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MO 12.1 Tue 14:00 Tent
Dephasing of Rydberg excitations in optical traps — eSiMoON
ScHroOERs!, Lukas AHHLHEIT!, DANIIL Svirskiy!, NINA STiESDALL,

Jan pE Haan?!, Crris N1LL2, Icor LEsaNovsky2, WoLFgaNg Art!
b b b b

and SEBASTIAN HOFFERBERTH! — !Institut fiir Angewandte Physik,
Universitit Bonn — 2Institut fiir Theoretische Physik, Universitit
Tibingen

Collective Rydberg-excitations of N atoms by a single photon offer a
distinct platform for strong light-matter interaction, due to the en-
hanced coupling by v/N. This allows for instance the creation of Ry-
dberg superatoms, namely an atom cloud smaller than the Rydberg-
blockade-volume acting as an effective two level-system strongly cou-
pled to a few-photon driving field.

On this poster we show recent experimental results of how we imple-
ment a so-called magic wavelength trap for ground state and Rydberg
atoms. The magic trap equalizes the AC Stark shifts for both states,
thereby enhancing the ground-to-Rydberg state coherence time. Us-
ing photon-storage measurements we demonstrate that the optimal
wavelength for such a trap depends on the trap’s geometry, as the
almost-free Rydberg electron samples different regions of the trap.

We also show an investigation of Rabi oscillation dephasing between
the ground and a collectively excited state of a superatom. Comparing
simulations and experimental data we demonstrate that the frequency
noise of the excitation lasers plays a significant role in the dephasing
and identify the noise regimes that are most crucial for such dephasing.

MO 12.2 Tue 14:00 Tent
Chiral Van der Waals interactions between Rydberg atoms
— oFABIAN SPALLEK', STEFAN AuLL!, STEFFEN M. GiEssEn?, KiL-
1AN SINGER!, ROBERT BERGERZ, AKBAR SALAM®, and STEFAN Y OSHI
Bunmann! — 1University Kassel, Germany — 2Phillips-University
Marburg, Germany — 3Wake Forest University, USA

We study the Van der Waals potential between two atoms prepared
in chiral superpositions of electronic Rydberg states. By harnessing
external electric and magnetic fields, one can induce chiral asymmetry
in the Rydberg states, which in turn gives rise to a chiral component in
the near-field Van der Waals potential. This chiral component emerges
from the interplay of electric and magnetic dipole-dipole interactions
and contributes to the overall Van der Waals potential in addition to
the conventional electric dispersion interaction. We derive effective
potentials by performing various orientational averages and identify
specific chiral Rydberg states that significantly enhance chiral the dis-
criminatory component. These states offer a promising platform for
realizing strong chiral interactions between Rydberg atoms, potentially
enabling novel applications in quantum control and sensing.

MO 12.3 Tue 14:00 Tent
Machine learning optimized time-averaged potentials — eMax
ScHLOSINGER!, OLIVER ANTON!, VicToria HeNDERsoND3,| ELisa
Da Ros!, Mustara GONDOGAN', SimoN KaNTHAK!, and MARKUS
KruTtzik'? — 'Humboldt-Universitét zu Berlin, Institut fiir Physik,
Newtonstrafe 15, 12489 Berlin, Germany — 2Ferdinand-Braun-
Institut (FBH), Gustav-Kirchhoff-Strake 4, 12489 Berlin — 3now:
RAL Space, Fermi Ave, Harwell, Didcot OX11 0QX, United Kingdom

Time-averaged potentials (TAPs) are a versatile tool for the generation
and manipulation of ultracold atom clouds. Using a CCD-based setup
to characterize a 2D acousto-optic deflector (2D-AOD) system, we im-
plement and test machine learning routines to optimize 2D geometries,
such as harmonic potentials. This approach allows us to compare dif-
ferent methods, evaluate metrics like homogeneity, and improve the
predictability of the resulting potentials.

By employing optimization algorithms such as CMA-ES and various
Bayesian optimizers, we compare their performance in terms of speed
and efficiency. Additionally, we plan to implement an active learn-
ing optimizer to minimize the number of required iterations, which
is crucial for future integration into a 8"Rb Bose-Einstein condensate
(BEC) experiment. Ultimately, these advancements will enhance the
evaporative cooling routine and improve the performance of a 8"Rb
BEC-based quantum memory [1].

[1] Phys. Rev. Research 5, 033003 (2023)

MO 12.4 Tue 14:00 Tent

Location: Tent

Rydberg superatoms coupled with super-extended evanes-
cent field nanofiber at the single-photon level — eLupwic
MoLLeEr!, KNnuT Domke!, Tanci Lecranp!, THomas HoOINKESZ,
XIN Wanag!, Epuarpo UrufNuELAl, WoLrFcang Arr!, and SEBAs-
TIAN HorrFERBERTH! — lInstitute of Applied Physics, University of
Bonn, Germany — 2Department of Physics, Humboldt University of
Berlin, Germany

Both Rydberg superatoms driven by free-space photonic modes and
single emitters coupled to photonic waveguides have paved the way
for strong coherent light-matter coupling at the few-photon level. By
combining advantages of both ideas, we aim to achieve homogeneous
coupling of multiple Rydberg superatoms coupled to a field confined
by a nanofiber. Fibers with diameters of a few hundred nanometers
are successfully used to trap and couple arrays of single atoms by their
evanescent field. Recent advances allow the fibers to be tapered to
even smaller diameters, allowing more than 99 % of the energy to be
guided outside the fiber with effective field diameters of > 13\ [1],
bringing them up to typical Rydberg blockade radius sizes.

On this poster, we will we will present the current status of plan-
ning and building our new Nanofiber experiment such as the vacuum
chamber and first tests of the nanofibers. We select Ytterbium due
to its advantage of having the two-photon Rydberg excitation transi-
tions close together with 399 nm and 395 nm, which simplifies the fiber
design and is expected to have low thermal dephasing effects.

[1] R. Finkelstein et. al. Optica 8, 208-215 (2021)

MO 12.5 Tue 14:00 Tent
Interfacing high overtone bulk acoustic wave resonators and
Rydberg atoms in a 4K environment — eSAMUEL GERMER, VA-
LERIE MAUTH, CEDRIC WIND, JULIA GAMPER, WOLFGANG ALT, and
SEBASTIAN HOFFERBERTH — Institute of Applied Physics, University
of Bonn, Germany

Rydberg atoms possess electric dipole transitions over a large range of
the electromagnetic spectrum and are therefore promising candidates
for realizing hybrid quantum systems that bridge the microwave and
optical regimes. We aim to realize such a hybrid system in which an
electromechanical resonator mode can be cooled down to its quantum
mechanical ground state via interactions with Rydberg atoms.

On this poster, we discuss the setup build of three parts, the magneto
optical trap for Rubidium atoms, an ultra high vacuum chamber host-
ing the atom chip in a closed-cycle cryostat and a magnetic transport
connecting both. The cryostat provides a 4K environment which is a
prerequisite for cooling the high overtone bulk acoustic wave resonator
(HBAR) close to its ground state and allows the use of superconducting
components.

We present machine learning based optimization of the magneto op-
tical trap and magnetic transport. Moreover, a first generation chip,
consisting of a superconducting Z-wire trap and a microwave resonator,
has been fabricated and characterization measurements are shown. For
a second generation atom chip, featuring the HBAR, first simulations
are presented which allow, among other things, to estimate the cou-
pling strength between Rydberg atoms and the resonator.

MO 12.6 Tue 14:00 Tent
Cascaded Nonlinearities for Effectively Interacting Bose-
Einstein Condensates of Photons — eNiELs WOLF, ANDREAS
REDMANN, CHRISTIAN KURTSCHEID, FRANK VEWINGER, JULIAN
ScumiTT, and MARTIN WEITZ — Institut fiir Angewandte Physik,
Bonn, Deutschland

Bose-Einstein condensation has been observed in ultracold atomic
gases, polaritons, and, more recently, in low-dimensional photon gases.
Since the photon-photon interaction is vanishingly small, thermaliza-
tion of photons, e.g. as dye microcavity photon condensates in the
latter systems, is achieved not through particle-particle collisions, but
rather via contact with a reservoir, here the dye molecules [1]. Never-
theless, strong photon-photon interactions, such as effective Kerr in-
teractions induced by cascaded second-order nonlinearities, could en-
able the realization of an interacting photon Bose-Einstein conden-
sate. This could, e.g. open pathways to generating highly entangled
photon states by purely thermodynamical methods [2]. We employ a
triply resonant optical parametric oscillator setup with independent
control over pump and subharmonic wavelength cavities. This config-
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uration enables the generation of cascaded second-order nonlinearities,
producing a phase shift potentially stronger than that of direct Kerr
interaction. Suitable frequency filtering is crucial to tune the optical
parametric oscillator to degeneracy, which is essential for fully charac-
terizing the phase shift and determining the effective Kerr coefficient.

[1] J. Klaers et al., Nature 468, 545 (2010) [2] C. Kurtscheid et al.,
Science 366, 894 (2019)

MO 12.7 Tue 14:00 Tent

Evalutation of machine learning algorithms for applications

in quantum gas experiments — eOLIVER ANToN!, Erisa Da
Ros!, PuILIPP-IMMANUEL ScCHNEIDER®#, Ivan SekurLic®?, SveEN
Burcer3?4, and Markus Krutzik!? — lInstitut fiir Physik and

IRIS, Humboldt-Universitit zu Berlin — 2Ferdinand-Braun-Institut,
Berlin — 3JCMwave GmbH, Berlin — “Zuse Institute Berlin (ZIB),
Berlin

The generation of clouds containing cold and ultra-cold atoms is a
complex process that requires the optimization of noisy data in multi
dimensional parameter spaces. Optimization of such problems can
present challenges both in and outside of the lab due to constrains in
time, expertise, or access for lengthy manual optimization.

Machine learning offers a solution thanks to its ability to efficiently
optimize high dimensional problems without the need for knowledge
of the experiment itself. In this poster, we present the results of bench-
marking various optimization algorithms and implementations. Their
performance is tested in a cold atom experiment, subjected to inherent
noise [1]. Current research aims towards the preparation of the cloud
for quantum memory applications [2], by engineering the optical den-
sity using the tested algorithms.

[1] O. Anton et al., Machine Learning: Science and Technology 5
025022, 2024

[2] E. Da Ros et al., Physical Review Research 5 033003, 2023

MO 12.8 Tue 14:00 Tent
A Dipolar Quantum Gas Microscope in UV Optical Lattices
— oF1oNA HELLSTERN, KEVIN Na, PauL UErLINGS, MICHAEL Wis-
CHERT, ALEXANDRA KOPF, TANISHI VERMA, STEPHAN WELTE, RALF
KreEmT, and TiLMAN Prau — 5. Physikalisches Institut and Center
for Integrated Quantum Science and Technology IQST, Universitiat
Stuttgart

We present progress on our dipolar quantum gas microscope, enabling
in situ, single-atom, and single-site resolved detection of Dysprosium
atoms in 180 nm spaced UV optical lattices. Using 360 nm light,
we can create various lattice geometries to explore strongly correlated
quantum phases. Due to the small lattice spacing, nearest-neighbor
dipolar interactions can reach 200 Hz at 10 nK, granting us access to
phases where long-range dipolar interactions play a dominant role.

