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The stationary solution of the problem of back-scattering of high-intensity light waves in a linear
isotropic medium with a small linear sound damping is investigated by the method of slowly varying
amplitude with account of the reaction of the sound on the light. An estimate is given of the range of
applicability of the stationary approximation. Possible modifications of the solution are considered
qualitatively by taking into account the acoustic nonlinearity and variability of the incident light in-

tensity.

S TIMULATED Mandel’ shtam- Brillouin scattering
(SMBS) is the process of the effective scattering of an
incident electromagnetic field by the acoustic waves of
the medium, which waves are amplified from the
thermal noise level by parametric interaction with the
incident (Ep) and reflected (E,) fields. To solve the

SMBS problem, we must find simultaneous solutions of
the equations of hydrodynamics (elasticity theory) and
Maxwell’s equations. In the approximation of a homo-
geneous isotropic medium and slowly changing ampli-
tudes of the interacting plane waves, the set of equations
for the interacting amplitudes (in the case of back scat-
tering) is written in the form
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p is the amplitude of the pressure in the sound wave,
a, the linear acoustic absorption coefficient, €,, po, and
So the dielectric permittivity, density and sound velocity
in the unperturbed medium, and «, k_, k; the acoustic
and optical wave vectors. P
Several approaches to the solution of the set (1)
have been developed for the solution of the SMBS.
Kroll'¥! solved the problem under the assumption E
= const over the length of the interaction region (the
given-field approximation). The solution obtained here
gives the representation of the initial stage of the
formulation of the process. In'*!, the case was consid-
ered in which the damping ao > 1 cm™'; here the process
reaches the stationary regime very quickly (in a time
te ~ 1/a0S'"'), and the spatial amplification is small.
This case corresponds to the neglect of the first two
terms in Eq. (1a), and, in practice, to scattering in
liquids and solids at room temperature.
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The approach developed in the present paper arose
in connection with the appearance of SMBS at low tem-
peratures T ~ 4—20°K"™*!, It is well known (see, for
example,'®!) that the damping at such temperatures is
ay=1 cm", and is considerably smaller in Ssome
cases, which makes it possible to neglect the linear
damping of sound. It is assumed here that, because of
the very great increase in reflected light, the system
rapidly reaches the steady state. The approximations
indicated cause Eq. (1a) to take the form

op |0z = 0. E\E, ;= 0. (1a")
As is shown in'!!, the amplitude of the scattered
wave is proportional to the expression

Ei(z, t) ~ exp{2[(L — z)tEpozkpzSo/Enz] Y.

(2
Here L is the length of the interaction region, t the
time of influence of the light field, Epo = Ep(z = 0).

It is seen from this expression that the scattering
takes place essentially at the forward boundary z = 0.
It is logical to assume (this is confirmed by the calcu-
lation carried out below) that, for high intensity of re-
flected light (of the order of the incident intensity) all
the scattering will take place in the region z, ~ Ey/k
~ Eo/ka . It follows from this assumption that first,
specifying the boundary will be unimportant for L > z,,
and we can set L = »; second, for z > z,, the ampli-
tude of the incident light will approach the threshold
value for nonlinear SMBS (the threshold value of
Ep(z = 0) is determined by the linear sound damping)
and, inasmuch as it is assumed in the given case that
Epo > Ep(z = 0) is threshold, then one can set

E (z = «) = 0. Taking into account what was pointed out
above, we solve the set (1) with the equation (1a) in the
form (1a’) for the following boundary condition:"’

Ep(s = 0) = Epo, Ep(z = 00) =0, E,(z = ®) =0, p(z =0) = pu.

Then the solution of the system has the form?®

DThe solution of the set (1) with Eq. (1a°) for the case of finite
values of L was given in [°].
2 Such a value of p. can be obtained from the Manley-Rowe relations.
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wp is the frequency of the incident light, © the frequency
of sound in the medium.

The value of p; is connected with the nonstationary
process (thermal fluctuations) and its use for the solu-
tion of the stationary problem is not completely correct.
It is seen from the solution (3) that for p; < p,, the re-
sult is practically independent of p,. We therefore set
p: = 0, assuming that Epo is sufficiently large.

We estimate the ‘‘damping depth’’ of the amplitudes
of the light waves. From the solutions (3) we get Zdgamp
= 2o ~ Eo/k;E;,. The qualitative picture of the behavior
of the amplitudes is shown in the drawing.

