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Stimulated Raman scattering is observed to be strongly quenched under pulse excita-
tion with pulses shorter than the molecular rotation time, because such pulses see a
smaller Kerr effect and experience less self-focusing. Reduced stimulated Brillouin
emission is also observed.

This Letter reports experiments showing
strong suppression of stimulated Raman scat-
tering in nitrobenzene and other liquids under
excitation by picosecond light pulses. This
effect is primarily due to reduction of the Kerr
effect resulting in partial quenching of self-
focusing for pulses shorter than the molecu-
lar reorientation time. Picosecond Raman
emission is further limited by dispersion, which
leads to a coherence length -1 cm for exponen-
tial Raman gain. We also observe a large re-
duction in stimulated Brillouin emission.

Previous experiments' have demonstrated
stimulated Raman conversion efficiencies of
10 to 10 ' in nitrobenzene, CS2, and other
liquids having high Raman-scattering cross
sections. It has become clear' ' that the ob-
served gains, generally in excess of the val-
ues predicted from the cross sections, can
be explained by self-focusing of the pump light,
arising primarily from the Kerr effect. '

However, suppose the light-pulse duration

Tf, approaches v, the Debye rotation time for
molecules driven by an ac field. Here 7 =4va'q/
3kT, where g is the viscosity, T is the tern-
perature, and a is the effective molecular ra-
dius. ' When 7. ~T, the anisotropic molecules
can rotate in response to the pulse, but when

& g, the molecules will not respond and the
self-focusing threshold will increase. Values
of y are about 10 "-10-'~ sec and have been
measured in liquids from observations of the

frequency width of depolarized scattering near
the Rayleigh line' and the frequency shift of
stimulated Rayleigh emission. '

Backward stimulated Brillouin scattering
will also be reduced for short pulses because
the gain-length product becomes small and

because damping times for hypersonic acous-
tic waves are much greater than a picosecond. "

The experiments made use of 5300-A light
pulses of picosecond duration, generated in

a Nd+ glass laser mode locked with Eastman
9860 dye and followed by a KH,PO4 harmonic
generator crystal. Pulse widths were measured

by the two-photon fluorescence technique.
Observations of the fluorescence on mirror
reflection of the pulses in 0.01M dibenzanthra-
cene solution showed the pulse duration to be
1-2 psec. From oscilloscope displays the las-
er output was shown to consist of -25 pulses
separated by LU=2L/c-4x10 ' sec, where
L, is the optical length of the laser resonator.
Since b,t»z, successive light pulses can be
considered to produce independent Raman scat-
tering.

At 1.06 p, the laser output was -1 GW which
was converted to 150 MW of harmonic in a
KH,PO4 crystal. The 5300-A light was focused
by a 30-cm focal length lens onto a 10-cm sam-
ple cell placed 25 cm from the lens. The peak
laser intensity in the liquid was 10-20 GW/cm'.
Ordinarily, at this intensity efficient conver-
sion of laser light to Raman' and Brillouin'
light occurs. Table I shows relative peak in-
tensities of Raman to laser light measured
for picosecond pulse excitation in pure liquids
and solutions, as recorded from phototube sig-
nals by a Tektronix 555 oscilloscope. It is
evident that when v~ & r, the liquids showing
most efficient stimulated Raman scattering
are not those with the largest Kerr constants.
With picosecond pulse excitation the data clear-
ly show a tendency for less Raman scattering
as v becomes longer than i . Nitrobenzene,
previously shown to be one of the most efficient
stimulated Raman emitters, was found to have
the highest threshold of the liquids studied with
picosecond pulse excitation; under long pulse
excitation, "this liquid has a much lower stim-
ulated Raman threshold than benzene and tol-
uene. Furthermore, a nitrobenzene cell placed
in front of a cell of toluene reduced the tolu-
ene Raman scattering with short pulse excita-
tion, the opposite of the effect with long pulse
excitation. '

To test further the correlation of conversion
efficiency with molecular orientation time,
stimulated CS, Raman scattering was measured
in 1:2 solutions of CS, in the solvents listed
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Table I. Ratios of the Raman-scattered light to the incident laser light.

sample

Kerr const, ant a

(10 esu)-8

Rotation
b-etime

(10 sec)-12
Coherence length

&O3 for j. psec pulse
Raman Laser (cm)