UV spectroscopy has been performed to characterize key transitions,
including isotope-specific features and a King plot analysis, essential
for precise lattice control and future measurements. We present our
results on the characterization of our high-NA (0.9) in-vacuum objec-
tive, highlighting its ability to achieve 180 nm spatial super-resolution
through the implementation of shelving techniques. Finally, we outline
our plans to leverage these tools for exploring novel quantum phases,
dipolar many-body physics, and emergent phenomena in strongly in-
teracting systems.

MO 12.9 Tue 14:00 Tent
Developing a quantum gas microscope with programmable
lattices — Saran WabpbpiNngTON!, IsABELLE Saral, Towm
ScuuBERT!, eRoDRIGO Rosa-MEepinal, and JuLian Lionarph:2
— 1 Atominstitut, TU Wien, Vienna, Austria — 2Institute of Science

and Technology Austria (ISTA), Klosterneuburg, Austria

Experiments with ultracold atoms in optical lattices offer a versatile
platform for engineering and probing strongly correlated quantum mat-
ter. While quantum gas microscopy has significantly advanced the
field, enabling unprecedented single-site resolution, current experimen-
tal setups are often constrained by rigid lattice configurations and slow
cycle times.

Here, we present our ongoing efforts to design and build a next-
generation quantum gas microscope for fermionic and bosonic lithium
atoms. Our approach relies on atom-by-atom assembly of small lattice
systems employing auxiliary optical tweezers combined with all-optical
cooling techniques to facilitate sub-second experimental cycles. By
leveraging holographic projection techniques, we create tailored opti-
cal lattices with dynamically reconfigurable geometries. Our approach
opens diverse research avenues, ranging from quantum simulation of

fractional quantum Hall states to frustrated phases with unconven-
tional geometries.

MO 12.10 Tue 14:00 Tent
Cooling and trapping of Hg atoms with enhanced UV laser
systems — eRupoLF HoMmM and THomAas WALTHER — Technische
Universitat Darmstadt, Institut fiir Angewandte Physik, Laser und
Quantenoptik, Schlossgartenstrafe 7, 64289 Darmstadt

The use of cold Hg atoms in a MOT offers a variety of experimental
opportunities. The two stable fermionic isotopes are promising for a
new time standard based on an optical lattice clock, using the 'Sg -
3Pg transition at 265.6 nm. All stable isotopes can also form ultracold
Hg dimers via photoassociation, combined with vibrational cooling.

Our setup includes two UV laser systems combined with a MOT for
Hg atoms and a 2D-MOT for isotope preselection. Each laser system
consists of a MOFA configuration, followed by two frequency-doubling
stages.

The cooling laser provides a stable frequency and high power, gener-
ating over 1 W at 253.7 nm using Doppler-free saturation spectroscopy
and an elliptical focus within the BBO crystal. The spectroscopy laser
produces over 300 mW at 254.1 nm, mode hop free tunable over 16
GHz with a maximum scan rate of 3 Hz, using a feed-forward setup to
stabilize the cavities.

We aim to achieve a high density of Hg atoms in the MOT to im-
prove the signal for dimer spectroscopy. The latest results on trapping
of Hg atoms with the improved UV laser systems will be presented.

MO 12.11 Tue 14:00 Tent
Correlation Functions for Interacting Fermi Gases in the
BCS Regime — eNikoLal KASCHEWSKI, SEJUNG YONG, and AXEL
PELSTER — Department of Physics and Research Center OPTIMAS,
RPTU Kaiserslautern-Landau, Germany

Recent progress in developing quantum gas microscopes in the con-
tinuum [1-3] has opened new possibilities for detecting experimentally
correlation functions in the realm of ultracold gases. Motivated by
this, we present mean-field calculations of density-density correlation
functions for interacting Fermi gases in the BCS regime.

Our results turn out to be strongly influenced not only by the tem-
perature and the interaction strength for a harmonic confinenmnt [4],
but also by the effective range of the interaction in the homogeneous
case [5]. As the latter has so far remained to be an elusive scattering
parameter, its experimental detection via correlation function mea-
surements is promising. This can shed new light on the prediction of
two different superfluid phases for interacting Fermi gas [5].

[1] T. Jongh et al., arXiv:2411.08776 (2024).

[2] J. Xiang et al., arXiv:2411.08779 (2024).

[3] R. Yao, et al., arXiv:2411.08780 (2024).

[4] S. Yong et al., arXiv:2311.08853 (2023).

[5] N. Kaschweski, C. A. R. Sa4 de Melo, and A. Pelster, submitted
for publication.

MO 12.12 Tue 14:00 Tent
Studying Dipolar Supersolids in Toroidal Geometries using
DMDs — eTanisa1 VERMAL, PauL Ugrrrings!, FioNna HELLSTERN?,
KevIN Ng!, ALEXaNDRA Kopr!, MICHAEL WISCHERT', STEPHAN
WEeLTE!"2, RaLr KLEMT!, and TiLmaN Praul — 15. Physikalisches
Institut, Universitdt Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart,
Germany — 2Center for Integrated Quantum Science and Technol-
ogy and CZS Center QPhoton, Pfaffenwaldring 57, 70569 Stuttgart,
Germany

Supersolids are characterised by a combination of the crystal structure
of solids and the frictionless flow of superfluids, and can be realised
experimentally through the self-organisation of long-range interacting
trapped BECs into states of matter that resemble crystal like struc-
tures. In a recent work, dipolar supersolids in toroidal traps have
been studied theoretically. Toroidal traps provide continuous rota-
tional symmetry and periodic boundary conditions, which can be used
to study the different amplitude and sound modes which emerge dur-
ing the superfluid to supersolid phase transition, especially the Higgs
amplitude mode, which has yet to be experimentally observed.

We plan to load the BEC produced in our new-generation Dyspro-
sium machine in a toroidal trap made with a Digital Micromirror De-
vice (DMD), and also implement a lightsheet using a 532nm laser for
z-direction confinement. This poster presents our progress on the op-
tical setup in order to create toroidal traps to study toroidal dipolar
supersolids and their excitation modes.



Bonn 2025 — MO

Tuesday

MO 12.13 Tue 14:00 Tent
High-pressure xenon-noble gas mixtures as a thermalization
mediator for VUV photons — eTHIiLO FaLk voM HOVEL, Eric
BoLTERSDORF, FRANK VEWINGER, and MARTIN WEITZ — Institut fir
Angewandte Physik der Universitdt Bonn, Wegelerstr. 8, 53115 Bonn

In recent years, microcavity-based Bose-Einstein condensates of pho-
tons have become an established experimental platform. In these ex-
periments, photons in the green-to-orange spectral range are confined
to high-finesse microcavities filled with a liquid dye solution. Via
repeated absorption and emission cycles, the photons adopt a ther-
mal energy distribution, mediated by the thermalization of the dye
molecules’ rovibronic levels. Conveying these principles into the VUV
spectral regime (100 - 200 nm) would allow for the construction of a
coherent light source in a regime where the realization of a laser is dif-
ficult. For this endeavor, we intend to replace the dye molecules by a
dense xenon-noble gas mixture, with xenon as the optically active con-
stituent. For thermalization, we aim to exploit the transitions around
a wavelength of 147 nm between the quasimolecular states associated
with the (atomic) 5p® and 5p®6s levels. We report on recent results
on the spectroscopic investigation of such mixtures, with sample pres-
sures of up to 100 bar. Centerpiece is a detailed study of absorption
and emission spectra, with particular emphasis on the influence of the
constituent partial pressures. The fulfillment of the thermodynamic
Kennard-Stepanov relation is investigated, which constitutes an essen-
tial prerequisite for the suitability of a medium as a thermalization
mediator for photons.

MO 12.14 Tue 14:00 Tent
Topological signatures in the dynamical response of pe-
riodically driven Su-Schrieffer-Heeger model — Soumya
SASIDHARAN!, SOURADEEP Roy CHOUDHURY?, AHMET LEVENT
SuBast®, and NAVEEN SURENDRAN! — lIndian Institute of Space Sci-
ence and Technology, Valiamala, Thiruvananthapuram-695547, India
— 2Goethe-Universitat, Institut fiir Theoretische Physik, 60438 Frank-
furt am Main, Germany — 3Department of Physics, Faculty of Science
and Letters, Istanbul Technical University, 34469 Maslak, Istanbul,
Turkey

We study the dynamics of periodically driven Su-Schrieffer-Heeger
model subjected to a range of driving conditions. In the large-
amplitude, high-frequency regime, we establish a remarkable corre-
spondence between the bulk dynamical response and the topology of
the Floquet phase. At half-filling, we compute the dynamical order pa-
rameter Q, which is the time-averaged occupancy of an initially filled
band. We show that Q is quantitatively related to a topological in-
variant. Furthermore, we obtain topologically protected edge states in
the nontrivial phases.

MO 12.15 Tue 14:00 Tent
STIRAP for High Fidelity Spin-Flip in Ultracold %Li —
eELLEN BrAuTiGAM, CARL HEINTZE, SANDRA BRANDSTETTER, MA-
cieJ GArka, and SELIM JocHIM — Physikalisches Institut, Ruprecht-
Karls-Universitat Heidelberg, Im Neuenheimer Feld 226, 69120 Heidel-
berg, Germany

We report on the implementation of Stimulated Raman Adiabatic Pas-
sage (STIRAP) in an ultra-cold few fermion 6 Li system.The atoms are
transferred with high fidelity between the hyperfine states |3) and |4)
in the ground state manifold. The transition is mediated via resonant
coupling to an excited state in the D2 manifold while avoiding its pop-
ulation, ensuring negligible scattering and no atom loss. This method
achieves robust and fast state transfer on the order of 1us, providing
a reliable tool for precise quantum state control. Among other things,
this allows us in combination with Feshbach resonance to perform a
sudden interaction quench.

MO 12.16 Tue 14:00 Tent
Effects of dipolar cutoff shapes on numerical calculation of
properties of dipolar condensates — eDENIs MuJo! and ANTUN
Barazb2 — 1Center for the Study of Complex Systems, Institute of
Physics Belgrade, University of Belgrade, Serbia — 2Serbian Academy
of Sciences and Arts

Here we study the impact of various shapes of dipolar cutoffs on
the numerical calculation of ground state properties of dipolar Bose-
Einstein condensates (BECs) and quantum droplets. In particular, we
examine three distinct setups: the pure dipolar potential, where no
cutoff is introduced; the analytically known spherical cutoff; and the
cylindrical cutoff, that partially needs to be calculated numerically [1].

To understand how these different cutoff shapes affect the calculated
values of physical properties of the ground state, we systematically
vary key discretization parameters associated with each configuration.
‘We demonstrate how the calculation precision of the cutoff translates
into the precision of numerically obtained values of condensate and
droplet properties.

