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It was observed experimentally that as a result of generation and amplification
of SMBS in the field of a wide-band pumping the Stokes wave, in addition to
experiencing rapid fluctuations associated with its spectrum width, also
experiences slow fluctuations with a characteristic time determined by the
spectrum width of the phonon wave.

PACS numbers: 42.65.Cq

SMBS fluctuations produced as a result of excitation by a narrow-band laser
were observed experimentally in Refs. 1-3. The observed fluctuations, which are de-
termined by the spectrum width of the Stokes component Awyg, have a characteristic
scale 2m/Awg. A wide-band pumping produces short fluctuations 2r/Awg <1/AQ
because of the large spectrum width of the Stokes wave Awg =~ Awp > AQ (Awy, is
the width of the pump spectrum and AS2 is the width of the thermal-scattering line).
We have established experimentally in this letter that, in addition to these fast fluc-
tuations, the SMBS envelope experiences slow fluctuations in the coherent-scattering
mode with a characteristic time 7> 2#/AS2, which is determined by the spectrum
width of the phonon wave. The same kind of slow fluctuations of the envelope oc-
cur as a result of amplification of the Stokes pulse in an amplifier with a wide-band
pumping.

Inverse SMBS was excited in CCly, in benzene and in acetone by radiation from
a single-mode ruby laser with a spectrum width of ~0.15 cm™ . The duration of the
smooth laser pulse was 30 nsec. The pump radiation was focused by alens (f=15
cm) on a cell of length /=22 cm. The diameter of the light spot on the lens was
~3 mm. A 6-meter-long optical delay line was used to decouple the laser from the cell.
The work was conducted at 2 slightly elevated SMBS threshold when the conversion
factor to the Stokes component was ~10%. The pump intensity in the focal region
greatly exceeded the critical intensity /f. There was no dielectric breakdown in the
liquid. The SMBS in CCl; was close to a single-mode scattering and consisted of
many transverse modes in benzene and acetone. A typical oscillogram of an SMBS
pulse in CCly, which was obtained at a pump power Pz, ~ 120 kW, is shown in Fig.
la. Diaphragming of the light beam in front of the photocell did not increase the
modulation depth. Since the decrease in the pulse intensity with increasing distance
from the center displaces the peaks, the average spacing 7 between them was deter-
mined from the “straightened” oscillograms. To do this, their ordinates had to be
multiplied by appropriate factors which were determined from the average variation
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FIG. 1. Oscillograms of the SMBS pulses. (a) Lasing in CCl,, (b) lasing in acetone, (c) and (d)
amplification in CCl, .

of the envelope. We have obtained 7=8.5+ 1 nsec for CCl;. The modulation depth
for benzene was increased by inserting a small diaphragm in front of the photocell.
The interval 7 was 15+ 2 nsec. As a rule, the SMBS pulse in acetone was smooth
(Fig. 1b). A weak, second peak occurred rarely on its wings.

When the amplifier was used, the laser beam 1 (Fig. 2) was divided into two
beams by a semitransparent mirror 3 after it was transmitted through the delay line
2. One beam was directed to the cell-amplifier 5 with CCl; (I =22 cm) and the other
was directed to the cell-generator 7 with acetone, which produced almost the same
SMBS shift as CCl;. The smooth SMBS pulse in acetone (Fig. 1b) was directed to
the cell-amplifier 5 in the opposite direction to the pump pulse. The pump power
Py, in the amplifier was varied by means of a light filter 4. The pump intensity in the
focal region exceeded /£ substantially. The SMBS input signal was attenuated by the
light filter 6 in such a way that the power of the amplified signal was much smaller
than P;,. The SMBS pulses at the input and output of the amplifier were recorded by
the photocells PC.

