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Ultracold chemistry and dipolar collisions in a quantum gas
of polar molecules — oSiLKkE OspELKAUS!'2, AMODSEN CHOTIAZ,
Marcio DE MIrRaNDAZ, BriaN NEvENHUIS?2, KaNg-KUEN Ni12, Da-
JUN WanG?, Jun YE?, and DeEBoran JiN? — lInstitut fuer Quan-
tenoptik und QUEST, Universitaet Hannover — 2JILA, NIST and

University of Colorado, Boulder, CO, USA

Ultracold polar molecular quantum gases promise to open new re-
search directions ranging from the study of ultra-cold chemistry, preci-
sion measurements to novel quantum phase transitions. Based on the
preparation of high-phase space density gases of polar KRb molecules
[1,2,3], T will discuss the control of dipolar collisions and chemical re-
actions of polar molecules in a regime where quantum statistics, single
scattering partial waves, and quantum threshold laws play a domi-
nant role [4]. In particular, I will point out the crucial role of electric
dipole-dipole interactions [5] and external confinement [6] in deter-
mining the chemical reaction rate. Finally, I will discuss prospects of
reaching quantum degeneracy in bi-alkali samples of polar molecules
and prospects for these systems as novel dipolar quantum many-body
systems. [1] K. K. Ni, S. Ospelkaus, M. H. G. de Miranda, et al., Sci-
ence 322, 231 (2008). [2] S. Ospelkaus, K. K. Ni, M. H. G. de Miranda,
et al., Faraday Discussions 142, 351 (2009). [3] S. Ospelkaus, K. K.
Ni, G. Quemener, et al., Phys. Rev. Lett. 104, 030402 (2010). [4] S.
Ospelkaus, K. K. Ni, D. Wang, et al., Science 327, 853 (2010). [5] K.
K. Ni, S. Ospelkaus, D. Wang, et al., Nature 464, 1324 (2010). [6] M.
H. G. de Miranda, A. Chotia, B. Neyenhuis et al, arXiv: 1010.3731
(2010).

Q 27.2 Wed 11:00 BAR 106
Finite temperature interactions between cold atoms and
nanostructures — JOHANNES MARKLE, BENJAMIN JETTER, PHILIPP
SCHNEEWEISS, MICHAEL GIERLING, GABRIELA VISANESCU, PETER
FEDERSEL, DIETER KERN, ANDREAS GUNTHER, JOZSEF FORTAGH,
and eTHOMAS JUuDD — CQ Center for Collective Quantum Phenom-
ena and their Applications, Eberhard-Karls-Universitdt Tiibingen, Auf
der Morgenstelle 14, D-72076 Tiibingen, Germany

There is currently much interest in combining cold atoms with nanofab-
ricated devices such as carbon nanotubes. Such research studies the
interface between quantum gases and solid devices, and the interface
between quantum and classical physics. It also provides insight into
nanomachines, nanoelectronics, and macromolecular control. In such
systems the role of temperature is important and related to quantum
coherence properties.

Here we study quantum reflection and inelastic scattering of atoms
from carbon nanotubes and show how cold atom experiments can ex-
tract information about nanostructures’ van der Waals potentials. We
also develop a novel finite temperature theory for cold atoms and study
how solid structures may be used to cool and create coherence in quan-
tum gases. We also explore the reverse case in which a cold atom cloud
is used to cool solid objects.

Q 27.3 Wed 11:15 BAR 106
Dark solitons near the Mott-insulator—superfluid phase tran-
sition — eKoNSTANTIN KRUTITSKY!, JoNas Larson?3, and Ma-
cieJ LEWENSTEINY® — 1Fakultit fiir Physik der Universitiat Duisburg-
Essen, Campus Duisburg, Lotharstrafte 1, 47048 Duisburg, Germany
— 2NORDITA, 106 91 Stockholm, Sweden — 3Department of Physics,
Stockholm University, AlbaNova University Center, 106 91 Stock-
holm, Sweden — #ICFO-Institut de Ciéncies de Fotoniques, 008860
Castelldefels (Barcelona), Spain — SICREA-Institucié Catalana de
Recerca i Estudis Avangats, Lluis Companys 23, 08010 Barcelona,
Spain
Dark solitons of ultracold bosons in the vicinity of the Mott-insulator—
superfluid phase transition are studied. Making use of the Gutzwiller
ansatz we have found antisymmetric eigenstates corresponding to
standing solitons, as well as propagating solitons created by phase im-
printing. Near the phase boundary, superfluidity has either a particle
or a hole character depending on the system parameters, which greatly
affects the characteristics of both types of solitons. Within the insu-
lating Mott regions, soliton solutions are prohibited by lack of phase
coherence between the lattice sites. Linear and modulational stabil-
ity show that the soliton solutions are sensitive to small perturbations

Location: BAR 106

and, therefore, unstable. In general, their lifetimes differ for on-site
and off-site modes. For the on-site modes, there are small areas be-
tween the Mott-insulator regions where the lifetime is very large, and
in particular much larger than that for the off-site modes.