[1] H.-Y. Lu et al., Phys. Rev. A 82, 023622 (2010).

MO 12.17 Tue 14:00 Tent
Auto-ponderomotive beam manipulation for interaction-
free measurements with electrons — eFRANZ ScHMIDT-

1 FaBiaN Bammes!, MICHAEL SEIDLING!,

KaLer!, NiLs Bopr

ROBERT ZIMMERMANNY, Justus WALTHER!, LarRs RADTKE!,
and PETER HoMmMELHOFF!:2 — !Department Physik, Friedrich-
Alexander-Universitdt Erlangen-Niirnberg (FAU), 91058 Erlangen
— 2Department Physik, Ludwig-Maximilians-Universitdt Miinchen

(LMU), 80799 Miinchen

Cryo-electron microscopy achieves angstrom resolution for biologi-
cal samples but requires reconstructing images from hundreds of
thousands of identical molecules due to electron beam damage.
*Interaction-free* measurements with electrons offer the potential
for true single-particle analysis of radiation-sensitive samples. This
method, already explored in the optical domain, requires develop-
ing electron-optical elements such as beam splitters, resonators, and
guides. We present a resonator for 50 eV electrons, a guide for up to
9.5 keV electrons, and determine the first Matthieu stability regime for
auto-ponderomotive devices. Our goal is to integrate these components
into standard SEMs for broader applicability.

MO 12.18 Tue 14:00 Tent
Quantum gas microscopy of triangular-lattice Mott insulators
— eJaN DEPPEZ, Livu Liul, JIRAYU MONGKOLKIATTICHAIY, Davis
Garwoob!, JIN Yancg!, and PETER Scuauss? — University of Vir-
gina — 2Institute for Quantum Physics, University of Hamburg

This poster highlights our recent advances in the quantum simulation
of electronic systems employing ultracold atoms in geometrically frus-
trated lattices. Frustrated quantum systems, known for hosting exotic
phases like spin liquids, present a formidable challenge to condensed
matter theory due to their extensive ground state degeneracy. Our fo-
cus centers on a triangular lattice, a paradigmatic example of geometric
frustration where the degree of frustration is tunable. The triangular
Hubbard model is a paradigm system for the study of kinetic frustra-
tion, which shows up in destructive interference between paths of holes,
leading to antiferromagnetic polarons in hole-doped regime even at el-
evated high-temperatures. In our work, we showcase the realization of
a Mott insulator of lithium-6 on a symmetric triangular lattice with a
lattice spacing of 1003 nm. Spin removal techniques allow us to resolve
individual spins and measure nearest neighbor spin-spin correlations
across different interaction strengths. We find good agreement with
numerical linked cluster expansion calculations and Quantum Monte
Carlo simulations. Future endeavors involve the use of spin-resolved
imaging through Stern-Gerlach splitting for full density and spin reso-
lution. Additionally, exploration of bound states in strongly repulsive
interacting systems is on the horizon.

MO 12.19 Tue 14:00 Tent

Polarization properties of Photon Bose Einstein Conden-
sates — oSVEN Enns!, JuLian ScruLz!, KIRANKUMAR KARKIHALLI
Umesa?, FrRaNK VEWINGER?, and GEorRG vON Freymannb3 —
I Physics Department and Research Center OPTIMAS, RPTU Kaiser-
slautern Landau, Germany — 2Institut fiir Angewandte Physik, Uni-
versitat Bonn, Germany — 3Fraunhofer Institute for Industrial Math-

ematics ITWM, Kaiserslautern, Germany

We experimentally investigate properties of harmonically trapped pho-
ton gases in a dye-filled microcavity. Specifically, we analyze the po-
larization of thermal and condensed light and their dependence on the
polarization of the pump beam. Our experimental setup enables the
creation of arbitrary polarization states on the Poincaré sphere for the
pump beam. Additionally, the measurement basis can be switched
from linear to circular polarization allowing for a proper evaluation of
the photon gas’s polarization by measuring fractions of two orthogo-
nal polarization states simultaneously. In contrast to previous setups,
the dye solution is pumped through the cavity mirrors and the pump
beam coincides with the optical axis of the resonator so that no spon-
taneous symmetry breaking is expected. In agreement with previous
theoretical work [1], there is a remarkable increase of the polarization
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strength above the condensation threshold for a linear polarized pump.
While the polarization of the condensate aligns with that of the pump
beam, a circularly polarized condensate cannot be obtained. Below
the condensation threshold, the photon gas stays unpolarized.

[1] R. I. Moodie, P. Kirton, and J. Keeling, Phys. Rev. A 96 (2017).

MO 12.20 Tue 14:00 Tent
Programmable Optical Lattices for Quantum Gas Microscopy
— oToM ScHUBERT!, ISABELLE SAFal, SARAH WabpbpiNcTON!, Ro-
DRIGO Rosa-MEDINA', and JuriaN Lgonarpb? — !Atominstitut,
Technische Universitdt Wien, Austria — 2Institute of Science and
Technology Austria (ISTA), Klosterneuburg, Austria

Creating tailored optical potentials on demand is crucial for quantum
simulation experiments with ultracold atoms, supporting the explo-
ration of diverse strongly correlated phenomena, such as magnetic frus-
tration or topological order. In this poster, we present the design and
projection of tuneable lattice potentials using holographic beam shap-
ing methods, combined with precise corrections of optical aberrations.
The corrections and projection of the potentials are achieved employ-
ing a Digital Micromirror Device (DMD) and a Spatial Light Modula-
tor (SLM), which facilitate phase and amplitude modulation through
the use of programmable diffraction gratings. Through the correction
process, we enable phase correction of wavefront aberrations with reso-
lutions on the order of A\/100. For shaping the corrected beam into the
desired optical lattices, we implement different holographic projection
methods, including basic Fourier Transform and the Gerchberg-Saxton
algorithm, and analyze their performance. Further we implemented a
versatile experiment control system (ARTIQ), employing FPGA hard-
ware, facilitating real-time manual control of the SLM-DMD structure.
As a result, we are able to implement a variety of optical potentials,
ranging from lattices in box-shape potentials to linearly tilted super-
lattices.

MO 12.21 Tue 14:00 Tent
Stochastic phase noise in momentum-dependent Rabi oscilla-
tions — eSAMUEL BOHRINGER, FABIAN KIENLE, and RicHARD Loprp
— Institut fiir Quantenphysik and Center for Integrated Quantum Sci-
ence and Technology (IQST), Universitat Ulm, Albert-Einstein-Allee
11, D-89069 Ulm, Germany

The laser-driven two-level system is the most fundamental model in
quantum optics. It plays a central role in the description of beam
splitters and mirrors in matter-wave interferometry and various other
experiments with the ultimate goal to achieve high-precision measure-
ments. A limiting factor to the precision of these measurements is laser
phase noise. While there are numerous models for the description of
laser phase noise in driven systems, they are lacking the inclusion of the
center-of-mass (COM) degrees of freedom. However, the COM-motion
is crucial for many application. We provide a theoretical model for
phase noise in Rabi oscillations including the COM degrees of free-
dom. In particular, we derive and solve a set of stochastic differential
equations that describe the evolution of momentum-dependent observ-
ables during a laser pulse with phase noise.

MO 12.22 Tue 14:00 Tent
Extending the holographic superfluid model — eMARTIN
ZBoroN!, GreGOR BaLs?3, Tnomas Gasenzerb23 and CArLO
Ewgrz?3 — IKirchhoff-Institut fiir Physik, Uni Heidelberg, Im
Neuenheimer Feld 227, 69120 Heidelberg — 2Institut fiir Theoretis-
che Physik, Uni Heidelberg, Philosophenweg 16, 69120 Heidelberg —
3ExtreMe Matter Institute EMMI, GSI Helmholtzzentrum fiir Schwe-
rionenforschung, Planckstrafle 1, 64291 Darmstadt, Germany

Gauge-gravity duality establishes a connection between strongly corre-
lated quantum systems and higher-dimensional gravitational theories
at weak coupling. Utilising an Abelian Higgs model in an asymptot-
ically anti-de Sitter spacetime, one obtains the so-called holographic
s-wave superfluid. A rich phenomenology is embodied in this model
making dynamics of defects, such as quantised vortices, amenable to
precise quantitative analysis. Aside from vortex dynamics in the dissi-
pative superfluid, excitations like Kelvin waves on top of vortex lines
can be studied as well as the instability of vortices with high winding
numbers. Recent proposals presented possible extensions of the model
in order to capture the transition to a holographic model of superso-
lidity, allowing access to dynamics of vortices as well as their pinning
and unpinning within the supersolid state. This also opens a path to
understanding the spin-down of pulsars in a supersolid framework.

MO 12.23 Tue 14:00 Tent

Optical dipole trapping of Rubidium in microgravity —
eMARIAN WOLTMANN, YANN SPERLING, JAN STIEHLER, MARIUS
Prinz, and SVEN HERRMANN — Center of Applied Space Technol-
ogy and Microgravity (ZARM), University of Bremen, Germany

The sensitivity of atom interferometric sensors typically scales with
the squared interrogation time. Therefore space-borne atom interfer-
ometry offers the potential of highly increased senitivities that can be
utilized for e.g. gravimetric measurements as well as for tests of fun-
damental physical principles.

Within the PRIMUS project we develop a compact all-optical mat-
terwave source in a drop tower experiment. The all-optical approach
utilizing a A = 1064 nm crossed beam optical dipole trap enables the
use of Feshbach resonances and offers the advantages of symmetric
trapping potentials and magnetic substate insensitive trapping. With
our drop tower setup we demonstrated rapid Bose-Einstein conden-
sation of 8"Rb with a minimum evaporation time of tevap = 1.3s to
reach a critical phase space density on ground, while now focusing on
the efficient preparation in microgravity. The PRIMUS-project is sup-
ported by the German Space Agency DLR with funds provided by the
Federal Ministry for Economic Affairs and Climate Action under grant
number DLR 50 WM 2042.

MO 12.24 Tue 14:00 Tent
Long-term stable laser injection locking for quasi-CW ap-
plications — ALEXANDRE DE MARTINO, FLORIAN KIESEL, e KIRILL
Karrov, Jonas AucH, and CHRISTIAN GROss — Eberhard Karls
Universitaet Tuebingen, Tuebingen, Germany

In our work we present a passive stabilization scheme for injection
locking of high-power semiconductor laser diodes, that is generally ap-
plicable, technically easy to implement, and extremely cost-effective.
It is based on the externally synchronized automatic acquisition of the
optimal injection state. Central to our simple but powerful scheme is
the management of thermalization effects during lock acquisition. By
periodical relocking, spectrally pure amplified light is maintained in
a quasi-CW manner over long timescales. We characterize the per-
formance of our method for laser diodes amplifying 671lnm light and
demonstrate the general applicability by confirming the technique to
work also for laser diodes at 401lnm, 461nm, and 689nm. Our scheme
enables the scaled operation of injection locks, even in cascaded setups,
for the distributed amplification of single frequency laser light.

