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Vibrational relaxation of ultracold
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Laser cooling and trapping of aloms has en-
abled some of the most exciting recent ad-
vances in atomic physics, including the
achievement of Bose-Linstein condensation
(BLC). Efforts arc now underway to trap ultra-
cold molecules in order to study chemical re-
actions and to investigale BUC of larger par-
ticles. In the atomic BEC cxperiments, the
atoms are cooled to sub-pK temperatures so
the energy spread of the atoms which are not in
the condensate is small (=220 kHz) and that of
the condensate itselfis zero. Therefore, a quan-
tum degenerate gas enables an unpreceelented
level of spectroscopic precision.

We report two-photon photoassociation of
quantum degenerate “Li atoms {uto the least-
bound vibrational level of the ground-state
triplet potential of “Li,. These molecules are
maguetically trappable by victue of their clec-
tronic maguetic moment. A gas of magneli-
cally trapped “Li atoms is evaporatively cooled
to a lemperatute of ~-800 nK with ~-10° at-
otns.! Under these conditions the gas is quan-
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QWB2 Fig. 1. Molecular polentials and en-
ergy levels for the stimulaled two-photon pho-
toassoctation described in this paper. Binding en-
ergies, Iy, are relative to the dissociation liail of
the corresponding potential.

tum degenerate, although because of attractive
interactions between lithium atoms, the frac-
tion of condensate atoms is small> A laser
pulsc containing two independently tunable
frequencies, w, and o, is chen applied to the
trapped cloud, as shown in Vig. 1. The fre-
queney o, is detuned from the free-bound
transition frequency by an amount A while w,
is tuned around the two-photon resonance.
The frequency difference 3w = @, — w, i3
maintained with sub-Hz precision by phase-
locking the difference frequeticy of two diode
lascrs. The spectroscopic lineshape will reflect
the rate for vibrational relaxation resulting
from inclastic collisions between atoms and
molecules.

Figure 2 shows the fractional number of
atoms remaining in the trap, following the la-
ser pulse, as a function of 8w. The asymmetric
lineshape is a consequence ol the convolution
of the thermal energy distribution with the
Lorentzian lineshape duce to vibrational refax-
ation. The result of a {it to the mcasured line-
shape is showir 0 Uig, 2 as the solid lne and (its
to a temperature of 800 nK and Lorentzian
linewidth of 5 kllz Assuming a Gaussian den-
sity distribution for the trapped atom cloud
gives a rate constant of 4 X (07 s ™!, 'T'his
value ntust be taken Lo be an upper limit for the
vibrational refaxation rate, the contribution to
the width by power broadening has not yet
been determined.

The relaxation rate may prove (o be small
enough to permit further evaporation of the
molecules. Inany case, the same lwo-photon
method can be used to convert an atomic
BEC with repulsive interactions dirvectly into
a molecular condensate. The attractive case
is also interesting because of the possibility
that either the atom-molecule or molecule-
molecule interactions are repulsive. In the
former sifuation, a phase-separation be-
tween the molecular and atomic gases might
develop or possibly the atomic condensate
mighl be siabilived. In the latter sitgation, a
large moleentar condensate could be rapidly
converted Lo an atomic one that will inune-
diately undergo collective collapse due its
attractive interactions,”
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QWB2  Fig. 2. 'Two-pholon photoassociation specirum of the v = 10 vibrational level in the ¢,
molecular potential. The durk squares are the normalized data obtained as desceribed in the text and the
solid eurve is a fit using the thermal-Lorenlzian convolution. The {it cortesponds ko a lemperature of 800
nK and a Lorentzian width of 5 ki Tz
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