We estimate the region of applicability of the sta-
tionary approximation to the given problem. A strictly
stationary regime can be achieved in a time tg
~ 1/@0S'"?, as has been mentioned (or in the time t
~ L/S, in the case L. < 1/a,). In the case of large Epos
the regime, which is close to stationary (quasistation-
ary), can be achieved earlier—the amplitude of the sound
manages to increase to such a large value that prac-
tically all the incident light is reflected in a narrow
range at the forward boundary. One can estimate this
moment t. by setting E, = E_ in the distribution (2) or,
what amounts to the same thing, p = p,, for z ~ z,. Then

te=EI0*(p= [ p1) | 4Epa’k 2 So (L — 2o).

At the instant t,, the amplitude of the reflected wave
becomes of the order of the amplitude of the incident
wave and fort >t, the conditions of applicability of the
given field approximation are violated.

Up to now we have neglected acoustic nonlinearities.
Together with this, it is known® that in an inviscid
medium (a, = 0) a wave of any amplitude sooner or
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Poa[— —— Dependence of the amplitude of
sound and light waves on the distance to
the leading edge z = 0; 1 —amplitude of
the incident light, 2—amplitude of the
reflected light, 3—amplitude of the

sound pressure.
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3 The discussions of nonlinear acoustics here and below are taken
from [7].
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later goes over into a shock wave. As follows from what
was pointed out above, the considered case approxi-
mates the case of an inviscid medium and apparently
nonlinear effects should be strongly evident.

In acoustics, the Mach number M = p/p,Ss ~ Epo/Eo
for p = p,, is used as a characteristic of the nonlinear
processes, indicating the degree of prominence of non-
linear effects in the given medium. Use is also made
of the Reynolds number Re = @kM/2a,, which expres-
ses the features of nonlinear distortions of the shape of
the wave profile.*’ Of the nonlinear effects that can ap-
pear, we shall be interested most of all in the nonlinear
sound absorption (absorption of the energy of the first
harmonic due to transition into higher harmonics with
their consequently greater absorption) in its generation
and propagation, which can lead to a change in the solu-
tions (3).

Because of the impossibility at the present time of
obtaining an exact solution of the system with account
of the acoustic nonlinearity, we shall carry out a quali-
tative study of possible changes in the solutions (3).

Nonlinear absorption begins from the instant of time
© when the wave transforms from a sinusoid into a
shock wave with formation of a discontinuity (weak,
since M does not exceed unity). Therefore, if t; < n
= aoReSy, then the solution (3) remains valid. The
inequality

Ep 2 ES W (po]p)) [kl = E.

corresponds to this condition. If now E, < f), then the
shock wave that is formed does not allow the sound to
increase to the value p ~ p_, intensely absorbing the
sound energy at the front (here the given field approxi-
mation remains valid). Let us make some estimates.
Thus, for k. ~ 10° cm™, S, ~ 10° cm/sec, L ~ 1 cm,
E,, ~ 10" W/em, o ~ 1 cm™ — M ~ 0.1-0.01, Re

~ 10°~10% t, ~ 10°~10° sec, E ~ (10°~10") W/cm.

Inasmuch as sound intensities can reach large values
in strong fields, then the sound can be one of the rea-
sons (at least initially) for the breakdown of solids in
laser fields. Thus, for many solids, the static elastic
limit is Pg) — 10* kI/ cm?, since p,, ~ 10° kI'/ em? for
Ej, ~ 10" W/ em. A similar reason for destruction was
given in'®,

It should be remarked here that, in spite of such high
intensities of the reflected light |E1]2, multiple scatter-
ing practically does not occur, since, as follows from!*!
and the previous results, there is always a small
parameter y ~ zo/L < 1 in the problem. Experimen-
tally (to be sure, for T ~ 300°K) repeated scattering
has not been observed.!®

In conclusion, I want to thank sincerely L. V. Keldysh
for suggesting the problem and for directing the work,
and also to express my gratitude to I. L. Fabelinskil
and V. S. Starunov for reviewing the manuscript, dis-
cussion of the results and L. K. Zarembo for detailed
consultations.

4@ is the parameter of nonlinearity of the medium. If we use the
material equation of the form p = p*(p/p, )L, then @ = (I + 1)/2. For
an ideal case, I" = cp/cV and for liquids and solids, I" ~ 3-14. ["]
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