MO 12.25 Tue 14:00 Tent
Enhancing Rydberg Atom Cooling and Trapping with a Tun-
able Light Sheet — SHuaNGHONG TANG, PHILIP OSTERHOLZ, SILPA
BaBuURrRAJ-SHEELA, JULE Brosic, eLLukas FiscHER, FABio BENSscH,
and CHRISTIAN GRoss — Eberhard Karls Universitiat Tiibingen

The utilisation of Rydberg atoms trapped in optical tweezers provides
a robust platform for the investigation of strongly interacting and cor-
related many-body systems. In order to facilitate the tunability of the
trapping potential in the vertical direction, we implemented a thin light
sheet. The tunability of the vertical confinement increases the trapping
frequency, thereby facilitating Raman sideband cooling through the el-
evation of trap frequencies and the mitigation of gravitational forces,
which allows for the implementation of shallower tweezers during the
cooling process. A further challenge is the phenomenon of Talbot plane
loading, which results in an undesired population of atoms in the planes
adjacent to the tweezer array. To address this issue, the light sheet can
be employed for loading, thereby ensuring that the atomic reservoir is
confined to the primary tweezer plane.

MO 12.26 Tue 14:00 Tent
Pattern formation in dipolar quantum gases — ®ANDREEA-
Maria Oros!, NikrLas Rasca!, Wyarr KIrRkBY!'2, LAURIANE
CuoMaz2, and THoMAs GAseNzerD3 1Kirchhoff-Institut fiir
Physik, Universitat Heidelberg, Im Neuenheimer Feld 227 —
2Physikalisches Institut, Universitit Heidelberg, Im Neuenheimer Feld
276 — SInstitut fiir Theoretische Physik, Universitit Heidelberg,

Philosophenweg 16

Ultracold dipolar gases have garnered increasing interest over the past
years. The anisotropic and long-range character of the dipolar in-
teraction and the stabilizing nature of the quantum fluctuations give
rise to supersolidity, superglasses, and exotic states of matter. De-
pending on the atom number, scattering length, and trapping ge-
ometry, different supersolid morphologies, such as triangular, honey-
comb, and labyrinthine, have already been theoretically predicted to
be the possible ground states of such a system. Our work expands on
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these phases by considering the out-of-equilibrium dynamics of a har-
monically trapped, three-dimensional dipolar condensate. Following a
quench in the scattering length across a phase transition boundary, we
investigate the dynamical formation of supersolids, and demonstrate
quenches into the triangular, honeycomb, and labyrinth phases. We
furthermore investigate systems which have artificially been brought
out of equilibrium, such as systems with imprinted vortex ensembles,
or where the initial state differs from one that could naturally occur,
in order to better aid the search for non-thermal fixed points, as well
as far-from-equilibrium and novel phenomena.

MO 12.27 Tue 14:00 Tent
Quantum gas microscopy of Rydberg-dressed extended Bose
Hubbard models — eDavip GROTERs 23, PascaL WECKESSERDZ,
KRITSANA SRAKAEW!2, Davip WEr'»2, DANIEL ADpLER'2, SucHITA
AcrawaLb2 ImmanvEL Brocub2:3, and JoHANNEs ZEemHERD:23 —
IMax-Planck-Institut fiir Quantenoptik, 85748 Garching, Germany
— 2Munich Center for Quantum Science and Technology (MC-
QST), 80799 Munich, Germany — 3Fakultit fiir Physik, Ludwig-
Maximilians-Universitit, 80799 Munich, Germany

The competition of different length scales in quantum many-body sys-
tems leads to various novel phenomena, including the emergence of
correlated dynamics or non-local order. Off-resonant optical coupling
to Rydberg states, known as Rydberg dressing, has been proposed
as a versatile tool to engineer long-range interactions in lattice-based
quantum simulators. So far however, this approach has been limited by
collective losses, limiting Rydberg dressing to immobile spin systems.

On this poster, I present our recent findings on realizing an itin-
erant one-dimensional extended Bose Hubbard model using Rydberg-
dressed 8"Rb atoms in optical lattices [1]. Here, we reduce the col-
lective losses by two orders of magnitude using stroboscopic dressing.
Harnessing our quantum gas microscope, we probe the correlated out-
of-equilibrium dynamics of extended-range repulsively-bound pairs at
low filling, and kinetically-constrained "hard rods" at half filling. Near
equilibrium, we observe density ordering when adiabatically turning on
the extended-range interactions.

[1] https://arxiv.org/abs/2405.20128

MO 12.28 Tue 14:00 Tent
Trapping and interfacing laser-cooled strontium atoms us-
ing an optical nanofibre — eLLuca GO6cke, HECTOR LETELLIER,
PHIiLiIPP SCHNEEWEISS, JURGEN VoLz, and ARNO RAUSCHENBEUTEL
— Department of Physics, Humboldt-Universitat zu Berlin, Germany

We are in the process of building an experimental setup for trap-
ping and optically interfacing laser-cooled strontium atoms using the
evanescent field surrounding an optical nanofibre. The nanofibre is pro-
duced from a standard step-index optical fibre in a heat-pull process.
It features a waist diameter of 200 nm where light is still efficiently
guided while a significant part of the light propagates in the form of
an evanescent field surrounding the nanofiber. Atoms are trapped in a
one-dimensional (1D) optical lattice formed by two fiber-guided light-
fields, red- and blue-detuned with respect to the strong transition at
a wavelength of 461 nm. The aim is to realize a compensated trap,
where the wavelengths of the trapping fields are magic for the 7.4 kHz
wide intercombination line at 689 nm. This will allow us to implement
advanced schemes for loading single atoms into the 1D optical lattice
and to investigate the phenomenon of selective radiance [1], where the
atoms themselves act as the waveguide. Here we will present our com-
pact design for trapping strontium atoms from a laser ablated source
with a “hot MOT” (operated at 461 nm wavelength), then transfer
them to a “cold MOT” (operated at the intercombination line) and to
the nanofibre trap.
[1]: A. Asenjo-Garcia et al. PRX 7, 031024 (2017)

MO 12.29 Tue 14:00 Tent

Fractal ground state of mesoscopic ion chains in periodic
potentials — RapHAEL MEeNU!, JORGE Yaco MaLo?, eJosHuA
WEISSENFELS!, VLADAN VULETIC?, MaRIA Luisa CHIOFALO?, and
G10VANNA MoriGi! — !Universitit des Saarlandes, Saarbriicken, Ger-
many — 2Universita di Pisa, Pisa, Italy — 3Massachusetts Institute
of Technology, Cambridge, USA

Trapped ions in a periodic potential are a paradigm of a frustrated
Wigner crystal. The dynamics is captured by a long-range Frenkel-
Kontorova model. We show that the classical ground state can be
mapped to the one of a long-range Ising spin chain in a magnetic
field, whose strength is determined by the mismatch between chain’s
and substrate lattice’s periodicity. The mapping is exact when the

substrate potential is a piecewise harmonic potential and holds for
any two-body interaction decaying as 1/r% with the distance r. The
ground state is a devil’s staircase of regular, periodic structures as a
function of the mismatch and of the interaction exponent «. While
the staircase is well defined in the thermodynamic limit for a > 1,
for Coulomb interactions, @ = 1, we argue that it disappears and the
sliding-to-pinned transition becomes a crossover, with a convergence
to the thermodynamic limit scaling logarithmically with the chain’s
size. Due to this slow convergence, fractal properties can be observed
even in chains of hundreds of ions at laser cooling temperatures.

MO 12.30 Tue 14:00 Tent
Lattice phase stabilization for a dipolar quantum gas mi-
croscope — e ALEXANDRA K6pPF!, Flona HELLSTERN!, KEVIN Nal,
PauL UgrLiNgs!, MicHAEL WiscHERT!, TaNisHI VERMAL, STEPHAN
WELTE?, RaLr KLEMT!, and TiLman Praul — 15. Physikalisches
Institut and Center for Integrated Quantum Science and Technology
IQST, Universitit Stuttgart — 25. Physikalisches Institut, Center for
Integrated Quantum Science and Technology and CZS Center QPho-
ton, Universitdt Stuttgart

This poster presents the development of a dipolar quantum gas micro-
scope using Dysprosium atoms, focusing on the critical role of optical
lattice phase stabilization. Dysprosium atoms will be trapped and
imaged in a 360 nm UV lattice, achieving nearest-neighbor dipolar
interactions of approximately 200 Hz at 10 nK. Maintaining precise
lattice stabilization is also essential to confine the atoms within the
narrow depth of focus (approximately 260 nm) of the high-resolution
in-vacuum objective (NA = 0.9). To achieve this, we use a 1064 nm
infrared lattice for vertical confinement, complemented by an active
phase stabilization scheme, stabilizing the lattice relative to the objec-
tive position. This setup employs FPGA-based boards to monitor and
stabilize the lattice phase through a Michelson interferometer, ensuring
robust atom confinement and alignment. This approach enables con-
trolled, long-timescale investigations of dipolar quantum phenomena,
offering new insights into strongly interacting quantum systems.

MO 12.31 Tue 14:00 Tent
A comparison of sub-Doppler cooling techniques using a
nano-structured atom chip — eKaIl-CHRISTIAN BRUNs, JULIAN
LeEMBURG, JosEPH MucHovo, VIVEK CHANDRA, SAM ONDRACEK,
HenbprIK HEINE, and ErNsT M. RASEL — Leibniz Universitdt Han-
nover, Institut fiir Quantenoptik

In the field of cold atomic physics, various sub-Doppler cooling tech-
niques are being used. We investigate two different molasses cooling
schemes using an atom chip with a nano-fabricated grating. These
chips simplify and miniaturize quantum systems by enabling the trap-
ping of atoms in a MOT with a single incident beam. Additionally, the
use of grating atom chips also enhances the scalability and portability
of such devices. These techniques holds promise for a wide array of
applications, from fundamental research to practical implementations
in earth observation.

In this poster, we compare sub-Doppler cooling of 87Rb utilizing
bright and gray molasses techniques. We manage to cool the atoms
to 13 uK and 5 pK respectively. Additionally, we see an increase in
phase-space density by a factor of three, when comparing gray molasses
to bright molasses. To understand the benefits that this improvement
could bring to experiments employing Bose-Einstein-condensates, we
study the transfer into a magnetic trap.

MO 12.32 Tue 14:00 Tent
Double Bragg atom interferometry with Bose-Einstein con-
densates in microgravity — eANURAG BHADANE!, DORTHE
LropoLpT?, PrRivaNkA BaRIk?, GOVINDARAJAN Prakasu3, Juria
PanL?, SvEN HERRMANN3, ANDRE WENzLAWSKI!, SVEN ABENDZ,
Markus KruTzik?5, PaTrRick WINDPASSINGER!, ERNST RASELZ,
and THE QuanTus TEAMD:2:3:46,7 __ 1JGU Mainz — 2LU Hannover
— 3ZARM, U Bremen — *HU Berlin — 5FBH Berlin — U Ulm —

7TU Darmstadt

The QUANTUS-2 device is a mobile, robust, high-flux atom interfer-
ometer utilizing 8"Rb, designed for microgravity environments such
as those provided by the Bremen drop tower and Gravitower. The
Gravitower enables higher repetition rates for experiments, establish-
ing QUANTUS-2 as a testbed for future space-based missions.

