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MO 14.1 Thu 10:30 BEBEL HS213

Probing the orientation of 8"Rbs molecules in the a3Ei rovi-

brational ground state by measuring the polarizability —
eMARKUS DEISS, BJORN DREWS, BENJAMIN DEISSLER, and JOHANNES
HECKER DENSCHLAG — Institut fiir Quantenmaterie, Universitat Ulm,
Albert-Einstein-Allee 45, D-89081 Ulm, Germany

We carry out experiments with 3”Rby molecules in the rovibrational
ground state of the adyy potential trapped in a 3d optical lattice. The
molecules can be prepared in states with different angular momentum
(either N =0 or N = 2 with N being the molecular rotation). In the
case of N = 2 the dimers are oriented along the direction of an exter-
nal magnetic field. We can determine this orientation by measuring
the molecular polarizability in an angle resolved way. By amplitude
modulation of the lattice beams the excitation resonances from the
lowest lattice band to higher bands are measured and the dynamical
polarizability is inferred. In contrast to N = 0, where no angular de-
pendence is found, N = 2 shows a significant change in polarizability
as a function of angle between laser polarization and the molecular
axis.

MO 14.2 Thu 10:45 BEBEL HS213
Spatially separating para and ortho water — fully quantum
state selected samples of gas-phase molecules — eDANIEL
HoRrKE!, YUAN-PIN CHANG!, and JocHeN KUpperY2:3 — ICenter for
Free-Electron Laser Science, DESY — 2?Department of Physics, Uni-
versity of Hamburg — 3Center for Ultrafast Imaging, University of
Hamburg

Different molecular species present in supersonically expanded molec-
ular beams can be separated using the electrostatic deflector, includ-
ing different conformers [1], cluster stoichiometries [2], and individual
quantum states of small linear rotor molecules [3].

We demonstrated the production of single quantum states of water
in the gas-phase, and separation of its nuclear spin isomers. The spins
of the two equivalent protons in water lead to two distinct nuclear
spin states — para and ortho. According to the Pauli principle, the
overall wavefunction of water must by antisymmetric for the exchange
of the two protons. Due to the exact symmetry properties of water,
para and ortho spin states correspond to distinct rovibronic states. We
demonstrated the production of a cold beam of water, with >95% of
population in the two absolute ground states. We spatially separated
these using strong inhomogeneous electric fields. This is the first time
pure samples of either spin isomer of water were produced.

[1] F. Filsinger et al, Phys. Rev. Lett. 100, 133003; ibid, Angew. Chem.
Int. Ed. 48, 6900; Y.P. Chang et al, Science 342, 98

[2] S. Trippel et al, Phys. Rev. A 86, 033202

[3] J. H. Nielsen et al, Phys. Chem. Chem. Phys. 13, 18971

MO 14.3 Thu 11:00 BEBEL HS213
Thermometry of Cold Trapped Molecular Anions in Multi-
pole RF-Ion Traps — eDANIEL HAUSER, SEUNGHYUN LEE, OLGA
LAKHMANSKAYA, ERrRIC ENDRES, SUNIL KUMAR, THORSTEN BEST und
RoOLAND WESTER — Universitdt Innsbruck, Institut fiir Ionenphysik
und Angewandte Physik, Osterreich

The fast evolution in the fields of high precision spectroscopy and ion
trapping during the last decades made it possible to gain high control
of large quantum systems [1]. However, applying experimental methods
as laser cooling and sympathetic cooling to more complex systems li-
ke molecules is difficult [2,3]. On the other hand, the development of
multipole RF ion traps during the last 20 years made it possible to
provide a large field free region which leads to weaker RF-heating as
compared to low order Multipoles. Buffer gas cooling can be used to
thermalize external as well as internal degrees of freedom of trapped
molecular ions. By carrying out rotationally resolved photodetachment
spectroscopy of cold trapped OH~ molecule, we have employed a new
way of measuring rotational temperatures [4]. In this work, we apply
this new scheme of measuring rotational and translation temperature
by doing photodetachment spectroscopy on OD~. As an outlook, we
present the status of rotational action THz spectroscopy of trapped
molecular anions. This will give us new insight on rethermalisation
processes and inelastic collision dynamics.

