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Annual accomplishments (200 words max):

Production, Cooling, and Detection.

Polar molecules can now be produced in a 3D optical lattice, and we have seen in-
direct evidence of ultracold LiNa. Various types of molecules were cooled in analog-
controlled voltage Stark deceleration, and in (cryogenic) beams down to 40 m/s. We
laser cooled SrF, both in transverse and longitudinal directions and demonstrated novel
STIRAP/FOPA schemes. We have been calculating superradiance-assisted vibrational
cooling, and finally the first narrowband spectroscopic evidence of ultracold RbCs was
produced.

Structure and Chemistry.

Cold collisions between different species were observed, measured, and their cross sec-
tions calculated. We demonstrated that bimolecular chemical reactions can be sup-
pressed by two orders of magnitude in a 2D optical lattice trap. More detailed theoret-
ical studies of thermochemical and long-range stabilizing interactions between ultracold
KRb molecules will now be extended to other species and we proposed schemes to con-
trol the Stark shift of rotational states using lasers and electric fields.

Quantum Information/Simulation.

We proposed the use of Rydberg-mediated polar molecule interactions, methods to pro-
duce cluster states using dipolar interactions, and compared the use of polar molecules
and ions for single photon nonlinearities. In addition, our many-body quantum simula-
tions based on dipolar interactions and molecular Feshbach resonances included exotic
spin textures in magnetic superfluids, exotic paired states and Majorana fermions,
Shiba states in fermionic superfluids, magnetism, and few-body bound states.

In addition, we studied realistic quantum information processing schemes with molec-
ular ions and anisotropic effects in opical lattices.

Molecular Ions.

With the demonstration of superconducting ion traps on an integrated chip we per-
formed detailed calculations for interfacing polar molecules with circuit QED systems.
We modelled photodissociation of molecular ions, particularly BaCl+.
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