Our experiment employs a magnetic lens via the quadrupole field of
an atom chip, achieving extended coherence times and enabling inter-
ferometry durations exceeding one second with double Bragg diffrac-
tion under microgravity conditions. On this poster, we report recent
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advancements in atom interferometry at extended timescales, along
with the characterization of the system in the Gravitower.

This project is supported by the German Space Agency DLR with
funds provided by the Federal Ministry for Economic Affairs and Cli-
mate Action under grant numbers DLR 50WM1952-1957 and DLR 50
WM 2450A-F

MO 12.33 Tue 14:00 Tent
Mean-field parton construction of Rydberg Quantum Spin
Liquid from microscopic properties — eBeENNO Bock, SimonN
OHLER, and MicHAEL FLEIscHHAUER — RPTU, Kaiserslautern, Ger-
many

Quantum Spin Liquids (QSL) represent an exotic phase of matter elu-
sive to experiments. One hallmark property is the absence of magnetic
spin order even at zero temperature. Despite numerous attempts, the
unambiguous experimental confirmation of QSL states remains diffi-
cult. In this context, the possibility of realizing QSL physics on Ryd-
berg atom-based quantum simulators has been a promising avenue for
investigation [Semeghini et al., Science 374 (2021)].

Recently, the existence of a QSL state has been investigated numer-
ically with Exact Diagonalization (ED) in a system of Rydberg atoms
on a honeycomb lattice featuring density-dependent Peierls phases
[Ohler et al., PRR 5 (2023)]. Later investigations using projective
symmetry group arguments [Tarabunga et al., PRB 108 (2023)| con-
firmed the state to be a chiral spin liquid by comparing ground-states
of ansatz Hamiltonians with ED results. In this work, we take a dif-
ferent approach, deriving explicitly the mean-field parton Hamiltonian
starting from the microscopic Rydberg properties. We then determine
the mean-field ground-state self-consistently, which yields a more ac-
curate representation of the Rydberg ground-state. It shows large
overlap with the ED simulation but is in principle not restricted to
small system sizes.

MO 12.34 Tue 14:00 Tent
Aberration correction and trap creation in a dipolar quan-
tum gas microscope — eMicHAEL WiscHERT!, KeviN Ngl,
FioNna HeLLSTERN!, Paur UrrLINGS!, ALEXANDRA KoPF!, TANISHI
VERMA!, STEPHAN WELTE?, RaLF KLEMT!, and TiLMaN Praul —
15. Physikalisches Institut and Center for Integrated Quantum Science
and Technology — 25. Physikalisches Institut, Center for Integrated
Quantum Science and Technology and CZS Center QPhoton, Univer-
sitdt Stuttgart

This poster focuses on calibrating and correcting optical aberrations
as well as holographically projecting optical traps for a dipolar quan-
tum gas microscope. To achieve large nearest-neighbor interactions
(200 Hz at 10 nK), a 180 nm spaced near-UV lattice with dysprosium
atoms will be used. This setup requires a high NA objective (NA 0.9)
where minimizing imaging aberrations is critical for maintaining im-
age fidelity. To mitigate these aberrations, we introduce a spatial light
modulator (SLM) after the objective, enabling phase manipulation of
the collected light and correction of the distorted wavefront. We test
and compare different methods for calibrating and correcting aberra-
tions using the SLM. Additionally, we explore the use of the SLM in
creating tailored optical trap potentials by projecting and analyzing
various trap geometries in a separate setup. Our work aims at ex-
ploring how SLMs can be utilized to improve imaging performance in
quantum gas microscopes.

MO 12.35 Tue 14:00 Tent
Quantum turbulence in a dipolar Bose gas at the anoma-
lous non-thermal fixed point — eNikLAs Rascu! and THOMAS
GasenzeRD'2 — 1Kirchhoff-Institut fiir Physik, Ruprecht-Karls-
Universitat Heidelberg, Im Neuenheimer Feld 227, 69120 Heidelberg
— 2Institut fiir Theoretische Physik, Ruprecht-Karls-Universitit Hei-
delberg, Philosophenweg 16, 69120 Heidelberg

This work focuses on quantum turbulence in the vicinity of an anoma-
lous non-thermal fixed point (NTFP) characterized by slow, subdiffu-
sive coarsening of a length scale. The NTFP is approached in the tem-
poral evolution of a quasi-2d dipolar Bose gas starting from variously
sampled initial vortex configurations. Already in the early dynam-
ics, we observe the build-up of an inverse energy cascade and recover
Kolmogorov’s —5/3 power law in the incompressible energy spectrum.
Due to the irreversible conversion of incompressible (vortices) into com-
pressible energy (sound) this is understood in the context of decaying
turbulence. By studying higher moments of the velocity circulation,
we aim to understand the role that intermittency plays in the approach
to a non-thermal fixed point. Further, using the high tunability of the

anisotropic and long-range dipolar interaction we can probe its effects
on the quantum turbulent behavior.

MO 12.36 Tue 14:00 Tent
Exploring extended Hubbard models in an optical super-
lattice — eVALENTIN JoNAs, Nick KLEMMER, JANEK FLEPER,
AMENEH SHEIKHAN, CorINNA KorraTH, MicHAEL KOHL, and AN-
DREA BERGSCHNEIDER — Physikalisches Institut, Bonn, Germany

Ultracold atoms in optical lattices allow for simulating strongly corre-
lated many-body systems in the Hubbard model. Its quantum phases
arising from the interplay of tunneling and on-site interaction have
been extensively studied over the last few years experimentally, while
systems beyond the simple Hubbard model are much less explored.

Our experimental apparatus uses fermionic potassium atoms in a 3D
optical lattice with an in-plane superlattice to realize chains of double
wells. By asymmetrically shaking the double wells, we recently real-
ized an effective Floquet system with additional pair tunneling while
fully suppressing the dynamics of single particles. By controlling the
drive frequency, we could tune the system and enhance pair tunneling
up to the size of the superexchange [1].

Currently, we are investigating excited two-particle states in the su-
perlattice such as repulsively bound atom pairs and can demonstrate
their deterministic preparation in the double wells. These states are
predicted to be connected to pair states featuring unconventional su-
perconductivity.

[1] N. Klemmer et al., PRL (Accepted), 2024

MO 12.37 Tue 14:00 Tent
Reaction-Diffusion Dynamics of Quantum Gases — eHANNAH
LEHR, Icor LEsanovsky, and GABRIELE PERFETTO — Institut fir
Theoretische Physik, Universitdt Tiibingen, Auf der Morgenstelle 14,
72076 Tiibingen, Germany

We consider the dynamics of quantum gases underlying coherent mo-
tion as well as dissipative reactions. For Fermions we discuss e.g.,
k-body losses kA — 0. In this case the universality lies within the long
time decay of the particle density. For Bosons we consider also particle
creating processes as branching A — A+ A. The competition between
the latter and single body decay and coagulation A + A — A leads to
an absorbing state phase transition in the stationary state. Our goal
is to understand how quantum effects impact on the universality class
of the transition.

We tackle these problems combining a variety of methods ranging
from kinetic large-scale equations via the time-dependent generalized
Gibbs ensemble method (TGGE), and Keldysh field-theory diagram-
matic expansion. Specifically, for the Fermi gas under weak k-body
losses we find long-time decay for the density of particles different
from mean field. For the Bose gas, we observe a rich stationary phase
diagram different from the classical counterpart of the model.

Our findings show that quantum effects impact on large-scale univer-
sal behaviour leading to novel universality classes compared to classical
physics. These results are experimentally relevant since they directly
connect to cold-atomic processes involving dissipative processes such
as particle losses and creation.

MO 12.38 Tue 14:00 Tent
Single-Atom Addressing in Optical Lattices Using UV Raman
Transitions — eFraNceEsco TesTi!#, ANDREAS voN HaaReENDZ,
RoBIN GroTH!2, Luca MuscaReLLAl2, JANET QuEssal:2, Livanag
Qrul:2, ImmanueL Brocu!2, Tivon HiLker!3, Trtus Franzh2:4,
and PuiLipp Preiss'?2 — 1Max Planck Institute of Quantum Optics,
Garching — ?Munich Center for Quantum Science and Technology —
3University of Strathclyde, Glasgow — “*Ludwig Maximilian Univer-
sity of Munich
FermiQP is a demonstrator for a lattice-based fermionic quantum
processor utilizing ultracold fermions in optical lattices. Operating
in analog mode, the system facilitates precision studies of the two-
dimensional Fermi-Hubbard model. In its digital mode, it implements
a universal gate set on the spin degree of freedom, enabling advanced
state engineering and local basis transformations. Combined with a
rapid preparation cycle for degenerate Fermi gases, FermiQP opens
new pathways for fermionic quantum information processing, with ap-
plications in quantum chemistry and strongly correlated materials.
We present a single-atom addressing scheme for coherently manip-
ulating the internal states of individual Lithium-6 atoms within an
optical lattice. The scheme employs two-photon Raman transitions at
a UV wavelength of 323 nm, optimizing atomic coherence while min-
imizing cross-talk to neighboring atoms. We provide a comprehensive
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characterization of the 323 nm laser system and introduce an address-
ing system based on Acousto-Optic Deflectors capable of delivering up
to six independently steerable beams in two dimensions.

MO 12.39 Tue 14:00 Tent

Challenges behind performing atom interferometry in ex-

tended free fall — ePrivanka Barik!, DorrE LroproLDT!,
ANURAG  Buapane?, Junia  Panr3, Sven Abenp!, SveEN
4 2 2

HERRMANN®, ANDRE WENZLAWSKI®, PATRICK WINDPASSINGER?,
Markus Krutzik®7, ErNsT M. Raser!, and QUANTUS
Teamb2:3:45.6,7 11,7 Hannover — 2JGU Mainz — 3HU Berlin
— 47ZARM, U Bremen — °U Ulm — STU Darmstadt — “FBH Berlin

The QUANTUS-2 apparatus is a high-flux 3’ Rb BEC machine, based
on a magnetic chip-trap, which generates 1x10% atoms at a 1Hz rate.
High-precision quantum sensing with atom interferometers requires
long interrogation time of several seconds with ultra-low expansion
rates of the BECs. Thus, we perform our experiment in the Drop
Tower in Bremen with a novel matter-wave lens system for the collima-
tion of the condensate. The QUANTUS-2 setup experiences noticeable
tilts and rotations which alter the spatial rotation of the 37Rb atomic
cloud and its projection along the imaging axes and the interferom-
etry pulses. These rotations lead to position offsets, which become
more pronounced as the TOF is increased, and, hence, are expected
to contribute to a loss of contrast of the interferometer. We report on
the proposal to mitigate these problems using a retro-reflective mirror
mounted on a tip/tilt platform which will pave the way for long interro-
gation times. This project is supported by the German Space Agency
DLR with funds provided by the Federal Ministry for Economic Affairs
and Climate Action under grant numbers DLR 50WM1952-1957 and
DLR 50 WM 2450A-F.

