers for applications in
spectroscopy with undetected photons.

A 16.6 Wed 12:00 Q-HI11
Influence of Spontaneous Brillouin Scattering in Cascaded
Fiber Brillouin Amplification for Fiber-Based Optical Fre-
quency Dissemination — eJAFFAR KaDUM and SEBASTIAN KOKE
— Physikalisch-Technische Bundesanstalt, Braunschweig, Germany

The roadmap towards the redefinition of the SI Second in terms of an
optical atomic clock transition demands a comparison between remote
optical clocks. Ultra-stable coherent frequency dissemination via inter-
ferometric fiber links (IFLs) is currently the only available method to
compare the best optical clocks at the level of their uncertainty over
continental scales. Fiber Brillouin amplifiers (FBAs) are an attrac-
tive alternative to conventional Erbium-doped fiber amplifiers due to
high gain and greatly reduced back-reflection sensitivity [1]. FBA ex-
ploits the stimulated Brillouin scattering (SBS) effect initiated by the
nonlinear interactions of signal and counterpropagating pump wave.
However, the spontaneous Brillouin scattering (SpBS) resulting from
thermally excited acoustic waves [2] degrades the signal-to-noise ratio,
which may become limiting for IFLs longer than currently demon-
strated. To gain deeper insight into the properties of amplified SpBS
in cascaded FBA and to optimize future longer FBA-based IFLs, we
developed a simulation model, which will be introduced and discussed
in this contribution. 1.0. Terra et al. , *Brillouin amplification in
phase coherent transfer of optical frequencies over 480 km fiber,* Opt.
Express 18, (2010). 2.R.W. Boyd et al., *Noise initiation of stimulated
Brillouin scattering,* Phys. Rev. A, 42, (1990).

A 16.7 Wed 12:15 Q-H11
Pertubation of trapping standards — eMAaRTIN KErRNBACHDZ,
PauL Oskar Sunp!, and ANpREAS W. ScHELL!:2 — 1Leibniz Uni-
verstity Hannover — 2Physikalisch-Technische Bundesanstalt Braun-

schweig

Levitation platforms like quadrupole traps or optical tweezers are es-
tablished tools for various experiments. Trapped particles are strongly
isolated from their environment. This makes for example single ions
accessible as individual quantum systems. Also particles up to the mi-
crometer regime are trappable, which gives access to their even more
complex properties, like internal degrees of freedom, chemical compo-
sition, or chemical reactions under well defined artificial environmental
conditions.

As a first step toward a nanoparticle levitation platform we have set
up a quadrupole trap with electro spray injection and in combination
with a confocal microscope. The parameter range allows for trapping
of nanometer to micrometer sized particles. The optical fingerprint of
these particles are taken by Raman spectroscopy. As a second step
we simulate trapping with respect to the driving field, atmospheric
conditions or cooling. The experimental setup is designed to enable
driving potentials of arbitrary waveform for particles on the microm-
eter scale. With these prerequisites experimental testing of promising
exotic drivings can be realized. Effects on trapping speed and equilib-
rium temperature are expected to be confirmed.
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A 17: Collisions, scattering and correlation phenomena

Time: Wednesday 14:00-15:30

Invited Talk A 17.1 Wed 14:00 A-H1
Isomer depletion via nuclear excitation by electron cap-
ture with electron vortex beams — eYuaNBIN Wul, CHRISTOPH
H. Kerrer!, and Apriana PALFFY!:2 — 1Max-Planck-Institut fiir
Kernphysik, Saupfercheckweg 1, D-69117 Heidelberg, Germany —
2Department of Physics, Friedrich-Alexander-Universitdt Erlangen-
Niirnberg, D-91058 Erlangen, Germany

Long-lived excited states of atomic nuclei, known as nuclear isomers,
can store a large amount of energy over long periods of time, with a
very high energy-to-mass ratio. Dynamical external control of nuclear
state population has proven so far very challenging, despite ground-
breaking incentives for a clean and efficient energy storage solution.
Here, we describe a protocol to achieve the external control of the iso-
meric nuclear decay via the process of nuclear excitation by electron
capture [1] with electron vortex beams whose wavefunction has been
especially designed and reshaped on demand [2]. This can lead to the
controlled release of the stored nuclear energy. We show theoretically
that the use of tailored electron vortex beams can increase the de-
pletion of isomers by 2 to 6 orders of magnitude compared to so far
considered depletion mechanisms and provides a handle for manipu-
lating the capture mechanism [2].

[1] Y. Wu, C. H. Keitel, A. Palffy, Phys.
(2019).

[2] Y. Wu, S. Gargiulo, F. Carbone, C. H. Keitel, A. Palffy, arXiv:
2107.12448.

Rev. Lett. 122, 212501

A 17.2 Wed 14:30 A-H1
Spectroscopy of metastable states of Si— — eSuvam SINGH,
CuaunNHAl Lyu, CuristopH KEITEL, and ZoLTAN HARMAN — Max
Planck Institute for Nuclear Physics, 69117 Heidelberg, Germany

In this work [1], we have calculated photodetachment cross sections
(PDCS), electron affinities, fine-structure splittings, transition ener-
gies, and radiative lifetimes of all the metastable states of the Si™ ion.
All atomic state functions for the description of Si and Si~ ion have
been generated by the Multiconfiguration Dirac-Hartree-Fock method.
Here, we have used the grasp2K and RATIP codes to carry out ded-
icated calculations of the PDCS of all anionic states of Si~ at two
specific photon energies, namely, at 0.89 eV and 1.95 eV. The choice of
the photon energies is motivated by very recent low-background mea-
surements with the Cryogenic Storage Ring (CSR) of the Max Planck
Institute for Nuclear Physics (MPIK) in Heidelberg, Germany. The
PDCS are used in analyzing experimental data obtained by the CSR at
MPIK. To independently predict the electron affinities, fine-structure
splittings, transition energies, and radiative lifetimes, we have used
the MCDHF method in combination with the relativistic configuration
interaction approach. These calculations were performed using the
GRASP2018 code, performing a systematic expansion of the atomic
states in terms of a large number of configuration state functions to
obtain accurate predictions. Detailed results will be presented during
the conference.
Reference: [1] D. Miill et al., Phys. Rev. A, 104 (2021) 032811.

A 17.3 Wed 14:45 A-H1
First experimental results on electron-impact ionisation
of Lalt with a new energy-scan systems — eB. MICHEL
DonrING}2] ALEXANDER Borovik Jr!, Kurr HuBer!, ALFRED
MoLLER!, and STeEraN ScuHippERs! — !Justus-Liebig-Universitit
GieRen — 2GSI Helmholtzzentrum fiir Schwerionenforschung GmbH,

Darmstadt (Germany)

For the investigation of resonance structures in electron-impact ionisa-
tion cross sections one needs to be able to scan these cross sections in
small electron-energy steps. In order to meet this requirement we have
developed a new fast energy-scan system for a new recently commis-
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sioned high-power electron gun [1]. This new gun extends the range
of experimentally available electron energies from previously 1 keV [2]
to now 3.5 keV. As compared to the old gun, the new one has more
electrodes. This enables us to more flexibly control the transport of
the electron beam. However, this also required a completely new de-
velopment of the scanning system. We will report on first experimental
results on single and multiple ionisation of Lal't ions. The new data
compare well with earlier measurements [3] and extend the known en-
ergy range by a factor of two.

[1] A. Miiller et al., 1988 Phys. Rev. Lett. 61 70.

[2] B. Ebinger et al., 2017 Nucl. Instrum. Meth. B 408 317.

[3] A. Miiller et al., 1989 Phys. Rev. A 40 3584.

A 174 Wed 15:00 A-H1
Dielectronic recombination of Ne2t at the Cryogenic Storage
Ring — eLEoNARD W. IsBERNER!, MANFRED GRIESER?, ROBERT
voN HauN?2, Zortin Harman?, ABeL Karosi®, ChrisTorH H.
KerreL?, Craube Krantz?, DaNieL PauL3, STErAN ScHIPPERS!,
Suvam SiNngHZ, ANDREAs WoLF?, and OLpRicH NovoTnv? —
1. Physikalisches Institut, Justus-Liebig-Universitdt Giefen, 35392
GieRen, Germany — ?Max-Planck-Institut fiir Kernphysik, 69117 Hei-
delberg, Germany — 3Columbia Astrophysics Laboratory, Columbia
University, New York, 10027 New York, USA — 4GSI Helmholtzzen-
trum fiir Schwerionenforschung GmbH, 64291 Darmstadt, Germany

In the past three decades, electron-ion recombination has been success-
fully investigated by employing the merged-beams technique in mag-
netic heavy-ion storage rings. Because of the limited magnetic rigid-
ity, recombination studies were restricted to ions with low mass-over-
charge ratio. The combination of mass-independent storage in electro-
static storage rings with the excellent vacuum conditions of cryogenic
environments is a promising approach to enable the investigation of re-
combination processes in low-charged heavy ions, which are important,
e.g., for astrophysics. Here we report on a first recombination study of
Ne2t + e~ —Ne' in the electrostatic Cryogenic Storage Ring (CSR)
located at the Max Planck Institute for Nuclear Physics in Heidel-
berg. We have observed resonant recombination features in agreement
with quantum-theoretical predictions. Our results clearly demonstrate
the feasibility of atomic recombination studies with heavier species at
CSR.

A 175 Wed 15:15 A-H1
Three-charge-particle collwions between antiprotons (p) and
muonic hydrogen atoms (H,) at low-energies — eRENAT A.
Surranov — Odessa College, Department of Mathematics, 201 W.
University Blvd., Odessa, Texas 79764, USA

A detailed few-body treatment is performed for two low-energy three-
charge-particle reactions. The first reaction is between an antiproton
p and a ground state muonic deuterium Dy~ - a bound state of a neg-
ative muon p~ and the deuterium nucleus D. The second reaction is
between p and a muonic tritium Ty ™. In the first reaction additional
final-state nuclear pD interaction inside the (pD) antiprotonic atom is
taken into account and the effect of the strong pD nuclear forces on
the reaction cross-sections and rates is computed. It was found that
at low energy collisions, E.o;; ~ 1073—10"1eV, the influence of the
strong interaction is significant, i.e. the reaction cross sections and
rates are increased by ~300%. In the second reaction the final state
pT nuclear interaction has also been included and the effect was ap-
proximately estimated. Modified Faddeev-type equations have been
applied to the three-body systems [1, 2].

1. R. A. Sultanov, D. Guster, and S. K. Adhikari, Atoms 6, 18
(2018).

2. R. A. Sultanov and D. Guster, J. Phys. B: At. Mol. Opt. Phys.
46, 215204 (2013).
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A 18: Precision Measurements and Metrology V (joint session Q/A)

Time: Wednesday 14:00-15:30

A 181 Wed 14:00 Q-H11
A two-way free-space link for optical frequency comparisons
— oJinax1aN J112, ALExANDER KunL!, ATiF SHEHZAD!, and SEBAS-
T1AN Koke! — !Physikalisch-Technische Bundesanstalt, Bundesallee
100, 38116 Braunschweig, Germany — 2DLR-Institute for Satellite
Geodesy and Inertial Sensing, Hannover, Germany

Optical clock networks connected by phase-coherent links have enor-
mous potential in basic and applied sciences such as geodesy, astron-
omy and global navigation satellite systems. Free-space links extend
fiber-based connection capabilities and offer to connect a larger com-
munity of users. In future, free-space links may even link earthbound
stations, satellites or the international space station.

Here we investigate a two-way free-space frequency comparison link
using a continuous wave laser signal. Through this two-way approach,
the influence of the path length fluctuations is supressed by process-
ing the beat signals at the two end points. This system enables us
to characterize the non-reciprocity of free-space connections, i.e., the
fundamental uncertainty limit. Different from earlier publications, we
elimate the interferometric noise contributions completely. By this we
achieve fractional frequency comparison uncertainties below 10~2! for
the averaging time of only 1000 s showing a significant improvement in
resolution. This result opens the way to the high-resolution frequency
comparison with simple electronics over free-space links.

A 182 Wed 14:15 Q-H11
Highly stable transportable UV laser system for an opti-
cal clock — eBrnjamiN Kraush?, Stepuan Hannigh2, Soria
HerBeRs!2, FaBiaNn DawgeL!, Jonannes KRrRAMER!, CONSTANTIN
Nauk!2, CurisTiaN Lispar!, and Pier O. Scumiprh?3
1Physikalisch-Technische Bundesanstalt, 38116 Braunschweig, Ger-
many — 2DLR-Institute for Satellite Geodesy and Inertial Sensing,
30167 Hannover, Germany — 3Leibniz Universitéit Hannover, Institut
fir Quantenoptik, 30167 Hannover, Germany

Optical atomic clocks provide the most precise frequency standards.
They enable high accuracy tests of fundamental physics, relativistic
geodesy, and a possible future redefinition of the SI second. For side-
by-side clock comparisons, accurate transportable optical clocks are
necessary. We present a rack-integrated highly stable clock laser sys-
tem at 267.4nm for a transportable A1t clock. The system consists
of a fibre laser at 1069,6 nm locked to a cavity designed to reach frac-
tional frequency instabilities as low as 10716, Two sequential single-
pass second harmonic generation stages are hermetically sealed inside
an aluminium box to form a robust, compact, and stable fibre-coupled
frequency quadrupling module. The setup is interferometrically phase-
stabilized, enabling second long probe times.

A 18.3 Wed 14:30 Q-H11
Rubidium vapor-cell frequency reference based on 5S to
5D two-photon transition for space applications — eJULIEN
Kruge!2, Kraus DOriNngsHOFF'2, DaNIEL EmanuveL Konr!,
AARON STRANGFELDM2, and Markus Krurzik!:2 — lInstitut fiir
Physik, Humboldt-Universitit zu Berlin — 2Ferdinand-Braun-Institut
gGmbH, Leibniz-Institut fiir Héchstfrequenztechnik

Optical frequency standards based on two-photon spectroscopy using
rubidium vapor are a promising candidate for realization of simple and
compact optical clocks for space applications.

In this presentation, we show the development of an optical clock
working at the rubidium 5S to 5D two-photon transition at 778 nm.
For short timescales, a fractional frequency in-stability in the order
of 10713 is achieved in a setup with a small size, weight and power
(SWaP) budget. Details of the corresponding vapor cell assembly, the
supporting simulations and its parameters are shown as well. Re-
cent progress towards miniaturization and automated operation of the
physics package enables the future development of a compact and re-
liable setup to meet the stringent requirements of a prospective space
mission.

This work is supported by the German Space Agency (DLR) with
funds provided by the Federal Ministry of Economics and Technology
(BMWi) under grant numbers 50RK1971, 50WM2164.

A 184 Wed 14:45 Q-HI11

Towards a strontium optical frequency reference based on
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Ramsey-Bordé interferometry — eInamar! C TieTie!, OLIVER
FARTMANN!, MARTIN JuTisz!, CoNRAD L ZIMMERMANNZ, VLADIMIR
ScukorLNikb?, and Markus Krutzik!?2 — Humboldt-Universitét
zu Berlin, Institut fiir Physik — 2Ferdinand-Braun-Institut GmbH,
Leibniz-Institut fiir Hochstfrequenztechnik, Berlin

We present the status of our optical frequency reference based on
Ramsey-Bordé interferometry using the 1Sy — 3P; intercombination
line in strontium. Next to the current state of the atom interferometer
based on a thermal atomic beam, we will present details of our com-
pact and high-flux atomic oven as well as the cavity-stabilised laser
system at 689 nm.

This work is supported by the German Space Agency (DLR) with
funds provided by the Federal Ministry of Economics and Technol-
ogy (BMWi) under grant number DLR50WM1852 and by the German
Federal Ministry of Education and Research within the program quan-
tum technologies - from basic research to market under grant number
13N15725.

A 185 Wed 15:00 Q-H11
Dynamical decoupling for a robust Lorentz Symmetry test
with 172Yb* jons — eChra-Han YEn!, Kar C. GRENSEMANNZ,
Laura S. Dreissen!, HENNING A. ForsT!2, DimiTrl KALINCEV!,
ANDRE P. Kvurosal, and Tanja E. MEgHLSTAUBLER}Z —
I Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116
Braunschweig, Germany — 2Institut fiir Quantenoptik, Leibniz Uni-
versitdt Hannover, Welfengarten 1, 30167 Hannover, Germany

We report on our progress of a novel test of local Lorentz invariance
(LLI) in the electron-photon sector using the meta-stable electronic
F-state of trapped 172Yb™T ions [1]. The Zeeman structure of the
F'-state contains highly relativistic, orthogonally oriented electron or-
bitals which provide access for testing LLI violation. A potential vio-
lation would lead to an anomalous fluctuation of the energy splitting
between the substates. We measure this fluctuation via detection of
the population imbalance after a dynamical decoupling (DD) [2] se-
quence. This sequence uses rf pulses to suppress magnetic field noise
for enabling long coherence times.

Starting with a single ion, we have demonstrated coherent excita-
tion to the F-state via an electric octupole transition [3]. A coherence
time of several seconds has been achieved with the DD sequence in the
F-state. With these preparations, we have recently demonstrated a
24 h-run of the LLI test sequence and are now evaluating the system-
atics.

[1] V.A. Dzuba et al., Nature Physics 12, 465-468 (2016). [2] R.
Shaniv et al., Phys. Rev. Lett. 120, 103202 (2018). [3] H. A. Fiirst et
al., Phys. Rev. Lett. 125, 163001 (2020)

A 18.6 Wed 15:15 Q-H11
A dual-species multi-ion clock — eHARTMUT NiMROD HAUSSER!,
TaBea NorpMANNY, Jan Kierse!, Jonas KEeLLER!, NISHANT
BuarT!, MoRITZ VON BOEHN!, and Tanja E. MEHLSTAUBLERDZ —
1Physikalisch-Technische Bundesanstalt, Braunschweig, Germany —

2Leibniz Universitit Hannover, Hannover, Germany

The best optical ion clocks achieve systematic uncertainties around
1 x 10~ 18 enabling new applications such as relativistic geodesy with
cm-level height resolution [1] and advancing the search for physics be-
yond the standard model. The major drawback of single-ion clocks
is the low signal-to-noise ratio due to quantum projection noise which
requires averaging times of several weeks to achieve a matching system-
atic uncertainty. Increasing the number of ions for example by a factor
N ideally leads to N-times shorter averaging time for a given frequency
resolution. Due to its intrinsically low sensitivities, 115In7 is an ideal
candidate for a multi-ion clock with low systematic shifts [2]. We char-
acterize clock operation with an 11°Int ion sympathetically cooled by
an 172Yb™ ion in a segmented linear Paul trap and discuss its system-
atic uncertainty budget at the 10~ 17-level. We present our solution for
scaling up the number of clock and cooling ions including the control of
their order within the crystal and show multi-ion spectroscopy results
that are optimized for contrast. The observed excitation agrees with
our simple model, which accounts for the Debye-Waller effect due to
the crystal dynamics after sympathetic cooling.
[1] T.E. Mehlstéubler et al., Rep. Prog. Phys. 81, 6 (2018)
[2] N. Herschbach et al., Appl. Phys. B 107, 891-906 (2012)
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A 19: Precision spectroscopy of atoms and ions Il (joint session A/Q)

Time: Wednesday 14:00-15:15

A 19.1 Wed 14:00 A-H2
Ionization potential, atomic and nuclear structure of
244-248Cm by laser spectroscopy — eNiNna Knep!, FELIX

1 1,2,3
b

WEBER!, MacpaLENa A. Kasal, CrrisTorH E. DULLMANND

CHRISTIAN M. MAaARQUARDT?, CHRisTOPH MOKRY!'2, PETRA J.
Panak?, SEBASTIAN RAEDER??, JORG RUNKED?, DoMINIK STUDER!,
PeTRA THORLE-PospiecH!, NorBErRT TRaUTMANN!, and KrLaus
WEeNDT! — 1Johannes Gutenberg University, 55099 Mainz
2Helmholtz Institute, 55099, Mainz — 3GSI Helmholtzzentrum fiir
Schwerionenforschung GmbH, 64291 Darmstadt — *Karlsruhe Insti-

tute of Technology, 76131 Karlsruhe

Curium (Z=96) is located in the middle of the actinide series and has
a half-filled atomic f shell with a ground state configuration 5f76d7s>
9Dg. One ton of spent nuclear fuel, contains up to 20 g of 248Cm, gen-
erated by multiple neutron capture of 238U. This environmental aspect
in combination with its long half-life of 328 Ma motivates fundamental
laser spectroscopic studies on the actinide. Resonance ionization spec-
troscopy was applied to study the atomic and nuclear structure of the
isotopes, 244=248Cm was spectroscopically investigated. Three differ-
ent ground state transitions were used as first excitation steps. Scan-
ning the laser around the expected value of the ionization potential
(IP), numerous Rydberg levels and auto-ionizing levels were located.
The IP was re-determined using field ionization and Rydberg conver-
gence techniques for comparison. The hyperfine structure of 24°Cm
and 247Cm and the isotopic shift in the isotope chain 244=248Cm were
measured for the first time by laser spectroscopy.

A 19.2 Wed 14:15 A-H2
A new type of spectroscopy: Direct observation of hyperfine
transitions with energy differences of 10 neV and below —
oCHRYSOVALANTIS KANNIS — Institut fiir Kernphysik, Forschungszen-
trum Jilich, Jilich, Germany — III. Physikalisches Institut B, RWTH
Aachen University, Aachen, Germany

Spectroscopy is a tool commonly used for the study of the energy lev-
els of a sample. In most applications the sample is trapped, however
this is not always feasible. An alternative type of spectroscopy in-
cludes a static external field and a moving sample. In particular, we
use two opposed solenoidal coils which provide a static magnetic field
with field direction reversal along the polarization axis. This produces
a sinusoidal longitudinal (along the quantization axis) magnetic field
component with a zero crossing between the coils. In addition to the
longitudinal component, a radial component is also induced which is
proportional to the gradient of the first and the distance from the
center of the quantization axis.

For an atomic beam of metastable hydrogen with a kinetic energy
of about 1 keV and a magnetic field configuration with a wavelength
A~ 10 cm, the induced transitions correspond to an RF frequency
f v/ in the MHz range. Equivalently, the energy difference be-
tween various levels is of the order of 1078 eV and below. These can be
found between hyperfine substates of hydrogen atoms at low magnetic
fields in the Breit-Rabi diagram. Here we present first measurements,
their interpretation, and possible applications.

A 19.3 Wed 14:30 A-H2

Laser spectroscopy of muonic ions and other simple atoms —
eRAaNDOLF PoHL — Johannes Gutenberg Universitat Mainz

Laser spectroscopy of simple atoms is sensitive to properties of the
atomic nucleus, such as its charge and magnetization distribution. This
allows determining the nuclear parameters from atomic spectroscopy,
but also limits the attainable precision for the determination of fun-
damental constants or the test of QED and the Standard Model. In
light muonic atoms and ions, one negative muon replaces all atomic
electrons, resulting in a calculable hydrogen-like system. Due to the
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muon’s large mass (200 times the electron mass), the muon orbits the
nucleus on a 200 times smaller Bohr radius, increasing the sensitivity
of muonic atoms to nuclear properties by 2003 = 10 million. Our
laser spectroscopy of muonic hydrogen through helium has resulted in
a 10fold increase in the precision of the charge radius of the proton,
deuteron, and the stable helium nuclei. Next we’re measuring the hy-
perfine splitting in muonic hydrogen to obtain information about the
magnetization of the proton. In Mainz, we’re setting up an experiment
to determine the triton charge radius by laser spectroscopy of atomic
tritium.

A 194 Wed 14:45 A-H2
Resonance ionization mass spectroscopy on Americium —
eMarou STEMMLER!, FELIXx WEBER!, CHRIsTOPH DULLMANNZ3:4,
DoMINIK STUDER!, ANJALI AJAYAKUMAR®, and KLaus WeNDT! —
Hnstitut of Physics, Johannes Gutenberg-Universitit Mainz, Germany
— 2Department of Chemistry - TRIGA site, Johannes Gutenberg-
Universitit, Germany — 3Helmholtz Institut Mainz, Germany — *GSI
Helmholtzzentrum fiir Schwerionenforschung GmbH Darmstadt, Ger-
many — SGANIL, France

Americium (Am, Z=95) is a transuranic member of the actinide se-
ries which can be produced artificially by neutron bombardment in
nuclear reactors or explosions. All its isotopes are radioactive and the
two most long-lived isotopes are 241 Am and 243 Am with half-lifes of
11/2=432.2 y and t;/,=T7370 y respectively. Here we report on high
resolution laser spectroscopy on Am. About 3-10'3 atoms of both iso-
topes 24! Am and 243 Am were prepared on zirconium foil and loaded
into a resistively heated tantalum oven. A wide range tuneable, fre-
quency doubled, continuous wave Titan:Sapphire laser was used for
spectroscopy by injection locking of a high power pulsed Ti:Sa ring
laser setup. Hyperfine structures of the two isotopes were investigated
in two different ground state transitions, which served as first excita-
tion steps for resonant ionisation via suitable autoionizing states. In
addition, the isotope shift was determined in one of these transitions.
Data analysis regarding the atomic structure of Am as well as hyperfine
parameters extracted will be discussed.

A 19.5 Wed 15:00 A-H2
Laser spectroscopy of neptunium - excitation schemes, atomic
structure and the ionization potential — eMAaGDALENA KaJa,
Dowminik STUDER, FELIX WEBER, FELIX BERG, NINA KNEIP, TOBIAS
ReEicH, and KLaus WENDT — Johannes Gutenberg University, 55099
Mainz

Neptunium is a radioactive actinide and the first transuranic element.
In particular, 237Np is generated quantitatively within the nuclear fuel
cycle with amounts on average ~10 kg in each conventional pressurized
water reactor each year. Due to its long half-live of 2.1-10° years and
high radiotoxicity, it represents a major hazard in the final disposal of
nuclear waste. Under environmental conditions, Np can be present in
oxidation states +III to +VI and can form soluble species. In this con-
text trace analysis of environmental samples is of high relevance. The
development of efficient and selective laser ionization schemes plays an
important role for Np spectroscopy and trace analysis.

