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the field dependence of 1/T„ in pure Kr (0.97
Torr) and in a mixture of Kr (0.9 Torr) and
He (53 Torr). At the same Kr pressure the
relaxation rate in low fields is decreased in
the presence of He. This comes indeed from
the shortening of T 1 as is also revealed byc1
the broadening of the curve giving the field de-
pendence of 1/7„. As expected, in high fields
relaxation rates are the same: Direct measure-
ments in pure He had previously shown that
Rb-He collisions have a negligible effect at
53 Torr.

A detailed analysis, to be published elsewhere,
shows that the above picture leads to a satis-
factory quantitative description of the main
features of interaction I. The metastable states
of the alkali-metal-rare-gas pair have not been
observed directly in scattering experiments, '

such an observation seems unlikely because
the unrelated resonances are so narrow (ST&~ '/
AT=10 '). On the other hand, the relaxation
of alkali metals is obviously very sensitive to
their existence', their probability of being formed
is indeed small, but the time during which the
disorienting interaction lasts and its correla-
tion time are approximately 10 times longer

than in ordinary collisions. The same remark
holds for actual bound states.

We have observed a very similar behavior
of the relaxation of Rb in Xe and Ar.

We are grateful to Dr. C. Bouchiat, Dr. D.
Kleppner, and Dr. P. Sabatier for stimulating
discussions about the theoretical interpretation
of the results, and to Dr. P. L. Bender for most
helpful comments on the manuscript.
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The use of anomalous dispersion in produc-
ing phase matching in nonlinear optical process-
es has been recognized in several references
in the nonlinear-optics literature, ' 4 and the
anomalous dispersion associated with the strong
infrared resonance inherent in quartz has been
employed in producing a far-infrared differ-
ence frequency. ' The present Letter provides
the first experimental evidence that phase match-
ing may be achieved in a nonlinear optical pro-
cess by introduction of anomalous dispersion
into a normally unmatched medium.

The principle is indicated schematically in

Fig. 1. Curve a shows the normal dispersion
of a medium and the typical index mismatch,
hn=n~ nf, between -two frequencies &alt and

In the harmonic generation process here
under consideration, these are the harmonic

X
LLJ
O

w "h

~ no

IL nf
LLI

FREQUENCY, (g)

WAVELENGTH, A.

FIG. 1. Principle of phase matching by anomalous
dispersion. Curve a shows a normally dispersive me-
dium with ng &ny at the frequencies ~„and &uy. Curve
5, the same medium after the introduction of anoma-
lous dispersion centered at ~0, resulting in identical
indices no at the two frequencies.
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The experimental data were obtained with
a giant pulsed Korad K1QP neodymium glass
laser with a mode--selecting-output resonant
reflector, Q switched with Kodak No. 9740 d e.
Laser ulsesp s of 20- to 30-nsec widths at half-
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assumes a third-power law betw
si ies of the thir-

e een the inten-
s f th third-harmonic radiation and the
fundamental, i.e. I3~ ~ (I~ 3 TThe data show

ce pea ing near aa clearly defined resonance eakin
cri ic dye concentration of approximatel

The wings of this resonance are
associated with
the win

e with harmonic signal gener t dra e in

the un

e windows of the fused-quartz 1' 'dlqul cell
e unmatched dye solution, and other elements

in e optical path.

to the rod
e sharp resonance in Fi 3 'ig. is attributed

o the production of phase-matched third-har-
monic radiation. This interpretation is su-

y re ractive index measurements at
a ion is sup-

FIG. 2. 0 tip ical absorption spectra obtained
Cary model No. 14 s e

one with a
o. spectrophotometer: (a) base lin f

the instrument b h
ase one of

exaQuoroacetone sesquih drat
(HS), (c) fuchsin in HS 1 li

u yrae
g liter, and (d) fuchsin in HS

g iter. Curves b throughd a d tare ata as measured
in a se -quartz liquid cell of sample path length
0.0105 cm. The positions of the n ody um las r lin
a . p and its third harmonic at 353 mp, are indicated.
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FIG. 3. Peak intensity of third-harmonic radiation
at 353 mp as a function of concentration of fuchsin in
HS as measured in a fused-quartz liquid cell of sample
path length 0.0503 cm. All data are normalized for a
fundamental laser power of 1.0 MW/cm2 according to a
variation of intensity of the third harmonic as the cube
of the fundamental. The indicated values extend over
the extremes in data obtained in three to eight sepa-
rate laser shots at each concentration.

(ak)'+ [-,'(n, -3n, )j'

where y is the appropriate third-order suscep-
tibility, n, and n, the linear absorption coef-
ficients at the fundamental and third-harmon-
ic frequencies, l the path length through the
liquid sample, and 4k =43-3k„where k, and

ks are the wave vectors at the laser and har-
monic frequencies, respectively. The maxi-
mum of the resonance in Fig. 3 occurs for Ak
=0 and is attained in the presence of strong
third-harmonic absorption amounting to 670
cm ' for e, . Clearly, harmonic conversion
efficiency is enhanced by minimizing n~, and
work in this direction is currently underway.

The authors are pleased to acknowledge val-
uable discussions with Professor David L. Dex-
ter during the course of this investigation.

1.06 p and 353 p, which will be reported later
in a more complete account of this work. The
difficulty in precisely measuring refractive
index in the presence of strong absorption at
353 m p, does not allow an exact determination
of the index-matched dye concentration. The
data, nevertheless, indicate a crossing over
of the fundamental and harmonic indices in pass-
ing through the region of resonance shown in

Fig. 3.
Also left for subsequent discussion in the

explanation of the theoretical shape of the res-
onance of Fig. 3 which can be described in the
small-signal approximation by an expression
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