MO 12.40 Tue 14:00 Tent
Design and characterization of a compact and transportable
strontium MOT — eDarius HoveEr and SIMON STELLMER —
Physikalisches Institut, Bonn, Deutschland

The broad linewidth of the 461nm (5s5s) !1Sg — (5s5p) !P1 transi-
tion of strontium allows for efficient laser cooling and trapping in a
magneto-optical trap (MOT). This results in a bright MOT that is
visible to the naked eye. Thus the Sr MOT is an ideal toy model for
making quantum optics more accessible to a wide audience.

We present the design of a transportable St MOT based on permanent
magnets for the Zeeman slower and the MOT.

MO 12.41 Tue 14:00 Tent
Rydberg interactions in ultracold Ytterbium — eFLORIAN
Pausewanag, Tancl LEgranDp, XiN Wang, Lubpwic MULLER, ED-
UARDO URUNUELA, WOLFGANG ALT, and SEBASTIAN HOFFERBERTH
— Institute of Applied Physics, University of Bonn, Germany

Mapping the strong interactions between Rydberg excitations in ultra-
cold atomic ensembles onto photons opens the door to achieving
high optical nonlinearities at the single-photon level. While previous
demonstrations of this concept have relied exclusively on alkali atoms,
two-valence-electron species like ytterbium offer unique advantages,
such as narrow-linewidth laser cooling and, for Yb-174, potentially
longer coherence times of polaritons compared to earlier Rubidium-
based experiments. In this poster, we present our new ytterbium ap-
paratus including Yb-specific challenges as light-induced atomic re-
pulsion and two-photon ionization processes, and discuss our progress
towards photon-photon interactions by Rydberg polaritons. We also
report the spectroscopic characterization of ultra long-range Yb Ryd-
berg molecules that arise as bound states in the low energy scattering
of a highly excited Rydberg electron and a ground state atom. Our
experimental setup featuring a dual-chamber compact design and a
two-color MOT allows the creation of dipole trapped atomic ensembles
at high density and low temperature, with 5-10% atoms and T < 10 uK
within 2s. Further evaporative cooling down to condensation is pos-
sible. Additionally, a field ionization system with ion detection via a
Micro-Channel Plate enables high-precision spectroscopy.

MO 12.42 Tue 14:00 Tent
Toward Magnetically Insensitive 3°K BECs — ¢WEI Liu, Con-
STANTIN AVVACUMOV, ALEXANDER HERBST, ASHWIN RAJAGOPALAN,
KNUT STOLZENBERG, DAIDA THOMAS, ERNST RASEL und DENNIS
ScHLIPPERT — Leibniz Universitat Hannover, Institut fiir Quanten-
optik

The sensitivity of an atom interferometer(AI) is generally limited by

the standard quantum limit (SQL). Entangled interferometer schemes
generated through atom-atom interactions in a trapped configuration
can surpass the SQL, thereby enhancing the sensitivity of the Als. Ho-
wever, trapped Als are constrained by phase diffusion stemming from
collisions at high atomic density. Feshbach resonances can suppress
phase diffusion in trapped Al by tuning scattering length, enabling
measurements with high-densities and large atomnumbers. 3°K BEC
are ideal canidiates for such interfermetry schemes, as they feature
broad resonans at low magnetic fields.

To create 39K BEC in mp = 0 suitable for Al at low field, the
narrowness of resonance at 59.3G and spin-changing collision pose si-
gnificant challenges for evaporative cooling. We present several schemes
for generating a 39K BEC in mp = 0 through using microwave pulses
and co-propagating Raman beam before and after evaporative cooling
and discuss their limitations.

MO 12.43 Tue 14:00 Tent
Matter-wave interferometry with large metal clusters in a
free-fall setup — eERIc vAN DEN BoscH and KLaus HORNBERGER
— University of Duisburg-Essen, Germany

Matter-wave interferometry can be used to probe fundamental quan-
tum properties on increasingly large scales. Using ionising gratings
produced by UV lasers mitigates some of the limitations of material
gratings, while also allowing for more versatile setups. We study an op-
tical time-domain ionising matter-wave interferometer (OTIMA) setup
[1] in a free-fall tower aimed at masses of up to 107 amu. We treat
the influence of gravity and the Coriolis force in three dimensions and
discuss possible experimental schemes to counteract the Coriolis effect.

[1] Nimmrichter, Haslinger, Hornberger, Arndt (2011). Concept of
an ionizing time-domain matter-wave interferometer. New Journal of
Physics, 13(7)

MO 12.44 Tue 14:00 Tent
Langevin dynamics of a Bose gas coupled to a small heat bath
— oCARSTEN HENKEL and SAsHA ROEWER — Universitdt Potsdam,
Institut fiir Physik und Astronomie

In an elongated, quasi-one-dimensional trap, a degenerate Bose gas
is formed by atoms in the lowest quantum state of the “radial” con-
finement. Atoms in higher states can provide a heat bath which is,
however, not much larger compared to the degenerate gas. We study
with the help of Langevin dynamics (stochastic Gross-Pitaevskii equa-
tion) the evolution of the complex order parameter, taking into account
the exchange of energy and particles with the heat bath. Curiously,
as the heat bath gets smaller, its temperature drops, and the Bose gas
is more degenerate. At the same time, temperature fluctuations are
larger. Thermodynamically relevant quantities like the internal energy
are extracted from the simulations. We also explore non-equilibrium
situations with an externally imposed temperature difference.

MO 12.45 Tue 14:00 Tent
Symmetry-Preserving Condensation of Photons — ANDREAs
REDMANN, eRiccarRDO Panico, FRANK VEWINGER, JULIAN SCHMITT,
and MARTIN WEITZ — Institut fiir Angewandte Physik, Universitét
Bonn, Wegelerstrasse 8, 53115 Bonn, Germany

We investigate the statistical behavior of a Bose-Einstein condensate
of photons in a dye-filled optical microcavity. This system enables
the observation of grand-canonical statistical conditions through the
coupling of photons to a reservoir of dye molecules, supporting the
coexistence of macroscopic occupation and unusually large fluctua-
tions of the particles number. Building on prior demonstrations of
grand-canonical statistics [1,2], we push the boundaries of our system
to explore conditions for which the first- and second-order coherence
times become comparable. In this regime, the condensate exhibits a
discontinuous phase, driven by the relatively high probability of having
zero particles in the condensate, with spontaneous emission of photons
from the reservoir setting the phase of the condensate each time. De-
spite this, photons are expected to exhibit macroscopic occupation on
average, while at the same time having characteristics of incoherent
light sources. From a thermodynamic perspective, this would trans-
late to the formation of a condensate without spontaneous symmetry
breaking.

[1] Julian Schmitt, et al., Laser Spectroscopy, pp. 85-96 (2016)

[2] Julian Schmitt, et al., Phys. Rev. Lett. 116

MO 12.46 Tue 14:00 Tent
Assessing interactions of Rb vapor with mirror coatings
for compact cold-atom sources — eCONSTANTIN AvVVACUMOV,
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ALEXANDER HerBsT, WEI Liu, AsHwIN RajacoraLaN, KNuUT
STOLZENBERG, DAIDA THOMAS, ERNST RASEL, and DENNIS SCHLIP-
PERT — Leibniz Universitat Hannover, Institut fiir Quantenoptik

Atom interferometers are effective tools for fundamental research and
geodesy applications, e.g. for gravimetry. Fundamentally, quantum
projection noise motivates the development of high-flux cold atom
sources. A typical first cooling stage of atom interferometers is a
two-dimensional magneto-optical trap (2D-MOT). In recent years, at-
tempts to improve on 2D-MOTs’ SWaP (size, weight, and power) bud-
get raised questions regarding the compatibility of high-quality optical
coatings exposed to alkali vapor, e.g., rubidium or potassium.

In this poster, we present systematic analysis of the interaction of
Rb vapor with highly reflective coating materials (gold, silver, alu-
minium, dielectric coatings) and compare samples with and without
protective coating. In our mirror testing setup, we observe mirror re-
flectivity degradation as a function of time and Rb partial pressure in a
long-term perspective. Six mirror samples are exposed to alcali vapor
at partial pressures up to and about saturation level (about 5 * 107
mbar at room temperature). The results show significant reduction in
mirror lifespan at Rb pressures above saturation level, which varies,
however, for different samples. Analysis of the reactivity of alkali va-
por with various materials at different pressures has an application in
design of future compact quantum optical experiments.

MO 12.47 Tue 14:00 Tent
Local Chern number for noninteracting fermions in the Hal-
dane model with external confinement — eDANIEL SAMOYLOV
and WALTER HOFSTETTER — Goethe Universitat, Institut fiir Theo-
retische Physik, 60438 Frankfurt, Germany

We numerically study the formation of topological domains in the Hal-
dane model on a honeycomb lattice in the presence of an external trap-
ping potential. To map out topological domains in real space we cal-
culate the local Chern number of the system as a function of position.
The local Chern number was introduced by Bianco and Resta [1] as a
topological marker of the Chern number. In order to test our imple-
mentation, we calculate the local Chern number of the Haldane model
without external potential and confirm the results in [1]. By adding an
external potential to the system, we find different topological domains
which are indicated by a spatial variation of the local Chern number
across the honeycomb lattice. We investigate the formation of topo-
logically non-trivial domains, both as a function of the Fermi energy
and for different shapes of the trapping potential. Related results were
obtained for the Hofstadter model in [2].

[1] R. Bianco and R. Resta, Phys. Rev. B 84, 24 (2011)

[2] U. Gebert, B. Irsigler, and W. Hofstetter, Phys. Rev. A 101, 6
(2020)

MO 12.48 Tue 14:00 Tent
Laser-induced lattice potentials for optical quantum gases in-
side microcavities — ePursITa KoLE!, NikoLAs LoNGEN!, DANIEL
EHRMANNTRAUT!, PETER SCHNORRENBERG!, KEvVIN PETERs', and
JuLiaN ScuMmITT!2 — 1Universitdt Bonn, IAP, Wegelerstr. 8, 53115
Bonn — 2Universitit Heidelberg, KIP, Im Neuenheimer Feld 227,
69120 Heidelberg

Lattice potentials provide a fundamental ingredient for the descrip-
tion and study of the behaviour of particles in crystal-like structures,
most notably in condensed matter systems. The realisation of photon
Bose-Einstein condensates in arrays of coupled dye-filled microcavities
opens a new platform for such physics owing to the high degree of tun-
ability of the potentials in 1D and 2D. Here, we present laser-induced
reversible and irreversible mirror structuring techniques for the genera-
tion of periodic lattice potentials for photon Bose-Einstein condensates
with variable site-resolved control of the potential energy. As the dis-
persion relation for the two-dimensional photon gas inside an optical
dye-filled microcavity depends on the cavity length, static potentials
are introduced by modulating the mirror surface with a laser writing
method. Harnessing the thermo-optic effect in the dye solution, we
then modify the optical path length in a reversible way by projecting
structured light onto an absorbing Si-layer in the backside of one of
the cavity mirrors. The two-fold tuning of lattice potentials opens the
possibility to study a variety of novel Hermitian and non-Hermitian
effects with quantum gases of light.

