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It is shown that local violation of the mode locking condition in interaction of light waves with 
ion acoustic waves, which is due to plasma heating, can lead to an increase of the stimulated 
Brillouin scattering (SBS) threshold as well as to breakdown of the wavefront reversal 
(WFR). Mechanisms that lead to thermal suppression of SBS and WFR and are due to the 
increase of the ion-sound frequency and to the change, in space and in time, of the frequencies 
of the pump and of the Stokes wave with increase of plasma temperature are considered. The 
conditions under which there is no thermal suppression of SBS are determined. 

Research into stimulated Brillouin scattering (SBS) 
has increased of late in view of its possible use for laser wave- 
front reversal (WFR). This is particularly vital for CO, 
lasers, since SBS in the R = 10 p m  band has been realized 
only in a The typical situation of SBS in a plasma 
is additional heating of and ionization of the pre-conditioned 
plasma by the laser radiation. Plasma heating leads, on the 
one hand, to an increase of the ion-sound frequency 
R, - T ' I 2 ,  and on the other to a change, in space and in time, 
of the pump frequency w, and of the Stokes-wave frequency, 
owing to the phase advance p, ,  = (w , ,  /c)JSndz, due to 
the change Sn = (dn/dT)ST of the refractive index. Local 
violation of the condition of frequency synchronism of the 
light wave with the ion sound (a, - w, - R, $0) can lead 
not only to an increase of the SBS threshold, but also to a 
shutoff of the WFR, for in the case of a multimode pump 
beam the opposing Stokes wave gain growth rate is de- 
creased to a greater degree than the waves uncorrelated with 

1. INITIAL EQUATIONS 

Since thermal suppression of SBS can occur also in oth- 
er media (solids, liquids, gases), we precede the actual esti- 
mates by a description of the influence of heating on SBS in 
general form. Let a pump wave 

be incident on the boundary of the medium in the z = 0 
plane, and let a Stokes wave 

El  exp [i(o,t+k,z)]+ C.C. 

propagate counter to it. For a short nonlinear medium (2L / 
c 4 tp , where tp is the duration of the pump pulse), the back- 
ward SBS is described in the quasi-optical approximation, 
with account taken of the heating of the medium, by the set 
of coupled equations 

the pump wave. dE, i 6n a, i 
The influence of the violation of the frequency-synchro- -- + - A , E , + i k , - E l + - E , = - g , E o P ' ,  

d z  2k,  n 2 2 
nization conditions of the interacting waves on the stimulat- 
ed scattering was discussed earlier in a number of papers. In aP/dt+ (iISQ+l/z) P=igsEoEl*, 
Ref. 8, for example, it is indicated that phase modulation of 
the exciting radiation influences strongly the gain in stimu- 
lated temperature scattering in a liquid. The influence of the 
refractive-index modulation due to excitation of the mole- 
cule excitation via conversion of the excitation energy into 
heat are explained by the peculiarities of the stimulated Ra- 
man ~cattering.~ Suppression of stimulated Raman scatter- 
ing by the frequency shift of the optical phonon, due to the 
change of temperature, is considered in Ref. 10. It is also 
shown in Ref. 11 that absorption of the radiation lead to 
energy exchange, due to the onset of a local frequency differ- 
ence, between opposing light waves in media with thermal 

where n is the refractive index of the medium, a,,, are the 
pump and Stokes-wave absorption coefficients, r is the re- 
laxation time of the sound wave, P exp[i(fi, t - qz) ] + C.C. 
(q = k, + k, ), 8R = w, - w ,  - R,, and g,,,,, are constants 
that determine the growth rate go = g, g3.2.rrr/cn of the 
Stokes wave per unit length and per unit intensity. Since the 
frequency shift in SBS is small, we assume furthermore that 
k, = k, = k, q = 2k and a, = a, = a .  The values of the re- 
fractive index and of the sound frequency depend on the 
temperature, and in the case of small temperature perturba- 
tions (ST/T( 1) their change is described by 

