Formation of cold molecules or/and laser cooling of
molecules
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The field of cold molecules has been opened in 1998 with theddstration producing col
samples of ground-state of dimers of cesium in the microkéémperature range, via ph
toassociation of cold atoms. This result has been quicklp@d by the elaboration c
various methods to prepare cold molecules in the kelvin difkevin temperature range
by starting with molecules, such as cryogenically cooleffdogas, slow down of supe
sonic beam, billiardlike collisions, spinning rotor, veity filtering of an effusive bean
Until now, cold molecules in the micro-range can only beehi@cd starting with colc
atoms. The methods of producing cold molecules from coldhatfvia photoassociatic
or through magneto-association), however, lead to theymtimh of vibrational excite
molecules. For additional applications, the challenge ithe preparation and the contt
of molecules in the ground vibrational and rotational state

The vibrational cooling through optical pumping using apgdhbroadband femtose
ond laser has been demonstrated fos @®lecules. The molecules initially formed v
photoassociation of cold cesium atoms are in several vdal levels, v, of the single
ground state. The broadband femtosecond laser can eliectiigrexcite the molecules
leading via a few absorption - spontaneous emission cytdes, redistribution of the vi
brational population in the ground state. By removing tlsefdrequencies correspondi
to the excitation of the v=0 level, we realize a dark statetlfier so-shaped femtoseco
laser, yielding with the successive laser pulses to an agtation of the molecules in th
v=0 level. The mechanism can be called Molecular Incoharimationally Selective Pop
ulation Trapping in analogy to the mechanism of Velocityesél/e Coherent Populatic
Trapping (VSCPT) in atoms for sub-recoil cooling. The metlopens novel perspectiv
for vibrational and rotational cooling, and for the lasemipailation of molecules.