MO 12.49 Tue 14:00 Tent
Fast 24-bit analog-to-digital converter for high-precision
experiment control — eJonas DroOTLEFF, PuiLipp Lunt, Jo-
HANNES REITER, PauL HiLL, Macies GArKA, and SELIM JOCHIM —

Physikalisches Institut der Universitdt Heidelberg, Im Neuenheimer
Feld 226, 69120 Heidelberg, Germany

Cold atom experiments rely on precision measurements and stable ex-
perimental parameters to prepare and control quantum states with
high fidelity. High-dynamic range analog-to-digital converters (ADCs)
minimize the information loss caused by the digitalization and play a
major role in modern experiment control systems. We present a novel
measurement device that provides a large dynamic range (19 noise-free
bits) at sampling rates of up to 2 million samples per second. At lower
sampling rates, the converter yields up to 24 noise-free bits, allowing
for enhanced flexibility in the type and bandwidth of input signals.
With its small and portable design, the device allows for digitaliza-
tion close to the signal’s origin, thereby eliminating long signal paths
and subsequent noise pickup. This ADC is the first step towards more
precise control of experimental parameters, with potential applications
in the range from ultra-precise stabilization of optical trap depths to
magnetic offset field control at unprecedented levels.

MO 12.50 Tue 14:00 Tent
Towards trapping of single atoms in a micro-fabricated opti-
cal tweezer — eMARIAN ROCKENHAUSER!, Lukas BLEssING?, and
T Lancen! — 1TU Wien, Atominstitut, Cold Molecules and Quan-
tum Technologies — 2Universitdt Stuttgart, 5. Physikalisches Institut

The trapping of single ultracold atoms is a crucial technique for appli-
cations in quantum computation, communication, and sensing. How-
ever, one of the main disadvantages of most experiments is their con-
siderable large size and complexity. Here we present our progress to-
wards the miniaturization of a classic single atom experiment. This is
achieved by the use of a sophisticated compact laser system and the
integration of a 3D-printed optical tweezer with a rubidium magneto-
optical trap. The tweezer is created using micrometer-scale lenses fab-
ricated directly onto the tip of a standard optical fiber. These unique
properties enable the efficient trapping of single atoms and the collec-
tion of their fluorescence using the same fiber. Its unique properties
will make it possible to both trap single atoms and the subsequent
collection of their fluorescence with high efficacy. Based on this, a
single-photon source can be realized which will have extensive appli-
cations in the field of quantum information processing.

MO 12.51 Tue 14:00 Tent
Quantum simulation and computation using fermions in

an optical superlattice — eMARNIX BARENDREGT!, THOMAS

CuaLoriNn®2, PETAR BoJovié!, St Wanc!, JoHaNNES OBERMEYER!,
DowmiNik Bourgunp!, Trtus Franz!, IMmaNuEL Brocnu!, and Ti-
MoN HiLker!3 — Max Planck Institute of Quantum Optics, Garch-
ing, Germany — 2Université Paris-Saclay, Institut d*Optique Gradu-
ate School, CNRS, Laboratoire Charles Fabry, Palaiseau 91127, France
— 3Department of Physics, University of Strathclyde, Glasgow, G4
ONG, UK

Strongly-correlated materials show rich phase diagrams at low temper-
atures and finite dopings. The Fermi-Hubbard model and its variations
are believed to describe many of these phases, including cuprate high-
Tc superconductivity and the pseudogap phase. We have implemented
a single-site and spin resolved quantum gas microscope with an optical
superlattice. Control over the doping and temperature has allowed us
to explore large regions of the Fermi-Hubbard phase diagram and find
indications of the pseudogap phase by measuring spin and dopant-spin
correlations up to fifth order. Additionally, atoms in the superlattice
can be isolated into an array of double wells, which we dynamically
control to implement two-qubit collisional gates with excellent fidelity.
This paves the way for fermionic quantum computation.

MO 12.52 Tue 14:00 Tent
Experimental Study of the Solidity and Smecticity of a
Driven Superfluid — eNikoLas LIEBSTER, MARIUS SPARN, ELI-
Nor Karh, JeELTE DucHENE, HELMUT STROBEL, and MARKUS
OBERTHALER — Kirchhoff-Institut fiir Physik, Universitiat Heidelberg,
Im Neuenheimer Feld 227, 69120 Heidelberg, Germany

Bosonic quantum gases have been shown to result in spontaneously
arising, self-stabilized periodic density modulations when the two-
particle interaction strength is driven in time. Here we experimentally
demonstrate that such states share key properties to a seemingly dif-
ferent physical system, namely supersolids, not only in their superflu-
idity and periodic density structure but also in their excitations. This
correspondence is made possible through the effective theory of hy-
drodynamics of supersolids, which is constructed using assumptions of
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spontaneously broken symmetries and conserved quantities. We exper-
imentally investigate both stripe patterns as well as two-dimensional
crystals, using novel techniques to instigate sound modes in each con-
figuration.

MO 12.53 Tue 14:00 Tent
Realization and characterization of a tunable 2D optical
accordion for ultracold atoms — eKRISHNAN SUNDARARAJAN,
ALEXANDER GUTHMANN, FELIXx LANG, Louisa MaRrIE KIENEs-
BERGER, and ARTUR WIDERA — Physics Department and Research
Center OPTIMAS, University of Kaiserslautern-Landau, Germany

Optical lattices, formed by the interference of coherent laser beams,
are powerful tools for manipulating quantum gases. A versatile imple-
mentation, the optical "accordion,” enables tuneable lattice spacing by
adjusting the angle between beams. We aim to develop such a setup
using a beam splitter made of custom Dove prisms bonded with UV-
curing epoxy, combined with a large aspherical lens. The prism pair
splits a single beam into two parallel rays, whose separation depends
on the incoming beam properties. Focusing these rays creates an in-
terference pattern forming the lattice potential. We will present the
design, assembly, and ex-situ characterization of this optical accordion
and its extension to a 2D configuration for accessing lower-dimensional
systems with ultracold lithium-6 atoms.

MO 12.54 Tue 14:00 Tent
Two-dimensional grating magneto-optical trap — eJosepu Mu-
cHOVO, JULIAN LEMBURG, SAM ONDRACEK, KAl-CHRISTIAN BRUNS,
Vivek CHANDRA, HENDRIK HEINE, and ErRNsT M. RASEL — Leibniz
Universitdt Hannover, Institut fiir Quantenoptik

Ultracold atoms provide exciting opportunities for advancing matter-
wave interferometry and enabling more precise tests of fundamental
physics in a variety of experimental and applied settings. To achieve
larger atom numbers and higher repetition rates, two-dimensional (2D)
magneto-optical traps (MOTs) can be employed as separate source
chambers. These offer distinct advantages in the pre-cooling and faster,
more efficient loading of atoms into three-dimensional grating MOTs,
a key step for many precision measurements. To realise field applica-
tions of quantum sensors utilising cold atoms, there is need for simpler,
more efficient and more compact sources.

In this poster, we will present the design and implementation of a
2D grating MOT requiring only a single input cooling beam in com-
bination with pusher-retarder beams, thereby simplifying the setup.
This innovative approach will result in a robust, highly compact, and
efficient source of ultracold atoms that can be used in field and space
applications.

MO 12.55 Tue 14:00 Tent
Developing a hybrid tweezer array of Rydberg atoms and po-
lar molecules — eKa1 VoGEes, DANIEL HOARE, JOE VAGGE, QINSHU
Lyu, Jonas RopEwALD, BEN SAUER, and MicHAEL TARBUTT — Cen-
tre for Cold Matter, Imperial College London, UK

Hybrid tweezer arrays of atoms and molecules are an innovative tool
for new applications in quantum science and technology. The combi-
nation of Rydberg atoms with their large electric dipole moment and
polar molecules with their rich level structure and long state coherence
times makes this approach a promising platform for quantum simula-
tion [1] and computing [2,3].

In this poster, we present our recent results on the realization of such
a hybrid tweezer array based on ultracold Rb atoms and directly laser-
coolable CaF molecules. We discuss the advantages and challenges of
using two different ultracold particle types and present our prepara-
tion strategies for the atoms and molecules. In addition, we show our
results in single atom trapping, imaging and tweezer trap characteri-
sation and present our progress for highly efficient tweezer loading.
Our approach will make it possible to construct arbitrary patterns of
atoms and molecules. Through the dynamic rearrangement of tweez-
ers and the long-range interactions mediated by Rydberg atoms, this
hybrid platform will be a compelling candidate for scalable quantum
computing.

[1] J. Dobrzyniecki et al., PRA 108, 052618 (2023)

[2] C. Zhang et al., PRX Quantum 3, 030340 (2022)

[3] K. Wang et al., PRX Quantum 3, 030339 (2022)

MO 12.56 Tue 14:00 Tent
Observation of an integer quantum Hall state of six fermions
— oJOHANNES REITER, PAauL HivL, PHiLipp LunNnT, JoNAsS DRrRoOTL-
EFF, MAcIE] GALKA, and SELIM JocHiM — Physikalisches Institut,

Universitat Heidelberg, Deutschland

Integer and fractional quantum Hall states underpin the understanding
of topological phases of matter featuring exotic macroscopic properties
such as the quantization of the transverse resistivity and emergence of
robust edge currents.

Expanding upon our deterministic preparation of a spinful two-
particle Laughlin state [arXiv:2402.14814], we present the recent obser-
vation of an integer quantum Hall state of six rapidly rotating fermions
confined in a tight optical tweezer. Momentum-space imaging of the
many body density reveals the hallmark uniform flattening of the
particle density distribution and provides access to the microscopic
correlations. This measurement demonstrates the scalability of our
atom-by-atom assembly technique of quantum hall states and opens
new avenues for probing the microscopic dynamics of topological phase
transitions.

MO 12.57 Tue 14:00 Tent
Exploring the superfluid phase diagram for imbalanced Fermi
gases in 2D — eRENE HENKE, CEsar R. CABRERA, MORITZ VON
UssLAR, ARTAK MKRTCHYAN, and HENNING MoriTz — Institut fiir
Quantenphysik, Universitdt Hamburg

In Fermionic superfluids, condensation occurs through the pairing of
fermions with opposite momenta and spin. This process is disturbed by
introducing a spin imbalance, which leads to a mismatch between the
respective Fermi surfaces. The result is a complex phase diagram in-
cluding different phases, such as phase separation between a balanced
superfluid and free fermions, as well as more exotic phases like the
Fulde-Ferrell-Larkin-Ovchinnikov (FFLO) state, where the pairs carry
non-zero momentum. As of now, the phase diagram of imbalanced
Fermi gases in two dimensions remains largely unexplored.