nonlinearity. 6n= IdnldTIGT, SR, = ( d a . / d ~ ) S ~ .  
It is shown in the present paper that nonstationary heat- 

ing of a plasma by laser radiation influences strongly both We recognize also that at the SBS threshold, in the given- 

the SBS excitation threshold and the WFR accompanying pump-wave approximation, the heating of the medium is de- 

the SBS. This influence is due both to modulation of the termined by the value of 1EOl2. Neglecting the heat diffusion, 

phase of the interacting waves and to a change of the ion- we have for the temperature perturbation 

Hound frequency. We obtain conditions under which there is 
t 

no SBS or WFR. We show that WFR realization in SBS in a 6T(t, 2, r ~ )  =g. .I IEo(tp, 2, r ~ )  1'  dt', (4) 
plasma is possible only because of the high thermal conduc- 0 

tivity of the plasma. where g, - a is a constant of the medium. 
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2. PLANE PUMP WAVE G, = In I El (t, 0) I 
We consider first the effect of thermal suppression of IE*(t,L) l z  

the SBS, using a plane pump wave as the example. Using Eq. - - goI0 
( 1 ) with zero right hand side, we readily find that (arctg[~[61;2(0) + ~ ( l - e - ~ ~ ) - p ] ]  

at (2v-p) 

Taking into account the connection between Sn(t,z) and 
ST(t,z) the pump wave amplitude takes the form At the optimal value of the initial detuning Sfl,,, (0) = 1/ 

2p ( 1 + e - ) the value of G, is a maximum a 
Eo(t, z)=E0(t, O)exp[--i; 2 i@.(t, z) I, (5)  l - e - a~  arctg p 

G,,, =goIo -- - aL, 
where a 

(8) 
B 

The phase advance @,(t,z) due to the heating leads to a 
pump-frequency change that depends on the time and on the 
longitudinal coordinate, amounting to 

The parameter v(t),  which characterizes the change of the 
pump frequency at a penetration depth a-' into the absorb- 
ing medium, is determined by the properties of the nonlinear 
medium and by the pump-wave intensity. Similarly, the 
heating of the medium modulates the Stokes-wave frequen- 
cy. Its additional phase advance is 

where /3 = 1/24 2v - p I ( 1 - e - ) is the Raman-scatter- 
ing detuning corresponding to SO,,, (0)  and normalized to 
the sound bandwidth r- '. Neglecting the effect of heating on 
the SBS, i.e., letting v+O and p-0, we obtain the known 
result of the stationary theory 

which follows from (8) at P( 1. The growth rate decreases 
with increase o fp  like arctan@ /P, and this may be the rea- 
son why the SBS shuts off at P2 l. 

The effectiveness of the thermal suppression of the SBS 
by modulation of the pump frequency and of the Stokes- 
wave frequency is characterized by the heating rate dT/dt, 
and hence by the intensity I, of the pump wave. In crystals, 
the change of the refractive index by heating, meaning the 
onset of the suppression, take place without delay. In liquids, 
gases, and plasma the principal mechanism that alters n is 
thermal expansion of the substance, so that the suppression 
is turned on only after the time t ,  = a/v, required for the 
sound to negotiate the characteristic scale of the pump beam 

The heat-induced change of the sound-wave frequency, due (a  is the beam radius). It is convenient to introduce the ki- 

to the dependence of the sound velocity v, on the tempera- netic pump intensity I,* above which the thermal suppres- 

ture, can be written in the form sion of the SBS becomes substantial. The suppression thresh- 
old is determined by the quantity 6 ~ 0 . 5  which corresponds 

das  to a decrease of the total growth rate by 1-2 units relative to 
sfl ,  =pe-Oz, p = g, - I Eo ( t ' ,  0) I ' dt'. 

