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We describe two new experiments which demonstrate laser-induced inelastic collisions. Energy was stored in
. the Sr 5p'P' state and selectively transferred both to the Ca 4p 'S and Sd'D states. The collision cross
sections maximized at the interatomic wavelengths of 4977 and 4711 4, respectively, and had a half-power
width of about 14 cm '.

In a recent Letter' we reporteIY the demonstra-
tion of a laser-induced inelastic collision; further
investigations, however, have shown that an arti-
fact, rather than the reported effect, was ob-
served. ~' We report two new experiments which
avoid this problem.

The signals we observed previously were appar-
ently produced by the following sequence' . popula-
tion of the Sr 4d'g level, probably by quenching
of the pumped Sr 5 p'P' state; laser excitation at
6408.5 A to the Sr 5 p' sp'e stats; and finally nor-
mal inelastic collisional transfer to the Ca 4d D
level. The resolution of our experiment was not
sufficient to distinguish between this process and
the laser-induced transfer Predicted to occur at
the interatomic (R =~) wavelength of 6408.6 A. (All
wavelengths are given in air. ) When we tuned the
transfer laser to other lines in the Sr 4d'0-5p' 'P'
series, we observed signals of comparable mag-
nitude and line shape, thus confirming that such
an artifact, rather than the reported effect, had
been observed. We note that these processes ex-
hibited narrow linewidths which pressure broad-
ened as expected for atomic transitions.

Recently we have performed two new experiments
in the Sr-Ca system which eliminate the above ar-
tifact by avoiding a wavelength coincidence between
the interatomic transfer wavelength and any known
Sr or Ca transitions. ' Laser-induced energy
transfer to both the Ca 4 p 'S and Sd'D states has
been observed'.
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cm ', as determined by the resonance line curve
of growth method. ' The Sr tp'P' level was popu-
lated by direct single-photon absorption of a flash-
lamp-pumped dye laser tuned about 50 cm ' to the
red side of the resonance line, focussed to an area
of 10 ' cm' and a power density of 1 x10' W/cm'.
The radiatively trapped, excited state density N~

0 Sr
was determined using a 6357-A probe laser to sat-
urate the Sr 5 p 'P'-7s'S transition and measuring
the resulting 7s'S-5 p'P' fluorescence. The mea-
sured density was typically 8* = 3 x, 10' cm 3, and
should be considered an upper bound, since colli-
sional quenching could reduce the Sr 5 p'P' popu-
lation in the absence of the strong probe field.

The excited-state Ca population, &c*„produced by
the laser-induced collisional energy transfer was
determined by measuring the fluorescence of the
Ca 4p' 'S-4 p 'p ' [Eq. (1)j or Ca 5d 'D 4p'P' [E-q
(2}]transitions. An energy-level diagram for
transfer into the Ca 4 p' 'S level is shown in Fig. l.
The ratio of the Ca to Sr fluorescence signals was
used to determine the transfer ratio Nce, /Nf, , and

= Sr(5s' 'S) +Ca(4 p' 'S), (1)

Sr(5 p 'p '}+Ca(4s' 'S}+K&o(4711 A)

= Sr(5s' 'S) +Ca(5d'D). (2)
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The experimental details were similar to those
described in Ref. 1. A heat-pipe-type cell pro-
vided a -3-cm-long zone of Sr and Ca vapor at
atomic densities of N~, =4@10"and Nc„. ;-6@10"
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FIG. l. Energy-level diagram for laser-induced trans-
fer from Sr 5p P to Ca 4p S.
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QR ~ = 4976.8 A

FIG. 2. Induced cross section as a function of transfer
laser wavelength.

thus the cross section o, =(Nc /~N s, )/~Nc, VT, where
V is the average velocity (9 x10~ cm/sec), and v is
the laser pulse length (1 psec).

The relative magnitude of the cross section for
transfer to the Ca 4p' '$ level is shown in Fig.'2 as
a function of transfer laser wavelength; the curve
has not been corrected for the 2-cm ' laser line-
width. The cross section has a maximum at about
the R=~ wavelength of 4976.8 A, a half-power line-
width of 14 cm ', and drops less rapidly for red
detuning than for blue detuning of the transfer laser.
This line shape remained constant when the argon
buffer-gas density was varied from about 10" to
10' cm ', in contrast to "artifact" signals of the
type described above. The line shape and position
also remained unchanged as the pump laser wave-
length was tuned both above and below the Sr 5p'P'
level, thus eliminating the possibility that the sig-
nals were produced by quasimolecular two-photon
absorption into the Ca 4 p''S state. We have also
examined the possibility that the signals are caused
by two-photon absorption, with one photon provided
by the transfer laser, and a. second by spontaneous
fluorescence from the Sr resonance level. Calcula-
tions show that such a process would be at least
1000 times weaker than the signals observed. In

addition, the observed constant linewidth and red
asymmetry is inconsistent with the known asym-
metric Ar broadening of the Sr resonance level. '

The red asymmetry in Fig. 2 indicates that the
van der Waals constant C6 for the Ca,4p''S state
exceeds that for the Sr 5 p'I" storage state; this
is consistent with a rough calculation based on
large Ca matrix elements to nearby states. " The
line shape for transfer into the Ca 5 d'D state [Eq.
(2)] appears similar to Fig. 2, but precise evalua. -
tion is not possible since the wing is distorted by
an adjacent peak at 4714 A associated with the Sr
4d'D-7 p 'P' transition.

For transfer into the Ca 4p' '8 level, theory pre-
dicts a velocity averaged cross section of o,
=4x10 "P/A(W/cm') cm' =2x10 "cm' for our
transfer power density of 5x10' W/cm'. Experi-
mentally we found that o, = 9@10 "cm', and that
o, varied linearly for small variations of transfer
laser power density. We feel the measured value
of cr, represents a good lower bound, and experi-
mental uncertainties, especially number densities,
can reasonably account for the theoretical-experi-
mental disc repancy.

We would like to note that considerable care in
the adjustment of experimental parameters is re-
quired in order to observe this effect. In partic-
ular, background noise (no transfer laser) at the
observation wavelength increased quadratically
with increasing pump power while the signal in-
creased only linearly. The Sr 5 p 'P' density was
chosen to provide both a reasonable signal-to-noise
ratio (-5) and detectable signals. For our condi-
tions, the signals are typically of that obtained
by tuning the transfer laser to a frequency such
that the sum of it plus the pump laser excites the
Ca 4 p' 'S level by two-photon absorption.

These experiments have shown that laser-in-
duced transfer provides a means of selectively di-
recting stored atomic energy into particular states.
In addition, the cross-section line shapes can be
used to determine interatomic potentials. Topics
for future study include laser-induced spin-ex-
change and charge-exchange collisions; these pro-
cesses should have cross sections comparable to
that reported here, but should exhibit a maximum
considerably shifted from the interatomic wave-
length.
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