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Fig. 1. Experimental scheme and laser ablation datal!l. (a) Scheme for the production of BaF molecule via laser ablation;

(b) absorption signal; (c) normalizaiton and fit of the absorption signal; (d) the generated molecular number versus the output

power of the ablation laser; (e) the dependence of the molecular number on the ablating times when successively ablating a position

of the target. The repetition rate of the laser pulse is 2 Hz and the flow rate of the He gas is 5 sccm.
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Fig. 2. Molecular distribution at different states”!. (a) Theoretic calculation of the rotational distribution for different temperatures;

(b) experimental data for different rotational populations. All data are normalized with N = 0 population; (c) theoretic calculation

of the vibrational distribution; (d) experimental absorption signal for v = 0 and v = 1 molecules from laser ablation.
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Fig. 3. The energy levels of BaF and dark state mixing/®l.(a) Scheme for closing the vibrational levels; (b) scheme for closing the
rotational and hyperfine dark states; (c) sideband modulation via an EOM to generate the four frequency bands to cover the four

hyperfine sublevels; (d) LIF enhancement via introducing the sideband modulation; (e) LIF enhancement by introducing the

polarization modulation; (f) LIF enhancement when adding the v = 1 repump laser.
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Fig. 4. Deflection of the BaF molecular beam with the quasi cycling transitions. Images are given on the 2-z plane of the
(a) Deflected and (b) unperturbed molecular beams, respectively. The z direction reflects the width of the probe laser beam, while
the z direction gives the transverse profile of the molecular beam. (c) integrated signal of the images in (a) and (b) along the z axis.
The black and red lines are Gaussian fits to the unperturbed (light gray) and deflected (light orange) signal, which gives the revival
rate of 80%. (d) normalized plot of the signals in (c) to clearly show the deflection effect. (e)deflection distance as a function of the
number of the deflection beam, yielding the dependence of the scattering photon number on the interaction time. The red solid line
is a linear fit to the measured data, illustrating that the photon scattered linearly increases with the interaction time. The black

dashed line is the numerical prediction of the scattering from the 4+25 MLRE model with the switching scheme.
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SPECIAL TOPIC—Cold atoms and molecules

Laser cooling and trapping of polar molecules”
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Abstract

Different from atoms, molecules have unique properties, and play an important role in the research of
atomic, molecular and optical physics. Cold molecules have important applications in science and have been
studied for more than 20 years. But traditional methods, such as the Stark decelerator, have hit a bottleneck: it
is hard to increase the phase space density of molecules. Extending the direct laser-cooling technique to new
molecular species has recently been a hot topic and also a big challenge. In this review paper, on one hand, we
make a brief review to recent progresses on the direct laser cooling of polar molecules. On the other hand, a
demonstration on the feasibility of laser cooling BaF molecule has been experimentally illustrated, including the
analysis on the molecular energy levels, measurements of the high-resolution spectroscopy, efficient pre-cooling
and state preparation via buffer-gas cooling and detailed investigations on the molcule-light interactions. All
these results not only pave the way for future laser-cooling and -trapping experiments, but also serve as a

reference for the laser-cooling explorations on new molecular species.
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