dT 0 
the threshold value (M,, ,  ~ 2 5 ) .  PuttingP = 0.5 andp = 0 
we get 

In this case SO = SO (0)  - SO, , where SO (0)  
1 dn - 1 

= w, - w, - 0, (0) is the initial detuning from resonance. ~ . ' - a [ ~ ~ .  (,,) kr (I-e-") ] . 
Under the conditions cn 

dfl  d dfl  The SBS suppression due to the change of the sound 
~ ~ ~ ~ ~ ~ x ( ~ ) ~  frequency is characterized by the integral heating ST, i.e., by 

the pump-energy density 
the SBS of a pump pulse of duration t, ) T can be analyzed in 
a quasistationary approximation in which the time t enters 

t 

the stationary solution as a parameter. Making the substitu- wo= I. (tr) dtr. 

tions 0 

Its influence is manifested after a certain time t * in which the 
El(t, z)=C,(t, z)exp[-'lza(L-z)+iQ1(t, z) 1, pump energy reaches a threshold value 

P(t ,  z)=g(t ,  z)exp{i[Qo(t, z)-Ql(t, zll) ,  
( 6 )  

dfl  WO' 
wo.-[f g4r+ ( I -~-~ ' )  I-: t. - - 

we obtain from (2)  and ( 3 ) ,  with account taken of (5) and 
l o  ' 

of the expressions for Sw,, Sw ,, and SO, , corresponding to P ~ 0 . 5  and v = 0. Note that P = 0 also at 

aC1 Cle-a= 
p = 2v, i.e., there exists an instant of time 

go - 

where I, = (cn/2a) IE,(t,O) 12. Integrating (71, we obtain at which these effects cancel each other and there is no ther- 

the total growth rate of the Stokes wave: ma1 suppression. Within the time interval 
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determined by the condition I/3 I < 0.5 this makes it possible 
to obtain an SBS growth rate close to the unperturbed value. 

3. MULTIMODE PUMP BEAM 

To analyze the influence of heating on the WFR in the 
presence of SBS we assume that the pump beam 
E,(t,O,r, ) = A(t)Vl,(O,r, ) has a complicated spatial struc- 
ture Y,(O,r, ) with a characteristic transverse scalep much 
smaller than the beam radius a and an average intensity 7, 
that is constant over the cross section [A(t) describes the 
pulse waveform]. We assume that the necessary WFR con- 
dition gd,,zc ( 1 (Ref. 12), where zc = k is the length of the 
longitudinal correlation of the radiation, is met. We assume 
also that 

where (Sn) is the mean value of the perturbation of n. In this 
case the self-action of the pump wave does not distort its 
spatial structure and reduces only to an additional phase 
advance. The solution for the amplitude of the pump wave 
will be sought in the form 

where Y,(z,r, ) satisfies the equation 

After substituting ST(t,z,r, ) from (4) into the equation for 
the pump wave we multiply it by Vl,* and integrate over the 
beam cross section. As a result we get 

where 

 DO=(^ , I Y O I ' ~ Z ~ , )  /'( , J l ~ ~ l ~ d ~ r ~ ) .  

The solution of ( 10) is 

where 
t 

90 (t ,  z )  =-Do 3 vp  ( t ' )  dt' ( I -e -a r )  , 
0 

The phase advance p,(t,z) changes the pump frequency by 
an amount 

The parameter v' has the same physical meaning as the pa- 
rameter v in the case of a plane pump wave. The quantity y' 

characterizes the frequency shift, averaged over the cross 
section, of a spatially inhomogeneous pump beam at a pene- 
tration depth a- I. 

