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Coherent control of the manipulation of ultracold rubidium
molecules eJ. EnG!, W. SALzZMANN!, U. POSCHINGER!, R.
WESTER!, M. WEIDEMULLER', A. MERLI?, S. WEBER?, F. SAUER?,
M. PLEwWICKI?, F. WEISE?, A. MIRABAL ESPArRzA?, L. WOSTE?,
and A. LINDINGER? — !Physikalisches Institut, Universitit Freiburg,
Hermann-Herder-Str.3, 79104 Freiburg — 2Institut fiir Experimental-
physik, Freie Universitit Berlin, Arnimallee 14, 14195 Berlin

We investigate a new scheme for the production of ultracold molecules
by manipulating wavepacket dynamics [1]. A pair of ultracold rubid-
ium atoms is excited by a shaped femtosecond (fs) laser pulse creating
a molecular wavepacket. The wavepacket is transferred to the electronic
groundstate by a second laser pulse. The process is expected to be greatly
enhanced by coherent control techniques [2].

Precursor experiments are presented which explore the interaction of
fs-pulses with weakly bound Rb molecules in the electronic groundstate.
We observe molecular fragmentation through one-photon processes. To
demonstrate the applicability of coherent control techniques to ultracold
molecules we performed an iterative closed loop experiment aiming to
increase this molecule fragmentation by fs-pulses [3]. We achieved an in-
crease in molecular fragmentation by shaped laser pulses compared to
transform-limited pulses by 30%.

[1] C. Koch et.al., /physics/0511235

[2] S. Vajda et.al., Chem.Phys. 267,231-239,(2001)

[3] W. Salzmann et. al., /physics/0509056
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Prospects for Quantum Control of Ultracold Photoassociation
— oULRICH POSCHINGER', WENZEL SALZMANN', ROLAND WESTER',
MATTHIAS WEIDEMULLER!, CHRISTIANE KocH?, and RONNIE
KosLOFF? — !Physikalisches Institut, Universitit Freiburg — 2Fritz
Haber Center for Molecular Dynamics Research, Hebrew University
Jerusalem
We present a theoretical investigation concerning the pulsed photoas-
sociation of ultracold molecules [1]. In this process, a colliding ultracold
atom pair is excited by a tailored short laser pulse. The resulting coherent
superposition of bound vibrational levels is de-excited after a time delay
into bound ground-state levels. An analytical model for the photoasso-
ciation rate for weak excitation pulses is developed and compared to
the simulations. By means of this model, numerically optimized pulses
are obtained. These pulses can be used in future closed-loop quantum
control experiments as an initial guess. In contrast to previous investi-
gations concentrating on chirped pulses, we direcly model a closed-loop
quantum control experiment[2] employing shaped laser pulses. This work
explores the role of quantum interference and thereby the extent to which
quantum control techniques can be applied on the process. Experiments
on the photoassociation of ultracold molecules are currently carried out
in our group. [1] C. Koch et al. physics/0508090 [2] W. Salzmann et.
al.,physics/0509056
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Predictions of scattering length and Feshbach resonances from
molecular spectroscopy of mixed alkalis — eA. GERDES!, O. Do-
CENKO?, M. TamANIs?, R. FERBER?, A. Pasnov?®, H. KNOCKEL!,
and E. TIEMANN! — !Institut fiir Quantenoptik, Universitit Hannover,
Welfengarten 1, 30167 Hannover — 2Department of Physics and Insti-
tute of Atomic Physics and Spectroscopy, University of Latvia, Rainis
Boulevard 19, LV 1586 Riga, Latvia — ®Department of Physics, Sofia
University, 5 James Bourchier blvd, 1164 Sofia, Bulgaria

For BEC experiments of mixed alkali systems scattering lengths for
cold atomic collisions should be known. With molecuar spectroscopy we
can provide this information by investigating the high vibrational levels
of the X!Z+ state and the a®Y*t state simultaneously [1]. In a simple
spectroscopic experiment with Fourier-Transform spectroscopy on laser-
induced fluorescence in a heatpipe data were aquired for precise descrip-
tions of the singlet and triplet ground state potentials of mixed alkali
dimers like KRb, NaRb [2] and NaCs. Even more precise information on
the long range behaviour of the atoms can be inferred from molecular
beam experiments and multistep excitation of molecules. Such an exper-
iment was done for Nay and is presently under way for Ky. The talk will
give an introduction into the methods, the applied theoretical models,
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and their prospects combining molecular spectroscopy an Feshbachreso-
nance spectroscopy on ultracold ensembles.

[1] J. Venturi et al. J. Phys. B 34, 4339, 2001.

[2] A. Pashov et al. Phys. Rev. A, Potentials for modeling cold collisions
between Na and Rb atoms, in press
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Long-lived Feshbach molecules in an optical lattice — eKLAUS
WINKLER!, GREGOR THALHAMMER!, FLORIAN LANG!, STEFAN
ScuMID!, RUDOLF GRIMM'?, and JOHANNES HECKER DENSCHLAG!
— Mnstitut fiir Experimentalphysik, Innsbruck, Austria — 2Institut fiir
Quantenoptik und Quanteninformation, Innsbruck, Austria

We have investigated production and lifetime of Rb2 Feshbach
molecules in an optical lattice. Compared to previous experiments with-
out lattice we find dramatic improvements. We observe long molecular
lifetimes of up to 700ms and near unit conversion efficiency of atom pairs
into molecules (and vice versa) when ramping slowly across the Fesh-
bach resonance. We also have developed a purification scheme based on
a combination of both a radio-frequency and an optical transition which
removes residual atoms from the lattice. Purification results in a pure
molecular sample where individual lattice sites are either empty or occu-
pied by a single molecule.
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Atom-Molecule Dark States in a Bose-Einstein Condensate
eGREGOR THALHAMMER', KLAUS WINKLER', MATTHIAS THEIS',
HeLMuT RitscH?, RUDOLF GRIMMY?, and JOHANNES HECKER DEN-

SCHLAG! — !Institut fiir Experimentalphysik, Universitit Innsbruck,
Austria — 2Institut fiir Theoretische Physik, Universitdt Innsbruck,
Austria — 3Institut fiir Quantenoptik und Quanteninformation,

Osterreichische Akademie der Wissenschaften, Innsbruck, Austria

We have created a dark quantum superposition state of a Rb Bose-
Einstein condensate and a degenerate gas of Rby ground-state molecules
in a specific rovibrational state using two-color photoassociation. As a
signature for the decoupling of this coherent atom-molecule gas from the
light field, we observe a striking suppression of photoassociation loss. In
our experiment the maximal molecule population in the dark state is
limited to about 100 Rbs molecules due to laser induced decay. The ex-
perimental findings can be well described by a simple three mode model.



