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Group Report MO 6.1 Tu 14:00 F 142
A microwave lens for polar molecules — e MELANIE SCHNELL, SI-
MON MERz, HitosHl OpasHimA, KaTsuNarl ENoMoOTO, and GERARD
MENER — Fritz-Haber-Institut, Berlin, Germany

The motion of polar molecules can be manipulated using inhomoge-
neous electric fields. An alternative way, which is especially interesting
for larger and complex molecules, is based on electromagnetic fields,
such as microwave and optical fields. We are currently investigating
the possibilities of using microwave radiation for focusing, decelerating
and trapping molecules. The force exerted on a molecule in microwave
fields depends on its dipole moment, the detuning of the microwave fre-
quency from the molecular resonance frequency and the field strength.
Microwaves are especially suited since small detunings and thus large
interaction energies are possible. After a more general introduction to
manipulating the motion of polar molecules using microwave radiation,
this group report will focus on mainly two different aspects:

Using a cylindrically symmetric copper resonator, we can generate
a standing microwave field which acts like a positive lens on polar
molecules: They experience a focusing force in transverse directions
which prevents them from spreading out. The characterization of this
novel microwave lens is discussed.

In a second, very similar setup we will go one step further and ex-
change the cylindrically symmetric resonator by an open Fabry-Perot
type resonator. Using fast microwave switches, it can also be used to
decelerate molecules and to eventually trap them in the center of a
standing wave maximum.

MO 6.2 Tu 14:30 F 142

Velocity-selected molecular pulses produced by an elec-

tric guide — oCHRISTIAN SoMMER!, MICHAEL MoTscH!, SOTIR
CHERVENKOV!, LAURENS D. vAN BUUREN!, MARTIN ZEPPENFELD!,
PepuuNn W.H. Pinkse!?, and GerHARD REMPE! — !Max-Planck-

Institut fiir Quantenoptik, Hans-Kopfermann-Str. 1, D-85748 Garch-
ing, Germany — 2Mesa+ Institute for Nanotechnology, University of
Twente, PO Box 217, 7500 AE Enschede, The Netherlands

By using the technique of electrostatic velocity filtering [1] we demon-
strate the production of velocity selected pulses of slow molecules from
a continuous beam with a tunable center velocity. The pulses are gen-
erated by switching electric fields on adjacent segments of an electric
quadrupole guide synchronously with the propagation of the molecules.
We generate pulses of deuterated ammonia (NDg3) containing up to
10% molecules with center velocities between 20m/s and 100 m/s and
a relative spread of (7 +1) %.
[1] T. Junglen et al., Eur. Phys. J. D 31, 365 (2004)

MO 6.3 Tu 14:45 F 142
A Molecular Synchrotron — ePETER C. ZIEGER!, CyNTHIA E.
HeINErR!, ANDRE J. A. vaN Row?, HENDRICK L. BETHLEMS3, SEBAS-
TIAAN Y. T. vAN DE MEERAKKER!, and GERARD MELER! — !Fritz-
Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195
Berlin, Germany — 2Radboud University, Toernooiveld 1, 6525 ED,
Nijmegen, The Netherlands — 3Laser Centre Vrije Universiteit, De
Boelelaan 1081, 1081 HV Amsterdam, The Netherlands

It has been shown that with the so-called Stark decelerator it is possi-
ble to produce a beam of cold neutral polar molecules with a tunable
velocity that are well suited for molecular beam scattering studies. One
can load these beams into a molecular synchrotron; this offers particu-
larly interesting prospects for these kinds of scattering experiments. In
principle, a storage ring allows for the confinement of multiple packets
of molecules in a circle that repeatedly interact, significantly increasing
the sensitivity of molecular collision experiments.

We will present a version of a molecular synchrotron that consists of
40 straight hexapoles, that allows for the simultaneous confinement of
20 molecular packets moving clockwise and 20 packets moving counter
clockwise. We will explain the operation principle of the synchrotron
and present our latest experiment, where a molecular packet is con-
fined over a flight length of one kilometer. Recently, we have also
demonstrated the simultaneous storage of multiple packets, moving in
the same direction in the ring. Currently a second Stark decelera-
tor beamline is being constructed to enable the injection of multiple
counter-propagating packets in the synchrotron.

Location: F 142

MO 6.4 Tu 15:00 F 142
Absolute and near threshold photodetachment cross sec-
tions of negative ions — eRico Orro!, PETR HLAVENKA!,
THORSTEN BEsT!, SEBASTIAN TRIPPEL!, MARTIN STEI!, MATTHIAS
WEeIDEMULLER?, and RoLanp WEsSTER! — !Physikalisches Insti-
tut, Universitat Freiburg, Hermann-Herder-Str. 3, 79104 Freiburg —
2Physikalisches Institut, Universitit Heidelberg, Albert-Uberle-Str. 3-
5, 69120 Heidelberg

The photodetachment of a weakly bound electron from an anion rep-
resents a fundamental light-matter interaction. We have developed
a laser depletion tomography method that allows us to measure ab-
solute photodetachment cross sections in a multipole radiofrequency
trap with high accuracy. We use this method to study the O~ cross
section, which shows a significant deviation from ab initio calculations.
The total cross sections of molecular OH™ measured at 662 nm and
632 nm are found to be constant in the temperature range 8-300 K [1].
Near threshold photodetachment is sensitive for internal excitations
of molecular ions. Here we also present first studies to use this as a
sensitive tool for determining internal temperatures of trapped ions.
In future experiments this will be used to study the temperature of
bigger molecular systems like water clusters.