The spectrum of Np has been studied at the Mainz Atomic Beam
Unit, using widely tunable frequency-doubled Ti:Sapphire lasers. The
ionization scheme development, spectra above and below the ionization
potential (IP), as well as the electric field ionization technique, which
allows the determination of the IP, are presented in this contribution.
Narrow-band spectroscopy is planned to determine hyperfine struc-
tures and isotope shift. So far, only 237"Np has been studied by laser
spectroscopy and only in broad-band mode. Therefore, high-resolution
spectroscopy is planned on 237Np and possibly on the short-lived iso-
tope 239Np.
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A 20: Precision spectroscopy of atoms and ions (joint session A/Q)

Time: Wednesday 16:30-18:30

A 20.1 Wed 16:30 P
Precise solution of the two-center Dirac equation us-
ing a finite-element-technique — eOssama KuLLIE', STEPHAN
ScHILLER?, and VLADIMIR I. KoBorov® — 1Theoretical Physics, In-
stitute of Physics, University of Kassel — 2Institut fiir Experimental-
physik, Heinrich-Heine-Universitdt Diisseldorf, 40225 Diisseldorf, Ger-
many — 3Bogoliubov Laboratory of Theoretical Physics, Joint Insti-
tute for Nuclear Research, Dubna 141980, Russia

In the field of spectroscopy of the molecular hydrogen ions Hg’, HD+
etc., precise experimental transition frequencies are compared with ab
initio predictions [3]. The solution of the two-center Dirac problem,
one electron in the field of two fixed nuclei at distance R, is therefore
of interest. Here, R ~ 2 Bohr. The numerical solution of the problem
utilizes the finite-element method (FEM) [1,2]. Our technique allows
determining the relativistic contribution to various rovibrational tran-
sition frequencies with spectroscopic accuracy. Our results are com-
pared with perturbation theory based on the nonrelativistic one-body
variational solution. The deviations found are smaller than the the-
ory uncertainty stemming from uncalculated quantum-electrodynamic
effects, and are therefore not resolvable experimentally. [1] O. Kullie
et al, Chemical Physics Letters 383 (2004) 215-221. [2] O. Kullie, S.
Schiller and V. I. Koborov, in preparation. [3] S. Alighanbari et al,
Nature 581, 152 -158 (2020).

A 20.2 Wed 16:30 P
Towards high precision quantum logic spectroscopy of
single molecular ions — eMAXIMILIAN JASIN ZAWIERUCHA',
T ResMmert!, FaBiaN Worr!, and Pier O. ScrmIDT!:?
I Physikalisch- Technische Bundesanstalt, Braunschweig, Germany —
2Institut fiir Quantenoptik, Leibniz Universitit Hannover, 30167 Han-
nover, Germany

High precision spectroscopy of trapped molecular ions constitutes a
promising tool for the study of fundamental physics. Possible applica-
tions include the search for a variation of fundamental constants and
measurement of the electric dipole moment of the electron. Compared
to atoms, molecules offer a rich level structure, permanent dipole mo-
ment and large internal electric fields which make them exceptionally
well suited for those applications. However, the additional rotational
and vibrational degrees of freedom result in a dense level structure and
absence of closed cycling transitions. Therefore, standard techniques
for cooling, optical pumping and state detection cannot be applied.
This challenge can be overcome by quantum logic spectroscopy. In ad-
dition to the molecular ion, a well-controllable atomic ion is co-trapped,
coupling strongly to the molecule via the Coulomb interaction. The
shared motional state can be used as a bus to transfer information
about the internal state of the molecular ion to the atomic ion, where
it can be read out using fluorescence detection. Here, we present the
status of our experiment, aiming at high precision quantum logic spec-
troscopy of molecular oxygen ions.

A 20.3 Wed 16:30 P
Precision x-ray spectroscopy of transitions in He-like ura-
nium at the CRYRING@ESR electron cooler — eFELIX MAR-
TIN KrROGERD'2:3 STEFFEN ALLGEIER?, ANDREAS FLEISCHMANN?,
MARrvIN Friepricu?, ALEXANDRE GUMBERIDZES, Marc OLIVER
HerpricH!»2:3, DANIEL HEnGSTLER?, PaTricia KunTz?, MICHAEL
LESTINSKYS, BasTiaN LOoHER?, EsTHER BABETTE MENZD'23 | PHILIP
PrAFFLEINL23 Uwe SPiLLMANN®, GOUNTER WEBERD3, CHRISTIAN
Enss?*, and THoMmAs STOHLKER'23 — 1HI Jena, Frobelstieg 3, Jena,
Germany — 2I0Q, FSU Jena, Max-Wien-Platz 1, Jena, Germany —
3G8SI, Planckstrafe 1, Darmstadt, Germany — *KIP, RKU Heidelberg,
Im Neuenheimer Feld 227, Heidelberg, Germany

We present the first application of metallic magnetic calorimeter de-
tectors for high resolution x-ray spectroscopy at the electron cooler
of CRYRING@ESR, the low energy storage ring of GSI-Darmstadt.
Within the experiment, x-ray emission associated with radiative re-
combination cooler electrons and stored U%'* ions was studied. For
this purpose, two maXs detectors were positioned under observation
angles of 0° and 180° with respect to the ion beam axis. This report
will focus on preliminary results of the data analysis, namely the first
observation of the splitting of the K42 line into its fine-structure for a
high-Z He-like system.
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This research has been conducted in the framework of the SPARC
collaboration, experiment E138 of FAIR Phase-0 supported by GSI.
We acknowledge substantial support by ErUM-FSP APPA (BMBF
n° 05P19SJFAA).

A 20.4 Wed 16:30 P
Towards the setup of a calcium beam clock — eLLArRA BECKER
and SiMON STELLMER — Physikalisches Institut der Universitat Bonn,
Nussallee 12, Bonn, Germany

Since the invention of atomic clocks the precision of time-keeping has
been significantly enhanced and the clock stabilities reach even higher
levels for systems based on optical transitions.

We would like to build a robust and compact optical clock which
relies on a Ramsey-Bordé interferometer of a thermal beam of calcium
and is envisaged attaining instabilities in the order of 10716, The goal
is to implement the beam clock as an experiment to the students’ lab-
oratory course to allow physics master students access to this field of
recent research.

We refer to the work at NIST [1] for the main setup and we report
on the current status of our project.

[1] Judith Olson et al. "Ramsey-Bordé Matter-Wave Interferometry
for Laser Frequency Stabilization at 10~ 16 Frequency Instability and
Below". In: Physical Review Letters 123, 073202 (2019)

A 20.5 Wed 16:30 P
Towards 1S-2S Spectroscopy in Atomic Tritium — eHENDRIK
ScHURG, MERTEN HEPPENER, JAN HaAck, GREGOR SCHWENDLER,
and RanpoLr PoHL — Johannes Gutenberg-Universitdt Mainz,
QUANTUM, Institut fiir Physik & FExzellenzcluster PRISMAT,
Mainz, Germany

The study of the hydrogen-deuterium isotope shift for the 1S-2S tran-
sition successfully demonstrated access to a high-precision result for
the root-mean-square charge radius of the deuteron [1, 2|. We are
currently setting up an experiment to perform a complementing mea-
surement of the hydrogen-tritium 1S-2S isotope shift on magnetically
trapped cold tritium atoms — allowing for a 400-fold improvement
of uncertainty for the triton charge radius [3]. For an intermediate
result, we plan to perform 1S-2S spectroscopy on hot tritium atoms
inside a discharge. The excitation can be monitored using the opto-
galvanic signal induced by a change of conductivity in the hot gas.
The available high-precision result for the 1S-2S transition frequency
in atomic hydrogen [4] will be used to determine systematic effects
in our apparatus. We will present details about our laser system and
preliminary measurements with atomic hydrogen.

[1] C. G. Parthey et al. Phys. Rev. Lett. 104, 233001 (2010)
[2] U. D. Jentschura et al. Phys. Rev. A 83, 042505 (2011)

[3] S. Schmidt et al. J. Phys.: Conf. Ser. 1138, 012010 (2018)
[4] C. G. Parthey et al. Phys. Rev. Lett. 107, 203001 (2011)

A 20.6 Wed 16:30 P
Towards Magnetic Trapping of Atomic Hydrogen — eMERTEN
HEeEPPENER, GREGOR SCHWENDLER, JAN Haack, HENDRIK SCHURG,
and RanporLr PonHL — Johannes Gutenberg-Universitdt Mainz,
QUANTUM, Institut fiir Physik & FExzellenzcluster PRISMAT,
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 243nm on magnetically trapped tritium atoms [1]. For prepara-
tion of trapping, an atomic hydrogen source including a microwave
dissociation was set up, followed by a cryogenic nozzle and a magnetic
quadrupole guide for velocity selection. In the future, it is planned
to load the slow hydrogen atoms into a magnetic minimum trap us-
ing a cold lithium buffer gas, for which we will present the planned
trap configuration. Parallel, a spectroscopy laser system at 243 nm is
being developed. The available laser power for exciting the 1S-2S two-
photon transition is increased in a stabilized enhancement cavity. The
population of the hydrogen 2S state can be monitored by detecting
quenched Lyman-a photons using micro-channel plate-based system.
In the next stage, we will test our laser system on an atomic hydrogen
sample.
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[1] S. Schmidt et al. J. Phys. Conf. Ser. 1138, 012010 (2018)

A 20.7 Wed 16:30 P

Enhancing Atom-photon Interaction with Integrated
Nano-photonic Resonators — eXiaoyu CHENG!, BENYAMIN
SHNIRMAND4, ARTUR SkLJAROW!, HaDISEH ALAEIAN?, WEI Fu3,

SUNNY Yanag3, Hong Tane3, MarRkUS GREUL?, MATHIAS KASCHEL?,

Tieman Praul, and RoBerr Loew! — 5. Physikalisches Institut
and Center for Integrated Quantum Science and Technology (IQST),
Universitit Stuttgart, Germany — 2School of Electrical and Computer
Engineering, Purdue University, Indiana, USA — 3Department of
Electrical Engineering, Yale University, Connecticut, USA — *Institut
fiir Mikroelektronik Stuttgart (IMS-Chips), Stuttgart, Germany

We study hybrid devices consisting of thermal atomic vapours and
Nano-photonic waveguides for manipulating the interaction of atoms
with single photons. This allows applications of collective and cooper-
ative effects in the field of quantum technologies. One goal here is to
reach the strong coupling regime for a single atom interacting with the
mode of photonic crystal cavity (PhC). Our first resonator design is a
suspended photonic crystal cavity, which allows us to tightly confine
the mode into the interaction region. We have fabricated these devices
with a novel high selectivity under-etching technique. A second line
of research is to make use of the Rydberg blockade effects to generate
single photons. We work with high Q (Q>400000) resonators coupled
with bus waveguides. This allows high intensities to excite the weak
dipole transitions to Rydberg states. In addition, we plan to taper the
waveguides to enhance the range of the evanescent field such that we
will be less vulnerable to transit time effects and surface interactions.

A 20.8 Wed 16:30 P
Rydberg systems under a reaction microscope — eMax AL-
THON, MARKUS EXNER, PHiLIPP GEPPERT, and HErwic OTT — TU
Kaiserslautern

With our MOTRIMS-type reaction microscope we observed collisions
between Rydberg atoms and ground state atoms. In these inelastic
collisions, the Rydberg electron can change to a lower-lying state. The
resulting energy is imparted onto the Rydberg core and the ground
state atom as kinetic energy. We measured the final state distribu-
tion after these state-changing collisions and observed a wide range of
possible final Rydberg states. State-changing collisions are a major
decay channel of Rydberg atoms in a dense environment and are of
importance for Rydberg molecules. Rydberg molecules are bound by
the scattering interaction between the Rydberg electron and a ground
state atom. In this context, we aim to directly photoassociate Trilobite
molecules, which can be addressed efficiently due to 3-photon excita-
tion. We also show how another type of Rydberg molecule can be used
to create a Heavy-Rydberg system, which consists of an ion and anion
bound in a high vibrational state.

Our sample consists of ’Rb atoms in a crossed optical dipole trap.
Using a 3-photon excitation scheme, atoms are excited to atomic or
molecular Rydberg states and photoionized by a short laser pulse from
a COg laser after a variable evolution time. Following small homoge-
neous electric fields, the produced ions are subsequently detected by a
time and position sensitive micro channel plate detector. This allows
momentum resolved measurements of few-body Rydberg dynamics.

A 209 Wed 16:30 P
Most Precise g-Factor Comparison at ALPHATRAP — eTIM
SAILER!, VINCENT DEBIERRE!, ZOLTAN HarMAN!, FaBiaN HEIssel,
CHARLOTTE KoNIG!, JONATHAN MoORGNER!, BingsueENG Tu?, An-
pREY VorLoTka?3 Curistorn H. Krrren!, Kraus Braum!, and
SVEN STuRM! — ! Max-Planck-Institut fiir Kernphysik, Heidelberg —
2Helmholtz-Institut Jena, Jena — 3Department of Physics and En-
gineering, ITMO University, St. Petersburg, Russia — “Institute of

Modern Physics, Fudan University, Shanghai, China

The ALPHATRAP experiment is a cryogenic Penning-trap setup, de-
signed to measure the g factor of the bound electron of heavy highly-
charged ions (HCI) to provide tests of fundamental physics in strong
fields. Recently, a novel measurement technique based on the coupling
of ions as an ion crystal has been developed and applied to measure the
most precise g-factor difference to date. By coupling two neon ions,
20Ne%t and 22Ne®t, in a magnetron crystal, a coherent measurement
of the Larmor frequency difference of the respective bound electrons be-
comes possible. The strong suppression of magnetic field fluctuations
due to the close proximity of the ions results in a common behaviour
of the electron spin states. This allows a determination of the iso-
topic shift of the g factor to an unprecedented precision of 5.6 x 10713
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relative to the absolute g factors, and, in combination with theory,
resolves and confirms the QED contribution to the nuclear recoil for
the first time. Alternatively, the result can be applied to improve upon
the precision of the charge radius difference of the isotopes or to apply
constraints on a potential fifth force in the Higgs portal mechanism.

A 20.10 Wed 16:30 P
A cold atomic lithium beam via a 2D MOT — eHENDRIK-
Lukas SCHUMACHER, MARCEL WiLLIG, GREGOR SCHWENDLER, and
RanpoLF PoHL — Johannes Gutenberg-Universitdt Mainz Institut fiir
Physik, QUANTUM und Exzellenzcluster PRISMA-+

We plan to build a source for a very high flux of cold atomic Li for
spectroscopy [1], and for using trapped cold Li as a buffer gas to en-
able trapping of atomic hydrogen, deuterium and tritium. Laser spec-
troscopy of atomic %7Li has been used to determine the (squared)
rms charge radius difference of the stable Li nuclei [2]. One important
systematic effect in this experiment, as well as in most other precision
spectroscopy measurements, is the distortion and apparent shift of res-
onance line by quantum interference of close-lying states [3]. Li with
its unresolved hyperfine structure is an excellent testbed for precision
studies of quantum interference [4].

In another line of research, we plan to trap large amounts of cold Li
and use it as a cold buffer gas to enable trapping and laser spectroscopy
of atomic hydrogen from a cryogenic beam [2].

[1] T.G. Tiecke, S.D. Gensemer, A. Ludewig, J.T.M. Walraven, Phys.
Rev. A 80, 013409 (2009), arXiv

[2] S. Schmidt et al., J. Phys. Conf. Ser. accepted (2018), arXiv

[3] M. Horbatsch, E.A. Hessels, Phys.Rev. A 84, 032508 (2011)

[4] R. C. Brown et al., Phys.Rev. A 87, 032504 (2013)

A 20.11 Wed 16:30 P
Probing physics beyond the standard model using ultracold
mercury — eTHORSTEN GROH, QUENTIN LavigNE, FELIX AFFELD,
and SiMON STELLMER — Physikalisches Institut, Universitdt Bonn,
53115 Bonn, Germany

Searches for physics beyond the standard model (SM) range from high-
energy collision experiments to low-energy table-top experiments. Cos-
mological phenomena suggest the existence of yet undiscovered parti-
cles, described as dark matter.

Recently, it was proposed to employ high precision spectroscopy of
atomic isotope shifts [Delaunay, PRD 96, 093001 (2017); Berengut,
PRL 120, 091801 (2018)] to search for a new force carrier that di-
rectly couples quarks and leptons. Signatures of such new particles
would emerge as nonlinearities in King plots of scaled isotope shifts on
different electronic transitions.

Mercury is one of the heaviest laser-coolable elements and possesses
five naturally occurring bosonic isotopes, all of which have been laser-
cooled in a magneto-optical trap. We report on optimizing these trap
parameters and we present our latest results of precision isotope spec-
troscopy in ultracold mercury on various optical transitions. Our King
plot analysis of the nonlinearities indicates deviations from SM predic-
tions.

A 20.12 Wed 16:30 P
Two-loop self-energy corrections to the bound-electron g-
factor: M-term — eBASTIAN SIKORA', VLADIMIR A. YEROKHINZ,
Curistopn H. Kerter!, and ZorrAN HarMAN! — !Max-Planck-
Institut fiir Kernphysik, Heidelberg, Germany — 2Center for Advanced
Studies, Peter the Great St. Petersburg Polytechnic University, 195251

St. Petersburg, Russia

The theoretical uncertainty of the bound-electron g-factor in heavy
hydrogenlike ions is dominated by uncalculated two-loop Feynman di-
agrams. Due to the presence of ultraviolet divergences, diagrams with
two self-energy loops need to be split into the loop-after-loop (LAL)
contribution and the so-called F-, M- and P-terms which require dif-
ferent numerical techniques. In our previous work, we have obtained
full results for LAL and the F-term [1].

In this work, we present our results for the M-term contribution.
This corresponds to the ultraviolet finite part of nested and overlap-
ping loop diagrams in which the Coulomb interaction in intermediate
states is taken into account exactly.

Our results are highly relevant for ongoing and future experiments
with high-Z ions as well as for an independent determination of the
fine-structure constant « from the bound-electron g-factor [2].

[1] B. Sikora, V. A. Yerokhin, N. S. Oreshkina, et al., Phys. Rev.
Research 2, 012002(R) (2020).
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[2] S. Sturm, I. Arapoglou, A. Egl, et al., EPJ ST 227, 1425 (2019)

A 20.13 Wed 16:30 P
Status of the ALPHATRAP g-factor experiment — eFaABIAN
Heisse!, CHARLOTTE K&NIG!, JONATHAN MORGNER!, TiM SAILER!,
BinesaENg Tul2, Sven Sturm!, and Kraus Braum! — 'Max-
Planck-Institut fiir Kernphysik, Saupfercheckweg 1, 69117 Heidelberg

— 2Fudan University, China

Quantum electrodynamics (QED) is considered to be the most suc-
cessful quantum field theory in the Standard Model. Its most precise
test is conducted via the comparison of QED calculations with the
measurement of the free electron g-factor. However, this test is re-
stricted to low electrical field strengths. Consequently, it is of utmost
importance to perform similar tests at high field strengths.

The ALPHATRAP experiment is a dedicated cryogenic Penning-trap
setup to measure the g-factor of bound electrons in highly charged ions
up to hydrogen-like uranium [1]. There, an electric field strength on
the order of 10'® V/cm acts on the electron, allowing to test bound
state QED with highest precision.

Our latest measurements of the g-factor for different charge states of
a single tin ion are presented. Furthermore, an outlook on upcoming
studies and prospects will be given.

[1] S. Sturm et al., Eur. Phys. J. Spec. Top. 227, 14251491 (2019)

A 20.14 Wed 16:30 P
Pound method of stabilizing the trap frequencies of an
ion trap — eMARTIN FiscHErR!, ATisH Rovy!, SEBasTIAN LUFFl:2,
MaRrkUs SONDERMANN'2, and Gerp Lrucns!?34 — IMax Planck
Institute for the Science of Light, Erlangen, Germany — 2Friedrich-
Alexander University Erlangen- Niirnberg (FAU), Department of
Physics, Erlangen, Germany — 3Department of Physics, University of
Ottawa, Canada — “Institute of Applied Physics, Russian Academy
of Sciences, Nizhny Novgorod, Russia

We report on the stabilization of the secular motion frequencies of an
ion trapped in the potential of a Paul-trap by analyzing the phase of
the reflected trapping filed. This is done by mixing the field reflected
from the LC-circuit[1] made up by the helical resonator and the trap
with the RF-drive frequency. By adjusting the relative phase of the
two signals it is possible to determine how far the driving field is de-
tuned from the resonance of the LC-circuit. Feeding this signal back
to the RF-drive one can lock it to the resonance of the trap. In this
way the power coupled into the trap system remains almost constant
while the small relative variations of the drive field hardly change
the magnitude of the trap frequencies. The stability of the method
is measured by directly monitoring the trap frequencies visible in the
detected fluorescence light when it is filtered by imaging it onto a knife
edge.

[1] R. V. Pound, Review of Scientific Instruments 17, 490-505 (1946)

A 20.15 Wed 16:30 P
maXsl00: A 64-pixel Metallic Magnetic Calorimeter Ar-
ray for the Spectroscopy of Highly-Charged Heavy Ions —
eS. ArLLgriErR', A. ABeLN!, M. Friepricu!, A. GUMBERIDZEZ,
M.-O. Herpricu?3% D. HencsTLErR!, F. M. KrOoGer?%4 P.
Kuntz!, A. FLEiscamMaNN!, M. LesTiNsky2, E. B. Menz234, Pu.
PrAFFLEIN?34 U. SpiLLMaNN2, B. Zuu?, G. WEeBEr234, Th.
SToHLKER?34 and Cu. Enss! — 'KIP, Heidelberg University —
2GSI, Darmstadt — 310Q, Jena University — 4HI Jena

Metallic magnetic calorimeters (MMCs) are energy-dispersive X-ray
detectors which provide an excellent energy resolution over a large dy-
namic range combined with a very good linearity. They are operated
at mK temperatures and convert the energy of each incident photon
into a temperature rise which is monitored by a paramagnetic sensor.

We present the MMC array maXs-100, which was used to investi-
gate electron transitions in U909t at CRYRING@FAIR. The detector
features 8x8 pixels with a detection area of 1 cm? and a stopping power
of 40 % for 100 keV X-rays. We discuss details of the two detector sys-
tems used during the beam time, including the cryogenic setup and
magnetic shielding. An absolute energy calibration with eV-precision
at 100keV as well as an energy resolution of 40 eV (FWHM) at 60 keV/
were demonstrated, allowing for high-precision X-ray spectroscopy.

This research has been conducted in the framework of the SPARC
collaboration, experiment E138 of FAIR Phase-0 supported by GSI.
We acknowledge substantial support by ErUM-FSP APPA (BMBF no
05P19VHFAL).
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A 20.16 Wed 16:30 P
Laser photodetachment threshold spectroscopy at FLSR:

the experiment preparation — eVapiM GADELSHIN!, OLIVER
ForsTNER?3%4, LoTHAR ScumIDT?, KUrRT STIEBING®, DOMINIK
Stuper!, and Kraus WeNDT! — lInstitut fiir Physik, Johannes

Gutenberg-Universitat Mainz — 2Friedrich Schiller-Universitit Jena
— 3Helmholtz-Institut Jena — 4GSI Helmholtzzentrum Darmstadt
— SInstitut fiir Kernphysik, Goethe-Universitit Frankfurt

The Frankfurt Low-energy Storage Ring (FLSR) is a room-
temperature electrostatic storage ring, which can reduce the internal
energy of stored ions almost to the ambient temperature, being suitable
for laser photodetachment threshold (LPT) spectroscopy to determine
the electron affinity of negatively charged ions. The latter play a key
role in accelerator mass spectrometry (AMS): lasers can selectively
neutralize undesired isobars, providing a purified beam of an isotope
of interest. To extend the range of available for AMS nuclides, it is
necessary to identify neutralization schemes for unwanted ions.

With this intention, a compact laser lab was constructed with an
optical path, guiding laser beams into FLSR. The laser setup is based
on a tunable Ti:Sapphire laser and a pulsed Nd:YAG laser, serving as
a pump laser for Ti:Sapphire crystal and as a high-energy laser beam
at 532 nm. The RF plasma ion source with a Rb charge exchange cell
was installed to produce beams of negatively charged ions.

The results of the experiment preparation and of first tests will be
presented. The proof-of-principle of the setup is carried out for O- and
OH- ions. An overview of planned LPT studies will be given.

A 20.17 Wed 16:30 P
A variable out-coupling optical parametric oscillator for the
laser system of the ground hyperfine splitting in muonic hy-
drogen experiment. — e AHMED OUF ON BEHALF OF THE CREMA
COLLABORATION', SIDDARTH RAaJAMOHANAN', Lukas GOERNER!, and
RanpoLr Ponr? — !Johannes Gutenberg-Universitit Mainz, QUAN-
TUM, Institut fiir Physik — 2Johannes Gutenberg-Universitit Mainz,
QUANTUM, Institut fir Physik & Exzellenzcluster PRISMA +,
Mainz, Germany

We are working on a measurement of the ground-state hyperfine split-
ting in the exotic muonic hydrogen atom, i.e. a proton orbited by a
negative muon. From this measurement, we will be able to determine
the parameters of the magnetization distribution inside the proton.
The experiment requires a unique pulsed laser system delivering 5mJ
pulses at a wavelength of 6.8 um. The laser has to be triggered on
detected muons which enter the apparatus at stochastic times with
an average rate of about @. Because of the short 2us lifetime of
the muon, the laser has to produce pulses within about lus after a
random trigger. We use a novel Yb:YAG thin-disk laser with a line
width less than 10 MHz at 1030nm, whose light output will be shifted
in frequency by several OPO/OPA stages in 2 parallel branches at 3.15
um and 2.1um, before a DFG yields the intense pulses at 6.8 um. To
enable easy optimization of the OPOs conversion we have developed
an OPO cavity with variable finesse, based on polarization optics. We
will present this cavity, an optimized specific PDH locking scheme, and
first experimental results.

A 20.18 Wed 16:30 P
The muonic hydrogen ground state hyperfine splitting
experiment — eAHMED OUF oON BEHALF oF THE CREMA
COLLABORATION!, SIDDARTH RAJAMOHANAN!, LUukas GOERNER!, and
RanpoLr Ponr? — !Johannes Gutenberg-Universitit Mainz, QUAN-
TUM, Institut fiir Physik, Mainz, Germany — 2Johannes Gutenberg-
Universitdt Mainz, QUANTUM, Institut fiir Physik & Exzellenzcluster
PRISMA -+, Mainz, Germany

The ground state hyperfine splitting (1S-HFS) in ordinary hydrogen
(the famous 21 cm line) has been measured with 12 digits accuracy
almost 50 years ago [1], but its comparison with QED calculations is
limited to 6 digits by the uncertainty of the Zemach radius determined
from elastic electron-proton scattering. The Zemach radius encodes the
magnetic properties of the proton and it is the main nuclear structure
that contributes to the hyperfine splitting (HFS) in hydrogen together
with the proton polarizability. The ongoing experiment of the CREMA
Collaboration at PSI aims at the first measurement of the 1S-HFS in
muonic hydrogen (up). The measurement aims at determining the pro-
ton structure effects referred to as the two-photon exchange with an
accuracy of 1 x 10~%, which is a hundredfold improved determination
of (Zemach radius and the proton polarizability). Eventually, then this
will improve the QED test using the 21 cm line by a factor of 100. We
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will present the current status of the experimental effort including the
unique detection system and the novel laser development.