[1] T. Monz et. al., PRL 106, 130506 (2011) [2] A. Ostendorf et. al.,
PRL 97, 243005 (2006) [3] P. Staanum et. al., Nat.Phys. 6, 271-274

Location: BEBEL HS213

(2010) [4] R. Otto. et. al., PCCP 15, 612-18 (2013)

MO 14.4 Thu 11:15 BEBEL HS213
Spectroscopy of Cold RbSr Molecules Formed on Helium
Nanodroplets — eFLORIAN LACKNER, GUNTER KROIS, JOHANN V.
PoTOTSCHNIG, THOMAS BUCHSTEINER, and WOLFGANG E. ERNST —
Institute of Experimental Physics, Graz University of Technology, Pe-
tersgasse 16, A-8010 Graz, Austria

‘We report on the first spectroscopic investigation of the RbSr molecule.
The molecules are prepared in their vibronic ground state in a se-
quential pickup process on the surface of helium nanodroplets, con-
fined in a cold (0.38K) and weakly perturbing superfluid environ-
ment. Based on our seminal work on LiCa [1], we extend our stud-
ies to the previously unobserved RbSr molecule, the most promis-
ing candidate for the creation of ultracold polar alkali-alkaline earth
molecules. Utilizing resonance-enhanced multi-photon ionization time-
of-flight (REMPI-TOF) spectroscopy and laser induced fluorescence
(LIF) spectroscopy our investigations cover the spectral regime of
11500cm~1-16500cm~!. The weak interaction between molecules
and helium droplets causes a broadening of observed transitions. For
spectrally resolved band systems the helium droplet isolation approach
facilitates the determination of molecular constants. Our assignment
is assisted by theoretical calculations of potential energy curves based
on a multireference configuration interaction (MRCI) approach. Sev-
eral strong transitions could be identified; the most prominent spectral
feature is a vibrational resolved band system at 14000 cm~!.

[1] G. Krois, J.V. Pototschnig, F. Lackner and W.E. Ernst, J. Phys.
Chem. A, DOI: 10.1021/jp407818k (2013)

MO 14.5 Thu 11:30 BEBEL HS213
Transverse Focusing Effects in the Zeeman Deceleration of
Hydrogen Atoms — eKATRIN DuLITZ', ATREJU TAUSCHINSKY!,
MicHAEL Motscu?, NicoLAS VANHAECKE?#, and TiMoTHY P.
SOFTLEY! — 1Department of Chemistry, University of Oxford, Chem-
istry Research Laboratory, Mansfield Road, Oxford, OX1 3TA, UK
— 2Laboratorium fiir Physikalische Chemie, ETH Ziirich, Wolfgang-
Pauli-Strafle 10, 8093 Ziirich, Switzerland — 3Fritz-Haber-Institut der
Max-Planck-Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany —
4Laboratoire Aimé Cotton, CNRS, Université Paris-Sud, ENS Cachan,
91405 Orsay, France

Zeeman deceleration is an experimental technique in which inhomoge-
neous, time-dependent magnetic fields inside an array of solenoid coils
are used to manipulate the velocity of a supersonic beam [1, 2]. We
have built and characterised a 12-stage Zeeman decelerator for hydro-
gen atoms in Oxford. We present experimental results illustrating that
the overall acceptance in a Zeeman decelerator can be significantly in-
creased by applying a low, anti-parallel magnetic field to one of the
coils so as to form a temporally varying quadrupole field which im-
proves transverse particle confinement [3]. The results show excellent
agreement with three-dimensional numerical particle trajectory simu-
lations, and they suggest the use of a modified coil configuration to
improve transverse focusing during the deceleration process.

[1] N. Vanhaecke et al., Phys. Rev. A 75, 031402 (2007). [2] E. Narevi-
cius et al., Phys. Rev. A 77, 051401 (2008). [3] K. Dulitz, M. Motsch,
N. Vanhaecke, T. P. Softley, submitted.