Carbon d isul f ide

benzene

Toluene

Chlorobenzene

]3romobenzene

Nitrobenzene

carbon disulf ide, & carbon
t, etrachloride

32.6

5-7

6.5

9.9
14.4

26.4

1.9
3 3

5 3

50

3 5

0.2

0.02

0.03

0.01

(0.002

1.4

1.2

1.7
1.6

o.8

carbon disulf ide, & hexane

carbon disulf ide, & acetone

carbon disulf ide, ~ bromobenzene

carbon disulfide, ~ nitrobenzene

1.0
o.26

$0.01
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in Table I. The Debye relaxation formula pre-
dicts that the orientation time for CS, molecules
should decrease with solvent viscosity through
the series nitrobenzene (2 cP), bromobenzene
(1.1 cP), and hexane and acetone (0.32 cP).
The viscosity of pure CS, is 0.36 cP. Although
the shear viscosity of CCl, is high (0.96 cP),
the hindrance to CS, rotation is expected" to
be small because of the spherical symmetry
of the CC14 molecules. The measured conver-
sion efficiencies for the solutions (Table 1) show
a clear inverse correlation with solvent viscos-
ity and hence orientation times, and are uncor-
related with Kerr constants.

The backward Brillouin scattering was mea-
sured to be less than 3x10 4 of the incident
intensity for the pure liquids in Table I. This
result is to be contrasted to values from 10
to 9x10-' reported with longer pulses and low-
er intensities. '4

The above experiments were repeated with
35-nsec pulses from a conventional rotating-
prism Q-switched ruby laser, whose output
was verified by the fluorescence technique to
have no significant pulse components shorter
than 10 psec. At maximum intensities of -50

MW cm ' (&1% of the intensity in the psec ex-
periments), conversion efficiency to both Ra-
man and Brillouin light was &1% for all the
liquids of Table I, nitrobenzene and bromoben-
zene being two of the most efficient scatterers.
The solutions with highest Raman efficiencies
were CS,-nitrobenzene and CS~-bromobenzene.
These results, consistent with previous exper-
iments in which T~» T, show qualitative cor-
relation of scattering efficiency with Kerr con-
stant.

Near-field photographs of the end of the cell
show that the Raman emission from picosec-
ond light pulses occurs completely in filaments.
Now at (nonself-focused) pulse intensities of
10 GW cm ', stimulated Raman gains ' G in
the range 10-100 cm are expected"; howev-
er, the over-all gain is limited by dispersion,
since the amplified Raman light travels fast-
er than the pump pulse. Coincident pump and
Raman pulses of duration T~ become decoupled
in a distance of the order of the coherence
length lc ——7pv& (2hv&) ', where v& is th'e aver-
age group velocity" and hv& is the group ve-
locity difference of the pump and Raman puls-
es. For T&

—-1 psec, l~-1 cm for most liquids
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(Table I). It follows that the over-all gain is
limited to -GE~ or 10~-10 for picosecond 10-
GW pump pulses. This conclusion is support-
ed by our failure to observe nonfilamentary
stimulated Raman emission at 10-GW-cm
pump intensity over a distance of 10-30 cm.

It appears that picosecond light pulse exci-
tation of Raman scattering may provide a valu-
able technique for probing molecular orienta-
tion dynamics in liquids by the use of pulse
times on the scale of the molecular orientation
time.
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A method for solving the initial-value problem of the Korteweg-deVries equation is
presented which is applicable to initial data that approach a constant sufficiently rapidly
as ~x~ ~. The method can be used to predict exactly the "solitons, " or solitary waves,
which emerge from arbitrary initial conditions. Solutions that describe any finite num-
ber of solitons in interaction can be expressed in closed form.

For a large class of physical systems, non-
linear and dispersive processes compete while
dissipation is negligible. In particular, the
Korteweg-deVries (KdV) equation,

u -6uu +u =0
t x xxx

(subscripts x and t denoting partial differenti-
ations), has been shown to describe the asymp-

totic development of small- but finite-ampli-
tude shallow-water waves, ' hydromagnetic waves
in a cold plasma, ' ion-acoustic waves, ' and

acoustic waves in an anharmonic crystal.
The quantities u, x, and t can be rescaled

to produce any desired coefficients for the terms
of Eq. (I). The present choice is convenient
for this paper. Note that u is reversed in sign
from previous work since the coefficient of
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