To calculate the growth rates of the Stokes waves that 
are correlated and uncorrelated with the pump, we represent 
the field El in the form 

h 

where L *Vl, (z,r, ) = 0. After substituting ( 12) we arrive, 
with allowance for (1 1)  in (2) ,  at the equation 

The phase advance 

determines the quantity 

The change of the sound frequency as a result of the local 
dependence on the heating is in this case spatially inhomo- 
geneous 

Making in (3)  and (13) a substitution similar to ( 6 ) ,  we 
obtain an equation that describes the gain of the Stokes 
wave: 

where 7, = ( 4 2 ~ )  12,(t,0) 1'. Integrating (14) we obtain, 
after reversing the substitution, the total growth rate of the 
Stokes wave 

r 
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We replace the integration over the cross section in ( 15) by 
averaging the integrand over the ensemble of realizations of 
the pump field. If the pump field has Gaussian statistics, the 
statistical averaging can be carried out only with a distribu- 
tion function W(Io) = ( l/&) e - Idr0 . In this case Do = 2, 
the value of Do, for Stokes wave correlated with the pump 
(Y,- Y,*) coincides with Do, and for the uncorrelated one 
(S, YoY:d 'r, = 0)  we have Do, = 1. Integrating next ( 15) 
with respect to z, we obtain expressions for the total SBS 
growth rates for the Stokes radiation structure associated 
with the pump: 

m 

and for the components that are not correlated with the 
pump we get 

co 

-arctg[t[6Q (0) -2~ '( l -e-"~)  -p'Ue-aL] ])dU-aL. 

(17) 

Recognizing that the relative contribution of each of the 
thermal-suppression mechanisms is different at different in- 
stants of time, we consider them independently of one an- 
other. Neglecting the change of the sound frequency 
(p' = 0), Eqs. ( 16) and ( 17) can be analytically integrated. 
As a result we get 

where Mc = gJo( 1 - e - aL )/a is the growth rate of the 
correlated wave in the absence of heating, and Mc = 2Mu. A 
zero initial detuning corresponds to a maximum value of the 
total growth rate of the correlated component (at 
a L  (Mt,, 1 

Gem, = M ,  arctg PII$', $ '=21~ ' l t ( I - e -~~) .  

The total growth rate of the uncorrelated Stokes waves 
reaches a maximum at a nonzero detuning (Sfl, ),,, 
= v'(1 - e c a L  )/2 and amounts to 

When the change of the light-wave frequencies (-v') is 
small compared with the sound bandwidth ( - 1 / ~ ) ,  i.e., 
f l  4 1, we get Gc ,, z Mc and G, ,,, z M u ,  and their ratio is 
y = Gc ,,, /G, ,, =; 2. With increase of a', a decrease is ob- 
served in the growth rates of both the correlated and uncor- 

FIG. 1.  Normalized total growth rate ( G,, ), = ( G,, ),,, / M ,  of a corre- 
lated (a)  and uncorrelated (b) Stokes wave, and discrimination y (c)  vs 
the thermal-suppression parameter. 

related Stokes waves, and this leads to suppression of the 
SBS. In this case G, ,, decreases with increase of p' more 
rapidly than G, ,,, . This decreases the discrimination of the 
growth rates y and leads to deterioration of the quality of the 
WFR. As P ' + UJ the value of y tends to y, = 1.5. There- 
fore, if a discrimination y = 1.5 suffices to ensure good qual- 
ity of the WFR, heating of the medium can lead only to 
suppression of the SBS. 

We consider now the effect of thermal suppression of 
the WFR in SBS as a result of a change of the sound-wave 
velocity, assuming that v' = 0. In this case Eqs. (16) and 
(17) were integrated numerically. The results are shown in 
Fig. 1. In the case of a small change ( -pl) of the sound- 
wave frequency within the sound band width, the influence 
of the heating on the SBS can be neglected ( Ip' 17 < 1 ) , there- 
Fore Gc ,, z M c  , G, ,,, =Mu, and y = 2. With increase of 
lpflr the values of the growth rates decrease quite rapidly. 
Thus, Gc ,,, decreases to one-half at Ip' I r z 1.5, and G, ,,, 
at lp11rz2. Just as in the preceding case, Gc ,,, decreases 
more rapidly with increase of lp'lr than G, ,, , and this 
leads to a decrease of y and to a deterioration of the quality of 
the WFR. Since y changes much more slowly than G,,,, 
and G, ,,, with increase of IpfIr (the value of y exceeds 1.4 
even at Ipllr = 20), the SBS can shut off even before the 
onset of thermal suppression of the WFR. The frequency 
detuning (Sfl),,, corresponding to the maximum growth 
rate turns out to be different for correlated as well as uncor- 
related Stokes waves, and increases monotonically with in- 
crease of heating (Fig. 2).  