MO 14.6 Thu 11:45 BEBEL HS213
Kolmogorov-type scaling at a non-thermal fixed point in two
dimensional Bose gases — ¢ THORGE MULLER!2, MARKUS KARL!:2,
and THOMAS GASENZER'? — lInstitut fiir Theoretische Physik,
Ruprecht-Karls-Universitat Heidelberg, Philosophenweg 16, 69120
Heidelberg — 2ExtreMe Matter Institute EMMI, GSI Helmholtzzen-
trum fiir Schwerionenforschung GmbH, Planckstrale 1, 64291 Darm-
stadt, Germany

We present a numerical analysis of non-thermal fixed points in ultra-
cold Bose gases in two spatial dimensions. Imprinting of multiply quan-
tized vortices is used to drive the system far away from equilibrium.
‘We demonstrate that the ensuing dynamical evolution leads the sys-
tem towards a quasi-stationary state showing non-thermal scaling so-
lutions in the occupation number, known as non-thermal fixed points.
We provide numerical evidence that the employed driving scheme re-
alizes a new scaling solution in the infrared, n(k) ~ k~°. Our result
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has been predicted by analytical calculations, however it has not been
observed numerically up to now. We discuss this solution’s connection
to steady energy fluxes in the infrared regime in momentum space and
to vortex clustering in real space. Also, we show that the latter leads
to almost-classical superfluid flow patterns giving rise to interpret the
derived scaling solution as being closely related to the Kolmogorov
scaling law.

MO 14.7 Thu 12:00 BEBEL HS213
Hybrid atom-ion trap for sympatheic cooling of OH™ ions by
a rubidium MOT — JULIAN GLASSEL!, BASTIAN HOLTKEMEIER!,
HENRY LopEz!, PascaL WECKESSER!, THORSTEN BEsT2, ERIC
ENDRESZ, ROLAND WESTER?, and MATTHIAS WEIDEMULLER! —
1Physikalisches Institut, Im Neuenheimer Feld 226, 69120 Heidelberg
— 2Institut fiir Ionenphysik und Angewandte Physik, Technikerstrafie
25/3, 6020 Innsbruck

Ultracold molecules can be created either from associating ultracold
atoms or by trapping and sympathetically cooling them. We report on
the status of a new setup employing a hybrid atom-ion trap that allows
to sympathetically cool OH™ ions by ultacold rubidium. A wide range
of other ion species can also be used, making the setup very versatile.

Our setup consists of an octupole rf-trap of thin wires that has a
large field-free region while allowing enough optical access to over-
lay a magneto optical trap inside. A dark spontaneous force optical
trap (darkSPOT) configuration is used to bring most rubidium to the
ground state, hence avoiding ion loss by inelastic collisions, as well as
allowing higher densities up to 3 x 10! atoms/cm® to enhance the
interaction rate. Simulations of ion trajectories inside the ultracold

rubidium cloud suggest sympathetic cooling by at least one order of
magnitude.

MO 14.8 Thu 12:15 BEBEL HS213
Cavity cooling of free nanoparticles in high vacuum — eSTEFAN
KUHN, PETER ASENBAUM, STEFAN NIMMRICHTER, UGUR SEZER, and
MARKUS ARNDT — Faculty of Physics, VCQ, University of Vienna,
Boltzmanngasse 5, Vienna A-1090, Austria

Resonant laser cooling techniques have given a great boost to the field
of atomic physics throughout the last 30 years. Complex molecules
and nanoparticles, however, cannot yet be controlled by these meth-
ods due to the lack of addressable cyclic transitions. In reply to this
need, cavity cooling has been proposed more than 15 years ago [1, 2]
and was recently realised experimentally with nanoparticles [3,4]. In
this talk we will present our experimental results on transverse cavity
cooling of free silicon nanoparticles in high vacuum [4]. We produce
and launch them under high vacuum conditions such that they transit
a high finesse optical cavity without any perturbation by a buffer gas.
From the scattered light of the particles we can trace their dynamics
in real time. We discuss modifications which are currently being set
up to improve the cooling rate of the system. These advances will be
crucial for future quantum coherence experiments with very massive
nanoparticles[5].

[1] P. Horak et al., Phys. Rev. Lett., 79 (1997)

[2] V. Vuletic & S. Chu, Phys. Rev. Lett., 84 (2000)

[3] N. Kiesel et al., PNAS 110 (2013)

[4] P. Asenbaum et al., Nat. Commun. 4:2743 (2013)

[5] K. Hornberger et al., Rev. Mod. Phys., 84 (2012)



