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Q 18: Ultracold atoms, ions, and BEC Il (joint session A/Q)

Time: Tuesday 14:00-16:00

Invited Talk Q 18.1 Tue 14:00 303
BECCAL - Quantum Gases on the ISS — eLisaA WORNERDZ,
CHRISTIAN ScHUBERT!3, JENs Grossel?, CrLaus Braxmalgr!:2,
ErnsT RaserL!2, Worraanc ScureicEb?, and tHE BECCAL
COLLABORATION2:3:45,6.7 __ 1German Aerospace Center, DLR —
2University of Bremen — 3Leibniz University Hanover — 4University
Ulm — SHumboldt University Berlin — 6Johannes Gutenberg Univer-
sity — "Ferdinand Braun Institute

BECCAL (Bose-Einstein Condensate and Cold Atom Laboratory) is
a bilateral NASA-DLR mission dedicated to execute experiments with
ultra-cold and condensed atoms in the microgravity environment of
the international space station. It builds on the heritage of NASA’s
CAL and the DLR founded QUANTUS and MAIUS missions. BEC-
CAL aims to enable a broad range of experiments, covering atom in-
terferometry, coherent atom optics, scalar Bose-Einstein gases, spinor
Bose-Einstein gases and gas mixtures, strongly interaction gases and
molecules, and quantum information. This contribution gives an
overview over the current status of BECCAL and its anticipated ca-
pabilities for scientific investigations.

BECCAL is supported by DLR with funds provided by BMWi under
Grants Nos. 50WP1700-1706.

Q 18.2 Tue 14:30 {303
Cavity-Enhanced Microscope for Cold Atoms — eTIGRANE
CANTAT-MOLTRECHT, NICK SAUERWEIN, and JEAN-PHILIPPE BRAN-
TUT — LQG EPFL, Lausanne, Switzerland

We are setting up a novel type of microscope consisting of an ultra-cold
Fermi gas of Lithium 6 atoms in a high-finesse cavity, combined with
high-numerical-aperture optics (0.38).

Atoms in the cavity can be detected through their dispersive interac-
tion with light. A second laser beam, focused tightly onto the lithium
cloud, locally enhances the coupling of the atoms to the cavity, al-
lowing for non-destructive measurements with sub-micron resolution.
Controlling this coupling will also allow to tune the cavity-mediated in-
teractions temporally and spatially, paving the way for novel schemes of
quantum simulation of random all-to-all interactions between fermions.

Currently, the core of the optical system has been fully characterized
and the vacuum and laser system are operational. I will summarize the
important ideas and technical developments behind the design, present
the current status of our setup and the next steps towards a working
""cavity-microscope".

Q 18.3 Tue 14:45 {303
Delta-kick collimation in dynamic time averaged optical po-
tentials — eHENNING ALBERs!, ALEXANDER HERBST!, ASHWIN
RajacgopaLaN!, Worrcang ErTMER!, ErRnsT M. Rasen!, Dennis
ScHLIPPERT!, and THE PRIMUS-TEAM2 — !nstitut fiir Quantenop-

tik, Leibniz Universitat Hannover — 2ZARM, Universitit Bremen

The precision of atom interferometers highly depends on the center-
of-mass motion and the expansion rate of the atomic ensemble. By
reducing the latter, systematic effects, e.g. through wavefront aber-
ration, can be reduced. In our setup we perform evaporative cooling
in a dynamic time averaged optical dipole trap, generated by spatial
modulation of the trapping beams in the horizontal plane, yielding
2 x 105 condensed atoms after 3 s of evaporation. Subsequently we
carry out delta-kick collimation (DKC). Beyond pulsed DKC, we use a
trapped scheme keeping the atoms captured the entire time. DKC can
be performed at any stage of evaporative cooling, thus short-cutting
the generation of ultra-cold effective temperatures. In this talk we will
show the results of fast BEC production and discuss the DKC results
as well as limitations and the perspective of generating up to 10 delta-
kicked condensed atoms within 1 s.

This work is funded by the DLR with funds provided by the Fed-
eral Ministry for Economic Affairs and Energy (BMWi) under grant
number DLR 50 WM 1641 (PRIMUS), the Federal Ministry of Edu-
cation and Research (BMBF) through the funding program Photonics
Research Germany (contract number 13N14875), and the DFG under
Germany’s Excellence Strategy (EXC 2123) "QuantumFrontiers".