A 20.19 Wed 16:30 P
Study of Highly Charged Ions for the Tests of Bound-
State QED — eManasa CuamBATH!, KnwaisH ANjumb2, PaTRICK
Baus®, GERHARD BIRKL3, Kanika Kanikal4, Jerrrey KLiMesh45,
WoLrGcaNe QUINT!, and MANUEL VogeL! — 'GSI Helmholtzzen-
trum fiir Schwerionenforschung, Darmstadt, Germany — 2Delhi Tech-
nological University, Delhi, India — 3Institute for Applied Physics,
TU Darmstadt, Germany — *Heidelberg Graduate School for Funda-
mental Physics, Heidelberg, Germany — °Max Planck Institute for
Nuclear Physics, Heidelberg, Germany

The high-precision measurement of the Zeeman splitting of fine- and
hyper-fine structure levels can be performed using spectroscopy tech-
niques. The Penning trap ARTEMIS at the HITRAP facility at GSI
utilises the method of laser-microwave double-resonance spectroscopy
to measure the magnetic moment and to test bound-state QED cal-
culations by g-factor measurements of heavy, highly charged ions like
Arl13+ and Bi82+. Non-destructive electronic detection is used to
analyse and resistively cool the stored ions. Different ion species in
the trap are resolved according to their charge-to-mass ratio by fixing
the detection frequency and ramping over a range of trapping poten-
tials. By selectively exciting the axial motion, Ar13+ ions are isolated
from the ion cloud for the g-factor measurements. Studies are also
done to determine the phase transition of dense ion clouds due to the
discontinuous behaviour of spectral features during cooling.

A 20.20 Wed 16:30 P
Detector for Atomic Hydrogen eBENEDIKT TSCHARN,
HENDRIK-LUKAS SCHUMACHER, GREGOR SCHWENDLER, JAN HAACK,
and RanpoLr PoHL — Johannes Gutenberg-Universitat Mainz, In-
stitut fiir Physik, QUANTUM & Excellenzcluster PRISM A+, Mainz,
Germany

Laser spectroscopy is the most precise way to experimentally deter-
mine the RMS charge radius of light nuclei.[1] Performing it on muonic
hydrogen has raised the proton radius puzzle, a 5.60 difference to pre-
vious electron scattering experiments.[2] Measuring the isotope shift
of the 1S-2S transition in atomic tritium will yield the radius of triton,

the mirror nucleus to the helion, by two orders of magnitude improved
precision.|[1] Together with muonic hydrogen, deuterium and helium,
this will allow for precise tests of nuclear theory.

The T-REX experiment aims to perform laser spectroscopy on cooled
and trapped atomic tritium. The atomic tritium flux to the MOT
where the measurement takes place has to be monitored with a non-
destructive detector for optimisation. Since tritium is radioactive,
hydrogen is used during build-up.

‘We have developed such a detector measuring the resistance change of
a bum diameter tungsten wire due to recombination energy. It is sen-
sitive to a hydrogen flux of 107 atoms per second and can distinguish
molecular and atomic hydrogen beams.

[1] S. Schmidt et al., J. Phys. Conf. Ser. (2018), arXiv 1808.07240
[2] R. Pohl et al., Nature 466.723, 213-216 (2010)

A 20.21 Wed 16:30 P
Recoil correction to the energy level of heavy muonic atoms
— eRomaIN CHAzOoTTE"? and Nararia OResHKINA? — 1Unversitéit
Heidelberg — 2Max-Plank-Institut

In this work, the relativistic recoil correction to the energies of heavy
muonic atoms has been considered, based on the formalism suggested
by Borie and Rinker.

Muonic atoms are atoms, which have a bound muon instead of an
electron. The lifetime of a muon is long enough so it can be consid-
ered stable on the atomic scale. Additionally, an atom with a single
bound muon can be considered as a hydrogenlike system. As muons
are about 200 times heavier than electrons, they orbit around the nu-
cleus 200 times closer. This leads to a larger contribution of all kinds
of nuclear effects to the energy.

We calculated the recoil effect for the shell, sphere and Fermi nu-
clear models. The model and nuclear parameters dependence has been
studied. The results have been compared with previous studies. They
also can be used for the high-precision theoretical predictions of the
spectra of heavy muonic atoms, and in the further comparison with
experimental data, aiming at the extraction of the nuclear properties
and parameters. In the future, a more rigorous quantum electrody-
namics formalism can be applied for enhancing the accuracy of the
relativistic recoil effect.

A 21: Highly charged ions and their applications

Time: Wednesday 16:30-18:30

A 21.1 Wed 16:30 P
Non-perturbative dynamics in heavy-ion-atom collisions —
ePIERRE-MICHEL HILLENBRAND'2, SiEGBERT HAGMANNZ, ALEXAN-
pRE GUMBERIDZEZ, YURY LiTviNovZ3, and THomAs STOHLKER?®®
— 1 Justus-Liebig-Univ., Giessen — 2GSI Helmholtzzentrum fiir Schw-
erionenforschung, Darmstadt — 3Ruprecht-Karls-Univ., Heidelberg —
4Helmholtzinstitut Jena — ®Friedrich-Schiller-Univ., Jena

Experimental data for atomic collisions of highly-charged ions are es-
sential for benchmarking the theoretical description of fundamental
dynamical processes in atomic physics. Of particular challenge is the
accurate description of those processes that exceed the applicability of
relativistic first-order perturbation theories. Recently, we have inves-
tigated two characteristic cases of such collision systems at the GSI
heavy-ion accelerator. For collisions of U89% projectiles with N and
Xe targets at 76 MeV /u, we studied the electron-loss-to-continuum
cusp both experimentally and theoretically. We compared the contin-
uum electron spectra of the two collision systems, which originate from
the ionization of the projectile, and were able to identify a clear sig-
nature for the non-perturbative character of the collision systems [1].
Furthermore, we performed an x-ray spectroscopy experiment for slow
collisions of Xe%*t and Xe®3t with a Xe target at 30 and 15 MeV /u.
We analyzed the target K« satellite and hypersatellite lines to derive
cross section ratios for double-to-single target K-shell vacancy produc-
tion and compared the results to relativistic two-center calculations [2].
[1] Phys. Rev. A 104, 012809 (2021)

[2] Phys. Rev. A, submitted

A 21.2 Wed 16:30 P
Laser cooling of stored relativistic bunched
at the ESR oSEBASTIAN  Krammes!:2, Lars

ion beams

Bozvyk!,

29

Location: P

MicHAEL Bussmann3, Noan EizENHOFER?, VOLKER HANNEN?,

Max Horst?, DanieL Kierer?, NiLs KIerer®, THomas KOHLDS,
BENEDIKT LANGFELD?, XINWEN MAa”, WILFRIED NORTERSHAUSERZ,
Roporro SAncuEz!, ULricH ScuraMM®:8, MaTHias SiEBOLD?, PE-
TER SPILLER', MARKUs STEck!, Thomas STOHLKERD®9 KEgN
UeseruoLz?, Tuomas Wartner?, Hansing Wanc?, WEIQIANG
WEN?, DaNIEL WiNzEN?, and DanvaL WinTers! — 1GSI Darm-
stadt — 2TU Darmstadt — 3HZDR Dresden — 4Uni Miinster — ®Uni
Kassel — SHI Jena — "IMP Lanzhou — 8TU Dresden — 9Uni-Jena

At heavy-ion storage rings, almost all experiments strongly benefit
from cooled ion beams, i.e. beams which have a small longitudinal mo-
mentum spread and a small emittance. During the last two decades,
laser cooling has proven to be a powerful tool for relativistic bunched
ion beams, and its "effectiveness" is expected to increase further with
the Lorentz factor (7). The technique is based on resonant absorption
(of photon momentum & energy) in the longitudinal direction and sub-
sequent spontaneous random emission (fluorescence & ion recoil) by
the ions, combined with moderate bunching of the ion beam. We will
report on recent (May 2021) preliminarily results from a laser cooling
beam experiment at the ESR at GSI in Darmstadt, Germany, where
broadband laser cooling of a relativistic ion beam could be successfully
demonstrated for the first time using a pulsed UV laser system with a
high rep.-rate, variable pulse lengths and high UV power.

A 21.3 Wed 16:30 P
Redefined vacuum approach and gauge-invariant subsets
in two-photon-exchange diagrams — eRomaIN SoGUEL!, An-
DREY VoroTkaZ, DMITRY Grazov?, and STEPHAN FRiTzscre! —
IHelmholtz-Institut Jena, Jena, 07743, Germany — 2ITMO Univer-
sity, St. Petersburg, 197101, Russia — 3St. Petersburg State Univer-
sity, St. Petersburg, 199034, Russia
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Within bound-state QED, the interelectronic interaction is treated per-
turbatively as an expansion over the number of exchanged photons. So
far, zeroth-order many-electron wave-function constructed as a Slater
determinant (or sum of Slater determinants) with all electrons involved
were used in the performed derivations. The vacuum redefinition in
QED, which is extensively used in MBPT to describe the states with
many electrons involved, is proposed as a path towards an extension
of two-photon-exchange calculations to other ions and atoms.

The two-photon-exchange diagrams for atoms with single valence
electron are investigated. Calculation formulas are derived for an arbi-
trary state within rigorous bound-state QED framework utilizing the
redefined vacuum formalism. This approach enables the identification
of gauge-invariant subsets at two- and three-electron diagrams and sep-
arate between the direct and exchange contributions at two-electron
graphs. Thus, the consistency of the obtained results is verified by
comparing the results for each identified subset in different gauges.
The gauge invariance of found subsets is demonstrated both analyti-
cally (for an arbitrary state) as well as numerically for 2s, 2p1/2, and
2p3/2 valence electron in Li-like ions.

A 214 Wed 16:30 P
Laser Cooling of Relativistic Ion Beams Employing a Trans-
portable Pulsed UV Laser System — eBENEDIKT LANGFELD!,
Lars Bozyk?, MicHAEL Bussmann3:4, Noan E1zENHOFER!, VOLKER
HannNeN?, Max Horst!, Danier Kierer!, NiLs Kierer®, Se-
BASTIAN KramMmEs2, Traomas KonL27, Markus LoOser3, XiN-
WEN Ma8, WILFRIED NORTERSHAUSER!, RopoLro SaNcHEzZ, UL-
RICH ScHRAMM?®?, MAaTHIAS SIEBOLD®, PETER SPILLERZ?, MARKUS
Steck?, THoMmas STOHLKER?T10 Kgn UreserHoOLz®, THOMAS
WartHer!'11| HanBINe Wanc?, WEIQiIANG WEN?, and DANYAL
WiNTERS? — 'TU Darmstadt — 2GSI Darmstadt — SHZDR Dresden
— 4CASUS Gérlitz — 2Uni Miinster — Uni Kassel — 7HI Jena —

8IMP Lanzhou — 9TU Dresden — 9Uni Jena — 'HFHF Ffm

Laser cooling of relativistic ion beams has been shown to be a promis-
ing technology to generate bright ion beams. To strongly reduce intra-
beam scattering, a well-known problematic effect for high-intensity ion
beams, pulsed laser systems with broad bandwidths can be employed.

In this work, we present preliminary results from a recent (May
2021) laser cooling "beam experiment" at the ESR storage ring at GSI
Helmholtzzentrum Darmstadt, employing relativistic C31 ion beams
and our tuneable high repetition rate UV laser system. We have de-
veloped a transportable master-oscillator-power-amplifier system, sup-
plying Fourier transform limited pulses with a continuously adjustable
pulse duration between 50 and 735 ps and repetition rate of 1 to 10
MHz. With two SHG stages, the desired wavelength of 257.25 nm can
be achieved, yielding > 200 mW during the beam experiment.

A 21.5 Wed 16:30 P
Sensitivity to new physics of isotope-shift studies using
forbidden optical transitions of highly charged Ca ions
— eoNims-HoLgeErR REHBEHN!, MicuaEL KARL RosNer!, HEen-
prIK BEkkerR'3, JurLiaN Berencur!7, PieT ScamiDT?®, STEVEN
King?, PeTER Micke?!, Mine Fene Gu®, RoBERT MULLER??,
ANDREY SurzHYKOVZ%® and Josg CRrespo LOPEzZ-URRuUTIAL
— IMax-Planck-Institut fiir Kernphysik, Heidelberg, Germany —
2Physikalisch-Technische Bundesanstalt, Braunschweig, Germany —
3Helmholz Institut Mainz, Johannes Gutenberg University, Germany
— 4Technische Universitit Braunschweig, Germany — 2®Laboratory
for Emerging Nanometrology Braunschweig, Germany — 6Space Sci-
ence Laboratory, University of California, Berkeley, USA — 7School of
Physics, University of New South Wales, Sydney, Australia — $Leibniz
Universitdt Hannover, Germany

A hypothetical fifth force between neutrons and electrons could be de-
tected through so-called King plots, where the isotope shifts of two
optical transitions are plotted against each other for a series of iso-
topes. Deviations from the expected linearity could reveal such fifth
force. We explore six forbidden transitions in highly charged (HCI)
calcium, where some are suited for upcoming high-precision coherent
laser spectroscopy. With this number of transitions it is possible to
utilize the generalized King plot method, which will remove higher-
order SM nonlinearities and thus more sensitivity to unknown forces.
Currently further research is conducted in HCI Xe, which has a greater
number of isotopes for the King plot.

A 21.6 Wed 16:30 P
From the first production run with CRYRINGQ@ESR

to the future — eMicHAEL LEsTiNsky!, EstHErR MEenz!h2:3,

30

ZOoRAN ANDELKOVIC!, ANGELA BRAUNING-DEMIAN!, WOLFGANG

GEITHNER!, FRANK HERFURTH!, STEFAN ScHIPPERS®®, REINHOLD
Scuuce®, GLEB VoroBJEV!, and THOMAS STOHLKER!23 — 1GSI
Darmstadt — 2HI Jena — 3FSU Jena — 4JLU Giefen — SHFHF
Campus Gieflen — %Stockholm University

With the installation and commissioning of the CRYRINGQESR facil-
ity being largely complete, the first heavy ion storage ring of the FAIR
facility in Darmstadt is now in service as a user facility. The ring is
able to store all ion species the GSI accelerator complex can produce
as beams — from the lightest protons to bare uranium — and operates
at significantly lower beam energy range down to few 100"keV /u. This
opens new experiment opportunities and the SPARC collaboration at
FAIR has proposed a rich research program on precision spectroscopy,
slow atomic collisions and astrophysically relevant processes. During
the 2021 beamtime period, first experimental installations of SPARC
were successfully taken into operation and several experiment propos-
als were taken to data production. Even though the data analysis
is still largely ongoing, it has already become apparent that the per-
formance of the facility is largely meeting the high expectations. In
addition we have been able to identify realistic opportunities for fur-
ther improvement. We will give an overview of the storage ring, its
performance, available and planned experimental installations, and in-
vite discussion on further opportunities of the facility.

A 21.7 Wed 16:30 P
Production of a mixed highly charged ion Coulomb crys-
tal eMarLTE WEHRHEIM', EmwiN A. Duck!, CHRISTIAN
WARNECKE!2, RUBEN HENNINGER!, MicHAEL KaARL RosNERDZ,
Awaro GARMENDIA!, ANDREA Grar!, Juria Err!, CrLAUDIA
VoLk!, Kostas Georaciou!3, CurisTopHER Mayol 3, Laksami P.
KozHIPARAMBIL SaJsiTe!3%4 MorTEN WiLL!, Josi RamMoN CRE-
spo LoOpez-UrruTial, and Tuomas Preirer! — !Max-Planck-
Institut fiir Kernphysik, Heidelberg — 2Heidelberg Graduate School
for Physics — 3University of Birmingham, United Kingdom — *DESY,
Zeuthen

Precise spectroscopy of highly charged ions (HCI) is a promising can-
didate for the search of physics beyond the standard model. As a
precondition we demonstrate the co-trapping of Ar'3+ in a precooled
beryllium Coulomb crystal with the novel design of our cryogenic Paul
trap. After the extraction of hot HCI (103K range) from our electron
beam ion trap (EBIT) the desired charge state is selected and the HCI
beam is brought into the Trap. The main chamber of our experiment
CryPTEx-SC (Cryogenic Paul Trap Experiment - superconducting)
combines the geometry of a linear Paul trap with a superconducting
resonator for the most stable radiofrequency fields. There we achieve
the preparation of mixed beryllium and HCI Coulomb crystals of vari-
able size with mK temperatures. By characterizing our trap, we verify
that the correct charge state was selected which will be used for a
benchmark measurement of the 2p2P1/2 — 2P3/2 fine structure tran-
sition of Ar'3+ using quantum logic spectroscopy.

A 21.8 Wed 16:30 P
DR experiment on Ne?t at CRYRING@ESR — eESTHER
BaBerTE MENz!:2:3, MicHAEL LesTINsKY!, SEBAsTIAN Fuchs®?,
WERONIKA  BieLa-Nowaczyk®,  ALExanDpER Borovik  Jr.4,
CarsTEN Branpaul?, Craupe Krantz!, GLEB VOROBYEV!,
BeELa  ARNDT!, ALEXANDRE GUMBERIDZE', PIERRE-MICHEL
HiLLENBRAND!, TINO MORGENROTH!'23, RAGANDEEP SINGH SIDHUL,
STEFAN ScuipPERs®S, and THomAs STOHLKERDZ3 — 1GSI, Darm-
stadt — 2Helmholtz-Institut Jena — 3I0Q, Friedrich-Schiller-
Universitit Jena — 4I. Phys. Institut, Justus-Liebig-Universitiat —
5Helmholtz Forschungsakademie Hessen fiir FAIR, Campus GieRen —
S1nstitute of Physics, Jagiellonian University Krakéow

After its move from Stockholm to GSI, CRYRINGQESR is now back
in operation with previously inaccessible ion species available from
the accelerator complex as well as a smaller selection from a local
injector. The first merged-beam measurements of dielectronic recom-
bination (DR) were performed at the CRYRING@ESR electron cooler
since its move from Stockholm using a newly established particle detec-
tion and data acquisition setup. We present results from a scheduled
experiment on low-energy DR of Ne?t in May 2021. Neon is an as-
trophysically abundant element and absolute DR rates for low charge
states are important for the modelling of cold, photoionized plasmas
such as planetary nebulas. We plan to continue our DR experiments
with a series of other low charge state ions which are of key importance
for the quantitative analysis of astrophysical data.
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A 219 Wed 16:30 P
Cold highly charged ion dynamics in a superconducting
Paul trap — eEmwiN A. Disck!, CHRISTIAN WARNECKE!2, MALTE
WEHRHEIM!, JuLiaA EFr!, AvaARo GARMENDIA!, ANDREA GRAF!,
RuBeN HEeNNINGER!, Craupia Vork!, MorreN WiLL!, KosTas
Georcioub?, Laksami P. KozaiparRAMBIL Sastul3% CHRIsTO-
PHER Mavol3, Tnomas Prrirer!, and José R. Crespo LOPEZ-
UrruTial — Max Planck Institute for Nuclear Physics, Heidelberg
— 2Heidelberg Graduate School for Physics — 3University of Birm-
ingham, United Kingdom — *DESY, Zeuthen

By integrating a niobium superconducting radio-frequency resonator

with a linear Paul trap, the CryPTEx-SC experiment demonstrates
a new ion trap concept developed for achieving ultra-low noise con-
ditions [1]. Filtering of the trap drive by the high quality factor of
the resonator and suppression of magnetic field fluctuations by the
Meissner—Ochsenfeld effect will be beneficial for precision spectroscopy
of highly charged ions using quantum logic techniques. Highly charged
ions are captured and sympathetically cooled by Bet ions in the super-
conducting ion trap. This enables the exploration of dynamics in mixed
species Coulomb crystals consisting of ions with disparate charge-to-
mass ratios.
[1] J. Stark et al., Rev. Sci. Instrum. 92, 083203 (2021)

A 22: Charged ions and their applications

Time: Thursday 10:30-12:30

Invited Talk A 22.1 Thu 10:30 A-H1
Optimizing large atomic structure calculations with machine
learning — ePavLo BiLous!, Apriana PALFFY2, and FLORIAN
MARQUARDT! — !Max-Planck-Institut fiir die Physik des Lichts,
D-91058 Erlangen, Germany — 2Department of Physics, Friedrich-
Alexander-Universitat Erlangen-Nirnberg, D-91058 Erlangen, Ger-
many

Atomic structure calculations for heavy atoms and ions are computa-
tionally demanding due to the presence of strong electronic correla-
tions. These corrections account for admixture of electronic configu-
rations with excitations to unoccupied (virtual) or partially occupied
orbitals. For systems with many electrons the number of such addi-
tional configurations becomes exponentially large. In this work, we
make an attempt to employ a neural network to select which configu-
rations do influence the physical quantity of interest (e.g. a transition
energy or a hyperfine structure constant), and which can be omitted
without significant loss of precision. As an example, we consider a
highly charged Th3%* ion with the electronic configuration 4f9. This
case allows for an electronic bridge scheme [1] relevant for a nuclear
clock based on the 8 eV nuclear 229Th isomeric state. In this approach,
accurate electronic transition energies are required. The latter were
obtained recently in Ref. [2] under usage of massive computational
resources. We discuss how the required resources can be reduced by
carrying out neural-network-assisted calculations instead.

[1] P. V. Bilous et al., Phys. Rev. Lett. 124, 192502 (2020).

[2] S. G. Porsev et al., Quantum Sci. Technol. 6(3), 034014 (2021).

A 22.2 Thu 11:00 A-H1
First storage of highly charged ions in an ultralow-noise
superconducting radio-frequency ion trap o CHRISTIAN
WarNECKE!"2, Emwin A. Duck!, Marre WEeHRHEIM!, JuLiA
EFr', ALvaArRo GARMENDIA!, ANDREA GRAF!, RUBEN HENNINGER!,
Craupia Vork!, MorteNn WiLL!, Laksami Priva KozHIPARAM-
BIL Saita?, Kostas Grorciou?, CHRISTOPHER Mavo®, THoOMAS
PreiFER!, and Josg RamoN Crespo L6pPEz-URrRUTRIA! — !Max-
Planck-Institute for Nuclear Physics, Saupfercheckweg 1 69117 Heidel-
berg Germany — 2Heidelberg Graduate School for Physics, Im Neuen-
heimer Feld 226 69120 Heidelberg Germany — 3School of Physics and
Astronomy, University of Birmingham, Edgbaston, Birmingham, B15
2TT, UK — “Deutsches Elektronen-Synchrotron (DESY), Humbolt
Universitat zu Berlin

To provide an environment free of noise induced by external alternat-
ing electromagnetic fields, we developed a quasi-monolithic, supercon-
ducting quadrupole resonator combined with a Paul trap reaching a
very high Q-factor up to 2 x 10% at the working frequency of about
34 MHz. Such a high quality factor filters the radio-frequency trap
drive noise significantly. Thus, heating rates of the radial modes are
reduced. The cavity is a promising step to increase coherence times for
quantum logic spectroscopy experiments, which will lead the way to
future spectroscopy measurements with highly charged ions (HCI) in
the Lamb-Dicke regime. Recently, first HCI have been successfully re-
trapped and sympathetically cooled with a single Be+ ion. We present
the recent developement of our setup and first characterizations.

A 22.3 Thu 11:15 A-H1
Bound Electron g Factor Measurements of Highly Charged
Tin — eJonaTHAN MoRcNER!, CHARLOTTE M. Konic!, Tm

SaiLEr', Fapian Heisse!, Binagsuene Tu3, ViabiMir A.
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YEROKHINZ, BASTIAN Sikoral, ZoLTAN HARMAN!, José R. CRE-
spo Lopez-UrruTial, CurisTorn H. KerrerL!, SvEN Sturm!, and
Kraus Braum! — Max-Planck Institut fiir Kernphysik, Heidelberg
— 2Center for Advanced Studies, St. Petersburg — 3Institute of Mod-
ern Physics, Shanghai

Highly charged ions are a great platform to test fundamental physics
in strong electric fields. The field-strength experienced by a single elec-
tron bound to a high Z nucleus reaches strengths exceeding 1016 V /cm.
Perturbed by the strong field, the g factor of a bound electron is a sen-
sitive tool that can be both calculated and measured to high accuracy.
In the recent past, g-factor measurements of low Z ions reached pre-
cisions of low 10711, Following this, the ALPHATRAP Penning-trap
setup is dedicated to precisely measure bound-electron g factors of the
heaviest highly-charged ions.

In this contribution, our recent measurement of bound-electron g
factors in highly charged ''®Sn will be presented. Over the course of
several months, g factors for three different charge states have been
measured, each allowing a unique test of QED in a heavy highly
charged ion, probing different g-factor contributions. Furthermore,
progress on a new EBIT setup is presented. This will eventually allow
ALPHATRAP to inject and measure even heavier highly charged systems
beyond hydrogenlike lead (Pb81+).

A 224 Thu11:30 A-H1
From single-particle picture to many electron QED —
eRomaIN SocuiL! and ANDREY VoroTka? — lHelmholtz-Institut
Jena, Jena, 07743, Germany — 2ITMO University, St. Petersburg,
197101, Russia

The redefined vacuum approach, which is frequently employed in the
many-body perturbation theory, proved to be a powerful tool for for-
mula derivation. Here, we elaborate this approach within the bound-
state QED perturbation theory. In addition to general formulation,
we consider the particular example of a single particle (electron or va-
cancy) excitation with respect to the redefined vacuum. Starting with
simple one-electron QED diagrams, we deduce first- and second-order
many-electron contributions: screened self-energy, screened vacuum
polarization, one-photon exchange, and two-photon exchange. The re-
defined vacuum approach provides a straightforward and streamlined
derivation and facilitates its application to any electronic configura-
tion. Moreover, based on the gauge invariance of the one-electron dia-
grams, we can identify various gauge-invariant subsets within derived
many-electron QED contributions.

The employment of the redefined vacuum approach allowed us to
identify the gauge-invariant subsets, within the two-photon-exchange
diagrams, at two- and three-electron diagrams and separate between
the direct and exchange contributions at two-electron graphs. The
gauge invariance of found subsets is demonstrated both analytically
(for an arbitrary state) as well as numerically for 2s, 2p1/2, and 2p3/2
valence electron in Li-like ions.

