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The effect is studied of spatial inhomogeneity of a plasma on stimulated Raman scattering due to the 
appearance in the scattered transverse radiation of a satellite produced by a Langmuir wave. It is shown 
that such an instability in the vicinity of one quarter of the critical density is an absolute instability. The 
increase in the threshold of the stimulated Raman scattering due to the effect of plasma inhomogeneity is 
determined. 

In the researches of the authors and Baikov(1,2] and 
Perkins and Flick,[3] it was shown that the parametric 
instability of a spatially inhomogeneous plasma turns 
out to be absolute under the conditions of transforma­
tion of the transverse pump wave into longitudinal 
plasma waves. In the linear approximation correspond­
ing to this case, the amplitudes of the plasma excita­
tions, which are produced in the plasma under the ac­
tion of the pump radiation, grow without limit in time, 
which is direct proof of the importance of the anomalous 
nonlinear processes in a parametrically unstable 
plasma. The importance of the assumption of absolute 
parametric instability can be understood if we compare 
it with the results of the research of Rosenbluth[ 4], 

which was based on the analysis of one contracted field 
equations, and which reduces to the assumption of a 
convecti ve (drift) character of the instability. 1) It is 
natural that the drift of the excitations of the plasma 
generally makes their affect on the anomalous charac­
ter of the int€~action of the radiation with the plasma 
less Significant. 

In this connection, the problem of the character of 
the parametric instability of a plasma takes on impor­
tance. This problem is one in which the pump wave is 
transformed into a potential plasma wave and a non­
potential (transverse) wave, which can be emitted from 
the plasma. An example of such a process is Raman 
scattering. It will be shown below that in an inhomo­
geneous plasma, stimulated Raman scattering also 
represents absolute parametriC instability. In contrast 
with the two-plasmon decay(1] or the decay of the pump 
wave into Langmuir and ion-acoustic waves,l2,3] stimu­
lated Raman scattering is an example of an instability 
which leads to the formation of a reflected wave, the 
amplitude of which is determined by the amplitude of 
perturbations that grow in a restricted region close to 
one-quarter of the critical density. 

1. BASIC EQUATIONS 

The problem of the parametriC transformation of a 
transverse pump wave into two plasma waves, one of 
which is also transverse, and the other a longitudinal 
Langmuir electron wave, under conditions of spatial 
homogeneity of the plasma, was first considered by 
Andreev.[6] He showed that in the vicinity of one­
quarter of the critical density, i.e., for wo"" 2wLe( 0), 
where Wo is the frequency of the pump wave and 
WLe( 0) is the Langmuir electron frequency, the insta­
bility threshold, which is due to such stimulated Raman 
scattering, is determined by the following relation: 

(1 ) 
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where vE is the amplitude of the velocity of oscilla­
tions of electrons in the electric field of the pump wave, 
II is the frequency of electron-ion collisions, and c is 
the velocity of light. 

The purpose of our research is the study of the ef­
fect of the inhomogeneity of the plasma on the stimu­
lated Raman scattering. We assume that the plasma is 
weakly inhomogeneous, and that the profile of its 
density is a linear function of the x coordinate, Le., the 
electron Langmuir frequency can be written down in the 
form 

WL/(X) =U1L/ (0) (1+xL-'), 

where L -1 is the gradient of the plasma density. 

Let a plane polarized electromagnetic wave (the pump 
wave) be incident on such a plasma. The vector poten­
tial of this wave is 

A(x, t) =Ao eXI'{-iw,t+ikox}. 

As a result of the action of such a pump wave in the 
plasma, a growth of the perturbations is possible. 
These perturbations are connected with the transverse 
and Langmuir waves, and appear as products of the de~ 
cay of the pump wave. If ov(r, t) is the velocity of the 
oscillations of the electrons in the electric field of the 
transverse wave and one(r, t) is the perturbation of 
the density of electrons in the Langmuir wave, then the 
following set of equations holds for ov( r, t) and 
one(r, t):[7,8] 

a'6n, a6n, , , 
--+v--+ WL' (x)6n. - VTe Ll.6n. = n(x)LI.(v,6v), 

iJt' at 
1 ()'6v '\I a6v Ci)L.'(X) 4lte'. 

rot rot 6v + ---+ ---+ ---6v = - --v, 6",. 
CZ ae· CZ at CZ me" 

(2) 

Here vTe = (3Te/m)1/2 is the thermal velOCity of the 
electrons, Vo = eA(x, t)/mc is the velocity of the oscil­
lations of the electrons in the electric field of the pump 
wave, and n(x) is the density of the plasma. 

In obtaining this set of equations, we have limited 
ourselves to the situation in which the Landau damping 
of the Langmuir wave is small in comparison with the 
damping due to collisions of electrons with ions. We 
have also neglected the motion of the ions and assumed 
their distribution to be fixed, inasmuch as their role is 
unimportant for the considered instability. 