In this poster, we present our results on spin-imbalanced homoge-
neous Fermi gases in two dimensions. Using lattice modulation spec-
troscopy, we excite a collective mode associated to the superfluid order
parameter of the system. Our results show how this collective mode
vanishes at a critical polarization and interaction strength, providing
a step towards understanding exotic pairing in low dimensions.

MO 12.58 Tue 14:00 Tent
Towards a Potassium-39 quantum gas microscope — ScoTT
HuBELE, eYixiao WAaANG, MARTIN SCHLEDERER, ALEXANDRA
MozbpzEN, GUILLAUME SALOMON, and HENNING MoRrIiTz — Institute
for Quantum Physics, University of Hamburg, Germany

The rapid development of quantum simulation has enabled us to study
many-body physics with cold atom experiments in a controlled way,
avoiding the computational complexity of solving the problems with
classical computers. The introduction of quantum gas microscopes
further allows to study the system with single-site resolution in real
space.

In our experiment, we prepare ultracold Potassium-39 in a 1064nm
optical lattice in a bowtie configuration, which can be well described
by the Bose-Hubbard model, and confine the atoms in quasi-2D ge-
ometry with a pancake-shaped trap and a vertical repulsive lattice.
To achieve single-site resolution, we employ Raman sideband imag-
ing at near-zero magnetic field to cool the atoms while simultaneously
collecting fluorescence photons with a high-NA objective.

Here, we present the progress towards building a Potassium-39 quan-
tum gas microscope and introduce the experimental techniques for
preparing ultracold atoms in the optical lattices and imaging them
with high resolution using Raman sideband imaging.

MO 12.59 Tue 14:00 Tent
An experimental study of the heating of laser-cooled atoms
in a nanofiber-based two-color trap — eANTOINE GLICEN-
STEIN, Riccarpo PENNETTA, DANIEL LECHNER, JURGEN VoLZ,
PHiLiPP SCHNEEWEISS, and ARNO RAUSCHENBEUTEL — Department
of Physics, Humboldt-Universitdt zu Berlin, 10099 Berlin, Germany

The lifetime of atoms in nanofiber-based optical traps is significantly
smaller than in comparable free-space traps. This experimental ob-
servation has been made for different types of trapped atoms such as
Cesium or Rubidium, and the mechanical motion of the nanofiber has
been proposed to be the major factor behind the excess heating [1].
By analyzing the polarization fluctuations of light transmitted through
the nanofiber, we observe the nanofiber’s fundamental torsional mode
[2], which exhibits a Q-factor of up to 107 and a resonance frequency
close to the trapping frequencies. In order to study its potential in-
fluence on the atoms’ lifetime, a piezo actuator is integrated into the
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nanofiber holder. While we successfully implemented feedback cooling
to suppress the torsional motion and actively drove the torsional mode,
neither approach resulted in a significant modification of the lifetime,
indicating that the torsional mode is irrelevant for the heating rate
of trapped atoms. Our research now shifts to investigating flexural
modes, which are theoretically predicted to contribute most strongly
to the heating [1] but are experimentally more challenging to address.

[1] Hiimmer et al., PRX 9, 041034 (2019) [2] Tebbenjohanns et al.,
PRA 108, L031101 (2023)

MO 12.60 Tue 14:00 Tent
Possible configurations of the Heidelberg Quantum Archi-
tecture — eDaNIEL Dux, ToBias HAMMEL, MAXIMILIAN KAISER,
MarTHIAS WEIDEMULLER, and SELIM JocHIM — Physikalisches Insti-
tut, Heidelberg, Germany

We present the current status of our new modular Lithium-6 platform.
Besides a high degree of adaptability, this platform aims for a very
fast cycle rate. We show first results from some of the already im-
plemented modules, such as dipole traps, optical tweezers, an optical
accordion to provide a 2D confinement, RF coils that enable fast spin
flips, a free space imaging setup that allows simultaneous spin selective
readout and a self optimization routine to set experiment parameters.
Given these modules, we will discuss possible configurations that will
be achievable within the Heidelberg Quantum Architecture and find
applications in quantum technologies.

MO 12.61 Tue 14:00 Tent
Deterministic Generation of Localized Spin Excitations in a
Spin-1 BEC — YANNICK DELLER, e ALEXANDER SCHMUTZ, RAPHAEL
SCHAFER, ALEXANDER Framm, HELMUT STROBEL, and Markus K.
OBERTHALER — Kirchhoff-Institut fiir Physik, Universitat Heidelberg,
Deutschland

We present the experimental techniques to reliably generate localized
spin excitations in a quasi one-dimensional ferromagnetic spin-1 BEC.
We utilize a steerable laser at the tuneout-wavelength for 87Rb in
order to locally induce an effective magnetic offset field which can be
controlled on the pum scale. Localized transitions between hyperfine
states are implemented by amplitude modulation of the laser beam at
the transition frequency [1].

To characterize the resulting spin excitations, we track their time evo-
lution in all relevant observables by employing a generalized POVM
readout scheme [2].

We investigate their properties such as lifetime and propagation speed
in different parameter regimes and compare with numerical simulations
and analytical models to investigate for a topological classification of
the excitations.

1 Lannig et. al., PRL 125, 170401 (2020)
2 Kunkel et. al., PRL 123, 063603 (2019)

MO 12.62 Tue 14:00 Tent
Heidelberg Quantum Architecture - Fast and modular quan-
tum simulation — eFINN LUBENAU, MAXIMILIAN KAISER, DANIEL
Dux, ToBias HAMMEL, MATTHIAS WEIDEMULLER, and SELIM JOCHIM
— Physikalisches Institut der Universitat Heidelberg, Heidelberg, Ger-
many

We are presenting our Heidelberg Quantum Architecture, a quantum
gas platform that combines individual modules to implement a large
variety of functionalities, that can be quickly updated and exchanged.

Currently, the core modules consist of a cold atom source that al-
lows for very fast cycle time, dipole traps and optical tweezers, high
fidelity single atom and spin resolved imaging, confinement to a 2D
plane using an optical accordion. Here we will present progress on im-
plementing a spatial light modulator (SLM) module to create tunable
light fields in a precise and reproducible way, including the ability to
correct for optical aberrations.

MO 12.63 Tue 14:00 Tent
ORKA - Towards a Cavity Enhanced All Optical Rb87 BEC
Source for Atom Interferometry in Microgravity — eJAN ERric
STIEHLER, MARIUS PRrINz, MARIAN WorLTMANN, and SvEN HER-

10

RMANN — Center of Applied Space Technology and Microgravity
(ZARM), University of Bremen, Germany

Evaporative cooling in optical traps is a common method to prepare
ultra-cold atoms and generate Bose-Einstein-condensates (BEC). This
usually comes at the price of an increased power budget for the trap-
ping lasers. For setups that require energy efficiency, e.g. in space,
magnetic chip traps are thus often preferred. However, these also come
with their own limitations and lack some of the benefits of all-optical
trapping and cooling. As an alternative, we are investigating the use of
a resonantly enhanced 1064nm optical dipole trap for Rb87 to mitigate
the power needs for all optical evaporative cooling. We are working
on employing a bow-tie cavity for evaporative cooling down to a BEC
to then be used as a matterwave source for interferometry in free-fall
experiments at the Gravitower Bremen facility. Here we present our
design and current progress of the experiment as well as first tests of
the resonator. The ORKA project is supported by the German Space
Agency DLR with funds provided by the Federal Ministry for Eco-
nomic Affairs and Climate Action under grant number DLR 50 WM
2267.

MO 12.64 Tue 14:00 Tent
Ground Support for the BECCAL Laser System for Cold
Atom Experiments onboard the ISS — eHamisu Beck!,
HRUDYA THAIVALAPPIL SUNILKUMAR!, MARC KiTzmMAaNN!) MATTHIAS
Scuocu!, CuHristorH WEIsE!, BasTiAN LEYKAUF', EVGENY
Kovarcuuk?!, Jakos Ponr!, Acuim PrTERs!, and THE BECCAL
CoLLaBORATIOND2:3:4,5,6,7,8,9,10 __ 1HUB, Berlin — 2FBH, Berlin
— 3JGU, Mainz — 4LUH, Hanover — °DLR-SI, Hanover — SDLR-
QT, Ulm — “UULM, Ulm — 3ZARM, Bremen — °DLR, Bremen —
10DLR-SC, Braunschweig

The Bose-Einstein Condensate and Cold Atom Laboratory (BECCAL)
is designed for operation onboard the International Space Station
(ISS). This multi-user facility will enable experiments with K and Rb
ultra-cold atoms and BECs in mircogravity. Fundamental physics will
be explored at longer time- and lower energy-scales compared to those
achieved on earth.

The BECCAL laser system is comprised of micro-integrated diode
lasers, miniaturized free-space optics on Zerodur boards, and a system
of fibres to bring light to the physics package. The design is subject to
strict size, weight, and power (SWaP) constraints, and the operation
of the system is supported by extensive ground-based systems.

The ground-based systems built for validation and testing will be
presented alongside the design of the flight model.

This work is supported by the DLR with funds provided by the
BMWK under grant number 50WP2102.

MO 12.65 Tue 14:00 Tent
Karman vortex streets in a dissipative superfluid — eGEorc
TRAUTMANN', GREGOR BaLs?3, Thnomas Gasenzer'?:3, CARLO
Ewerz23, and DavipE PromeEnT®45 — IKirchhoff-Institut fiir
Physik, Uni Heidelberg — 2Institut fiir Theoretische Physik, Uni Hei-
delberg — 3ExtreMe Matter Institute EMMI, GSI Helmholtzzentrum
fiir Schwerionenforschung — #School of Engineering, Mathematics and
Physics, University of East Anglia, Norwich Research Park — ?Centre
for Photonics and Quantum Science, University of East Anglia

Moving an obstacle potential in a two-dimensional Bose-Einstein con-
densate can lead, depending on the potential’s size and velocity, to dif-
ferent phases of vortex shedding. Of particular interest is the formation
of a long-lived alternating series of vortex pairs with the same winding
number, similar to the Bérnard-von Karméan vortex street known from
classical fluid dynamics. Furthermore, simulating the vortex dynam-
ics in a dissipative framework allows one to compare observations to
a holographic superfluid where the strongly correlated quantum sys-
tem is modeled through a higher-dimensional, weakly coupled gravi-
tational theory. Recent literature has already shown successfully that
the trajectories of simple vortex configurations simulated by dissipative
Gross-Pitaevskii equations can be matched to the holographic analog.
On the experimental side, the strongly dissipative quantum fluid can
also describe liquid helium close to the lambda-transition qualitatively.
Additionally, strong dissipation gives rise to further phases of vortex
shedding that are not present in the non-dissipative condensate.