A 225 Thu 11:45 A-H1
Dynamics of a trapped ion in a quantum gas: Effects of parti-
cle statistics — eLorENZO OGHITTU!, MELF JOHANNSEN!, ANTONIO
NecreTTi!, and RENE GERRITSMAZ2 — 1Zentrum fiir Optische Quan-
tentechnologien, Universitdt Hamburg, Luruper Chaussee 149, 22761
Hamburg, Germany — 2Van der Waals Zeeman Institute, Institute of
Physics, University of Amsterdam, Science Park 904, 1098 XH Ams-
terdam, The Netherlands
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We study the quantum dynamics of an ion confined in a radio-
frequency trap in interaction with either a Bose or spin-polarized Fermi
gas. To this end, we derive quantum optical master equations in the
limit of weak coupling and the Lamb-Dicke approximations. For the
bosonic bath, we also include the so-called Lamb-shift correction to
the ion trap due to the coupling to the quantum gas as well as the
extended Frohlich interaction within the Bogolyubov approximation
that have been not considered in previous studies. We calculate the
ion kinetic energy for various atom-ion scattering lengths as well as gas
temperatures by considering the intrinsic micromotion and we analyze
the damping of the ion motion in the gas as a function of the gas tem-
perature. We find that the ion’s dynamics depends on the quantum
statistics of the gas and that a fermionic bath enables to attain lower
ionic energies.

A 226 Thu 12:00 A-H1
Water-assisted electron capture exceeds photorecombination
in biological conditions — eAxEL MoLLE"2, OLEG ZATSARINNY?,
TuoMas Jacau?, AramNn Dusors!, and NicoLas Sisourar!
Laboratoire de Chimie Physique - Matiére et Rayonnement, Sorbonne
Université, Paris, France — 2Quantum Chemistry and Physical Chem-
istry, KU Leuven, Belgium — 3Department of Physics and Astronomy,

Drake University, Des Moines, USA

A decade ago, an electron-attachment process called interatomic
coulombic electron capture has been predicted to be possible through
energy transfer to a nearby neighbour. It has been estimated to be
competitive with environment-independent photorecombination for se-
lected examples of reaction partners. Its impact on biological systems,
however, has yet to be investigated.

Here, we evaluate therefore the capability of alkali and alkaline earth
metal cations to capture a free electron by assistance from a nearby
water molecule. We introduce a characteristic distance rj¢ for this en-
ergy transfer mechanism in equivalence to the Forster radius for energy

transfer between chromophores which allows to estimate the quantum
efficiency. We find r1¢ bound from above. This water-assisted electron
capture dominates over photorecombination beyond the second hydra-
tion shell of each alkali and alkaline earth cation for electron energies
above a threshold. It will be measurable against photorecombination
in an experiment around that threshold energy.

A 227 Thu 12:15 A-H1

Parity-violation studies with partially stripped ions — eJaN

RicuTerb2, ANNA V. Marorova®?, ANNA V. Viarkinal:2:5.6,
DwMitrRYy Bupker?% 7 and ANDREY SurzHYKOvV!:2:8 — 1 Physikalisch-
Technische Bundesanstalt, Germany — 2Technische Universitit

Braunschweig, Germany — 3Center for Advanced Studies, Peter the
Great St. Petersburg Polytechnic University, Russia — %Petersburg
Nuclear Physics Institute of NRC "Kurchatov Institute", Russia —
5Helmholtz Institute Mainz, GSI Helmholtzzentrum fiir Schwerionen-
forschung, Germany — %Johannes Gutenberg University Mainz, Ger-
many — "Department of Physics, University of California, Berkeley,
USA — 8Laboratory for Emerging Nanometrology Braunschweig, Ger-
many

We present a theoretical study of photoexcitation of highly charged
ions from their ground states, a process which can be realized at the
Gamma Factory at CERN. Special attention is paid to the question of
how the excitation rates are affected by the mixing of opposite-parity
ionic levels, which is induced both by an external electric field and the
weak interaction between electrons and the nucleus. In order to rein-
vestigate this "Stark-plus-weak-interaction" mixing, detailed calcula-
tions are performed for the 1sy/5 — 2s1,5 and 1s2 28172 = 1s2 3s1/2
(M1 + parity-violating-E1) transitions in hydrogen- and lithium-like
ions, respectively. In particular, we focus on the difference between
the excitation rates obtained for right- and left-circularly polarized in-
cident light. This difference arises due to the parity violating mixing
of ionic levels.

A 23: Ultra-cold atoms, ions and BEC Il (joint session A/Q)

Time: Thursday 10:30-12:15

Invited Talk A 23.1 Thu 10:30 A-H2
Chemistry of an impurity in a Bose-Einstein condensate
— @ARTHUR CHRISTIANENT2, Ianacio Ciracl2, and RICHARD
ScumipT!?2 — Max-Planck-Institut fiir Quantenoptik, Garching,
Germany — 2Munich Center for Quantum Science and Techonology,

Munich, Germany

In ultracold atomic gases, a unique interplay arises between phenom-
ena known from condensed matter, few-body physics and chemistry.
Similar to an electron in a solid, a quantum impurity in an atomic Bose-
Einstein condensate is dressed by excitations from the medium, form-
ing a polaron quasiparticle with modified properties. At the same time,
the atomic impurity can undergo the chemical reaction of three-body
recombination with atoms from the BEC, which can be resonantly
enhanced due to universal three-body Efimov bound states crossing
the continuum. As an intriguing example of chemistry in a quantum
medium, we show that such Efimov resonances are shifted to smaller
interaction strenghts due to participation of the polaron cloud in the
bound state formation. Simultaneously, the shifted Efimov resonance
marks the onset of a polaronic instability towards the decay into larger
Efimov clusters and fast recombination.

References: [1] A. Christianen, J.I. Cirac, R. Schmidt, ”Chemistry
of a light impurity in a Bose-Einstein condensate”, arXiv:2108.03174
[2] A. Christianen, J.I. Cirac, R. Schmidt, ”"From Efimov Physics to
the Bose Polaron using Gaussian States”, arXiv:2108.03175

A 23.2 Thu 11:00 A-H2
Formation of spontaneous density-wave patterns in DC
driven lattices — an experimental study — eHENRIK P. ZAHN,
Vway P. SingH, MarceL N. KoscH, Luca ASTERIA, Lukas
FrEYsTATZKY, KLAUS SENGSTOCK, LUDWIG MATHEY, and CHRISTOF
WEITENBERG — Universitat Hamburg, Hamburg, Deutschland

Driving a many-body system out of equilibrium induces phenomena
such as the emergence and decay of transient states, which can manifest
itself as pattern and domain formation. The understanding of these
phenomena expands the scope of established thermodynamics into the
out-of-equilibrium domain. Here, we observe the out-of-equilibrium
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dynamics of a Bose-Einstein condensate in an optical lattice subjected
to a strong DC field, realized by strongly tilting the lattice. We observe
the emergence of pronounced density wave patterns — which sponta-
neously break the underlying lattice symmetry — using a novel single-
shot imaging technique with two-dimensional single-site resolution in
three-dimensional systems, which also resolves the domain structure.
Further, we investigate formation and decay time scales of the pattern
formation as well as the role of tunnelling transverse to the tilt for the
type of emerging pattern.

A 23.3 Thu 11:15 A-H2
Formation of spontaneous density-wave patterns in DC
driven lattices - a theoretical study — eLukas FrREvsTaTzZKY!'2,
Vwuay Sinen!3, HENRIK ZAHN?, MaRceEL Koscu?, Luca ASTERIA?,
Kraus SeNagsTock!:24, CurisTor WEITENBERG??, and Lupwia
MaTtHEY!24 — 1Zentrum fiir optische Quantentechnologien, Uni-
versitit Hamburg, Hamburg, Germany — 2The Hamburg Centre
for Ultrafast Imaging, Universitdit Hamburg, Hamburg, Germany
— 3Institut fiir Theoretische Physik, Leibniz Universitit Hannover,
Hanover, Germany — *Institut fiir Laserphysik, Universitit Hamburg,
Hamburg, Germany

We study the phenomenon of spontaneous density-wave patterns,
which emerges in a Bose-Einstein condensate in an optical lattice
subjected to a strong DC field, realized by strongly tilting the lat-
tice. We use dynamical classical field simulations and analytical ap-
proaches to analyse the out-of-equilibrium dynamics of the system,
which shows the emergence of pronounced density-wave patterns that
spontaneously break the underlying lattice symmetry. This observa-
tion and the corresponding formation and decay time scales of the
pattern formation are consistent with the measurements. We iden-
tify the dominant processes using Magnus expansion and describe the
emergence of the density wave pattern in a perturbative approach.

A 23.4 Thu 11:30 A-H2
Exploring orbital extensions of the Fermi-Hubbard model
with ultracold ytterbium atoms — eGiuLio PasquaLeTTih?2:3,
Oscar BETTERMANND23, NELsoN DarRkwaH Oppongl:2:3) Im-
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MANUEL BrocH and SivMoN FoLLiNG 1 Ludwig-
Maximilians-Universitit, Munich, Germany — ?Max-Planck-Institut
fiir Quantenoptik, Garching, Germany — 3Munich Center for Quan-
tum Science and Technology (MCQST), Munich, Germany

The Fermi-Hubbard model (FHM) represents a paradigmatic milestone
in condensed-matter physics. In the last decades, neutral atoms in
optical lattices have become a powerful platform for investigating its
properties in a clean and well-controlled environment. However, ex-
periments have so far mostly explored the single-orbital limit of the
FHM.

Here, we explore orbital extensions of the FHM with ultracold yt-
terbium atoms. The electronic ground state of neutral ytterbium pos-
sesses a SU(N) symmetry, which allows the study of the FHM with
larger spin multiplicity. Moreover, a metastable electronic state known
as the clock state can serve as a completely independent orbital degree
of freedom, enabling the study of the mass-imbalanced FHM utiliz-
ing state-dependent potentials. In our experiment, we probe these
orbital extensions of the FHM in different dimensionalities, investigat-
ing their spectroscopic properties, their thermodynamics, and dynamic
response.

A 23.5 Thu 11:45 A-H2
Quantum thermodynamics: Heat leaks and fluctuation
dissipation — eOLEKksry OnisHcHENKO!, DaniirL Pun!, JANINE
HiLper!, ULricn PoscHINGER!, Raam Uzpin?, and FERDINAND
ScuMmipT-KALER! — 1QUANTUM, Institut fiir Physik, Universitét
Mainz, Mainz, Germany — 2Fritz Haber Center for Molecular Dy-

namics, The Hebrew University, Jerusalem, Israel

Quantum thermodynamics focuses on extending the notions of heat
and work to microscopic systems, where the concepts of non-
commutativity and measurement back-action play a role [1]. In this
work, we show a novel way to test the unitary functioning of a quantum
processor by detecting heat leaks [2]. We also observe the first experi-
mental signatures of operator non-commutativity on work fluctuations,
as suggested theoretically [3]. Our experimental system consists of one
or multiple Ca+ ion qubits held in a microstructured Paul trap. We
initialize qubits in a statistical mixture of |0> and |1>, thus emulat-

ing thermal states. For the heat leak test, we reveal the amount of
non-unitary evolution of the system qubits by measuring only in the
computational basis and without accessing the environment. For the
quantum work measurement, we set the operation and measurement
bases to be non-commuting, and then evaluate the resulting work dis-
tribution.

[1] Sai Vinjanampathy and Janet Anders, Contemporary Physics 57,
545-579 (2016).

[2] D. Pijn et. al., arXiv:2110.03277v1 (2021).

[3] M. Scandi et. al., Physical Review Research 2, 023377 (2020)

A 23.6 Thu 12:00 A-H2
Methods for atom interferometry with dual-species BEC in
space — eJoNas Boum!, MaIkE D. LaceManN!, BapTisT Piest!,
ErnsT M. RaseL!, and THE MAIUS TEAM!:2:3:4:5.6 — Ipstitut fiir
Quantenoptik, LU Hannover — 2ZARM, U Bremen — 2DLR RY Bre-
men — *Institut fiir Physik, HU Berlin — 5Institut fiir Quantenoptik,
JGU Mainz — SFBH, Berlin

Atom interferometry is a promising tool for precise measurements, e.g.
for quantum tests of the weak equivalence principle. As the sensi-
tivity scales with the squared time atoms spend in the interferome-
ter, this recommends low expansion velocities of the atomic ensem-
bles. Hence, conducting these experiments in microgravity with Bose-
Einstein-Condensates (BEC) is of great interest. The sounding rocket
mission MAIUS-1 demonstrated the first creation of a BEC and matter
wave interferences in space [1,2]. With the follow-up missions MAIUS-
2 and -3, we extend the apparatus by another species to perform atom
interferometry with 8”Rb and 4K, paving the way for implementing
and testing the methods of dual-species interferometers on board of
space stations or satellites. In this contribution, the manipulation of
BECs using Raman double-diffraction processes to form (asymmetric)
Mach-Zehnder-type interferometers, e.g. for inertial sensing, are pre-
sented for a compact, robust, and autonomously operating setup that
generates 87Rb and 'K BECs with a high repetition rate.

[1] D. Becker, et al., Nature 562, 391-395 (2018). [2] M.D. Lach-
mann, H. Ahlers, et al., Ultracold atom interferometry in space. Nat
Commun 12, 1317 (2021).

A 24: Precision spectroscopy of atoms and ions Il (joint session A/Q)

Time: Thursday 10:30-12:15

Invited Talk A 24.1 Thu 10:30 A-H3

Spectroscopy of a Highly Charged Ion Clock with Sub-

Hz Uncertainty — eLukas J. Spiess!, STeven A. Kincl,

PeETER Micke!2, ALEXANDER WiLzewski!, ToBias LeopoLp!,
1

Erik BENKLER!, Nis HunTEMANN!, RIcHARD LaANGE!, AN-
1 2

DREY SURzHYKOV!, ROBERT MULLER!, Lisa ScHMOGERZ, MARIA
2, José R. Crespo LO6PEz-UrruTIA?, and PieT O.

SCHWARZ?,
I Physikalisch-Technische Bundesanstalt, Braun-

ScumipT!3
schweig, Germany — 2Max-Planck-Institut fiir Kernphysik, Heidel-
berg, Germany — 3Institut fiir Quantenoptik, Leibniz Universitit
Hannover, Germany

Modern optical clocks are the most accurate metrological devices ever
built. So far, such systems were only based on neutral and singly
charged atoms. Potential further candidates are highly charged ions
(HCI) which are intrinsically less sensitive to several types of external
perturbations [1]. In previous work, we have demonstrated quantum
logic spectroscopy of a HCI [2], enabling the first ever clock-like spec-
troscopy of these species.

We will present the first sub-Hz accuracy measurement of an opti-
cal transition in a HCI. The transition frequency of the 441 nm line
in Ar'3* is compared to the electric octupole transition frequency in
171yb+. Measurements were performed for the two isotopes 49Ar and
36 Ar which yields the isotope shift at sub-Hz accuracy and provides
input for theoretical studies.

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

[2] P. Micke et al., Nature 578 (2020)

A 24.2 Thu 11:00 A-H3
Tailored Optical Clock Transition in 4°Cat — eLENNART
PeLzer!, Kar Dietze!, Jouannes Kramer!, FABIAN DaweL!, Lup-
wic KrINNER!, NicoLas SPETHMAN!, VIcTOR MARTINEZZ, NATI

Anaron3, ALex Rerzker3, KLEMENS HAMMERER?, and PIeT
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ScumipT!?2 — Physikalisch-Technische Bundesanstalt, Bundesallee

100, 38116 Braunschweig, Germany — 2Institut fiir Theoretische
Physik, Appelstrafe 2, 30167 Hannover 30167 Hannover, Germany
— 3Racah Institute of Physics, The Hebrew University of Jerusalem,
Jerusalem 91904, Israel

Optical clocks based on single trapped ions are often impeded by long
averaging times due to the quantum projection noise limit. Longer
probe time would improve the statistical uncertainty, but currently,
phase coherence of clock laser systems is limiting probe times for most
clock candidates. We propose pre-stabilization of the laser to a larger
40Ca™t ion crystal, offering a higher signal-to-noise ratio. We engi-
neer an artificial optical clock transition with a two stage continuous
dynamical decoupling scheme, by applying near-resonant rf dressing
fields. The scheme suppresses inhomogeneous tensor shifts as well as
the linear Zeeman shift, making it suitable for multi-ion operation.
This tailored transition has drastically reduced magnetic-field sensi-
tivity. Even without any active or passive magnet-field stabilization,
it can be probed close to the second-long natural lifetime limit of the
Ds5/2 level. This ensures low statistical uncertainty. In addition, we
show a significant suppression of the quadrupole shift on a linear five-
ion crystal by applying magic angle detuning on the rf-drives.

A 24.3 Thu 11:15 A-H3
Towards continuous superradiance driven by a thermal beam
of Sr atoms for an active optical clock — eFRraNCEscA FamaA,
CaMIiLA BELI SiLvA, SHENG ZHOU, STEFAN ALARIC SCHAFFER,
SHAYNE BENNETTS, and FLORIAN SCHRECK — Institute of Physics,
University of Amsterdam

Continuous superradiant lasers have been proposed as next generation
optical atomic clocks for precision measurement, metrology, quantum
sensing and the exploration of new physics [1]. A superradiant laser
consists of phase-synchronized atoms showing an enhanced single atom
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emission rate, allowing direct lasing on narrow clock transitions [2].
Despite pulsed superradiance having been demonstrated [3-4], steady-
state operation remains an open challenge. Here we describe our ma-
chine aimed at validating a proposal [5] for a rugged superradiant laser
operating on the 1S0-3P1 transition of 88Sr using a thermal collimated
continuous atomic beam. The elegance of this approach is that a sin-
gle cooling stage and a low finesse cavity appear sufficient to fulfill the
requirements for continuous superradiance. Expected performances
are up to 1 uW output power with a reduced output linewidth of
27 x 8 Hz and a sensitivity to frequency drift due to cavity-mirrors
fluctuations suppressed by two orders of magnitude. Such a device
promises a compact, robust and simple optical frequency reference,
ideal for a wide range of industrial and scientific applications. [1] Chen,
Chi.Sci.Bull. 54, 3,(2009). [2] Dicke, Phys.Rev. 93, 99 (1954). [3] Nor-
cia et al., Sci.Adv. 2, e1601231(2016). [4] Schaffer et al., Phys.Rev.A
101, 013819(2020). [5] Liu et al., Phys.Rev.Lett. 125, 253602(2020).

A 244 Thu11:30 A-H3
Investigation of frequency shifts induced by thermal ra-
diation for an 33Srt optical clock — eMARTIN STEINEL!,
Hu SHaol, THomas LiNpvaLL?, MELINA FiLzinger!, RICHARD
LANGE!, BURGHARD LIPPHARDT!, TANJA MEHLSTAUBLER!?, EKKE-
HARD PEIk!, and NiLs HunTEMANN! — 1Physikalisch-Technische
Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Germany —
2VTT Technical Research Centre of Finland, National Metrology In-
stitute VI'T MIKES, P.O. Box 1000, 02044 VTT, Finland — 3Leibniz

Universitdt Hannover, Welfengarten 1, 30167 Hannover, Germany

To realize transition frequencies in optical clocks with high accuracy,
a careful investigation of all frequency shifts is required. For most sys-
tems operated at room temperature, the AC Stark shift induced by
thermal radiation is important. It shows a T*-dependence, and is pro-
portional to the differential polarizability of the states. For an ion in
a radiofrequency (rf) trap, it is challenging to determine the effective
temperature 7" of blackbody radiation, if the trap assembly is heated by
rf-losses. Temperature sensors and infrared cameras can be employed
to determine 7' from FEM simulations. Because of the low thermal
conductivity of our trap assembly, we expect large uncertainties from
such investigations. Thus, we determine the frequency shift from ther-
mal radiation by measuring the clock transition frequency of a single
8831 jon at three different trap drive powers using our 171Yb* clock
as the reference. Using the known polarizability of 33Srt, we find a
temperature uncertainty of only 4 K and determine the ratio of the un-
perturbed transition frequencies with 6 x 1017 fractional uncertainty.

A 245 Thu 11:45 A-H3

Two-color grating magneto-optical trap for narrow-line laser
cooling — eSaskia ANNA Bonpzal:2, CHRISTIAN LispaT!, STEFANIE

Kroker®*1 and Tosias LeoroLp? — !1Physikalisch-Technische

Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Germany —
22DLR-Institute for Satellite Geodesy and Inertial Sensing c/o Leibniz
Universitdt Hannover, Welfengarten 1, 30167 Hannover, Germany —
3Technische Universitét Braunschweig, Institut fiir Halbleitertechnik,
Hans-Sommer-Str. 66, 38106 Braunschweig — “*LENA Laboratory for
Emerging Nanometrology, Langer Kamp 6, 38106 Braunschweig, Ger-
many

We present for the first time design and operation of a two-color grat-
ing magneto-optical trap (gMOT) optimized for cooling and trapping
of 88Sr atoms on the first and second cooling transition. We trap 106
88Sr atoms on the 1Sg — !P; transition at 461 nm with a linewidth
of 30.2 MHz that are initially cooled to few mK and subsequently
transferred to the second cooling stage on the narrow line 'Sy — 3P
transition at 689 nm with a linewidth of 7.48 kHz where they are fur-
ther cooled to a temperature of 5 K. We reach a transfer efficiency of
25%. We outline general design considerations for two-colour cooling
with a gMOT transferable to other atom species. These results present
an important step in further miniaturization of quantum sensors based
on cold alkaline-earth atoms.

A 24.6 Thu 12:00 A-H3
Status of the beamline — eKHwWAISH
3 MANASA

ARTEMIS - HITRAP:
Kumar Anjum!:2) Parrick Baus®, GERHARD BIRKLS,
CuamBaru'?, Kanika Kanikal:5, Jerrrey Krimes!56, Worr-
aane Quinth®, and ManNueL VocerL! — 1GSI Helmholtzzentrum
fiir Schwerionenforschung GmbH, Darmstadt, Germany — 2Dept.
of Applied Physics, Delhi Technological University, New Delhi, In-
dia — 3Institut fiir Angewandte Physik, TU Darmstadt, Darm-
stadt, Germany — *Amrita Vishwa Vidyapeetham, Kollam, India —
5Physikalisches Institut, Ruprecht-Karls-Universitat Heidelberg, Hei-
delberg, Germany — SInternational Max Planck Research School for
Quantum Dynamics in Physics, Chemistry and Biology, Heidelberg,
Germany

In ARTEMIS (AsymmetRic Trap for measurement of Electron Mag-
netic moment in IonS), at HITRAP, we aim to perform the g-factor
measurements of medium to heavy highly charged ions. It serves as
a test of QED in strong fields and we do this using laser-microwave
double-resonance spectroscopy. Currently, we are in the process of at-
taching the cold valve to ARTEMIS which will mark the completion of
the beamline. This connects the experiment to the HITRAP facility
and the EBIT, an offline ion source, and is on schedule for the planned
beamtime of May 2022. Alongside this, in-situ production and analysis
of Arl3+ ions are being successfully carried out (up to a few weeks).
As of 2021, we have completed the individual assembly of the parts of
the beamline connecting ARTEMIS to the HITRAP facility and have
received ions in the final Faraday cup of the vertical beamline.

A 25: Ultracold Atoms and Molecules | (joint session Q/A)

Time: Thursday 10:30-12:30

A 25.1 Thu 10:30 Q-H10
Optical bench system for the BECCAL ISS quantum gas
experiment — eJEAN PIERRE MARBURGER!, FARUK ALEXANDER
SeLLAMI', EsTHER DEL PiNo RoseNDO!, ANDRE WENzZLAWSKI!, OR-
TwiNn HerLomic?, Kraus SEngsTock?, PATRICK WINDPASSINGER!,
and THE BECCAL TEAM!345,6,7,8,9,10,11 Mnstitut fiir
Physik, JGU, Mainz — 2ILP, UHH, Hamburg — 3HUB — 4FBH —
SLUH — SZARM — "Universitdt Ulm — 8DLR-SC — 9DLR-SI —
ODLR-QT — OHB

The DLR-NASA BECCAL multi-user experimental facility is intended
for the study of quantum gases in the microgravity environment of the
ISS. In this talk, we present a stable optical bench system that en-
ables frequency stabilization, as well as efficient light distribution and
manipulation for this facility. In contrast to a lab-based setup, this
system needs to withstand the mechanical loads during launch, and
be mechanically stable under varying temperature conditions on the
ISS over a timeframe of many years. To this end, we use and expand
upon an optical toolkit based on the glass-ceramic Zerodur, which has
a negligible coefficient of thermal expansion. This toolkit has already
been successfully deployed in the scope of the sounding rocket missions
KALEXUS, FOKUS, MAIUS-1, and will be used for the upcoming
MAIUS-2/3 missions.
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Our work is supported by the German Space Agency DLR with
funds provided by the Federal Ministry for Economic Affairs and En-
ergy (BMWi) under grant number 50 WP 1433, 50 WP 1703 and 50
WP 2103.

A 25.2 Thu 10:45 Q-H10
Rapid generation of all-optical K Bose-Einstein condensates
— ®ALEXANDER HERBST, HENNING ALBERS, VERA VOLLENKEMPER,
KNUT STOLZENBERG, SEBASTIAN BoODE, and DENNIS SCHLIPPERT —
Institute of Quantum Optics, Leibniz University Hannover, Welfen-
garten 1, 30167 Hannover, Germany

Ultracold potassium is a promising candidate for fundamental research
and quantum sensing applications as it offers multiple broad Feshbach
resonances at small magnetic fields. These can be used to control the
atomic scattering length and therefore allow, e.g., for the suppression
of phase diffusion or the generation of solitons. To apply this tech-
nique the magnetic field must be kept as an external degree of freedom
thus necessitating optical trapping. However, compared to their mag-
netic counterparts, optical traps suffer from slower evaporative cooling.
This poses a major challenge if the experiment requires a high repe-
tition rate. We investigate the production of all-optical 39K BECs
under different scattering lengths in a time-averaged crossed optical
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dipole trap. By tuning the scattering length in a range between 75 ag
and 350 ap we demonstrate a trade off between evaporation speed and
final atom number and decrease our evaporation time by a factor of
five while approximately doubling the atomic flux. To this end, we are
able to produce fully condensed ensembles with 5 x 104 atoms within
850 ms evaporation time at a scattering length of 234 ag and 1.5 x 10°
atoms within 4 s at 160 ag, respectively. We analyze the flux scaling
with respect to collision rates and describe routes towards high-flux
sources of ultra-cold potassium for inertial sensing.

