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Q 36.1 Tue 14:00 K 2.013
A Cryofuge enabling cold collision studies for sympathetic
and evaporative cooling of polar molecules — ∙Thomas Gant-
ner, Manuel Koller, Xing Wu ø, Martin Zeppenfeld, and Ger-
hard Rempe — Max-Planck-Institut für Quantenoptik, 85748 Garch-
ing, Deutschland
Understanding molecular collisions at low energies is a prerequisite
for future sympathetic and evaporative cooling of naturally occurring
molecules. However, experimental investigation of collisions in the
cold (𝑇 < 1𝐾) and ultracold (𝑇 < 1𝑚𝐾) temperature regime is still
in its infancy. Open questions include ratios of elastic and inelastic
collision rates and the possible existence of so-called sticky collisions.
Our Cryofuge setup, the combination of centrifuge deceleration [1] and
buffer gas cooling, produces slow molecular beams with densities of
over 109/𝑐𝑚3 and thereby enables the observation of cold molecular
collisions. The dipolar nature of these collisions leads to large observed
cross sections (> 10−12𝑐𝑚2) with theoretically modeled elastic and in-
elastic collisional loss rates agreeing with the experimental findings [2].
As a next step, the molecules are loaded into an electrostatic trap [3]
enabling much more detailed studies due to longer interaction times.
Such measurements are expected to lay the basis for future cooling of
polyatomic molecules to quantum degeneracy.

[1] S. Chervenkov et al., Phys. Rev. Lett. 112, 013001 (2014)
[2] X. Wu et al., Science 358, 645-648, (2017)
[3] B.G.U. Englert et al., Phys. Rev. Lett. 107, 263003 (2011)
ø Now at: Departments of Physics, Yale and Harvard University

Q 36.2 Tue 14:15 K 2.013
Reaction kinetics in ultracold molecule-molecule collisions —
∙Daniel Hoffmann, Thomas Paintner, Wolfgang Limmer, and
Johannes Hecker Denschlag — Institut für Quantenmaterie, Uni-
versität Ulm, Deutschland
We study the dissociation of ultracold molecules of fermionic 6Li atoms
in cold molecular collisions. For this we prepare an almost pure gas
of Feshbach dimers (BEC regime) in a single internal quantum state
and trigger the dynamics by slightly increasing the temperature of
the molecular ensemble. The dissociation dynamics are measured by
counting the number of unpaired atoms as a function of time. Fitting
a model to the data allows us to extract the reaction rate constant of
the dissociation. Furthermore, we determine how the dissociation rate
constant depends on the temperature and interaction strength and find
a strong scaling behavior for both quantities.

Q 36.3 Tue 14:30 K 2.013
State-to-state chemistry at ultralow temperature — ∙Markus
Deiss1, Joschka Wolf1, Artjom Krükow1, Eberhard Tiemann2,
Brandon P. Ruzic3, Yujun Wang4, José P. D’Incao5, Paul S.
Julienne3, and Johannes Hecker Denschlag1 — 1Institut für
Quantenmaterie and Center for Integrated Quantum Science and Tech-
nology IQST, Universität Ulm, 89069 Ulm, Germany — 2Institut für
Quantenoptik, Leibniz Universität Hannover, 30167 Hannover, Ger-
many — 3Joint Quantum Institute, University of Maryland, and the
National Institute of Standards and Technology (NIST), College Park,
MD 20742, USA — 4American Physical Society, Ridge, NY 11961,
USA — 5JILA, NIST, and the Department of Physics, University of
Colorado, Boulder, CO 80309, USA
A primary and long-standing goal of state-to-state chemistry is the
determination of the quantum states of the final products given the
quantum state of reactants. We have recently developed and demon-
strated a method to probe diatomic molecular product states of re-
active processes both qualitatively and quantitatively [1]. Using the
given method we have investigated the recombination of three neutral
rubidium atoms resulting in a dimer and a free atom. In this talk, we
present our recent results on state-to-state chemistry for this funda-
mental reactive process.

