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Fig. 1. The induced effective dipole moments of the first

two rotational states versus the electric field (*Na*Rb).
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Fig. 7. (a) Na¥Rb molecule potential energy curves and the two-photonRaman process forpopulation transfer, X13+and o33+
are the lowest singlet and triplet state respectively; (b) high resolution one-photon spectrum of the transition from the Feshbach
state to the intermediate level (singlet and triplet mixed vibrational levels of A1+ and b311), which hyperfine structure can be
resolved; (c¢) two-photon spectroscopy of the 2Na%Rb vibrational ground state with two rotational states resolved.
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Fig. 8. Creation of »Na’Rb molecules in the rovibrational
ground state via STIRAP: (a) Time evolution of the
ZNa¥"Rb Feshbach molecule number during a round-trip
STIRAP, the reversed STIRAP is necessary for detection;
(b) the pump and dump beam Rabi frequency during the
STIRAP pulse sequencel™,
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Fig. 9. Center-of-mass motion of the absolute ground-state

molecules along the horizontal direction (X.) and the
vertical direction (Y,) in the optical dipole trap.
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Fig. 11. (a) The calculated hyperfine Zeeman structures of
the lowest rovibrational level of NaRb molecule at 340

Na b

Gauss, m)® and m&® are nuclear spin projection of **Na

and *"Rb respectively; (b) two-photon spectrum obtained by
dark resonance spectroscopy with six of the 16 hyperfine
levels fully resolved?.
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Fig. 12. (a) »Na®Rb molecule rotational states with J = 0,
1 consist of different nuclear spin components; (b) coherent
manipulation with microwave pulses shows the observed

Rabi oscillations for the three microwave transitions in (a)?.
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Fig. 13. Schematic energy-level diagram for chemical reactivity of (a) *K*Rb molecules and (b) Na’"Rb molecules. The schematic

reaction coordinates for the “K8"Rb + “K®Rb — %K, + $"Rb, process is exothermic and thus allowed. But the same process is

endothermic for Na*"Rb and thus forbidden. For Na*Rb in the first excited rovibrational level (v = 1, J = 0), the same reaction

is already exothermic and thus allowed.
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Fig. 14. Inelastic collisions of fermionic “K*®Rb molecules in the rovibronic ground state: (a) Sample data shows the time

dependence of the molecule number density, the solid line is the fit based on a two-body decay model; (b) loss rate coefficient versus

temperaturel®.
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Fig. 15. Universal model of the ultracold molecule reactivity: (a) Identical fermionic molecules react via p-wave scattering and the

rate of chemical reactions is determined by the p-wave angular momentum barrier; (b) non-identical fermionic molecules and

identical bosonic molecules react via s-wave scattering.
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Fig. 16. Inelastic

reactivities of »Na®"Rb molecules. Time evolutions of (a)

collisions  with  different chemical
molecule numbers and (b) temperatures for both
nonreactive (v = 0, J = 0)(filled circles) and reactive (v =
1, J = 0) (filled squares) samples in optical dipole trap. The
blue dashed and redsolid curves are fitting resultsofmolecule
number and temperature using Eq. (9)0.
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Fig. 17. Temperature dependence of B for chemical stable
(v = 0) and chemical reactivity state (v = 1) of ®»Na¥Rb
molecules. Theoretical curve based on the CC calculation
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Ultracold dipolar molecules®
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Abstract

The research field of ultracold atoms has expanded from atomic and molecular physics to a variety of fields.
Ultracold polar molecules have long range and anisotropic dipole-dipole interactions, and similar to atoms, can
also be conveniently manipulated by laser and other electromagnetic fields. Thus, ultracold molecules offer
promising applications such as ultracold chemistry, quantum simulation, and quantum information. However,
due to the difficulty in creating ultracold ground state molecules, expanding the horizon of ultracold physics
from atoms to molecules is still under development. In the past decade, many research groups have successfully
created bi-alkali rovibrational ground state polar molecules using magneto association and stimulated Raman
adiabatic passage (STIRAP). This paper presents a review of the recent progress including creating and
manipulating ultracold molecules with this method, and the collision property of molecules at ultracold

temperature.
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