A 25.3 Thu 11:00 Q-H10
Optical dipole trap in microgravity - the PRIMUS-project
— eMARIAN WoLTMANN!, CHRISTIAN VoaT!, SVEN HERMANN!, and
TrE PRIMUS-TEAMY2 — 1 University of Bremen, Center of Applied
Space Technology and Microgravity (ZARM) — 2Institut fiir Quan-
tenoptik, LU Hannover

The application of matter wave interferometry in a microgravity (ug)
environment offers the potential of largely increased interferometer
times and thereby highly increased sensitivities in precision measure-
ments, e.g. of the universality of free fall. While most pg-based cold
atom experiments use magnetic trapping on an atom chip, we develop
an optical dipole trap as an alternative source for matter wave interfer-
ometry in weightlessness. Solely using optical potentials offers unique
advantages like improved trap symmetry, trapping of all magnetic sub-
levels and the accessibility of Feshbach resonances. Equipping a 50W
trapping laser at a wavelength of 1064nm we implement a cold atom
experiment for use in the drop tower at ZARM in Bremen, offering 4.7s
of microgravity time. We demonstrated Bose-Einstein condensation of
Rubidium in a compact setup on ground while now focusing on a fast,
efficient preparation in microgravity using painted optical potentials.
Within this talk we will report on the current status and latest results
of the experiment. The PRIMUS-Project is supported by the German
Space Agency (DLR) with funds provided by the Federal Ministry of
Economic Affairs and Energy (BMWi) under grant number DLR 50
WM 2042.

A 254 Thu 11:15 Q-H10
Compact and Robust Laser System for Cold Atom Exper-
iments in BECCAL on the ISS — eTmu Kron!, Vicroria
A. HENDERSON!, JEAN PIERRE MARBURGER?, FARUK ALEXANDER

SeLLamI?, ESTHER DEL PINo RoSENDO?, ANDRE WENZLAWSKIZ,

MaTTHIAS DaMMAascH®, AHMAD BawaMmia®, ANDREAs WICHTS,
PaTrIcK WINDPASSINGER?, AcHiM PeTERs'3, and THE BEC-
CAL TEAM'2:3:4,5,6,7,8,9,10,11 __ 1HUB, Berlin — 2JGU, Mainz
— 3FBH, Berlin — *DLR-SC — °DLR-SI — SDLR-QT — 7IQ &
IMS, LUH — 8ILP, UHH — 9ZARM, Bremen — 1°IQO, UULM —
11OHB

BECCAL (Bose-Einstein Condensate—Cold Atom Laboratory) is a cold
atom experiment designed for operation on the ISS. This DLR and
NASA collaboration builds upon the heritage of sounding rocket and
drop tower experiments as well as NASA’s CAL. Fundamental physics
with Rb and K BECs and ultra-cold atoms will be explored in this
multi-user facility in microgravity, providing prolonged timescales and
ultra-low energy scales compared to those achievable on earth. Match-
ing the complexity of the required light fields to the stringent size,
weight, and power limitations presents a unique challenge for the laser
system design, which is met by a reliable and robust combination of
micro-integrated diode lasers (from FBH) and miniaturized free-space
optics on Zerodur boards (from JGU), interconnected with fiber optics.
The design of the BECCAL laser system will be presented, alongside
the requirements, concepts, and heritage which formed it. This work
is supported by DLR with funds provided by the BMWi under grant
numbers 50 WP 1433, 1702, 1703, 1704, 2102, 2103, and 2104.

A 255 Thu 11:30 Q-H10
Few-Body Physics in Spherical Shell Traps — C. MoORITZ
CarMESIN! and eMaxiM A. ErreMov?! — lInstitut fiir Quanten-
physik and Center for Integrated Quantum Science and Technology
(IQST), Universitit Ulm, 89069 Ulm, Germany — 2Institute of Quan-
tum Technologies, German Aecrospace Center (DLR), 89081 Ulm, Ger-
many

With the recent progress in cold atom physics in microgravity [1-5] it
is feasible to trap atoms in spherical shell-shaped traps. We start our
analysis from exploring both bound and scattering states of two identi-
cal particles in spherical shell traps. Due to the non-separability of the
center-of-mass and relative motions, we have solved the 6-dimensional
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Schrodinger equation numerically. Moreover, we have derived analyti-
cal models for the effective interaction between the particles for small
and large shell radii, where the latter features quasi-two-dimensional
dynamics in curved space.

[1] D. C. Aveline et al., Nature 582,193 (2020).
[2] K. Frye et al., EPJ Quantum Technol. 8, 1 (2021).
[3] N. Lundblad et al., npj Microgravity 5, 30 (2019).
[4] R. A. Carollo et al., arXiv:2108.05880
[5] A. Wolf et al., arXiv:2110.15247

A 25.6 Thu 11:45 Q-H10
A lattice model for traid anyons — eSEBASTIAN NAagIEs',
Botao Wanc!, Naruan Harsuman?, and ANDRE EckarRDT! —
Hnstitute of Theoretical Physics, Technical University Berlin, Berlin
— 2Department of Physics, American University, Washington DC,
USA

Hard-core two-body interactions in two dimensions leave the configura-
tion space of particles not simply connected. This gives rise to anyons
exhibiting fractional exchange statistics governed by the braid group.
Recently it was pointed out that hardcore three-body interactions in
one dimension leave similar defects in configuration space. This allows
for novel exchange statistics described by the traid group, for which the
Yang-Baxter relation no longer holds. Here we propose a lattice model
realizing a specific abelian representation of this traid group. Our
model uses bosons with number-dependent hopping phases to gener-
ate alternating bosonic and fermionic exchange phases. By combining
numeric simulations with analytic derivation in the continuum limit,
we find interesting ground state density distributions and energies that
differ greatly from bosons, fermions and braid anyons. We define new
traid anyon operators satisfying non-local commutation relations, and
predict distinctive traid anyon quasi-momentum distributions. We dis-
cuss their possible relation with Haldane’s exclusion statistics.

A 25.7 Thu 12:00 Q-H10
Reservoir-engineered shortcuts to adiabaticity via quantum
non-demolition measurements — eRAPHAEL MENU!, Josias
LangBeEHN?, CHrisTIANE Kocn?, and Giovanna Moricr! —
ITheoretische Physik, Universitdt des Saarlandes, D-66123 Saar-
briicken, Germany — 2Dahlem Center for Complex Quantum Systems
and Fachbereich Physik, Freie Universitdt Berlin, Arnimallee 14, D-
14195 Berlin, Germany

The preparation of a quantum state via a slow tuning of the parame-
ters of the system lies at the heart of the concept of adiabatic quantum
computing. Yet, the realization of such types of computation requires a
wide time-window over which dissipation effects may occur, ultimately
leading to errors. Here, we propose a protocol that achieves fast adia-
batic Landau-Zener dynamics by coupling a spin to an external system.
The coupling realizes a quantum non-demolition (QND)Hamiltonian,
where the external system acts as a meter. When the meter’s decay
rate is the largest frequency scale of the dynamics, the QND coupling
induces an effective dephasing of the spin in the adiabatic basis and
the spin dynamics is described by a quantum adiabatic master equa-
tion. We show, however, that adiabaticity can be maximized in the
non-adiabatic limit when the coupling with the meter tends to sup-
press diabatic transitions via effective cooling processes. We investi-
gate the protocol efficiency in terms of non-Markovianity measures for
the spin-meter dynamics and qualitatively discuss the spectral gap of
the incoherent dynamics. We finally show that the protocol is robust
against imperfection in the implementation of the QND Hamiltonian.

A 25.8 Thu 12:15 Q-H10
Engineering of Feshbach Resonances by a Floquet Drive —
oCHRISTOPH DAUER, AXEL PELSTER, and SEBASTIAN EGGERT —
Physics Department and Research Center OPTIMAS, TU Kaiser-
slautern, 67663 Kaiserslautern, Germany

Feshbach resonances are a common tool in order to control the scatter-
ing length in ultracold quantum gases [1]. In this talk we discuss how
time-periodic driving enables to induce novel resonances that are fully
controllable by the parameters of the drive [2,3]. A theory allowing a
deeper understanding of these driving induced resonances within the
Floquet picture is given. Our method is capable of describing reso-
nance positions and widths for general inter-particle potentials. We
demonstrate our results on an experimentally relevant example.

[1] C. Chin et al., Rev. Mod. Phys. 82, 1225 (2010)

[2] D.H. Smith, Phys. Rev. Lett. 115, 193002 (2015)

[3] A.G. Sykes et al., Phys. Rev. A 95, 062705 (2017)
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A 26: Ultra-cold plasmas and Rydberg systems (joint session A/Q)

Time: Thursday 14:00-15:45

A 26.1 Thu 14:00 A-H1
Ion-Rydberg interactions observed by a high-resolution ion
microscope — eMORITZ BERNGRUBER, NICOLAS ZUBER, VIRAATT
ANASURI, YIQUAN Zou, FLoriAN MEINERT, RoOBERT LOwW, and
TiLmaN Prau — 5. Physikalisches Institut, Universitat Stuttgart,
Center for Integrated Quantum Science and Technology (IQST)

In this talk, we present the latest experimental results on spatially re-
solved ion-Rydberg-atom interaction studied with our high-resolution
ion microscope. The apparatus provides a highly tunable magnifica-
tion, ranging from 200 to over 1500, a spatial resolution better than
200 nm and a depth of field of more than 70 um. These properties and
the excellent electric field compensation enable the observation of ion-
Rydberg-interaction in cold bulk quantum gases. The direct spatial
imaging method allows for in-situ images of a new type of long-range
Rydberg-atom-ion molecule in rubidium, which arises from a binding
mechanism that is based on the interaction between the ionic charge
and a flipping induced dipole of a Rydberg atom [1].

In addition, the ion microscope also allows for spectroscopic studies of
the vibrational level structure. Moreover, the good temporal resolution
of the detector enables the observation of dynamic phenomena during
the interaction process which compared to traditional molecules are
slowed down by many orders of magnitude.

[1] Zuber, N., et al. "Spatial imaging of a novel type of molecular
ions." arXiv preprint arXiv:2111.02680 (2021).

A 26.2 Thu 14:15 A-H1
Chiral Rydberg States of Laser Cooled Atoms — eSTEFAN
AvuLL!, STEFFEN GIESEN2, MARKUS DEBATIN!, PETER ZAHARIEVDS,
RoBERT BERGER?, and KiLiaN SINGER! — lInstitut fiir Physik, Uni-
versitat Kassel, Heinrich-Plett-Str. 40, 34132 Kassel — 2Fb. 15
- Chemie, Hans-Meerwein-Strake 4, 35032 Marburg — 3Institute of
Solid State Physics, Bulgarian Academy of Sciences, 72, Tzarigradsko
Chaussee, 1784 Sofia, Bulgaria

We propose a protocol for the preparation of chiral Rydberg states.
It has been shown theoretically that using a suitable superposition of
hydrogen wavefunctions, it is possible to construct an electron density
and probability current distribution that has chiral nature. Follow-
ing a well established procedure for circular Rydberg state generation
and subsequent manipulation with taylored radio frequency pulses un-
der the influence of a magnetic field, the necessary superposition with
correspondingly set phases can be prepared. Enantio-selective excita-
tion using photo-ionization circular dichroism is under theoretical and
experimental development.

A 26.3 Thu 14:30 A-H1
Coherent delocalization in a frozen Rydberg gas — eMATTHEW
EiLEs, GHAssAN ABUMWIS, CHRISTOPHER WACHTLER, and ALEXAN-
DER EISFELD — Max Planck Institut fiir Physik komplexer Systeme,
Nothnitzer Str. 38 01187 Dresden

The long-range dipole-dipole interaction can create delocalized states
due to the exchange of excitation between Rydberg atoms. We show
that even in a random gas many of the single-exciton eigenstates are
surprisingly delocalized, composed of roughly one quarter of the par-
ticipating atoms. We identify two different types of eigenstates, one
which stems from strongly-interacting clusters and one which extends
over large delocalized networks, and show how to excite and distin-
guish them via appropriately tuned microwave pulses. The extent of
delocalization can be enhanced by degeneracies in the atomic states
which be controllably lifted using the Zeeman splitting provided by a
magnetic field.

A 264 Thu 14:45 A-H1
From Highly Charged to Neutral Microplasma — eMaARIiO
GROsSMANN, JuLiaN FIEDLER, JETTE HEYER, MARKUS DRESCHER,
Kraus SENGsTOCK, PHILIPP WESSELS-STAARMANN, and JULIETTE SI-
MONET — The Hamburg Centre for Ultrafast Imaging (CUI), Luruper
Chaussee 149, 22761 Hamburg

By combining an ultracold quantum gas of 8”Rb with strong-field ion-
ization in femtosecond laser pulses, we investigate the dynamics of
highly charged to neutral microplasmas.
Our experimental setup enables us to detect ions and electrons sepa-
rately and resolve their kinetic energies.
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We locally ionize an ultracold target with densities of up to 1029m—3

within a micrometer sized focus. This allows creating initially strongly
coupled plasmas with ion temperatures below 40 mK and a few hun-
dred to thousand charged particles.

The excess energy of the electrons can be tuned via the wavelength of
the ionizing laser pulse resulting in initial electron temperatures from
5800 K to 65 K. This directly impacts the neutrality of the plasma:
High excess energies yield a highly charged plasma with rapid elec-
tron cooling whereas low excess energies trigger a neutral plasma with
greatly increased lifetimes. Below the ionization threshold we observe
ultrafast excitation of Rydberg states.

The small number of particles permits us to compare our results
to molecular dynamics simulations that grant access to the non-
equilibrium plasma dynamics on picosecond timescales.

A 26.5 Thu 15:00 A-H1
Non-equilibrium Spin Dynamics using the Discrete Trun-
cated Wigner Approximation — eNEeTHU ABrRAHAMDY? and SE-
BASTIAN WsTER! — !Department of Physics, Indian Institute of Sci-
ence Education and Research, Bhopal, Madhya Pradesh 462 066, India
— 2Department of Physics, Indian Institute of Science Education and
Research, Tirupati, Andhra Pradesh 517 507, India

Approximate simulation methods play a crucial role in the efficient nu-
merical computation of quantum dynamics in many body spin systems,
since the exponentially increasing dimension of their Hilbert space can-
not be treated exactly. We have investigated the realm of applicability
of a very recently developed phase space method, based on the Monte
Carlo sampling of the discrete Wigner function: the discrete trun-
cated Wigner approximation (DTWA). Using the DTWA, we show
that an aggregate of Rydberg atoms immersed in a background of de-
tector atoms can serve as a quantum simulating platform for various
many body physics problems. Decoherence in the excitation trans-
port induced by the interactions with the background atoms can be
controlled by altering the distance between the aggregate and detec-
tor atoms. This may allow for an experimental platform to examine
energy transport subject to an environment.

‘We were also able to look at quench dynamics in condensed matter
spin systems using essentially the same techniques due to the math-
ematical similarities between the Hamiltonians of these two systems.
We explore the possible supremacy of DTWA over other methods, such
as tDMRG, for the study of Domain Wall melting in a 2D spin lattice.

A 26.6 Thu 15:15 A-H1
Quantum simulations with circular Rydberg atoms
o CHRISTIAN HOLZL, AARON GOTZELMANN, ALEXANDER BUHL, ACHIM
ScHoLz, MoriTz WirTH, and FLORIAN MEINERT — 5. Physikalisches
Institut and Center for Integrated Quantum Science and Technology,
Universitat Stuttgart, Stuttgart, Germany

Highly excited low-1 Rydberg atoms in configurable mircotrap arrays
have recently proven highly versatile for studying quantum many-body
spin systems with single particle control. I will report on the advances
of a new project pursuing to harness high-1 circular Rydberg atoms
for quantum simulation. When stabilized against black body radi-
ation (BBR) in a suitable cavity structure, circular Rydberg states
promise orders of magnitude longer lifetimes compared to their low-1
counterparts and thus provide an appealing potential to strongly boost
coherence times in Rydberg-based interacting atom arrays. To main-
tain excellent high-NA optical access we exploit a novel approach using
an indium tin oxide (ITO) capacitor, capable of surpressing the para-
sitic microwave BBR even in a non-cryogenic environment while beeing
transparent to visible light.

A 26.7 Thu 15:30 A-H1
Phonon dressing of a facilitated one-dimensional Rydberg
lattice gas — eMarTEO MAGONI, PaorLo P. Mazza, and Icor
Lesanovsky — Institut fiir Theoretische Physik, Eberhard Karls Uni-
versitat Tibingen, Auf der Morgenstelle 14, 72076 Tiibingen, Germany

We study the dynamics of a one-dimensional Rydberg lattice gas un-
der facilitation conditions which implement a so-called kinetically con-
strained spin system. Here an atom can only be excited to a Rydberg
state when one of its neighbours is already excited. Once two or more
atoms are simultaneously excited mechanical forces emerge, which cou-



Erlangen 2022 — A

Thursday

ple the internal electronic dynamics of this many-body system to the
external vibrational degrees of freedom in the lattice. This electron-
phonon coupling results in a so-called phonon dressing of many-body
states which in turn impacts on the facilitation dynamics.

In our theoretical study we focus on a scenario in which all energy
scales are sufficiently separated such that a perturbative treatment
of the coupling between electronic and vibrational states is possible.
This allows to analytically derive an effective Hamiltonian for the evo-

lution of clusters of consecutive Rydberg excitations in the presence
of phonon dressing [1]. We analyse the spectrum of this Hamiltonian
and show, by employing Fano resonance theory, that the interaction
between Rydberg excitations and lattice vibrations leads to the emer-
gence of slowly decaying bound states that inhibit fast relaxation of
certain initial states. We supplement our analysis by providing detailed
experimental considerations on the validity of the approximations used.
[1] M. Magoni et al., arXiv: 2104.11160 (2021)

A 27: Ultracold Atoms and Molecules Il (joint session Q/A)

Time: Thursday 14:00-15:30

Invited Talk A 271 Thu 14:00 Q-H10
Self-bound Dipolar Droplets and Supersolids in Molecular
Bose-Einstein Condensates — eT1mM LANGEN — 5. Physikalisches
Institut and Center for Integrated Quantum Science and Technology,
Universitat Stuttgart, Germany

I will discuss the prospects of exploring quantum many-body physics
with ultracold molecular gases.

On the theory side, I will present a numerical study of molecular
Bose-Einstein condensates with strong dipole-dipole interactions. We
observe the formation of self-bound droplets, and explore phase di-
agrams that feature a variety of exotic supersolid states. In all of
these cases, the large and tunable molecular dipole moments enable
the study of unexplored regimes and phenomena, including liquid-like
density saturation and universal stability scaling laws for droplets, as
well as pattern formation and the limits of droplet supersolidity.

On the experimental side, I will discuss progress in molecular laser
cooling towards the ultracold regime. I will further present a realistic
approach to realize both the collisional stability of ultracold molecular
gases and the independent tunability of their contact and dipolar in-
teraction strengths using a combination of microwave and DC electric
fields.

Taken together, these results provide both a blueprint and a bench-
mark for near-future experiments with bulk molecular Bose-Einstein
condensates.

A 27.2 Thu 14:30 Q-H10
Single-beam laser cooling using a nano-structured atom
chip — eHENDRIK HEINE!, JoserpH MucHOovo!, AaDITYA MISHRAL,
WALDEMAR HERR!:2, CHRISTIAN ScHUBERT'?, and ERNST M.
RaseL! — lInstitut fiir Quantenoptik, Leibniz Universitit Hannover
— 2Deutsches Zentrum fiir Luft- und Raumfahrt e. V. (DLR), Institut
fir Satellitengeoddsie und Intertialsensorik, c/o Leibniz Universitét

Hannover, DLR-SI, Callinstr. 36, D-30167 Hannover, Germany

Matterwave interferometry with Bose Einstein Condensates (BEC)
promises exciting prospects in inertial sensing and research on funda-
mental physics both on ground and in space. BECs can be efficiently
created using atom chips and compact setups have already been shown.
However, for transportable or space applications further reduction in
complexity is desired in order to lower size, weight, and power de-
mands.

I will present a nano-structured atom chip with results on magneto-
optical trapping and sub-Doppler cooling using only a single beam
of light. This reduces the overall complexity and promises greater
long-term stability. We demonstrate state-of-the-art performance and
magnetic trapping with the atom chip.

This work is supported by the German Space Agency (DLR) with
funds provided by the Federal Ministry for Economic Affairs and En-
ergy (BMWi) due to an enactment of the German Bundestag un-
der grant number DLR 50WM1947 (KACTUS-II) and by the Ger-
man Science Foundation (DFG) under Germany’s Excellence Strategy
(EXC 2123) "QuantumFrontiers".

A 27.3 Thu 14:45 Q-H10
Real-Time detection and feedback cooling of the secular mo-
tion of an ion — eHans Danc!:2, MarTIN FiscHER!, ATisH Rov!,
Laxur SHARMA', MARKUS SONDERMANND2) and GERD Lrucnus!»2:3:4
— IMax Planck Institute for the Science of Light, Erlangen, Germany
— 2Friedrich-Alexander University Erlangen-Niirnberg (FAU), De-
partment of Physics, Erlangen, Germany — 3Department of Physics,
University of Ottawa, Canada — “Institute of Applied Physics, Rus-
sian Academy of Sciences, Nizhny Novgorod, Russia
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We report on the direct observation of the secular motion of a single
ion by imaging it onto a knife-edge using a deep parabolic mirror. The
unique misalignment functionals of the phase front of the light col-
lected by the mirror together with its high collection efficiency[1] allow
us to detect the motion in a time shorter than the coherence time of
the harmonic motion of the ion. Using a known oscillation amplitude
to calibrate the detection the temperature of the ion can be extracted
from the rms voltage of the measured signal. By applying the phase-
shifted and amplified signal to one of the compensation electrodes
of the ion trap it is possible to dampen the amplitude of the har-
monic oscillation and hence cool the ion. Prospects of expanding the
detection to all three motional modes simultaneously will be discussed.

[1] R. Maiwald et al., Physical Review A 86, 043431 (2012)

A 27.4 Thu 15:00 Q-H10
Surface charge removal in a microstructured electro-
static trap for cold polyatomic molecules — ®JINDARATSAMEE
PuromMPAO, MICHAEL ZIEMBA, FLORIAN JUNG, MARTIN ZEPPENFELD,
IsaBEL RABEY, and GERHARD REMPE — Max-Planck-Institut fiir
Quantenoptik, Hans-Kopfermann-Strafse 1, 85748 Garching, Germany

Cold polar molecules are an excellent platform to explore fascinat-
ing research areas in both physics and chemistry, such as cold colli-
sions, cold chemistry, and tests of fundamental physics. Motivated by
these applications, techniques in the field are advancing rapidly with
the overall goal of producing dense and cold molecular samples. To
achieve these, electric trapping provides long trapping times and deep
confinement of the molecules. In our electrostatic trap [1], we combine
two parallel microstructured capacitor plates and a surrounding ring
electrode to provide a tunable homogeneous electric control field and
transverse confinement, respectively. By combining the various elec-
trodes, polar molecules are confined within a boxlike potential. How-
ever, the trap depth is limited by high-voltage breakdown and surface
charge accumulation, which possibly also induces early breakdown.

In this talk, we will present induced removal of charges by applying
UV light and heating to test samples. We find that heating these to
more than 200°C' can remove the charge almost completely, but the
characteristics are not reproducible. In contrast, charge removal by
shining in UV light is more reliable and capable of providing rapid and
complete charge removal.

[1] B.G.U. Englert et al., Phys. Rev. Lett. 107, 263003 (2011)

A 27,5 Thu 15:15 Q-HI10
Creating an ensemble of cooled and trapped formaldehyde
molecules in their ortho ground state — eMaximiLIAN Low,
MARTIN IBRUGGER, MARTIN ZEPPENFELD, and GERHARD REMPE
— Max-Planck-Institut fiir Quantenoptik, Hans-Kopfermann-Str. 1,
85748 Garching

Direct cooling methods to produce polar molecules in the ultracold
regime have improved significantly in recent years. Optoelectrical Sisy-
phus cooling is one of the most promising techniques in this field
providing a large number of electrically trapped molecules at sub-
millikelvin temperatures [1]. However, this method is not applicable
to molecules in their absolute ground state.

Cooled ground state molecules can still be obtained by first applying
Sisyphus cooling to formaldehyde (H2CO) molecules in the rotational
states |J=3,K,=3,K.=0> and [4,3,1>. Afterwards, they are trans-
ferred to their ortho ground state |1,1,0> by optical pumping via a
vibrational transition. In a proof-of-principle experiment we thereby
obtained trapped ground state molecules with a temperature of 65 mK
and trapping times of several seconds. Colder temperatures should be
easily achievable in the future.
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As molecules in this state are stable against inelastic two-body col-
lisions this fulfills an important requirement for evaporative or sympa-
thetic cooling of formaldehyde in e.g. a microwave trap which takes us

one step further on the envisioned road towards quantum degeneracy.
[1] A. Prehn et al., Phys. Rev. Lett. 116, 063005 (2016).

A 28: Interaction with VUV and X-ray light

Time: Thursday 16:30-18:30

A 28.1 Thu16:30 P
An XUV and soft X-ray split-and-delay unit for FLASH2 —
eMaTTHIAS DREIMANN', DENNIS ECKERMANN!, FELIX ROSENTHAL',
SEBASTIAN RoLING?, FRANK WAHLERT?, SVEN EPPENHOFF2, MAR-
10N KUHLMANN®, SVEN ToLEIKIS®, RoLF TREUscH?, ELKE PLONJES-
PaLm3, and HELMUT ZacHARIAs! — !Center for Soft Nanoscience,
WWU Miinster, 48149 Miinster, Germany — 2Physikalisches Institut,
WWU Miinster, 48149 Miinster, Germany — 3Deutsches Elektronen-
Synchrotron (DESY), Hamburg, Germany

A split-and-delay unit for the XUV and soft X-ray spectral range has
been installed at beamlines FL23 and FL24 at the FLASH2 Free-
Electron Laser at DESY. It enables time-resolved pump-probe experi-
ments covering the whole spectral range of FLASH2 from 30 eV up to
1800 eV. Using wavefront beam splitting and grazing incidence mirrors
a sub-fs resolution with a relative pulse delay of —5ps < A7 < +18ps
is achieved. Two different mirror coatings are required to cover the
complete spectral range and thus, a design that is based on a three di-
mensional beam path was developed. This allows the choice between
different sets of mirrors with either coating for the fixed branch. A Ni
coating allows a total transmission above T > 0.50 for photon ener-
gies between hv = 30 eV and 650 eV at a grazing angle of a ¥y, qriabie
= 1.8° in the beam path with variable delay. With a Pt coating a
transmission of T > 0.06 is possible for photon energies up to hv =
1800 eV. In the fixed beam path at a grazing angle of ¥;zeq = 1.3°
a transmission of T' > 0.61 with a Ni coating and T > 0.23 with a Pt
coating is possible.

