) Let us comgare the effectivenesses of the two mechanisms. Assuming 8 ~
e/a; and A v (A /maﬁ) (ag 1is the lattice constant), we obtain an order-of-magni-
tude estimate of the ratio

5e (7

/E _
‘_ifs;‘wﬂ Irysette (- “-)_
def

m I’D m* VT

Near the boundary frequency (Eg - Ahw v T), the effectivenesses turn out to

be of the same order. In particular, for CdS thils ratio is of the order of
0.6. According to estimates for CdS, the acousto-optical effectiveness near the
edge of the band is equal to My = 107'® sec?g™! and exceeds by one order of mag-
nitude the values of M, obtained in experiment far from the edge of the band
[6]. The estimates have a qualitative character, since in the anisotropic
medium the contribution made to the scattering by any particular mechanism de-
pends strongly on the crystal orientation.

In conclusion we note that the acousto-optical effectiveness of the elec-
tronic mechanism depends strongly on the concentration of the conduction elec-
trons. In photosemlconductors (CdS, CdSe), application of infrared illumina-
tion makes 1t possible to control the conduction-electron density [7], and this,
in turn, makes 1t possible to control effectively the scattering and diffrac-
tion of light in such crystals.

The authors are deeply grateful to E.I. Rashba, I.A. Poluektov, and V.I.
Pustovoit for fruitful discussions.
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Recently, much hope has been placed in the possibility of obtaining a con-
trolled thermonuclear reaction by fast adiabatic compression of thermonuclear
matter heated with a laser [1]. We wish to call attention to one circumstance
that must be taken into account both in the theoretical description of differ-
ent models of fast heating of a superdense plasma by laser radiation and in
their practical realization. We have in mind the possibility of strong reflec-
tion of the laser radiation from the heated plasma due to the stimulated Comp-
ton scattering of light by the plasma electrons. As is well known, in such a
process the gasdynamic expansion of the hot plasma leads to formation of a plas-
ma corona around the dense part, in which the plasma, with varying density
gradient, moves in a direction opposite to the laser beam. Our earlier experi-
mental and thecretical investigations [2] have shown that in the presence of a
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Fig. 1. Total reflection coefficient R = I2(2)/I10
vs. Iinitial reflection Ro = I2(0)/I:(0) for & =
0.2 em (1), 0.1 cm (2)i 0.05 em (3), and 0.01 cm
(4) at I10 = 10'° W/cm?.
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plasma moving opposite to the laser beam, the fraction of the reflected light
energy can reach a noticeable value. Under certain conditions, the reflection
may be total. In the presence of a density gradient in the regilon where the
plasma frequency is equal to the laser-radiation frequency, the reflectlion coef-
ficient 1s always finite. The resultant opposing wave interacts during the
stimulated Compton scattering with the intense incident wave and 1s noticeably
amplified. At sufficiently high radiation fluxes, the energy of the lncident
wave is effectively converted into reflected-wave energy.

The equations describing the amplification of the weaker pulse in the pres-
ence of a moving plasma and intense radiation were obtained in [2] in the form

dl (z) /dz = di,(z)/ dz = Bl (z)1,(z2) . (1)

The positive z direction is defined as the direction of plasma motion towards a
beam of intensity I, and coincides with the direction of propagation of the re-
flected radiation with 1ntensity I,, while B is defined by the equation

1/2 2

cr? v m mv
= °o . ° - o 2
b= T, n°<2nkTe) exP< 3kT, ) ’ (2)

where c¢ 1s the speed of light, ry is the classical radius of the electron, v is
the laser radiation frequency, m is the electron mass, k is Boltzmann's con-
stant, ve is the plasma wvelocity, ng is the plasma density, and Te is the plas-~

ma electron temperature. In the derivation of these equations 1t was assumed
that v/c >> Av/v (v 1s the average thermal velocity of the electrons and Av is
the width of the emission speectrum). Solution of (1) leads to the following
relation, from which we can determine the reflection coefficient R = I,(2)/I1q
of laser radiation from a plasma layer of thickness 4:

R =R exppl H1-R), (3)

where I, is the intensity of the laser radiation entering the plasma layer (at
z = %), and Re = I2(0)/I1(0) is the 1nitial reflection coefficlent (at z = 0).
Using the average parameters obtained in the calculation of the adiabatic com-
pression model [1], namely kT = 10 keV, n_ = (0.5 - 1) X 102! em™® and vo =

10® cm/sec at the neodymium-laser frequency v = 2.83 x 10'* sec™!, we obtain
from (2) 8 = 31.4 x 10~'® cm/W. The solution of (3) is shown in Fig. 1 in the
form of plots of the total reflectlon coefficient R against the initlal re-
flection coefficient Rs, for four values of the parameter & (0.2, 0.1, 0.05,
and 0.01 cm) at an intensity Iio = 10'® W/em? [1]. It is seen from the curves
of Fig. 1 that at the given parameter values the effect can lead to an appreci-
able increase of the laser-radiation reflection from the plasma. Actually, one
can use as the parameter not the quantity £, but the product B, and the plots
can be used to determine the dependence of the reflection on any of the
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Fig. 2. Total reflection coefficient R = I,(2)/I;o
vs. the intensity of the incident radiation I10

at Ro = 0.1 and & = 0.2 em (1), 0.1 em (2), ana
0.05 em (3).
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quantities v, vo, n,» and kTe (see formula (2)). It should be noted that al-

though according to (2) B depends very strongly on the frequency (B~ v™?), it can
be assumed approximately that the total reflection coefflclent depends much less
on the frequency in the spherical-heating model, owing to the frequency depen-
dences of the parameters 2 and I;o.

From the plots of the reflection coefficlent against the incident radia-
tion intensity Iie, shown in Fig. 2 for & = 0.2, 0.1, and 0.05 cm and for Ro =
0.1, 1t follows that the reflection inerease due to the mechanism under con-
sideration becomes noticeable at fluxes I3, = 10'° W/cm?.

An exact calculation of the reflected energy should include, naturally, in-
tegratlon with respect to the spatlal distribution of the temperature and of the
plasma expansion rate and density, as well as with respect to the distribution
of the intensity Ii. It should also be borne in mind that the electric field
plays an important role in stimulated Compton scattering. At densities such
that the plasma frequency is equal to the laser frequency, the effective fileld
increases strongly, and this enhances greatly the effectiveness of the processes
of stimulated Compton scattering, and can lower the flux at which the increase
of the reflection becomes appreciable.

It is physically clear that this effect is due to interaction of single
electrons with photons, and is consequently practically inertialess.
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