[1] J. Wolf et al., Science 358, 921 (2017)

Q 36.4 Tue 14:45 K 2.013
Feshbach spectroscopy and dual-species Bose-Einstein con-
densation of 23Na-39K mixtures — ∙Torben Schulze, Torsten
Hartmann, Kai Voges, Philipp Gersema, Eberhard Tiemann,
Alessandro Zenesini, and Silke Ospelkaus — Institut für Quan-
tenoptik, Leibniz Universität Hannover, 30167 Hannover, Germany
Mixtures of quantum degenerate gases of chemically different atomic
species provide a rich testbed for quantum simulation including the
study of beyond mean-field quantum droplets and diatomic polar
molecules for the formation of supersolid materials. In this talk, we
present the first ever creation of quantum degenerate Bose-Bose mix-
tures of 23Na and 39K. We present calculations and measurements
of scattering rate constants and the previously unknown interspecies
Feshbach spectrum in a magnetic field window up to 700 Gauss. Based
on the gained understanding, we show the suitability of our mixture
for the studies of phase separation and quantum droplets.

Q 36.5 Tue 15:00 K 2.013
Coherent manipulations of rotational states of 23Na40K
molecules in a 1D optical lattice — ∙Xinyu Luo1,
Frauke Seeßelberg1, Ming Li3, Scott Eustice1, Svetlana
Kotochigova3, Immanuel Bloch1,2, and Christoph Gohle1

— 1Max-PlanckInstitut für Quantenoptik, Hans-Kopfermann-Str.
1, 85748 Garching, Germany — 2Ludwig-Maximilians-Universität,
Schellingstraße 4, 80799 München, Germany — 3Department of
Physics, Temple University, Philadelphia, PA 19122-6082, USA
Ultracold polar molecule gases, promising strong electric dipole-dipole
interaction and a long lifetime in a 3D optical lattice, are good can-
didates for investigating many-body physics with long-range interac-
tions. Rotational states of these molecules with opposite parity offer
strong dipole-dipole interaction. They can thus be used to simulate
long range interaction beyond nearest-neighbor interaction even in a
deep lattice. To leverage the rotational degree of freedom in a spa-
tially inhomogeneous optical lattice, however, one needs to deal with
a light intensity dependent differential AC Stark shift between rota-
tional states. Trap field polarization can be used to cancel it to first
order. Here we show that the remaining high order differential AC
Stark shift of 23Na40K molecule can be reduced significantly when
the nuclear spin is decoupled from the molecular rotation by applying
a DC electric field. Therefore the single particle dephasing of the ro-
tating dipoles would be significantly reduced. Our work paves the way
to observe interaction effect by Ramsey interferometery of molecules
without dynamical decoupling.

Q 36.6 Tue 15:15 K 2.013
Ferroelectric nano-traps for polar molecules — Omjyoti
Dutta1 and ∙Geza Giedke1,2 — 1Donostia International Physics
Center (DIPC), Donostia-San Sebastian, Spain — 2Ikerbasque Foun-
dation, Bilbao, Spain
We propose and analyze an electrostatic-optical nanoscale trap for
cold diatomic polar molecules. The main ingredient of our proposal
is an square-array of ferroelectric nanorods with alternating polariza-
tion. We show that, in contrast to electrostatic traps using the linear
Stark effect, a quadratic Stark potential supports long-lived trapped
states. The molecules are kept at a fixed height from the nanorods
by a standing-wave optical dipole trap. For the molecules and mate-
rials considered, we find nanotraps with trap frequency up to 1MHz,
ground-state width on the order of 20nm. Analyzing the loss mech-
anisms due to non-adiabaticity, surface-induced radiative transitions,
and laser-induced transitions, we show the existence of trapped states
with life-time on the order of 1s, competitive with current traps created
via optical mechanisms. As an application we extend our discussion to
an 1D array of nanotraps to simulate a long-range spin Hamiltonian
in our structure.
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