A 28.2 Thu 16:30 P
Analysis of x-ray single-shot diffractive imaging using the
propagation multislice method — ePaurL TUEMMLER, BJORN
Krusg, CHRISTIAN PELTZ, and THOMAS FENNEL — Institut fiir
Physik, Universitdat Rostock

Single-shot wide-angle x-ray scattering has enabled the three-
dimensional characterization of free nanoparticles from a single scat-
tering image [1,2,3]. Key to this method is the fact, that the scattering
patterns contain information of density projections on differently ori-

Location: P

ented projection planes. Wide-angle scattering typically requires XUV
photon energies where absorption and attenuation cannot be neglected
in the description of the scattering process [4,5]. The multislice Fourier
transform (MSFT) method, which provides a fast scattering simulation
within the Born approximation, can be extended to also include these
propagation effects. In this presentation the performance of conven-
tional MSFT and propagation MSFT will be discussed and compared
to exact results obtained from Mie theory. As a first application, se-
lective resonant scattering from core shell systems is explored.

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

[2] K. Sander , J. Phys. B 48, 204004 (2015).

[3] C. Peltz , Phys. Rev. Lett. 113, 133401 (2014).

[4] D. Rupp , Nat. Commun. 8, 493 (2017).

[5] B. Langbehn , Phys. Rev. Lett. 121, 255301 (2018).

A 28.3 Thu 16:30 P
Coherent population transfer techniques for the 22Th nu-
clear clock candidate — eToBias KirscHBAUM and ADRIANA
PALFFY — Friedrich-Alexander-Universitdt Erlangen-Niirnberg, 91058
Erlangen, Germany

The 229Th nucleus posses a metastable first excited state, i.e., an iso-
mer, at around 8.19 eV. This state should be accessible via VUV light
and presents a radiative lifetime of a few hours. These unique proper-
ties make 229Th a promising candidate for a nuclear clock with excel-
lent accuracy [1]. However, due to the relatively large uncertainty on
the isomeric state energy, efficient laser manipulation with VUV light
has proven cumbersome so far.

Here, we investigate theoretically an alternative to populate the iso-
meric state by indirect excitation via the second excited nuclear state at
29.19 keV. We make use of quantum optics schemes to achieve the pop-
ulation transfer via Stimulated Raman adiabatic passage (STIRAP) or
two m-pulses. The coherent x-ray pulses that we consider are generated
by x-ray lasers or using UV pulses at the Gamma Factory in combina-
tion with relativistic acceleration of the nuclei in a storage ring. The
two scenarios are discussed in view of experimental feasibility.

[1] E. Peik et al., Quantum Sci. Technol. 6, 034002 (2021).

A 29: Ultra-cold atoms, ions and BEC (joint session A/Q)

Time: Thursday 16:30-18:30

A 29.1 Thu 16:30 P

Quantum degenerate Fermi gas in an orbital optical lattice
— oYANN KIEFER — Luruper Chaussee 149, 22761 Hamburg

Spin-polarized samples and spin mixtures of quantum degenerate
fermionic atoms are prepared in selected excited Bloch bands of an
optical chequerboard square lattice. For the spin-polarized case, ex-
treme band lifetimes above 10 s are observed, reflecting the suppres-
sion of collisions by Pauli*s exclusion principle. For spin mixtures,
lifetimes are reduced by an order of magnitude by two-body collisions
between different spin components, but still remarkably large values of
about one second are found. By analyzing momentum spectra, we can
directly observe the orbital character of the optical lattice. The ob-
servations demonstrated here form the basis for exploring the physics
of Fermi gases with two paired spin components in orbital optical lat-
tices, including the regime of unitarity. Furthermore access to a broad
Feshbach resonance enables to study the role of interaction and pairing
of ultracold molecular orbital optical lattices.

A 29.2 Thul16:30 P
non-equilibrium dynamics of a bose-einstein condensate pop-
ulating higher bands of an optical lattice — ejosE varcas!:3 and
ANDREAS HEMMERICHD23 — lInstitut fiir Laserphysik, Universitit
Hamburg, 22761 Hamburg, Germany — 2Zentrum fiir Optische Quan-
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tentechnologien, Universitdt Hamburg, 22761 Hamburg, Germany —
3The Hamburg Center for Ultrafast Imaging, Luruper Chaussee 149,
Hamburg 22761, Germany

We present the realization of diverse experiments on non-equilibrium
dynamics of a Bose-Einstein condensate populating higher bands of a
bipartite square optical lattice. We experimentally investigate single-
and many-body phenomena such as Bloch oscillations along different
paths over each addressable Brillouin zones, and Josephson oscillations
in the second Bloch band of the lattice. In addition, by exciting the
atomic sample into different initial quasi-momenta of the lattice, we
study instabilities of the system together with the characterization of
re-condensation dynamics towards the energy minimum of the Bloch
band.

A 29.3 Thu 16:30 P
Optically trapping single ions in a high-focused laser beam
— oWEr Wul, Fapian THIELEMANN!, Joacnim WgLz!, Pas-
cAaL WEckesser!2, DanieL Honig!, AMIR MoHAMMADIY, THOMAS
WaLkieR!, and Tosias Scuirz! — 1Albert-Ludwigs-Universitit
Freiburg, Physikalisches Institut, Hermann-Herder-Strae 3, 79104
Freiburg, Germany — 2Max-Planck-Institut fiir Quantenoptik, Hans-

Kopfermann-Strafe 1, 85748 Garching, Germany

Tons stored in Paul traps are well suited to design few-particle sys-
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tems with high-fidelity control over electronic and motional degrees
of freedom and individual addressability., alongside long-range inter-
actions. It is challenging, however, to extend this control to two- or
higher-dimensional systems. This is partly due to the existence of
driven motion, which intrinsically leads to decoherence and heating.
Tons confined in optical traps, on the other hand, constitute a system
which is free of driven motion but still benefits from long-range inter-
action. For example, ions in optical traps could be used to study and
control quantum structural phase transitions from 1D (linear) to 2D
(zigzag) crystals. Additionally, optical traps offer scalability, flexibility
and nanoscale potential geometries which are not easily accessible with
Paul traps. Optical traps for ions also feature state-dependent trapping
due to the different potentials seen by the ion when in different elec-
tronic states. In this poster, we present a method to deterministically
prepare a single ion or string of ions, making use of state dependent
potentials in optical traps to eject selected ions from the trap.

A 294 Thu16:30 P
in a hybrid Atom-Ion System —
eJoacuiM WELz!, FaBiaN THIELEMANN', WEI Wul, THoMAS
WALKER!, PascaL Weckesser>2, DanieL  Honie!, Awmir
Mounammabi!, and Tosias Scuirz! — ! Albert-Ludwigs-Universitit
Freiburg, Physikalisches Institut, Hermann-Herder-Strafle 3, 79104
Freiburg, Germany — 2Max-Planck-Institut fiir Quantenoptik, Hans-
Kopfermann-Strafie 1, 85748 Garching, Germany

Feshbach Resonances

We present the observation of Feshbach resonances between neutral
atoms and ions [1,2]. These resonances - a quantum phenomenon only
observable at ultracold temperatures - allow the interaction rate be-
tween particles to be tuned with the perspective to even switch them
off. While Feshbach resonances are commonly utilized in neutral atom
experiments, reaching the ultracold regime in hybrid rf-optical traps
is challenging, as the driven motion of the ion by the rf trap limits
the achievable collision energy [3]. By immersing a single Ba ion in
an ultracold cloud of Li, we demonstrate the enhancement of both
two-body and three-body interactions through changes in the ion’s
internal and motional energy. This paves the way for all-optical trap-
ping of both species, circumventing the fundamental rf-heating, and
for new applications, such as the coherent formation of molecular ions
and simulations of quantum chemistry [4].

[1] WECKESSER, Pascal, et al. arXiv:2105.09382, 2021.

[2] SCHMIDT, J., et al. Phys.Rev.Lett. 2020, 124-5.

[3] CETINA, Marko et al. Phys.Rev.Lett. 2012, 109-25.

[4] BISSBORT, Ulf, et al. Phys.Rev.Lett. 2013, 111-8.

A 29.5 Thu 16:30 P
A dipolar quantum gas microscope — ePauL UEgRLINGS, KEVIN
Ng, Jens HERTKORN, JAN-NIKLAS ScHMIDT, RALF KLEMT, SEAN
GraHAM, Tim LANGEN, and TiLMAN Prau — 5. Physikalisches Insti-
tut and Center for Integrated Quantum Science and Technology IQST,
Universitat Stuttgart

We present the progress towards constructing a dipolar quantum gas
microscope. This new apparatus combines the long-range interactions
found in dipolar quantum gases with the single-site resolution of a
quantum gas microscope, allowing for detailed studies of quantum
phases in strongly correlated systems. Fermionic atoms trapped in
optical lattices can model the behaviour of electrons in complex solid
materials. By implementing a quantum gas microscope, microscopic
details such as site occupation and site correlations will be observable,
providing new insights into elusive quantum phases. We plan to do
this using dysprosium atoms trapped in an ultraviolet optical lattice
with a lattice spacing of about 180 nm. Combined with the long-range
dipole interaction, the short lattice spacing will significantly increase
the nearest-neighbour interaction strength to be on the order of 200 Hz
(10nK). This will allow us to study the regime of strongly interacting
dipolar Bose- and Fermi-Hubbard physics where even next-nearest-
neighbour interactions could be visible.

A 296 Thu16:30 P
Compact device for painting blue-detuned time-averaged op-
tical potentials for space application — eKa1r FryE!2, MaRr-
1Us GLAESER!, CHRISTIAN ScHUBERT 2, WALDEMAR HERR!2, ERNST
RaseL!, and BECCAL Tram!:2:3:4,5,6,7,8,9,10 __ 17 eibniz Univer-
sitdt Hannover — 2DLR-SI, Hannover — 3Universitat Ulm — 4FBH
Berlin — 5HU, Berlin — 8JGU, Mainz — 7ZARM, Universitiit Bre-
men — SDLR-QT, Ulm — 9DLR-SC, Braunschweig — 10Universitit
Hamburg

The Bose-Einstein and Cold Atom Laboratory (BECCAL) will be a
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multi-user and -purpose facility onboard the International Space Sta-
tion. It will provide ultacold ensembles of Rb and K atoms for ex-
periments on fundamental research and sensor applications. For this,
BECCAL will support the confinement of atoms in optical flat-bottom
traps of arbitrary shapes.

Here, we present a design of a compact and robust setup for cre-
ation of blue-detuned time-averaged optical potentials. We utilize a
dual-axis acousto-optical deflector and characterize the setup in terms
of efficient use of light power, light extinction in the center of the op-
tical trap and smoothness of the potential.

BECCAL is supported by the German Space Agency DLR with
funds provided by the Federal Ministry of Economics and Technology
(BMWi) under the grant numbers 50 WP 1431 and 1700. Funded by
the Deutsche Forschungsgemeinschaft (DFG, German Research Foun-
dation) under Germany*s Excellence Strategy * EXC-2123 Quantum-
Frontiers * 390837967.

A 29.7 Thu 16:30 P
Trapping Ions And Ion Coulomb Crystals In Optical Lat-
tices — eDaniEL Hoenig!, FABiaAN THIELEMANN!, JoacHiM WELzZ!,
WEer Wul, THoMAs WALKER!, LEoN KARPAZ, AMIR MOHAMMADI!,
and Tosias ScuaeTz! — !Albert-Ludwigs-Universitit, Freiburg,

Deutschland — 2Leibniz-Universitit, Hannover, Deutschland

Optically trapped ion Coulomb crystals are an interesting platform for
quantum simulations due to the long range of the Coulomb interaction
as well as the state dependence of the optical potential. Optical lat-
tices expand the possible application of this platform by trapping the
ions in seperate potential wells as well as giving optical confinement
along the axis of the beam. In the past we reported the succesfull
trapping of a single ion in a one dimensional optical lattice as well as
of ion coulomb crystals in a single beam optical dipole trap.

In this Poster, we present recent advancements in trapping of
Bal38+ ions in an one dimensional optical lattice at a wavelength
of 532nm and report the first successfull trapping of small ion coulomb
crystals (N < 3) in a lattice. We compare trapping results between the
lattice and a single-beam optical dipole trap and investigate the effect
of axial electric fields on the trapping probability of a single ion to
demonstrate the axial confinement of the ion by the lattice structure.
Additionally we show preliminary results on the measurement of the
vibrational modes of a single ion in the optical lattice.

A 29.8 Thu 16:30 P
Vortex motion quantifies strong dissipation in a holo-
graphic superfluid — PaurL WirtmeRD2, CHRISTIAN-MARCEL
ScuMIED? 3, e MARTIN ZBORON®, THOMAS GAsSENZER!D'23 | and CARLO
Ewgrz!2 — llnstitut fiir Theoretische Physik, Universitit Heidel-
berg, Philosophenweg 16, 69120 Heidelberg — 2ExtreMe Matter Insti-
tute EMMI, GSI Helmholtzzentrum fiir Schwerionenforschung, Planck-
strake 1, 64291 Darmstadt, Germany — SKirchhoff-Institut fiir Physik,
Universitat Heidelberg, Im Neuenheimer Feld 227, 69120 Heidelberg

Gauge-gravity duality establishes a connection between strongly corre-
lated quantum systems and higher-dimensional gravitational theories
at weak coupling. In general, finding the quantitative parameters of the
quantum system thus described is challenging. We numerically simu-
late dynamics of generic vortex configurations in the holographic su-
perfluid in two and in three spatial dimensions and match to these the
corresponding dynamics resulting from the dissipative Gross-Pitaevskii
equation. Excellent agreement between the vortex core profiles and
their trajectories in both frameworks is found, both in two and three
dimensions. Comparing our results to phenomenological equations for
point- and line-like vortices allows us to extract friction parameters of
the holographic superfluid. The parameter values suggest the applica-
bility of two-dimensional holographic vortex dynamics to strongly cou-
pled Bose gases or Helium at temperatures in the Kelvin range, effec-
tively enabling experimental tests of holographic far-from-equilibrium
dynamics.

A 299 Thu16:30 P
Accordion lattice set-up for trapping Dysprosium ultra-cold
gases in two dimensions — eVALENTINA SALAZAR SILvA, JIAN-
SHUN Gao, KARTHIK CHANDRASHEKARA, JOSCHKA SCHONER, CHRIS-
TIAN GOLZHAUSER, LENNART HOENEN, SHUWEI JIN, and LAURIANE
CHomaz — Physikalisches Institut, Ruprecht-Karls-Universitat Hei-
delberg, Im Neuenheimer Feld 226, 69120 Heidelberg, Germany

Ultracold quantum gases offer an excellent platform to study few- and
many-body quantum phenomena with a remarkable level of control.
At the new group of Quantum Fluids in Heidelberg we are designing
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a novel experimental set-up focused on highly magnetic dysprosium
atoms, with the aim to study the effect of competing long- and short-
range interactions at the many-body level and in lower dimensional
settings. With our unique combination of 2D and 3D magneto-optical
traps, magnetic field coils, and various optical traps, we intend to
achieve large quantum degenerate samples and to be able to adjust
their confinement geometry and their interaction properties at will.

In order to achieve a 2-dimensional sample in the main experimen-
tal chamber, we plan to implement a dynamical optical trap - the
accordion lattice. The interference pattern of two laser beams at a
shallow angle, theta, creates a spatially periodic potential. Varying
theta allows us to adjust both the fringe spacing and the confinement
strength in the modulated direction. This scheme makes it possible
to achieve a 2D regime with high efficiency and tuneability. At the
Erlangen 22 conference, I will present the design and implementation
of this accordion lattice.

A 29.10 Thu 16:30 P
Towards simulation of lattice gauge theories with ultra-
cold ytterbium atoms in hybrid optical potentials — eTim
OrLiver Hoenn'2| EtTienne Stausl2, GuiLLauMmE BRrocHIERDZ,
CLARA ZoE Bacuorz!?:3, Davib GROTERs!:2, BuarRaTH HEBBE
MaprHUsUDHANAL2, NELsoN DarRkwaH Opponcl2, and MONIKA
AELSBURGERY? — !Ludwig-Maximilians-Universitit Miinchen —
2Munich Center for Quantum Science and Technology, Miinchen —
3MPI fiir Quantenoptik, Garching

Gauge theories play a fundamental role for our understanding of na-
ture, ranging from high-energy to condensed matter physics. Their
formulation on a regularized periodic lattice geometry, so-called lat-
tice gauge theories (LGTs), has proven invaluable for theoretical stud-
ies. However, as numerical simulations are limited in their capability
to simulate, e.g., the real-time dynamics, there have been sustained
efforts to develop quantum simulators for LGTs. We report on our
recent progress on constructing a novel experimental platform for yt-
terbium atoms, which employs optical lattices and optical tweezers to
engineer and probe LGTs. In contrast to other experimental realiza-
tions, this approach allows for a robust and scalable implementation
of local gauge invariance. A central component enabling this favorable
property are optical tweezer potentials operated at the tune-out wave-
lengths for the ground and clock state of ytterbium. Notably, optical
potentials generated from light at these wavelengths could also find
applications for digital quantum computation. We present our efforts
towards precisely determining these wavelengths experimentally.

A 29.11 Thu 16:30 P
Investigating ultracold chemical processes with NaK
molecules — eJAKOB STALMANN, JuLAa SiMONE MoRicH, Kar Kon-
RAD VoGEs, and SILKE OSPELKAUS — Institute of Quantum Optics,
Leibniz University Hannover

Ultracold ground-state molecular quantum gases yield highly complex
and mostly unknown scattering behavior, ranging from the formation
of long-lived collisional complexes to subsequent chemical reactions,
photo-excitation or spontaneous spin relaxation.

Here, we present our approach for the detection of such quan-
tum chemical reaction pathways by state-selective product ionization
and VMI mass spectroscopy [1] with ultracold 23Na39K ground-state
molecules. The chemically stable, lightweight NaK molecule is ideally
suited for such investigations. Alongside deeper studies of ultracold
collisions and reaction pathways, this approach will allow us to de-
velop and implement new quantum control techniques for chemical
reactions.

[1] Phys. Chem. Chem. Phys., 2020,22, 4861-4874

A 29.12 Thu 16:30 P
A moveable tuneout optical dipole trap for ultracold ®Li in
a 133Cs BEC — eRoBERT FREUND, BINH TRAN, ELEONORA LIPPI,
MicHAEL RAUTENBERG, ToBias KroMm, MANUEL GERKEN, LAURI-
ANE CHOMAZ, and MATTHIAS WEIDEMULLER — Physikalisches Insti-
tut, Ruprecht Karls University of Heidelberg, Im Neuenheimer Feld
226, 69120 Heidelberg, Germany

The ultracold Bose-Fermi mixture of 133Cs and 6Li is an interesting
system which can be used to study different few- and many-body phe-
nomena. By immersing fermionic %Li impurities into a '33Cs Bose-
Einstein Condensate (BEC) the energy spectrum of quasiparticles
namely Bose polaron can be mapped out. The large mass imbalance
between Caesium and Lithium atoms is expected to give a signature
of 3-body Efimov effect in the polaron spectrum. In order to obtain a
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clear polaron signal the optimization of the overlap between the two
species in space and momentum is crucial. The Lithium is going to be
trapped in a tightly confined optical dipole trap with a beam waist of
around 10 pm to adapt to the size of the BEC. Moreover the trap is
translatable both to compensate for the gravitational sag due to the
large mass difference of the species and to store Lithium far away from
Caesium during the preparation and cooling procedures. The trap
runs at a tune-out wavelength of Caesium to reduce the influence of
the trap on the potential landscape of the BEC as much as possible.

A 29.13 Thu 16:30 P
Towards Quantum Simulation of Light-Matter Interfaces
with Strontium Atoms in Optical Lattices — eVALENTIN
KruseNERD'2, JAN TRAUTMANND2 DIMITRY YANKELEV!:2| ANNIE J.
Park!2, IMMANUEL BrLocu!:2:3, and SEBasTIAN BLarT!:?2 — IMPQ,
Hans-Kopfermann-Str. 1, 85748 Garching, Germany — 2MCQST,
Schellingstr. 4, 80799 Miinchen, Germany — 3LMU, Schellingstr. 4,
80799 Miinchen, Germany

In the last two decades, quantum simulators based on ultracold atoms
in optical lattices have successfully emulated strongly correlated con-
densed matter systems. With the recent development of quantum gas
microscopes, these quantum simulators can now control such systems
with single-site resolution. Within the same time period, atomic clocks
have also started to take advantage of optical lattices by trapping
alkaline-earth-metal atoms such as Sr, and interrogating them with
unprecedented precision and accuracy. Here, we report on progress
towards a new quantum simulator that combines quantum gas mi-
croscopy with optical lattice clock technology. We have developed in-
vacuum buildup cavities with large mode volumes that will be used to
overcome the limits to system sizes in quantum gas microscopes. In ad-
dition, we present precision spectroscopy of the ultra-narrow magnetic
quadrupole transition 'Sy — 3P in Sr, which enables spatially selective
addressing in an optical lattice. By combining these techniques with
state-dependent lattices, we aim to emulate strongly-coupled light-
matter-interfaces.

A 29.14 Thu 16:30 P
Magnetic-field-coils and 3D-MOT for novel dysprosium quan-
tum gas experiment — eJoscHKA SCHONER, LENNART HoOE-
NEN, JIANSHUN Gao, CHRISTIAN GOLZHAUSER, KARTHIK CHAN-
DRASHEKARA, VALENTINA SALAZAR SILVA, SHUWEI JIN, and LAURIANE
CHomaz — Physikalisches Institut, Heidelberg, Germany

Ultra-cold atoms are one of the major platforms to study novel
quantum phenomena due to their outstanding level of controllability.
Highly magnetic atoms like Dysprosium show a long-range, anisotropic
dipolar interaction, comparable in strength to the short-range contact
interaction. These interactions can be precisely tuned by controlling
the direction and strength of the applied magnetic fields.

At our new Quantum Fluids group in Heidelberg we aim to produce
ultracold quantum gases of Dy to study exotic physical phenomena
like supersolidity, topological ordering, and out-of-equilibrium physics
emerging from competing dipolar and contact interactions and restrict-
ing the system to 2D. Our novel experimental platform relies on trans-
ferring Dy atoms from a 2D- to a 3D-MOT before loading them into an
accordion lattice combined with an in-plane trap of tailorable geometry
and a highly controllable magnetic-field environment.

I will report on our 3D-MOT and coil setup. The latter is made
of 5 pairs of coils used to generate (1) gradient fields for the MOT,
(2) homogeneous magnetic fields at the required strengths and orien-
tations with fast response times. This is central to our quest to realize
the promise of the outstanding level of controllability of the ultra-cold
atom platform to investigate novel quantum phenomena.

A 29.15 Thu 16:30 P
Dipolar Supersolid States of Matter with Dysprosium —
eKEvVIN Nagl, JaN-NikLas ScumipT!, JENs HERTKORN!, MINGYANG
Guol, Sean Granam!, Paur UgrriNngs!, Rarr Kiemt!, Tim
LaANGEN!, MARTIN ZWIERLEINZ, and TiLmMAN Prau! — 15, Physikalis-
ches Institut and Center for Integrated Quantum Science and Tech-
nology, Universitdt Stuttgart — 2MIT-Harvard center for Ulatra-
cold Atoms, Research Laboratory of Electronics, and Department of
Physics, MIT
Ultracold dipolar gases are an established platform to realize exotic
states of matter due to the anisotropic and long-range dipolar interac-
tion between atoms. Recently, supersolid states of matter which have
both a superfluid nature and crystal-like periodic density modulation
have been realized with ultracold dysprosium.
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With a self-organized array of dipolar quantum droplets in one di-
mension, we demonstrate supersolidity of the droplet array from the
coherent nature of these droplets and have observed the low energy
goldstone mode that exists as a consequence of the systems superflu-
idity. We map out the elementary excitations of droplet arrays in one
and two dimensions and study in-situ the density fluctuations at the
superfluid-supersolid phase transition. A peak in the extracted static
structure factor identifies the transition region and allows us to connect
the crystallization mechanism of the droplet array to the emergence of
low-lying angular roton modes. Furthermore, we theoretically predict
supersolid phases beyond droplets in two dimensions at higher densi-
ties, where density saturation favours honeycomb and stripe phases.

A 29.16 Thu 16:30 P
Towards dark energy search using atom interferometry in mi-
crogravity — eMAGDALENA MissLiscH!, HOLGER AHLERSZ, MAIKE
LacaMaNN!, and ErnsT RaseL! — lInstitute of Quantum Optics,
Hanover, Germany — 2Deutsches Zentrum fiir Luft- und Raum-
fahrt e.V. (DLR) Institut fiir Satellitengeodésie und Inertialsensorik,
Hanover, Germany

Dark energy is estimated to represent around 70 % of the universe
energy budget, yet its nature remains unknown. A possible solution
for this problem is the proposed scalar chameleon field whose effects
are hidden from usual high density probe particles due to a screening
effect.

The project DESIRE (Dark energy search by atom interferometry
in the Einstein-Elevator) aims to detect chameleon dark energy by
atom interferometry in microgravity. In this experiment multi-loop in-
terferometry with Rb-87 Bose-Einstein condensates will be performed
to search for phase contributions induced by chameleon scalar fields
shaped by a changing mass density in their vicinity [1]. Atoms tra-
verse a periodic test mass designed in cooperation with the JPL while
accumulating the signal within a multi-loop interferometer over sev-
eral seconds. To reach these long interaction times the experiment will
be performed in microgravity in the Einstein-Elevator, an active drop
tower in Hanover.