Q 27.4 Wed 11:30 BAR 106
Overview of laser cooling of relativistic C3+4 ion beams
at ESR — eMicHAEL Bussmann!, Franziska KroLL!, MARKUS
Loser!, MarTHias SieBorb!, ULricH ScHramM!, WEIQIANG
WenD26 DanieL F.A. WinTERs?3, Tosias Beck?, BEN-
JaMIN  REIN?, Tuomas WALTHER?, GERHARD BIRkL?Y, WiL-
FRIED NORTERSHAUSER?'®, THoMAs KtHL2, CHRISTIAN NovoTNy?:?,

CHRisTOPHOR KozHUHAROV?, CHRISTOPHER GEPPERT?®, MARKUS

StrEck?, CHRISTINA DimopouLou?, Fritz NoLpENZ, XINWEN
Ma%, and Tuomas STOHLKER?® — lForschungszentrum Dresden-
Rossendorf — 2GSI Helmholtzzentrum fiir Schwerionenforschung

GmbH — 3Universitat Heidelberg — 4Technische Universitat Darm-
stadt — ®Universitit Mainz — SInstitute for Modern Physics, Chinese
Academy of Science

We present an overview of the setup for all-optical cooling and beam
diagnostics for relativistic C3+ ion beams at the Experimental Stor-
age Ring (ESR) at GSI. With new optical diagnostics it is foreseen to
improve the measurement of the longitudinal momentum spread of the
beam by at least an order of magnitude. The new optical diagnostics
together with the new Schottky diagnosis and beam profile monitor
available at ESR will allow to access the complete phase space evo-
lution of the beam inside the storage ring. With new laser systems
developed for cooling beams with an initially large energy spread it
will be possible to replace the electron cooler that was used to reduce
the initial momentum spread of the ion beam.

Q 27.5 Wed 11:45 BAR 106
Stability and elementary excitations of a dipolar Bose gas in
a 1D optical lattice — eMaTTIA JONA - LasiNiol, Luis SanTos?,
STEFAN MUELLERY2, JULIETTE BiLLy?, EMaNvuEL HENN?, HOLGER
KapauZ2, PriLipP WEINMANNZ, Davip PeTER?, and TiLMAN Prau?2
— MTP, Institut fiir Theoretische Physik, Leibniz Universitit Han-

nover — 25. Physikalisches Institut, Universitét Stuttgart

We consider a system of ultracold dipolar bosons in a 3D harmonic po-
tential plus a 1D optical lattice along the weakest trapping direction.
We assume all dipoles to be aligned along the lattice direction. We in-
vestigate the stability of the system as a function of the lattice strength
and we highlight the role played by the long range dipole-dipole inter-
action. By solving the Bogoliubov equations we also characterize the
different types of instability emerging in the system. We compare our
theoretical predictions with the stability of a Chromium (°2Cr) con-
densate, finding the experimental evidence of the dipole-dipole long
range character.

Q27.6 Wed 12:00 BAR 106
Stability of a Dipolar Quantum Gas in a 1D Optical Lattice
— oSTEFAN MUELLERD2, JuLiETTE BIiLLy!, EMANUEL HeEnN!, HoL-
ceER Kapaul, PuiLipp WEINMANNY, DaviD PETER!, MATTIA JONA
LasiNio?, Luis SanTos?, and TiLmaN Praul — 15, Physikalisches
Institut, Universitit Stuttgart — 2Cluster of Excellence QUEST, In-
stitut fiir Theoretische Physik, Leibniz Universitat Hannover

‘We present first measurements on the stability of a BEC of chromium
atoms in a 1D optical lattice. In a shallow lattice the trap aspect ratio
of the underlying optical dipole trap (ODT) potential determines the
critical scattering length [1]. However, in a deep lattice the system can
be considered as a stack of pancake shape BECs, which individually
are expected to be much more stable. We investigate the range from
0 to approx. 100 recoil energies lattice depth, observing a continuous
decrease in the critical scattering length from +13 to -20 Bohr radii.
Theoretical studies support significant intersite coupling via the long
range dipole-dipole interactions.
[1] T.Koch et al.: Nature Physics 4, 218 (2008)

Q 27.7 Wed 12:15 BAR 106
Controlled Charge Transport in lattice confined Alkaline-
Earth Gases — eRick MUKHERJEE!, ALEXANDER EisreLp!, Icor
LesaNovsky?, and THoMas Ponr! — 1Max Planck Institute for the
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Physics of Complex Systems, Dresden, Germany — 2School of Physics
and Astronomy, The University of Nottingham, United Kingdom

We study the dynamics of an ion immersed in an optical lattice of
ultracold atoms. Here, simultaneous trapping of atoms and ions is
made possible though the use of alkaline-earth atoms. Focussing on
Strontium, we present extensive calculations of the atomic structure of
highly excited states, as well as of the properties of molecular ions com-
posed of such two-electron atoms. Optical dressing to Rydberg states
is shown to permit precise and detailed control of charge exchange
between neighbouring lattice sites, thereby offering unique opportuni-
ties to steer coherent charge transport and implement, e.g. a range
Holstein-Hubbard type Hamiltonians in optical lattices.

Q 27.8 Wed 12:30 BAR 106
Mixing and de-mixing of dressed condensates — eEIkE Nick-
LAs, HELMUT STROBEL, CHRISTIAN GRoss, TILMAN ZIBOLD, JIRI

Towmkovic, and MArRKUs K OBERTHALER — Kirchhoff Institute for
Physics, University of Heidelberg, Germany

Two component interacting Bose-Einstein condensates provide a ver-
satile system for studying the dynamics of multicomponent quantum
fluids. Here we report on a method for controlling the effective inter-
actions that govern the miscibility of the system by dressing the two
components with a linear coupling field. We experimentally investi-
gate the demixing dynamics of a binary condensate consisting of two
hyperfine states of Rubidium and compare the results with numerical
simulations. A Feshbach resonance allows changing the miscibility pa-
rameter of the system. We observe suppression of demixing when the
two components are dressed with a linear coupling and the effective
miscibility can be controlled via the coupling strength. Furthermore,
we find that a miscible system is destabilized when applying a driving
field.