Q 18.4 Tue 15:00 303
In-medium bound states of two bosonic impurities in a
one-dimensional Fermi gas — Davip Huber!, HaNs-WERNER

Location: £303

HamMeRY2, and e ArRTEM VoLosNiEv? — 1TU Darmstadt, Darm-

stadt, Germany — 2ExtreMe Matter Institute EMMI, Darmstadt,
Germany — 3IST Austria, Klosterneuburg, Austria

We investigate the ground-state energy of a one-dimensional Fermi gas
with two bosonic impurities. We study the case where impurity and
fermions have equal masses, and the impurity-impurity two-body in-
teraction is identical to the fermion-impurity interaction, such that the
system is solvable with the Bethe ansatz. For attractive interactions,
we find that the energy of the impurity-impurity subsystem is below
the energy of the bound state that exists without the Fermi gas. We
interpret this as a manifestation of attractive boson-boson interactions
induced by the fermionic medium, and refer to the impurity- impurity
subsystem as an in-medium bound state. For repulsive interactions,
we find no in-medium bound states.

Q 18.5 Tue 15:15 {303
QUANTUS-2 - Towards double Bragg interferometry in mi-
crogravity with a collimated BEC — eMEgRrLE CORNELIUS!,
PETER STROMBERGER?, JuLiaA PauHL?, CHRISTIAN DEPPNER?,
SVEN HERRMANN!, Craus LAMMERzAHL!, and Tne QUANTUS-
Teamb:2:3:456 __ 17ARM, Universitit Bremen — 2JGU Mainz —
3HU Berlin — “LU Hannover — ®Universitdt Ulm — 6TU Darmstadt

Quantum sensors based on matter wave interferometry have a wide
range of applications for geodesy or tests of fundamental physics. The
sensitivity of such precision measurements increase with the interro-
gation time, thus operating on a microgravity platform is highly ben-
eficial. As a pathfinder for future space missions, the QUANTUS-2
experiment was designed to perform atom interferometry during the
free fall time at the ZARM drop tower in Bremen. Our atom chip setup
enables rapid BEC production of Rb-87 atoms and utilization of delta-
kick collimation to reduce the residual expansion below 100 ym/s. The
collimated ensemble, observable after 2s with a high signal to noise ra-
tio, provides an excellent input source for atom interferometry on long
time scales. Here we present first results on ground based interfero-
metric measurements with single Bragg diffraction and a prospect to
double Bragg interferometry with a collimated BEC in microgravity
with long interferometer times in the range of seconds.

The QUANTUS project is supported by the German Space Agency
DLR with funds provided by the Federal Ministry for Economic Affairs
and Energy (BMWi) under grant number DLR 50WM1952.

Q 18.6 Tue 15:30 303
Observation of First and Second Sound in a Homogeneous
Bose Gas — oTivmon HiLker!, LEna Docral, JAKE GLIDDEN',
CuristorH Eigen!, RoBerr SmiTH"? und ZoraN Hapzisabic! —
LCavendish Laboratory, University of Cambridge, UK — 2Clarendon

Laboratory, University of Oxford, UK

The existence of two distinct sound velocities is one of the hallmarks
of superfluids. In a compressible quantum gas both modes couple to
density, which allows us to observe, for the first time, both sound velo-
cities in a moderately interacting ultracold Bose gas. Using a magnetic
field gradient, we excite centre-of-mass oscillations of a homogeneous
K-39 Bose gas in a three-dimensional box trap, revealing two distinct
resonant oscillations. In a microscopic analysis of the mode structure,
we find quantitative agreement for the first (and second) sound with
the hydrodynamic description of Landau’s two-fluid model in terms of
in-phase (out-of-phase) oscillations dominated by the thermal (BEC)
atoms. We study the speed and the damping of both modes for various
interaction strengths and temperatures and investigate in particular
the crossover from collisionless to hydrodynamic behaviour above T¢.

Q 18.7 Tue 15:45 {303
Continuous phase transitions in spinor Bose-Einstein con-
densates with spin-orbital angular momentum coupling —
eYuxiong Duanb2) Yurry Bipasyuk!, and ANDREY SurzHYKOV!:2
— !Physikalisch-Technische Bundesanstalt, D-38116 Braunschweig,
Germany — 2Technische Universitit Braunschweig, D-38106 Braun-
schweig, Germany

Spin-orbital angular momentum (S-OAM) coupling in Bose-Einstein
condensates has been recently realized using Raman coupling with
Laguerre-Gaussian beams. A rich phase diagram even at zero tem-
perature is predicted as a result of interplay between spin-orbit cou-
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pling, collisional interactions and quantization of angular momentum.
In present work we focus on some key features introduced to the phase
portrait by quantized angular momentum as this is the main difference
of our system from more thoroughly studied linear momentum spin-
orbit coupling. We demonstrate how appearance of quantized vortices
in the S-OAM coupled system significantly alters the mechanism of

phase transitions. In particular we find that the transition between
the stripe phase and polarized (or unpolarized) phase is a continuous
phase transition. During this process, a vortex molecule appears and
contracts towards its center. This unique behavior is absent in the case
of linear momentum spin-orbit coupling.