[1] Sheng-wey Chiow und Nan Yu. "Multiloop atom interferom-
eter measurements of chameleon dark energy in microgravity" doi:
10.1103/PhysRevD.97.044043, 2018

A 29.17 Thu 16:30 P
Excitation Spectra of Homogeneous Ultracold Fermi Gases
— oRENE HENKE, HAuKE Biss, Nicras Luick, JoNnAs FALTINATH,
LENNART SoOBIREY, THOMAS LompPE, MARkUs BoHLEN, and HEN-
NING MoriTz — Institute of Laserphysics, University of Hamburg,
Luruper Chaussee 149, Gebdude 69, 22761 Hamburg, Germany

Understanding the origins of unconventional superconductivity has
been a major focus of condensed matter physics for many decades.
While many questions remain unanswered, experiments have found
that the systems with the highest critical temperatures tend to be
layered materials where superconductivity occurs in two-dimensional
(2D) structures. However, to what extent the remarkable stability of
these strongly correlated 2D superfluids is related to their reduced di-
mensionality is still an open question. In our experiment, we use dilute
gases of ultracold fermionic atoms as a model system to directly ob-
serve the influence of dimensionality on strongly interacting fermionic
superfluids. This poster presents our most recent work, where we mea-
sured the superfluid gap of a strongly correlated quasi-2D Fermi gas
over a wide range of interaction strengths and compares the results to
recent measurements in 3D Fermi gases as well as theoretical predic-
tions.

A 29.18 Thu 16:30 P
RF and MW coils for experimental quantum simulators —
eHUsEYIN YiLD1Z, ToBiAsS HAMMEL, MAXIMILIAN KAISER, KEERTHAN
SUBRAMANIAN, MATTHIAS WEIDEMULLER, and SELIM JOCHIM —
Physikalisches Institut, Universitédt Heidelberg, Im Neuenheimer Feld
226, 69120 Heidelberg (Germany)

To manipulate the spin degree of ultracold atoms we apply radio fre-
quency (RF) and microwave (MW) magnetic fields. In current experi-
ments it is challenging to realize magnetic field amplitudes that realize
sufficiently large Rabi frequencies. It is therefore a major challenge to
optimize magnetic field coil designs.

We present optimized and frequency-variable RF and MW coils for
the excitation of different states in the Paschen-Back regime of ul-
tracold Lithium-6 atoms and molecules. Fast and controlled changes
in resonance frequency of RF and MW coils enable more flexible se-
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quences and shorter sequence times.

A 29.19 Thu 16:30 P
A new apparatus for trapping single strontium atoms in ar-
rays of optical microtraps — ToBias KREE, eFELIX RONCHEN,
JoNas ScumiTz, and MicHAEL KOHL — Physikalisches Institut Bonn

We present the design and implementation of the vacuum system fea-
turing a custom designed titanium vacuum chamber with optical access
along six different axes. The apparatus offers space to incorporate two
high-NA objectives (NA > 0.65) to manipulate and read out atoms
cooled to the motional ground state. One of the two objectives is
characterized and currently being installed. In addition we describe
the sequence of cooling steps we implemented to rapidly cool thermal
Strontium atoms to microkelvin temperatures. To produce optical
dipole traps we set up and characterized a liquid-crystal based spatial
light modulator. We are able to produce highly uniform one-, two- and
three-dimensional geometries of hundreds of optical foci. The system
will be integrated into the main experiment in the upcoming months.
In the future the experiment will be used as a quantum simulator
profiting from the powerful combination of high imaging efficiency and
arbitrary arrangements of single atoms.

A 29.20 Thu 16:30 P
Quantum simulation of many-body non-equilibrium dynam-
ics in tilted 1D fermi-hubbard model. — eBuaraTH HEBBE
MapHUSUDHANAL2 SEBASTIAN ScHERG!2, THoMAS KOHLERT!Z,
IMMANUEL Brocu!:2, and MonNika AIDELSBURGER! — lLudwig-
Maximilians-Universitat Munchen, Germany — 2Max-Planck-Institut
fur Quantenoptik, Garching, Germany

Thermalization of isolated quantum many-body systems is deeply re-
lated to redistribution of quantum information in the system. There-
fore, a question of fundamental importance is when do quantum many-
body systems fail to thermalize, i.e., feature non-ergodicity. A useful
test-bed for the study of non-ergodicity is the tilted Fermi-Hubbard
model. Here we experimentally study non-ergodic behavior in this
model by tracking the evolution of an initial charge-density wave over
a wide range of parameters, where we find a remarkably long-lived
initial-state memory [1]. In the limit of large tilts, we identify the
microscopic processes which the observed dynamics arise from. These
processes constitute an effective Hamiltonian and we experimentally
show its validity [2]. We show that in these simulations, our experi-
ment surpasses the present-day computational limitation with Leyzp =
290 lattice sites and evolution times up to 700 tunneling times. We
use our experiment to benchmark a new efficient numerical technique
to solve for the dynamics of many-body systems [3].

[1.] Sebastian Scherg et al. Nature Communications 12 (1), 1-8 [2.]
Thomas Kohlert et al. arXiv:2106.15586 [3.] Bharath Hebbe Mad-
husudhana et. al. PRX Quantum 2, 040325.

A 29.21 Thu 16:30 P
Tunable Beyond-Ising Interactions in Tweezer Arrays by Ry-
dberg Dressing — LEA STEINERT, ePHILIP OSTERHOLZ, ARNO
TRrAUTMANN, and CHRISTIAN GRoOss — Physikalisches Institut, Eber-
hard Karls Universitdt Tiibingen, 72076 Tiibingen, Germany

We report on a new experimental platform leveraging the long coher-
ence times of a spin-1/2 encoded in the potassium-39 ground-state
manifold and the tunability and versatility of interactions between
atoms excited to Rydberg-states. We utilize an SLM to prepare an ar-
rangement of optical tweezers, each occupied by a single atom. By off-
resonantly coupling to the Rydberg manifold via a single photon tran-
sition, we are able to map tuneable angular- and distance-dependent
XYZ-type interactions onto the spin-1/2 system. This approach paves
the way not only to novel types of quantum magnets but together
with the fast cycling time of 71s it holds the promise to enable the
measurement of new entanglement witnessing observables.

A 29.22 Thu 16:30 P
Multiloop functional renormalization group study of the
Fermi polaron problem — eMARCEL GIEVERS — Max Planck In-
stitute for Quantum Optics, Garching, Germany

Imbalanced mixtures of strongly correlated fermions have been inves-
tigated both theoretically and experimentally for several decades. A
single impurity immersed in a Fermi gas is subject to a transition from
a bound molecule of two different fermion species to a so-called Fermi
polaron where the impurity forms a quasiparticle with the surrounding
fermions. We study the Fermi polaron problem theoretically in three
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dimensions in an experimentally more realistic setup where there is a
finite density of the impurity particles. For this, we apply multi-loop
functional renormalization group (mfRG) which is an extension of the
conventional functional renormalization group equivalent to the dia-

grammatic parquet formalism. With this elaborate numerical method,
we aim to provide more reliable theoretical predictions such as the
lifetime of the polaron.

A 30: Precision Measurements and Metrology Il (joint session Q/A)

Time: Thursday 16:30-18:30

A 30.1 Thu 16:30 P
Experimental and theoretical investigations for an all opti-
cal coherent quantum noise cancellation scheme — eBERND
ScruLTe!2, Jonas JUNKERDZ, MARIIA MATIUSHECHKINAL'Z3, Ro-
MAN Kossak!2, Nivep Jouny!:2, and MicuiLE Heurs!»2:3 — 1Max
Planck Institute for Gravitational Physics and Institute for Grav-
itational Physics, Hannover, Germany — 2Quantum Frontiers —
3PhoenixD

Optomechanical detectors can and have been used successfully for the
ultra-precise measurement of weak forces. The sensitivity of such de-
tectors is limited by the standard quantum limit (SQL) which is defined
by the shot noise of the probe beam and the quantum radiation pres-
sure back action noise. To surpass the SQL Tsang and Caves suggested
a scheme [1] with an anti-noise (ancilla cavity) path which is coupled
to the measurement device (meter cavity) to destructively interfere
the radiation pressure back action noise. In this scheme the anti-noise
path contains a two-mode squeezer and a beam splitter interaction. To
achieve perfect coherent quantum noise cancellation (CQNC), exact
matching of the respective coupling strengths is required. Addition-
ally, the linewidths of the ancilla cavity and mechanical oscillator needs
to be matched and the ancilla cavity needs to be sideband-resolved.
Our group has conducted a detailed analysis of the proposed method
under experimentally feasible conditions and has shown that even for
non-perfect matching one can surpass the SQL [2].

[1] M. Tsang and C. Caves, Phys. Rev. Lett. 105, 123601, (2010)

[2] M. H. Wimmer et al, Phys. Rev. A 89, 053836 (2014)

A 30.2 Thu 16:30 P
Towards magneto-optical trapping of Zinc eMARC
VOHRINGER CARRERA, DaviD ROSER, and SIMON STELLMER —
Physikalisches Institut, University of Bonn, Germany

In the pursuit of increasingly precise time and frequency standards,
optical lattice clocks belong to the prime candidates. Among the vari-
ous approaches and elements currently under investigation, it remains
unclear which element will eventually turn out to be the most suitable
for the numerous applications.

We investigate the element Zinc as a potential candidate for an op-
tical lattice clock. This study is motivated by various favorable prop-
erties of Zinc, including a very low sensitivity to black-body radiation
shifts [1]. Its core advantage however is the possible derivation of its
clock transition frequency as the fifth harmonic of 1547.5 nm [2], lying
in the telecom C-band, thus allowing convenient frequency transfer via
optical fibers.

To construct an optical lattice clock based on Zinc, many challenges
lie ahead. Ome of them is the construction of a 214 nm laser system
for the first cooling stage, as well as the implementation of a two-stage
MOT. We report on progress from the lab regarding these challenges.

[1] Dzuba et al., J. Phys. B 52, 215005 (2019)
[2] Biiki et al., Appl. Opt. 60, 9915-9918 (2021)

A 30.3 Thu 16:30 P
Current status of the AIt ion clock at PTB — eFaBian
DaweLb?, JouanNes KraMmer'2, Marexk B. Hip'2, STEVEN
A. Kive!2, Lupwic KrinNeErD2, LeENNART PELzERDZ, STEPHAN
Hannie?2, Kar Dierze!2, NicoLas SPETHMANN!, and PieT O.
ScumipT!2 — 1QUEST Institute for Experimental Quantum Metrol-
ogy, Physikalisch Technische Bundesanstalt, 38116 Braunschweig —
2Leibniz Universitit Hannover, 30167 Hannover

Since 1967 time is defined via a hyperfine transition in caesium-133.
Optical clocks offer advantages over microwave clocks in terms of sta-
tistical and systematic uncertainties. A particularly promising candi-
date is the 1Sy —3Pg transition of 27Alt. The advantageous atomic
properties resulting in small uncertainties in magnetic, electric and
black-body shifts. Here we report on the design and operation of the
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27Alt clock at PTB. In our clock implementation, Alt is co-trapped
with 49Cat in a linear Paul trap. The working principle of quan-
tum logic spectroscopy and a lifetime-limited excitation rabi cycle on
the AlT logic transition is demonstrated. We will present an evalua-
tion of systematic frequency shifts using the more sensitive Ca™t as a
proxy. All investigated shifts have an uncertainty below 10~1%. We
will show measurements of the ac-Zeeman shift of our trap and unveil
first measurements on the Al clock transition with a power-broadened
linewidth of 48 Hz.

A 30.4 Thu 16:30 P
Towards testing Local Lorentz Invariance in a Coulomb
crystal of 172Ybt ions — eKar C. GrEnNsEMANN', Cuiu-Han
Yen', LaAura S. Dreissen!, HEnning A. Forst!2, and Tansa E.
MEHLSTAUBLER D2 — ! Physikalisch-Technische Bundesanstalt, Bunde-
sallee 100, 38116 Braunschweig, Germany — 2Institut fiir Quantenop-
tik, Leibniz Universitat Hannover,Welfengarten 1, 30167 Hannover,
Germany

We report on our recent progress towards testing Local Lorentz In-
variance on a Coulomb crystal of 172Yb* ions. The F-state of 172Yb*t
is highly sensitive to low-energy Lorentz violation (LV) and the ion
offers excellent experimental controllability [1]. While the Earth ro-
tates, the quantization axis of our setup probes different directions in
space. Thus, a potential LV would manifest itself in a modulation of
the energy splitting between Zeeman sublevels throughout the sidereal
day. However, the octupole transition to the F-state strongly suffers
from a large AC-Stark shift of a few 100 Hz and a first order Zeeman
sensitivity [2]. Therefore, to achieve efficient excitation of all ions, spa-
tial homogeneity of the laser beam’s intensity and the magnetic field
is needed. We address these challenges with simulations and experi-
mentally, using ions as precise quantum sensors. In addition, we will
discuss robust dynamical decoupling schemes [3] that make the mea-
surement insensitive to slow magnetic field and intensity fluctuations.

[1] V.A. Dzuba et al., Nature Physics 12, 465-468 (2016). [2] H. A.
First et al., Phys. Rev. Lett. 125, 163001 (2020). [3] R. Shaniv et
al., Phys. Rev. Lett. 120, 103202 (2018).

A 30.5 Thu 16:30 P

Uncertainty Characterization of an Int Single Ion Clock
eMoriTz voN Borun!, HartmMuT NiMroD Hausser!,
TaBEA NoRDMANN', JaN KieTHE!, NisgaNT BuaTT!, JONAS
KeLLer!, OLec PrupNikov?, VaLEra 1. Yupin3, and Tania E.
MEeHLSTAUBLERY2 — 1Physikalisch-Technische Bundesanstalt, Braun-
schweig, Germany — 2Leibniz Universitat Hannover, Hannover, Ger-

many — SInstitute of Laser Physics SB RAS, Novosibirsk, Russia

Nowadays optical ion clocks achieve fractional frequency uncertainties
on the order of 1078 and below. Due to its low systematic shift sensi-
tivities, 115In" is a promising candidate to go beyond this uncertainty
level. Moreover, it has favorable properties for scaling to multiple clock
ions, such as a transition for direct state detection [1]. We present the
first clock operation in our setup using an 15In™ ion sympathetically
cooled by an 72Ybt ion in a linear Paul trap and its uncertainty
characterization at the 10=17 level.

The Int ion’s residual thermal motion causes a time dilation fre-
quency shift. A way to further decrease the resulting frequency uncer-
tainty is via a reduced final temperature of the cooling process. We
report on our progress towards direct laser cooling of indium. Indium
offers a narrow intercombination line 1Sy ¢ 3Py (y = 360kHz), en-
abling temperatures close to the motional ground state. Cooling on
this transition could sufficiently decrease the time dilation related fre-
quency uncertainty, to allow for overall systematic uncertainties at the
10719 level [2]. [1] N. Herschbach et al., Appl. Phys. B 107, 891-906
(2012). [2] J. Keller et al., PRA 99, 013405 (2019).

A 30.6 Thu 16:30 P

Characterization of a Laser System for a Rubidium Two-
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Photon Frequency Reference — eDANIEL EMANUEL KoHLZ,

JuLien Kruce!2, KLaus DoriNgsHOFF!2, and MarRkuUs KruTzik!:2
— nstitut f. Physik - Humboldt-Universitét zu Berlin — 2Ferdinand-
Braun-Institut gGmbH, Leibniz-Institut fiir Hochstfrequenztechnik

Global navigation satellite systems and deep space navigation require
precise clocks with stringent requirements on size, weight and power
budgets. Besides advanced RF clocks, optical clocks are envisioned
for application in next generation GNSS. Laser spectroscopy of atomic
vapor in conjunction with optical frequency combs may provide such
compact, high precision frequency standards with fractional instabili-
ties comparable to optical state-of-the-art GNSS systems.

Rubidium offers narrow linewidth two-photon transition at 778 nm
from 5S to 5D, which can be detected via monochromatic fluorescence
at 420 nm. In this poster, we present a two-photon Rubidium fre-
quency reference featuring an extended cavity diode laser applied to
a heated and magnetically shielded vapor cell. With this setup we
achieved a fractional frequency instability of 7 - 10713, Recent spec-
troscopy results will be presented as well as considerations for the most
suitable transition within the Manifold. We further report on details
of the lasers system including power stabilization and suppression of
residual amplitude modulation.

This work is supported by the German Space Agency (DLR) with
funds provided by the Federal Ministry of Economics and Technology
(BMWi) under grant number 50RK1971.

A 30.7 Thu 16:30 P
Frequency stability of a cryogenic silicon resonator with crys-
talline mirror coatings — eJiaLianc Yul!, Tuomas Lecero!,
Fritz RIeHLe!, DanieLe Nicoropi!, Sopuia HerBERrs!, CHUN
Yu Mal, Daruv Kepar2?, Eric OreLkier3, Jun YE2, and Uwe
STerr! — !Physikalisch-Technische Bundesanstalt (PTB), Braun-
schweig, Germany — 2JILA, National Institute of Standards and
Technology and University of Colorado, Boulder, Colorado, USA —
3University of Glasgow, UK

The state-of-the-art performance of ultra-stable lasers is limited by
various noise contributions like Brownian thermal noise of the optical
coatings. In our 21 cm long optical resonator at 124 K, made from
single-crystal silicon with low noise Alg.92Gag.0sAs/GaAs crystalline
mirror coatings, we have investigated a new type of noise associated
with the birefringence of these coatings.

To elucidate its nature we have expanded our set-up to lock two
independent laser frequencies to two polarization eigenmodes of the
resonator, separated by 200 kHz. The observed anti-correlated fluctu-
ations allowed us to cancel the birefringence noise by taking their mean,
resulting in an instability below 3.5 - 10717, We investigated spatial
noise correlations by observing the fluctuations of the difference fre-
quency between TEMgp and TEMp; modes, and find that local noise
like Brownian thermal noise of the coating is below 10~17, consistent
with previous estimates. However, there is significant excess noise;
most likely from the coating’s semiconducting properties.

A 30.8 Thu 16:30 P
PTB’s transportable AlT ion clock - concept and current
status — eCoONSTANTIN Nauk!, BenjamiN Krausl:2, STeEpHAN
Hannie?2) and PieT O. Scamipr!2:3 — 1Physikalisch-Technische
Bundesanstalt, 38116 Braunschweig, Germany — 2DLR-Institute for
Satellite Geodesy and Inertial Sensing, 30167 Hannover, Germany —
3Leibniz Universitit Hannover, Institut fiir Quantenoptik, 30167 Han-
nover, Germany

Optical atomic clocks provide significantly lower fractional systematic
and statistical frequency uncertainties compared to state-of-the-art mi-
crowave atomic clocks. A particularly promising candidate for high-
accuracy applications is 27Alt as its 1Sg — 3P transition is relatively
insensitive towards external electromagnetic fields, especially to black
body radiation. However, direct laser cooling of 27Al* is more than
challenging. Instead, the clock ion can be cooled sympathetically by a
co-trapped and well-controllable 4°Ca™ ion, which additionally allows
state detection of the Al* ion via quantum logic spectroscopy.
Besides its design, we present the current status of our transportable
ion quantum logic optical clock towards fractional frequency uncer-
tainties on the order of 10718 and review compact and robust bread-
boarding for UV laser systems.

A 30.9 Thu 16:30 P
Decreasing ion optical clock instability by multi-ion opera-
tion — eHarTMUT NiMroD Hausser!, TaBea NORDMANN!, JaN
1

KieTHE!, JoNas KELLER', NISHANT BHATT!, MORITZ VON BOEHN',
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and Tanja E. MEHLSTAUBLER!? — ! Physikalisch-Technische Bunde-
sanstalt, Braunschweig, Germany — 2Leibniz Universitit Hannover,
Hannover, Germany

The statistical uncertainty of single-ion clocks is fundamentally limited
by quantum projection noise which can be reduced by scaling up the
number of ions [1]. We are working on a demonstration of a multi-ion
clock using '5In% clock ions, sympathetically cooled by 172Yb™ in a
linear segmented Paul trap. This trap is optimized for multi-ion opera-
tion and offers e. g. low axial micromotion for spatially extended linear
Coulomb crystals and low heating rates [2]. We discuss sympathetic
cooling of mixed-species crystals and its dependence on the cooling
ion positions. To ensure reproducible conditions in the presence of de-
crystallizing background gas collisions, we experimentally implement
crystal ordering sequences and characterize their reliability. Chains up
to 10 In™ ions can be ordered with reliabilities >90%. We show multi-
ion spectroscopy results with a fixed crystal configuration, obtained by
conditionally triggering such sequences when required.

[1] N. Herschbach et al., Appl. Phys. B 107, 891-906 (2012)

[2] J. Keller et al., Phys. Rev. A 99, 013405 (2019)

A 30.10 Thu 16:30 P
Towards a miniaturized, all diode laser based strontium lat-
tice clock demonstrator — eCHRISTOPH PYRLIK'®, VLADIMIR
ScukoLntk®, RonaLp HorLzwarTe?, ROBERT JORDENS®, ENRICO
VoaT*, ANDREAS WIcHT®, MARKUS KRUTZIK!'®, and THE SOLIS1G
tEAMD:2:3:45 — 1nstitut fiir Physik, Humboldt-Universitét zu Berlin,
NewtonstraRe 15, 12489 Berlin — 2Menlo Systems GmbH, Bunsen-
str. 5, 82152 Martinsried — 3QUARTIQ GmbH, Rudower Chaussee
29, 12489 Berlin — 4Qubig GmbH, Balanstr. 57, 81541 Miinchen —
5Ferdinand Braun Institut gGmbH, Gustav-Kirchhoffstrake 4, 12489

Berlin

SOLIS1G is a joint project targeting to develop critical technologies for
future space-born optical lattice clocks and verify these by operating a
miniaturized, all diode laser based strontium lattice clock demonstra-
tor.

We will report on the current design of the SOLIS1G clock and give
an overview on the technological concepts to be developed towards
reducing the size, weight and power budget such as micro-integrated
laser and distribution modules, compact optical modulators, miniatur-
ized physics package and robust frequency combs.

This work is supported by the German Space Agency (DLR) with
funds provided by the Federal Ministry of Economics and Technology
(BMWi) under grant number DLR50WM2151 and DLR50RP2190B.

A 30.11 Thu 16:30 P
Active optical clocks: Towards continuous superradiance on
the clock transition of strontium — eSHENG ZHou, FRANCESCA
FamA, CaMiLA BELI Sitva, STEFAN ALARIC SCHAFFER, SHAYNE BEN-
NETTS, and FLORIAN ScHRECK — Institute of Physics, University of
Amsterdam

Active optical clocks based on superradiance have been proposed to di-
rectly obtain light with the stability of an atomic transition [1]. This
approach decouples clock performance from limitations in ultrastable
resonators, and could dramatically reduce limitations due to cavity
pulling and required averaging times.

Superradiant pulses have been experimentally demonstrated on the
1S0-3P0 'mHz’ transition of 87Sr [2]. However, continuous operation
is needed to achieve state-of-the-art performance.

‘We will describe a continuous superradiant laser using the mHz clock
transition of strontium. Our approach is based on loading a cold atomic
beam (3| of 3P0 excited atoms into a moving magic lattice propagat-
ing along the mode of a bow-tie cavity. In this way, large numbers
of atoms can be loaded along the cavity mode while maintaining low
atomic densities and long lifetimes [5]. Using the fluxes from [3] and
[4], an estimation of emitted powers of 0.3 pW for 87Sr and 9 pW for
88Sr should be possible with our setup.

[1] Meiser et al., PRL 102, 163601 (2009). [2] Norcia et al., Phys.
Rev. X, 8, 021036 (2018). [3] Chen et al., Phys. Rev. Applied 12,
044014, (2019). [4] Escudero et al., Phys. Rev. Research 3, 033159
(2021). [5] Cline et al., E08.09, DAMOP (2021).

A 30.12 Thu 16:30 P

Correlation spectroscopy on a 4%Cat two ion system for
optical atomic clocks — eKar DieTze!?2, Lubwic KRINNERDZ,
LENNART PeLzer'?, FaBiaN Dawgrr':2, Jounannes KraMmerb2,
Nicoras SpETHMANND2, and PieT O. Scamipth?2 — 'QUEST In-

stitute for Experimental Quantum Metrology, Physikalisch Technische
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Bundesanstalt, 38116 Braunschweig — 2Leibniz Universitiat Hannover,
30167 Hannover

Time and Frequency are the most accurately determined physical
quantities. Though for optical clocks based on trapped ions like 40Cat
the reachable statistical uncertainty is limited by the interrogation time
due to decoherence processes and a low signal-to-noise ratio (SNR).
Both can be significantly enhanced by employing correlated interroga-
tion techniques within a decoherence-free subspace (DFS) of multiple
ions. We utilize Bell-states of opposing magnetic quantum numbers
to create a two-particle state whose phase evolution is independent of
the ambient magnetic field. Using a pair of fully entangled ions the
SNR of this measurement technique can even surpass the standard-
quantum-limit (SQL). In our experiments, the correlation of both ions
within a Ramsey-interferometer is used to disseminate the differen-
tial phase evolution against our clock laser. We present measurements
showing the preparation of entangled and correlated two-ion states,
demonstrating the increased interrogation time as well as first results
showing the potential of the correlation spectroscopy used in an optical
atomic clock.

A 30.13 Thu 16:30 P
Proceedings on Ultrastable Cryogenic Cavities and Ring-
Cavities used as Spectral Pre-Filters — eEricH GUNTER LEO
Pare, Marc Kitzmann, and AcHiMm PETERS — Humboldt Univer-
sitdt zu Berlin, AG QOM, Newtonstr. 15, 12489 Berlin, Germany

Cryogenic Cavities: We present our new cryogenic sapphire cavities in
order to reach relative frequency stability of 10716 Hz/ VHz towards
a modern Michelson Morley experiment testing for possible Lorentz
violations.

Filter Cavity: We present our new triangular ring cavity used as a
spectral prefilter in double pass. We stabilize the cavity to a laser with
a piezo ring actuator while using the tilt lock method.

A 30.14 Thu 16:30 P
2D phase sensitivity beyond the shot-noise limit in an SU(1,1)
interferometer. — eIsmaiL Barakar!, KLaus MANTEL?, MAH-
MouD Karasu!, NorBERT LINDLEIN!, and Maria CHEKHOvAZ —
University of Erlangen-Nuremberg,Institut fiir Optik, Information
und Photonik, Staudtstrafe 7/B2 91058 Erlangen,Germany — 21Max-
Planck Institute for the Science of Light, Staudtstr. 2, Erlangen D-
91058, Germany

2D phase measurements are necessary for characterizing rough and
smooth surfaces. In classical interferometry, these measurements are
always bounded by the shot-noise limit (SNL). To overcome the SNL,
we use a wide-field SU(1,1) interferometer where spatially multimode
bright squeezed vacuum is sensing the phase. This non-linear interfer-
ometer promises to enhance the overall phase sensitivity in quantum
and optical metrology and in imaging. The 2D phase is extracted us-

ing the N-steps phase shifting interferometry algorithm. We compare
the obtained 2D phase values with the SNL and use the repeatability
as a measure of precision for the extracted phase maps. We also test
the 2D phase sensitivity by sensing the strain applied to an optical
surface.