The joint analysis of the thermal-suppression effect was 
carried out also by numerical methods. Figure 3 shows the 
calculated maximum total growth rate of the correlated 

FIG. 2. Optimal initial detuning, normalized to the sound bandwidth, 
no,, (O)T, for acorrelated (a) and an uncorrelated (b) Stokes wave vs the 
thermal suppression parameter l p ' ( ~ ( v '  = 0).  
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sponds to an optimum optical thickness ( a L  ),,, --, 1.09. On 
the basis of the last equation it is easy to obtain an expression 
for the optimal plasma density 

FIG. 3. Normalized total growth rate of a correlated Stokes wave vs the 
thermal suppression parameter v'r a tp ' r  = - 2; - 1 ;  0; 1 ;  2. 

component for the region of the parameters v17 andp'r,  the 
boundaries of which correspond to a decrease of Gc ,,, by 
more than 2 times. If v'r and p'r are of opposite sign, G, ,,, 
decreases monotonically in absolute value with increase of 
each of the parameters. If v'r and p'r are of the same sign, 
partial cancellation of the thermal-suppression effect takes 
place. The maximum growth rate corresponds therefore at 
p'r # 0 to a nonzero value of V'T. Since the modulation of the 
light-wave frequencies is determined by the average heating, 
and the change of the sound frequency by the local value, 
there is no complete cancellation and Gc ,,, remains smaller 
than Mc . 

4. ESTIMATES OF THE POSSIBILITY OF WFR FOR SBS IN A 
PLASMA 

Before we consider the influence of heating on WFR for 
SBS in a plasma, we estimate the minimum threshold pump 
intensity I,, without allowance for thermal effects. The 
maximum value of the growth rate is reached in a fully ion- 
ized plasma of hot electrons and cold ions ( Te % Ti ). Such a 
plasma is practically always collisionless, i.e., 0, exceeds the 
effective frequency of the ion-ion collisions. In this case the 
ion-sound attenuation, which determines the sound relaxa- 
tion time 7 = 1/a, v, is due principally to Landau damping13 

where m and Mi are respectively the electron and ion 
masses. Minimum attenuation a, ( Te /Ti  2 20) corresponds 
to a maximum relaxation time 

Since v, = (ZtcT, /Mi ) ' I 2 ,  where z is the atomic number of 
the ions, and tc is the Boltzmann constant, the logal growth 
rateg, -A 3Ne /Te increases with increase of electron density 
Ne and with decrease of their temperature T, . An increase of 
N, /Te , however, is accompanied by a damping decrement 

(vei  is the effective frequency of the electron-ion collisions, 
N,, is the critical density of the electrons). It follows hence 
that the minimum threshold intensity I,, at which the un- 
perturbed growth rate of the correlated Stokes wave 

reaches the threshold value (M,, ,  ~ 2 0  for a plasma) corre- 

T,"z [eV ] 
N,,,, [ C ~ - ~ ] ~ ~ . . C , . I O ' ~  .- 

(2 In 1 l . L  [cm] )Ii2R [ , L L ~ ]  

(ln A z 5-10 is the Coulomb logarithm) and the corre- 
sponding maximum nonlinearity constant 

Equating M, ,,, to the threshold value, we get 

For example, for a hydrogen plasma with length L = 10 cm 
and T, = 10 eV we obtain in the A = 10 p m  band the rela- 
tively low value ?,, ~ 0 . 6  GW/cm2. Let us see how these 
estimates change when electron heating by laser radiation is 
taken into account. 