[1] P. Hlavenka et al., J. Chem. Phys. 130, 061105 (2009)

MO 6.5 Tu 15:15 F 142
Prospects for ultracold molecular formation. Quantum rela-
tivistic studies of Rb-Yb and (Rb-Ba)* — eSTEran KnecHT!:2,
LasskE KragH S@RENSEN?, HANS JORGEN AAGAARD JENSEN?, TIMO
FLeiG?, CHRrISTEL M. MARIAN?, and TroND SAUE! — 1LCQ, Univer-
sité de Strasbourg — 2Institut fiir Theoretische Chemie, Universitit
Diisseldorf — 3Department of Physics and Chemistry, University of
Southern Denmark — 4LCPQ, Université Paul Sabatier, Toulouse

Theoretical contributions to the field of (ultra-)cold molecules are of
value in many different respects. Among the most important is the
determination of accurate molecular potential energy curves of ground
and relevant electronically excited states. Here, we present highly ac-
curate electronic short-range potentials for the lowest molecular elec-
tronic states of the neutral system Rb-Ybl!l as well as of the molecu-
lar ion (Rb—Ba)""[Q]’[?’] derived from relativistic four-component multi-
reference configuration interaction and coupled-cluster calculations. In
addition, we report vibrational states, Franck-Condon factors, transi-
tion dipole moments and ground-state dipole moment functions. Based
on our findings we illustrate a possible experimental two-step mecha-
nism to reach the rovibronic ground state.

[1] L. K. Sgrensen, S. Knecht, T. Fleig, and C. M. Marian, J. Phys.
Chem. A 113, (2009) 12607.

[2] S. Knecht, H. J . Aa. Jensen, and T. Fleig, J. Chem. Phys. 128
(2008) 014108.

[3] S. Knecht, L. K. Sgrensen, H. J . Aa. Jensen, T. Fleig, and C. M.
Marian, J. Phys. B., revised manuscript submitted.

MO 6.6 Tu 15:30 F 142
Trapping Molecules on a Chip — eGABRIELE SANTAMBROGIO!,
SaMUEL A. MEgek!, A. IsaBeL GonzaLeEz FLorez!, Boris G.
Sartakov?, HorsT Conrap!, and GERARD MEeLER! — !Fritz-
Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195,
Berlin — 2General Physics Institute, Russian Academy of Sciences,

Vavilov Street 38, 119991, Moscow, Russia

It has been demonstrated how a microstructured array of electrodes
can be used to decelerate and bring the polar molecules to a com-
plete standstill directly from a molecular beam. The electrodes have
been configured to generate an array of local minima of electric field
strength 25 pm above a glass substrate. Polar molecules in low-field
seeking quantum states can be trapped in these traveling potential
wells.[1]

The main limiting factor in the number of trapped molecules are
non-adiabatic losses from the low-field seeking states. In order to re-
duce these losses in the case of CO molecules in the a3Il; state, we
are performing two sets of experiments. (i) We take advantage of the
hyperfine splitting present in the isotopologue 13CO to lift the degen-
eracy between low-field seeking states and non-low-field seeking states.
(ii) We apply a homogeneous magnetic field to the '2CO molecules to
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split the low-field and the non-low-field seeking states. Experiments
are in progress to quantitatively understand the trap losses due to Ma-
jorana transitions (and the reduction thereof) in the combined electric
and magnetic fields.

[1] Samuel A Meek, Horst Conrad, and Gerard Meijer, Science 324
(2009), 1699.

MO 6.7 Tu 15:45 F 142
Vibrational Spectroscopy of H;r - advancing into the visible
spectral region — eMax BErc, DENNIS BiNGg, ANNEMIEKE PETRIG-
NANI, and ANDREAS WoLF — Max-Planck-Institut fiir Kernphysik,
Saupfercheckweg 1, 69117 Heidelberg

The triatomic hydrogen ion H;r is a highly reactive key component
in many astrophysical and technological plasmas. Being the simplest

polyatomic molecule, it is also an important benchmark system against
which various quantum mechanical calculations are tested. While the
rovibrational levels near the triangular equilibrium structure are well
understood, the rovibrational spectrum of this elementary system at
strongly deformed geometry, above the barrier to linearity near 10000
cm~!, represents a formidable task for theory. Its experimental ex-
ploration so far ended slightly above 13900 cm~! from the ground
state Eg (A ~ 720 nm). We report new measurements in a cryogenic
22 pole trap in the range of very high vibrational overtones, reaching
levels up to ~16500 cm™! (A ~ 600 nm) from Eg. Chemical probing
spectroscopy revealed its use for ultra-sensitive detection of transitions
six to seven orders of magnitude weaker than the fundamental. Aside
from the transition frequencies (£0.005 cm™1), we present results from
a new method to derive precise transition intensities, helping theoret-
ical assignement of the lines.