A 30.15 Thu 16:30 P
Measuring small coefficients of thermal expansion with
Fabry-Perot resonators — eNINA MEYER, MARyAM GHAZI ZA-
HEDI, ToBiAs OHLENDORF, UWE STERR, and THOMAS LEGERO —
Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116 Braun-
schweig, Germany

Materials with small coefficients of thermal expansions (CTEs) are
needed for industrial and scientific applications as in extreme-
ultraviolet lithography, in telescopes or ultra-stable resonators [1].
Such materials, like Zerodur and Corning ULE glass, show a very small
CTE of about 1078 K—!, with zero crossing near room temperature.
CTE measurements based on two-beam Michelson interferometers for
measuring length have reached 1072 K~! uncertainties [2].

In this poster, we present a multiple-beam approach based on a Fabry-
Perot resonator, consisting of a test-material spacer and two opti-
cally contacted reflecting endcaps in a temperature-controlled vacuum
chamber. We discuss a refined uncertainty budget taking the temper-
ature homogeneity of the spacer and the impact of the CTE mismatch
between the end caps and the spacer into account [3]. This allows us
to determine the CTE with uncertainties in the range of 1072 K1
[1] F. Riehle, Meas. Sci. Technol. 9, 1042—1048 (1998).

[2] R. Schédel, Meas. Sci. Technol. 19, 084003 (2008).

[3] T. Legero et al., J. Opt. Soc. Am. B 27, 914-919 (2010).

A 30.16 Thu 16:30 P
Towards a continuous wave superradiant Calcium Laser —
eDaviD Nak and ANDREAS HEMMERICH — Institut fiir Laserphysik,
Universitdt Hamburg, Hamburg, Deutschland

Superradiant Lasers are suitable as narrow light sources with ultralow
bandwidth, as their emission frequency is only weakly dependent on an
eigenfrequency of the laser cavity. They can be used as a read-out tool
for precise optical atomic clocks. Currently, our experiment loads cold
Calcium-40 atoms from a magneto optical trap into a one-dimensional
optical lattice prepared inside a cavity. By incoherent population of
the metastable triplet state, pulsed superradiant emission on the in-
tercombination line was realized [1].

At present, the setup is being extended by an incoherent repumping
mechanism, which will allow continuous wave operation.

[1] T. Laske, H. Winter, and A. Hemmerich, Pulse Delay Time Statis-
tics in a Superradiant Laser with Calcium Atoms, Phys. Rev. Lett.
123, 103601 (2019).

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

Time: Friday 10:30-12:15

Invited Talk A 31.1 Fri10:30 A-H1
Cavity-enhanced optical lattices for scaling neutral atom
quantum technologies eJaN TrauTMANND2, ANNIE J.
Park!2, VALENTIN KLUSENERY'2, DIMITRY YANKELEV!2, IMMANUEL
Brocu'?:3, and SeEBasTiaAN Brarr!? — IMPQ, 85748 Garching,
Germany — 2MCQST, 80799 Miinchen, Germany — 3LMU, 80799
Miinchen, Germany

We present a solution to scale up optical lattice experiments with ul-
tracold atoms by an order of magnitude compared to the state-of-the-
art. We utilize power enhancement in optical cavities to create two-
dimensional optical lattices with large mode waists using low input
power. We test our system using high-resolution clock spectroscopy
on ultracold Strontium atoms trapped in the lattice. The observed
spectral features can be used to locally measure the lattice potential
envelope and the sample temperature with a spatial resolution limited
only by the optical resolution of the imaging system. The measured
lattice mode waist is 489(8) um and the trap lifetime is 59(2) s. We ob-
serve a long-term stable lattice frequency and trap depth on the MHz
level and the 0.1% level. Our results demonstrate that large, deep, and
stable two-dimensional cavity-enhanced lattices can be created at any
wavelength and can be used to scale up neutral-atom-based quantum
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simulators, quantum computers, sensors, and optical lattice clocks.

[1] A. J. Park, J. Trautmann, N. Santi¢, V. Kliisener, A. Heinz,
I.Bloch, and S. Blatt. Cavity-enhanced optical lattices for scaling neu-
tral atom quantum technologies, arXiv:2110.08073, (2021).

A 31.2 Fri11:00 A-H1
Ionic Polarons in a Bose-Einstein condensate — eLuis ARDILA
— Institut fiir Theoretische Physik, Leibniz Universitat Hannover,
Germany

The versatility and control of ultracold quantum gases opened up a
plethora of theoretical predictions on polaronic physics using ultra-
cold quantum gases, resulting in several experimental realizations. In
his talk, we will discuss ionic polarons created as a result of charged
particles interacting with a Bose-Einstein condensate. Here we show
that even in a comparatively simple setup consisting of a charged im-
purity in a weakly interacting bosonic medium with tunable atom-ion
scattering length, the competition of length scales gives rise to a highly
correlated mesoscopic state. Using quantum Monte Carlo simulations,
we unravel its vastly different polaronic properties compared to neutral
quantum impurities. Moreover, we identify a transition between the
regime amenable to conventional perturbative treatment in the limit
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of weak atom-ion interactions and a many-body bound state with van-
ishing quasi-particle residue composed of hundreds of atoms. Recent
experiments on ionic impurities in quantum gases are promising plat-
forms to study ionic polarons. Our work paves the way to understand
how ions coupled a quantum gas which may be important for future
applications in quantum technologies.

A 31.3 Frill:15 A-H1

An Artificial Bosonic Atom in One Spatial Dimension —

eFABIAN BrauNEkis!, TiMoTHY BACKERT!, SIMEON MISTAKIDISZ,
Miknail Lemesnko®, Hans-WErRNER Hammerb and ARTEM
VoLosNIEVS — 1Technische Universitit Darmstadt, Department of

Physics, Institut fiir Kernphysik, 64289 Darmstadt, Germany —
2ITAMP, Center for Astrophysics | Harvard & Smithsonian, Cam-
bridge, MA 02138 USA — 3Institute of Science and Technology Aus-
tria, Am Campus 1, 3400 Klosterneuburg, Austria — *ExtreMe Matter
Institute EMMI and Helmholtz Forschungsakademie Hessen fiir FAIR
(HFHF), GSI Helmholtzzentrum fiir Schwerionenforschung GmbH,
64291 Darmstadt, Germany

We study an analogue of an atom realized by a one-dimensional Bose
gas. Repelling bosons (“electrons”) are attracted to an impurity, the
“nucleus”. The interplay between the attractive impurity-boson and
repulsive boson-boson interaction leads to a crossover between differ-
ent states of the system when the parameters are varied. For a non-
interacting Bose gas, an arbitrary number of bosons can be bound to
the impurity. In contrast, if they are impenetrable, the bosons fermion-
ize and only one boson is bound. This observation implies that there
is a critical number of bosons that can be bound to the impurity for
finite values of the boson-boson interaction strength. We discuss the
three resulting states of the system - bound, transition and scattering
- within the mean-field approximation. In particular, we calculate the
critical particle number supporting a bound state. To validate our
mean-field results, we use the flow equation approach.

A 314 Fri11:30 A-H1
Pattern formation and symmetry breaking in a periodically
driven 2D BEC — eNikorAs LIEBSTER, CELIA VIERMANN, MAuU-
RrRUs HaNs, MARIUS SPARN, ELINOR KaTH, HELMUT STROBEL, and
Markus OBERTHALER — Kirchhoff Institut fiir Physik, Heidelberg,
Deutschland

Dynamical pattern formation is a ubiquitous phenomenon in nature,
and has relevance in many fields in physics. The emergence of these
patterns, as well as how symmetries are broken, remains an open field
of research in quantum physical systems. By periodically driving the
scattering length in a 2D potassium-39 Bose-Einstein condensate, we
use parametric resonance to non-linearly populate specific momentum
modes of trapped condensates. We show the emergence of randomly
oriented standing waves with D4 symmetry and investigate these struc-

tures in real and momentum space, showing the growth of both primary
and secondary momentum modes. Finally, we investigate the effects of
trapping geometries on the formation of patterns on the condensate.

A 31.5 Frill:45 A-H1
Quantum gas magnifier for sub-lattice-resolved imaging of 3D
quantum systems — Luca AsTERIA, HENRIK P. ZAHN, e MARCEL
N. Kosch, KrLaus SeEnagstock, and CHRIsSTOF WEITENBERG — Uni-
versitdt Hamburg, Hamburg, Deutschland
Imaging is central for gaining microscopic insight into physical sys-
tems, but direct imaging of ultracold atoms in optical lattices as mod-
ern quantum simulation platform suffers from the diffraction limit as
well as high optical density and small depth of focus. We introduce
a novel approach to imaging of quantum many-body systems using
matter wave optics to magnify the density distribution prior to optical
imaging, allowing sub-lattice spacing resolution in three-dimensional
systems. Combining the site-resolved imaging with magnetic resonance
techniques for local addressing of individual lattice sites, we demon-
strate full accessibility to local information and local manipulation in
three-dimensional optical lattice systems. The method opens the path
for spatially resolved studies of new quantum many-body regimes in-
cluding exotic lattice geometries.

A 31.6 Fri 12:00 A-H1
Resetting many-body quantum systems — eGABRIELE PER-
FETTO, FEDERICO CAROLLO, MATTEO MAGONI, and IGor
Lesanovsky — Institut fiir Theoretische Physik, Universitat Tiibin-
gen, Auf der Morgenstelle 14, 72076 Tibingen, Germany

We consider closed quantum many-body systems subject to stochastic
resetting. This means that their unitary time evolution is interrupted
by resets at randomly selected times. The study of the non-equilibrium
stationary state that emerges from the combination of stochastic reset-
ting and coherent quantum dynamics has recently raised significant in-
terest. The connection between this non-equilibrium stationary state,
an effective open dynamics and non-equilibrium signatures of quantum
phase transitions is, however, not fully understood.

In the talk we provide a unified understanding of these phenomena
by combining techniques from quantum quenches in closed systems
and semi-Markov processes. We discuss as an application the paradig-
matic quantum Ising chain. We show that signatures of its ground-
state quantum phase transition are visible in the steady state of the
reset dynamics as a sharp crossover.

Our findings show that stochastic resetting can be exploited to gen-
erate many-body quantum stationary states where incoherent effects,
such as heating, can be hindered. These stationary states can be then
used in quantum simulator platforms for sensing applications.

[1] G.Perfetto et al., Phys. Rev. B 104, L180302 (2021)

A 32: Precision spectroscopy of atoms and ions IV (joint session A/Q)

Time: Friday 10:30-12:00

Invited Talk A 32.1 Fri 10:30 A-H2
High-resolution DR spectroscopy with slow cooled Be-like
Pb78* jons in the CRYRING@ESR storage ring — eSEBASTIAN
Fucus??, CarsTEN Branpaul3, Estuer Menz®%5 MICHAEL
LESTINSKY®, ALEXANDER Borovik Jr!, YANNING ZHANG®, ZoRAN
AnDpELKOVIC®, FRANK HERFURTH?, CHRISTOPHOR KOZHUHAROVS,
CraubpE KranTz3, Uwe SPILLMANN®, MARKUs STECk®, GLEB
VoroBYEV3, REciNa HEess®, VoLkEr HANNEN?, DaRiusz BanasS,
MicuaEL FocLr?, StepHAN FriTzscne®®, Eva LinproTu!?, Xin-
weN Ma!l, ArLrrep MULLER!, RemsOLD ScuucH!?, ANDREY
SurzHYKOV12:13  MARTINO TRASSINELLI'®, THOMAS STOHLKERS45,
ZoLTAN HARMAN'® and STeraN ScHippERs!?2 — 1JLU GieRen —
2HFHF Campus Giefen — 3GSI — 4HI Jena — 5FSU Jena — 6Xi’an
Jiaotong University — "WWU Miinster — 3JKU Kielce — 9 Auburn
University — '9Stockholm University — ' IMPCAS Lanzhou — 2TU
Braunschweig — 13PTB — 4 UPMC Paris — 1°MPIK

Dielectronic recombination (DR) collision spectroscopy is a very suc-
cessful tool for studying the properties of ions. Due to its versatil-
ity and the high experimental precision, DR spectroscopy plays an
important role in the physics program of the SPARC collaboration.
CRYRINGQ@ESR is particularly attractive for DR studies, since its
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electron cooler provides an ultra-cold electron beam promising high-
est experimental resolving power. Here, we report on the first DR
experiment with highly charged ions in the heavy-ion storage ring
CRYRING@ESR of the international FAIR facility in Darmstadt. The
recent results are well in accord with our expectations and the theory.

A 32.2 Fri1l:00 A-H2
Theory of the 3He'™ magnetic moments and hyperfine split-
ting — eBAsSTIAN SIKORA, ZOLTAN HARMAN, NaraLiA S. ORE-
SHKINA, Icor VaLUuEv, and CHristopH H. KeITEL — Max-Planck-
Institut fiir Kernphysik, Heidelberg, Germany

In an external magnetic field, the ground state of the 3He™ ion is split
into four sublevels due to hyperfine and Zeeman effect. The bound
electron’s g-factor, the ground-state hyperfine splitting as well as the
shielded magnetic moment of the nucleus can be determined by mea-
surements of transition frequencies between these sublevels [1,2].

‘We present the theoretical calculation of the nuclear shielding con-
stant, the ground-state hyperfine splitting and the bound-electron g-
factor. The nuclear shielding constant is required to extract the mag-
netic moment of the bare nucleus with unprecedented precision, en-
abling new applications in magnetometry. Furthermore, one can ex-
tract the nuclear Zemach radius from the experimental hyperfine split-
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ting value. The theoretical uncertainty of the bound-electron g-factor
is dominated by the uncertainty of the fine-structure constant, allowing
in principle an independent determination of « in future.

[1] A. Mooser et al., J. Phys.: Conf. Ser. 1138:012004 (2018)

[2] A. Schneider et al., submitted (2021)

A 32.3 Fri11:15 A-H2
Path integral formalism of Dirac propagators for atomic
physics — eSREYA BANERJEE and ZoLTAN HARMAN — Max-Planck-
Institut fir Kernphysik, Saupfercheckweg 1, 69117 Heidelberg, Ger-
many

The very basic building blocks of perturbative calculations in atomic
structure and collision theory are Green’s functions. We extend this
study of Green’s functions, in the nonperturbative regime, using Feyn-
man’s path integral approach. As a first step, we derive the free Dirac
propagator followed by the derivation of the Dirac-Coulomb Green’s
function (DCGF) in spherical coordinates, using this formalism.

For the free relativistic Dirac particle, the effective Hamiltonian for
the iterated Dirac equation is constructed. The corresponding Green’s
function is expanded into partial waves in spherical coordinates. The
radial part of this Green’s function is then converted into a path in-
tegral, through reparametrisation of the paths by local time rescaling,
followed by a one-to-one mapping of the radial variable with the local
time parameter. This yields a closed form of the Green’s function.
Following the same procedure, the DCGF is diagonalised in Bieden-
harn’s basis into a radial path integral, the effective action of which
is similar to that of the non-relativistic hydrogen atom. We convert
the radial path integral from Coulomb type to that of an isotropic
harmonic oscillator through coordinate transformation along with lo-
cal time rescaling. As such, an explicit path integral representation of
the DCGEF is obtained, along with the energy spectrum of the bound
states.

A 324 Fri11:30 A-H2

Progress of the Laser Resonance Chromatography project
— eEunKanc Kim!'2, ErLisaBeTH Rickgerrb?3, ErLisa RoMERO
RoMmER'23 HARRY RAMANANTOANINA''2, MicHAEL Brock!:2:3,
MustapHA Laatiaouil2, and PuiLipp Sikoral — !Department

Chemie, Johannes Gutenberg-Universitiat, Fritz-Strassmann Weg 2,

55128 Mainz, Germany — 2Helmholtz-Institut Mainz, Staudingerweg
18, 55128 Mainz, Germany — 3GSI, Planckstrafie 1, 64291 Darmstadst,
Germany

Optical spectroscopy of superheavy elements is experimentally chal-
lenging as their production yields are low, half-lives are very short,
and their atomic structure is barely known. Conventional spectroscopy
techniques such as fluorescence spectroscopy are no longer suitable
since they lack the sensitivity required in the superheavy element re-
search. A new technique called Laser Resonance Chromatography
(LRC) could provide sufficient sensitivity to study super-heavy ions
and overcome difficulties associated with other methods. In this con-
tribution, I will explain the LRC technique and the progress that we
made towards LRC experiments. This work is supported by the Euro-
pean Research Council (ERC) (Grant Agreement No. 819957).

A 32.5 Fril1l:45 A-H2
CREMA-Measuring the Ground State Hyperfine splitting of
Muonic Hydrogen — eSipDDHARTH RAaJAMOHANAN!, AHMED OUF!,
and RanporLr Ponr? — 'QUANTUM, Institut fiir Physik & Exzel-
lenzcluster PRISMA,Johannes Gutenberg Universitdt Mainz, 55099
Mainz, Germany — 2Institut fiir Physik, QUANTUM und Exzel-
lenzcluster PRISM A+, Johannes Gutenberg-Universitat Mainz,55099
Mainz, Germany

Precision measurements on atoms and ions are a powerful tool for test-
ing bound-state QED theory and the Standard Model [1|. Experiments
done in the last decade by the CREMA collaboration on muonic Hy-
drogen and Helium have given a more accurate understanding of the
lightest nuclei charge radius [2,3]. Our present experiment aims at a
measurement of ground state Hyperfine Splitting in muonic hydrogen
up to a relative accuracy of 1 ppm using pulsed laser spectroscopy.
This allows us to determine the Zemach radius, which encodes the
magnetic properties of the proton. A unique laser system, multi-pass
cavity, and scintillation detection system are necessary for the experi-
ment. We report the current status of our experiment and the recent
developments.

[1] M. S. Safronova, D. Budker, D. DeMille, Derek F. Jackson Kim-
ball, A. Derevianko, and Charles W. Clark, Rev. Mod. Phys. 90,
025008 (2018) [2] R. Pohl et al., Nature 466, 213 (2010) [3] A. An-
tognini, et al., Science, Vol. 339, 2013, pp. 417-420

A 33: Rydberg Systems (joint session Q/A)

Time: Friday 10:30-11:45

A 33.1 Fri10:30 Q-H14
Trapped Rydberg Ions in Motional States for Quantum Com-
putation and Sensing — eJonas VoGEL!, ALEXANDER SCHULZE-
Makucu!, MARIE NIEDERLANDER!, BasTieN GrrLy2, AREZOO
MoxkHBERI', and FERDINAND ScHMIDT-KALER!3 — 1QUANTUM,
Institut fiir Physik, Universitdt Mainz, D-55128 Mainz, Germany
— 2ENS Paris-Saclay, 91190 Gif-sur-Yvette, France — 3Helmholtz-
Institut Mainz, D-55128 Mainz, Germany

Cold and controlled atoms and ions are currently of great interest
for applications in quantum information processing, simulation and
sensing. Excitation of trapped ions to their Rydberg states offers a
unique opportunity for combining advantages of precisely controllable
trapped-ion qubits with long-range and tunable Rydberg interactions
[1]. Intrinsically large polarizabilities of Rydberg states result in en-
hanced electric field sensitivity to generate entanglement in sub-us
timescales [2]. Here, we present two-photon spectroscopy on high ly-
ing Rydberg states of 4°Ca™ ions for precise determination of the se-
cond ionization energy as well as principal quantum number scaling for
blackbody induced ionization and depopulation rates [3]. We introduce
a model to simulate the transition lineshape and study phonon num-
ber induced frequency shifts. Finally, we excite large coherent states
of motion to extract the Rydberg state polarizability, a prerequisite
for using Rydberg ions as electric field sensors.

[1] Mokhberi et al., Adv. At., Mol., Opt. Phys. Ch.4, 69 (2020)

[2] Vogel et al., Phys. Rev. Lett. 123, 153603 (2019)

[3] Andrijauskas et al., Phys. Rev. Lett. 127, 203001 (2021)

A 33.2 Fri10:45 Q-H14
Structure and dynamics of cesium long-range Rydberg
molecules — eMIicHAEL PEPER, ALI-DzHAN ALI, MARTIN TRAUT-
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MANN, and JOHANNES DEIGLMAYR — Leipzig University, Department
of Physics and Geosciences, 04103 Leipzig, Germany

Long-range Rydberg molecules (LRMs) are exotic bound states of a
Rydberg atom and a ground-state atom within its orbit. Because their
structure is very sensitive to the elastic electron—ground-state-atom
scattering phase shifts, precision measurements and accurate theoreti-
cal modelling may provide a unique possibility to test quantum scatter-
ing theories for such systems at extremely low collision energies [1]. A
detailed understanding of the structure of LRMs is also a prerequisite
for the proposed creation of ultracold neutral plasmas with equal-mass
charges via photoassociation (PA) and stimulated charge-transfer of
LRMs [2,3].

In this talk I will present recent results on the modelling of exper-
imental PA spectra using an accurate Hamiltonian [4] and optimized
scattering phase shifts. I will discuss in detail the characterization of
molecular decay processes and the role of Stark-facilitated excitation
of Rydberg atoms at molecular PA resonances.

[1] M. Peper, J. Deiglmayr, Phys. Rev. Lett. 126, 013001 (2021) [2]
M. Peper, J. Deiglmayr, J. Phys. B 53, 064001 (2020) [3] F. Hummel
et al., New J. Phys. 22, 063060 (2020) [4] M. Eiles, C. Greene, Phys.
Rev. A 95, 042515 (2017)

A 33.3 Fri11:00 Q-H14
Hamiltonian Engineering of a many-body Rydberg-spin
system — oSEBASTIAN CEIER!, NITHIWADEE THAICHAROEN!:2,
CLEMENT Hainaurh3, Trrus Franz!, ANDRE SALzINGER!, AN-
NikA TEBBEN!, DaviD GRIMSHANDL!, GERHARD ZURN!, MATTHIAS
WEIDEMULLERY, PascaL Scrorr?, HannaH J. WiLLiams?, GuiL-
LAUME BorNET?, Loic HENRIET®, ADRIEN SIGNOLES®?, FLORIAN

WALLNER?, DANIEL BARREDO?, THIERRY LAHAYE?, and ANTOINE
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BrowaEYys* — !Physikalisches Institut, Universitit Heidelberg, Im

Neuenheimer Feld 226, 69120 Heidelberg, Germany — 2Physikalisches
Institut, Im Neuenheimer Feld 226 — 3Université Lille, CNRS, UMR
8523 -PhLLAM- Physique des Lasers, Atomes et Molécules, Lille, France
— “Université Paris-Saclay, Institut d’Optique Graduate School,
CNRS, Laboratoire Charles Fabry, 91127 Palaiseau Cedex, France —
5Pasqal, 2 avenue Augustin Fresnel, 91120 Palaiseau, France

Using time-periodic driving, we present how a naturally given many-
body Hamiltonian of a quantum system can be transformed into an ef-
fective target Hamiltonian. We demonstrate such Floquet engineering
with a Rydberg-spin system in different spatial geometries. Applying a
sequence of spin manipulations, we change the interaction parameters
of the effective XYZ Hamiltonian. In a 3D disordered configuration
with hundreds of spins, we explore the conservation laws associated to
engineered symmetries. In complementary experiments, we apply the
engineering to a 1D array of ordered atoms and benchmark the tech-
nique for the case of two atoms. Furthermore, we explore the transport
behavior of a domain wall state for tunable XXZ Hamiltonians.

A 33.4 Frill:15 Q-H14
Controlled Dephasing and Unequal Time Correlations in Ry-
dberg Qubits — eANDRE SaLziNGER!, KEvIN T. Grier?3, TrTus
Franz!, SEBASTIAN GEIER!, NITHIWADEE THAICHAROEN?, ANNIKA
TeBBEN!, CLEMENT HAINAUT?, ROBERT OTT?, MARTIN GARTTNER!,
GERHARD ZURN!, PuiLipp HAUkEe?, and MarTHiAS WEIDEMULLER!
— 1Physikalisches Institut Heidelberg — 2University of Trento —
3Institut fiir Theoretische Physik Heidelberg — #Chiang Mai Univer-
sity — SUniversité Lille
Engineering open system dynamics relies on restricted degrees of free-
dom of a larger system. Equivalently, master equations can be derived
by averaging over realisations of stochastic processes. We present ex-
perimental results for qubit rotations subjected to random phase walks,
which are sampled from 1D Brownian motion. The observed realisa-
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tion average follows a Lindblad description with decay parameter ~
given by the variance of sampled phase walks. We use this controlled
dephasing in a linear-response scheme to extract the unequal-time an-
ticommutator in an ensemble of driven two-level systems by coupling
to an ancilla level. This acts as a first benchmark for future measure-
ments in many-body systems far from equilibrium, where unequal-time
commutator and anticommutor probe fluctuation-dissipation relations.

A 33,5 Fri11:30 Q-H14

Quantum transport enabled by non-adiabatic transitions
— AJsTH RAMACHANDRAN!, ALEXANDER EISFELD?, eSEBASTIAN
WusTER!, and JAN-MicHAEL RosT? — lIndian Institute of Science
Education and Research, Bhopal — 2Max Planck Institute for the

Physics of Complex Systems, Dresden

Quantum transport of charge or energy in networks with discrete sites
is a core feature of diverse prospective quantum technologies, from
molecular electronics over excited atoms to photonic metamaterials.
In many of these examples, transport can be affected by motion of the
sites or coupling to phonons.

The Born-Oppenheimer surfaces of the hybrid Rydberg chain with
side-unit (Fano-Anderson chain), are shown to inherit characteristics
from both constituents: A dense exciton band from the regular chain
with added avoided crossings or conical intersections. Using time de-
pendent quantum wave packets, we demonstrate that these features
enable a setting in which only a mobile, symmetric side unit permits
quantum transport on the regular chain, while transport is blocked
without motion or for a distorted side unit [1]. This provides an exam-
ple for functional synthetic Born-Oppenheimer surfaces with possible
uses for temperature sensing in molecular electronics, through the sen-
sitive linkage between molecular motion and quantum transport [2].

[1] A. Ramachandran, A. Eisfeld, S. Wiister, J. M. Rost; ArXiv
(2022).

[2] A. Ramachandran, M. Genkin, A. Sharma, A. Eisfeld, S. Wiister,
J. M. Rost; PRA 104 (2021) 042219.