As already noted, suppression of WFR and SBS in a 
plasma by sweeping the frequencies of the pump and of the 
Stokes waves sets in after the time in which the sound travels 
over the characteristic scale of the pump wave. For a plane 
wave, this scale is the beam radius a (to = a/v ,  ). In the case 
of multimode pumping, the suppression is turned on after 
the sound has negotiated the inhomogeneity scale tp = p/u, . 
Since the discrimination y falls off slowly with increase of 
Ivrlr, the WFR shutoff is determined by the suppression of 
the SBS, the threshold of which Iv'lr=;0.5 is introduced in 
analogy with Sec. 5. Recognizing that g, = (cn/2.rr)a/kNe 
for a plasma in the adiabatic approximation (dn/dTe = 
- 3(Nc /N,, ) T ;  '/2), we get v' = - 3kIo/2kNc, T,  . It is 
clear that the minimum of Iv'I when SBS is realized is 
reached for the minimum threshold pump intensity JI,, . 
Following the substitution JI, = JI,, the condition 
1v')r 5 0.5 for the absence of suppression reduces to the fol- 
lowing condition on the initial plasma temperature 

the form of which is independent of A. It follows from this 
inequality that the required plasma temperature must ex- 
ceed 1 keV, which is difficult to obtain in experiment. Esti- 
mates show, however, that high thermal conductivity of the 
electrons can equalize the small-scale profile of the distribu- 
tion of the temperature and limit the average heating. Over 
times exceeding the time rp ( t  > rP ) of heat transport over 
the inhomogeneity scale, heating of the medium does not 
influence the WFR in SBS. If t > r 0 ,  on the other hand, 
where r, is the time of heat transport over the beam scale, 
the heating ceases to affect also the SBS. If the heat transport 
is determined by the free-passage mechanism (the electron 
mean free path If exceeds the considered transverse scale) 
and takes place at thermal velocities, the time of passage of 
the ion sound cannot in principle be shorter than the time of 
heat transport (u, /v ,  % 1, where u, is the average electron 
velocity), thus excluding the thermal suppression effect. 
When the heat transport is by diffusion ( I f  is shorter than the 
transverse scale), the ratio of the ion-sound travel time to the 
heat-transport time can vary and is determined by the specif- 
ic parameters of the plasma. Estimates show that the free- 
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passage mechanism can take place only for a small scalep. In 
this case the suppression of the WFR (the lowering of y)  
does not take place, since T, 4 t, , but at t, < T, suppression 
of the SBS (decrease of the growth rate) does take place in 
the time interval t, 5 t 5: 7,. If tp < T, , suppression of both 
the WFR and the SBS can take place in the time interval 
t, 5: t 5 7,. The WFR is no longer suppressed at t > rp , but 
the SBS suppression remains substantial all the way to t  ZT, . 

A high threshold pump intensity under the restricted 
dimensions of a laboratory plasma (L usually does not ex- 
ceed several centimeters) is reached by sharp focusing of the 
radiation." In this case the pump-beam radius does not ex- 
ceed several millimeters. It is easy to meet in such beams the 
conditions for the absence of suppression, in view of the 
modulation of the refractive index (7, < t, , T, < t, ) because 
of the high rate of heat transport by the electrons. For exam- 
ple, at the optimal plasma parameters, corresponding to 
minimum threshold pump intensity in the R = 10 p m  and 
L = 1-10 cm ranges, at an electron temperature Te 5: 40 eV 
the heat spreads out by diffusion (T, Z~'/T'D, T~ z T, a2/ 
p2), where D = 5. 1020Tz'2 [eV]/Ne [ c ~ - ~ ] Z  In A (Ref. 
13) is the thermal conductivity), and takes place in the tem- 
perature range 10 eV 5: T, 5 40 eV before the ion sound can 
pass through. At higher temperature, the heat transport is 
even faster. At Te > 40 eV, over a small scale ofp, it is deter- 
mined by the free-passage mechanism, thus excluding sup- 
pression of the WFR by modulation of the refractive index. 