The oscillograms of the SMBS pulses displayed slow fluctuations after amplifi-
cation. The interval 7 was smaller than that during lasing and it decreased as the
pump power was reduced in the amplifier. Typical oscillograms of the amplified
SMBS pulses are shown in Fig. 1¢ (Pz ~20 kW, amplification factor ~10) and in Fig.
1d (Py, ~40 kW, amplification factor ~300). ‘

For a theoretical interpretation of the effect, we shall analyze SMBS in the field
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FIG. 2. Schematic of the device for observation of SMBS fluctuations in the amplifier.

of a plane pump wave £, (¢,z). Assuming that SMBS is recorded at a small solid an-
gle 0 during lasing, we shall represent the field of the Stokes component in the form
Eg=figydPF (5 dwsEs(ws,B,2)ell @5t~k (ws: Bl where [k(wg,B)=k(ws)
=wgn(¥8)/c, n is the refractive index, B is the k(wgB ) component at right angles

to the z axis; the region (F) is defined by the solid angle 8. We introduce the enve-
lopes Ay, and Ag through the relations £y =4 e(FL~ kL) F =Agel (P51 + ks2)
where &g =&y, -, @y, is the average pump frequency,  is the resonance frequency
of the phonon wave, and k7 g =k (%1, ). Using the calculation method developed in
Ref. 4, we can obtain Ag(t,r) =A (¢ ~z/uz )P(z,r), at a much higher intensity I,
where uy, =u(&y) is the group velocity,

B
—i*r -t k -
®(e,r)=4 F(B,t,z)e A e 2 Sdm;s, (1)
(B)
- _im_ﬁ)(t+—u—z,).,° oKz _ ilAz
F(B, ¢, z) = C[dae S [ dg,p*(Q,-B, 9, ) ——F—-

—

)

Tn the last expression C is a constant, uy =ug/kg k% -B 2, ug =u(wg), P(,-F,q2)
is the Fourier pressure amplitude determined by thermal fluctuations,
k=1/2g1+ip/1+p? g=bIy,b is the specific gain at the frequency w -Q‘due to
monochromatic pumping, and p = 2(2 - Q)/AQ, A=q, -k; -Vk* (&3, -Q) -F 2.
The reference point z =0 is at the right-hand boundary of the medium.

It can be seen from Eq. (1) that a coherence region must be isolated in order to
observe the fluctuations ®. The power spectrum of the random function ®, which
determines the characteristic fluctuation time, is given by

kpTosg G
](D(Q’ z) = pr 3 —)0, 3
2723 Q 1+p

where kp is the Boltzmann constant, G = -gz >0, and Ay is the length of an SMBS
wave in the medium. The Jg distribution in § repeats the spectrum of the excited
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phonon wave and I = Jo 2T o(82,2)dS2 determines the average intensity of the SMBS
Ig=ng/n;I; Is. At G> 1 the Jg dependence on § has the shape of a Gaussian
curve with the width 8 = AQ~/In2/G. It follows from the theory of random func-
tions® that 7 =5.54/852. Thus 7 is determined only by the spectrum width of a pho-
non wave 8$2. The values of 7, which were calculated by using the known values of
AQ at G=27,are 9.3, 17.2, and 29.6 nsec for CCl,, benzene, and acetone, respec-
tively. They are in good agreement with the experiment for CCl; and benzene. The
value of 7 for acetone is much larger than the width of the SMBS pulse, which ac-
counts for the absence of ripples in the oscillograms if the small modulation depth
is taken into account.

If an amplifier is used, assuming that Eg =E$ +Es, where £% is the field of the
input signal, we can obtain Ag =A@ for the A envelope at a much higher / £,
where the & function varies slowly with #. In the absence of a correlation between
E% and E, its power spectrum for exp(1/2 G)> 1 has the form

In(Q, z) = — ——(exp——m. 1) [ 2° (o + Q) dog,
£y z) 4 KT 02 foﬂs ws)ypleog + ) dag

where I$ is the intensity of the input signal, and n% and 5y, are the spectra of the in-
put signal and pumping, which are normalized to unity. At G>16%Q and 7 are ex-
pressed the same way as in the case of lasing. As/;, increases 7 increases by ~/I,
consistent with the experimental data.
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