A distinctive feature of the thermal suppression of 
WFR and SBS as a result of a change SR, of the ion-sound 
frequency is that this change is cumulative in time. The ef- 
fect itself, however, becomes substantial only after a time t *, 
during which Sfl, -p' reaches a value comparable with the 
ion-sound bandwidth ( - l / r ) .  A criterion for the shutoff of 
the SBS, and hence also of the WFR, is the value lp'1 T =: 0.5. 
Estimates show that even at minimum threshold intensity t * 
does not exceed several nanoseconds. Even in this case, how- 
ever, the SBS is not suppressed if the time r, of heat trans- 
port in the beam scale is shorter than the time t *. The condi- 
tion under which heating does not influence the 
discrimination y of the growth rates (T, < t * )  is met in this 
case automatically. Note that SBS suppression in the inter- 
mediate case T, < t * 5: T, is due only to the inhomogeneity of 
the average heating alongz. It is practically impossible, how- 
ever, to eliminate it by decreasing the optical thickness aL,  
since a change of a L  decreases the total growth rate of the 
SBS, thus requiring an increase of?, ifM,,, is to be reached. 

Calculations show that the suppression of the WFR in 
SBS, in a plasma of a focused beam (a - 1 mm) from a CO, 
laser, can take place ( t  * < rp ) only at sufficiently low elec- 
tron temperature, T, 5: 10 eV. At Te > 10 eV the principal 
mechanism of WFR suppression is the shutoff of the SBS 
itself on account of inhomogeneous average heating along 
thez, a heating that can also be limited by heat escape to the 
outside of the pump beam. At optimal hydrogen-plasma 
concentration corresponding to Tmin, the required electron 
temperature is Te 2 5 0  eV. 

Thus, from the res'ults of estimates in which account is 
taken of the possible effect of heating on WFR in SBS in a 
plasma, it follows that for its realization ( T ~  < t,, T, < t, ; 
T, < t *) it is necessary to have a plasma with a rather high 
initial temperature. Thus, for WFR of the radiation of CO, 
laser in SBS in a hydrogen plasma at L = 5 cm, a = 1 mm, 
and a/pw30, the electron temperature must be not lower 
than T, ~ 7 5  eV. Such a temperature corresponds to 
N ,.,, z 1.4.10'%m-3 and Tmin ~2 GW/cm2 (T, ~ 0 . 3 5  ns, 
t, ~ 0 . 6 5  ns, t * ~ 0 . 5  ns). 

Owing to the low threshold pump intensity compared 
with a plasma, and to the substantially higher (by 4-5 or- 
ders) heat capacity C, , the change of the sound frequency in 
solids and liquids by heating is usually so small that this 
effect can be neglected. However, thermal suppression of 
SBS by modulation of the refractive index can be apprecia- 
ble. For example, in pure Ge specimens (dn/dTz4.  lop4 
deg- ', po=: 5.3 g/cm3, C, ~ 0 . 3 2  J/cm3.deg, a= 3. lop2 
cm-', Ref. 14), at a C02-laser threshold intensity 7 ~ 5 0  
MW/cm2 corresponding to an optical thickness a L  - 1, the 
parameter of the thermal suppression of WFR in SBS 
reaches a value V'T- 1 sufficient to stop the SBS. Although 
the low sound velocity ( V, - lo5 cm/s) causes the suppres- 
sion of WFR and SBS in solids and in liquids to set in with 
sufficient delay ( t, > R /us  - 10 ns), it is impossible to elimi- 
nate it with the aid of heat transport as in a plasma. 

The authors thank V. V. Kurin for discussions. 

"To produce WFR in SBS of focused beams it is necessary that the length 
of the focal neck Lf = 2kap not exceed the length of the nonlinear medi- 
um (Lf 5 L) ,  something likewise attainable by sharp focusing of the 
beam. 
- 
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