We further stipulate that we shall refer everywhere 
to stimulated Raman back scattering, if the wave vector 
of the transverse wave is antiparallel to the wave vector 
of the pump wave, and to stimulated Raman lateral scat­
tering if these vectors are directed at some angle with 
respect to one another. Equations (2) describe the per­
turbations of the velocity of oscillations of electrons 
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and density, coupled parametrically through the pump 
wave. A similar set of equations has been analyzed(5,9] 
for the case of stimulated Raman back scattering. The 
authors of these researches obtained an expression for 
the threshold of this instability under conditions in 
which the effect of the inhomogeneity appears only as a 
small correction to the result of the theory of a homo­
geneous plasma (1) (see below, Eq. (5)). The interpola­
tion formula proposed by Drake and Lee(91, ,which takes 
into account the role of the inhomogeneity under condi­
tions in which the threshold of the stimulated Raman 
scattering is determined by such an inhomogeneity, has 
not been proved up to the present time. It should also 
be noted that the equation written down by them(9] for a 
transverse wave corresponds to that obtained by us be­
low only in the limit as L - 0() and Te - O. 

In the second section of this paper, we study the 
consequences of a set of equations (2) for stimulated 
Raman back scattering, and a comparison is made be­
tween the developed theory and experimental re­
searches.Po,ll) In the third section, expressions are 
obtained for the threshold of the studied instability un­
der conditions in which the transverse wave is propa­
gated at some angle to the wave vector of the pump 
wave. 

2. STIMULATED RAMAN BACK SCATTERING 

We write down the set of Eqs. (2) in the form of a 
single equation for the velocity of oscillations of elec­
trons in the field of a transverse wave. Here we take it 
into account that, as has been pointed out by Andreev,l8) 
in the vicinity of one-quarter of the critical density, 
i.e., at Wo ~ 2wLe(O), the wave number of the trans­
verse wave is less than the wave number of the pump 
wave. Therefore, we can obtain the following second­
order differential equation for the Laplace transform 
of the velocity of the oscillations I>v(x, w) from the set 
(2) (for simplicity, we assume that the polarizations of 
the pump wave and the transverse wave are identical): 

6v"(x, w)+q'(x)6v(x, w)=O, 

'() WL"(O) (x+-x) (x-x_) 
q x = 

c' L(x-xo) , 

{ 3 v.,' [( 3 Vr.' . ,,+21 )' vE ' ]''''} x±= ----± ----26-1-- +3- L 
2 c' 2 c' WL'(O) c' ' 

xo=-3~L+(26+i "+21) L, 
c' WL'(O) 

where the frequency of the Langmuir wave wl is 
represented in the form cJ = WLe( 0) (1 + 1)) + i y, y 
being the increment of the studied instability. 

(3 ) 

We first consider the situation which corresponds to 
the limit of an almost homogeneous plasma. In this 
case, the distance between the turning points x. and x_ 
is small in comparison with the distance Xo from each 
turning point to the pole. Therefore, we can neglect the 
dependence of the denominator of the function q2(X) on 
the coordinate x. As a result of this neglect, we obtain 
the equation of the harmonic oscillator with a complex 
potential. It is obvious that in such an approximation, 
both the longitudinal Langmuir wave and the transverse 
wave turn out to be locked between the turning pOints 
x. and x_, while the amplitudes of these waves increase 
in time without limit if VE > vE thr, where vE thr is 
determined by Eq. (5). Therefore, such a solution cor­
responds to an absolute parametric instability, and the 
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wave reflected from the plasma should penetrate through 
the potential barrier, 

For the determination of the correction I> and the 
increment y, we can write down the following quantiza­
tion condition 

From this it follows that 

=~~+~ ,/ 3 (2n+1)_1_[ ooL'(O) ]'/0, 
6 4 c' 2 y 2 koL" +2"{ 

1 2n+1 1 (VE)-'( ")'" 1'3 VB 1=--"------ - -- 00 .. (0)+--00 .. (0). (4) 
2 41'6 koL c OOL'(O) 2 c 

The expression (4) for y coincides with that obtained 
in(5] but differs from that given by Drake and Lee.[9] 

The condition of vanishing of the increment deter­
mines the threshold of stimulated Raman scattering in 
an inhomogeneous plasma: 

~=~_"_+ 2n~1_1_( OOL'(O) )"'. (5) 
c 1'3 ooL'(O) 21'2 koL " 

This result is valid if (koLfl« (v/wLe(0))3/2. There­
fore the next component in formula (5) is a small cor­
rection, 

It is seen that the threshold of instability increases 
under the action of the inhomogeneity of the plasma. 
This increase in the threshold is due to the finiteness 
of the region in which the parametric growth of the 
waves takes place (cfP)). 

If the effect of the inhomogeneity of the plasma is so 
great that the threshold of the stimulated Raman scat­
tering is determined by such an inhomogeneity, then the 
consideration of the limit of a collision-free plasma as 
!I - 0 is of interest. It is obvious that the turning pOints 
x. and x_, and also the pole xo, the values of which are 
determined by just such expressions as 

3 vr.' [( 3 Vr.. )' v,,' ]'" 
x"=-2:7L ± 27-26 +37 L, 

xo= -3vr;L/c'+26L, 

lie in this case on the real axis, while the pole Xo is 
located half-way between the pOints x. and x_. 

(6) 

In the region of large values of the coordinates, Le., 
as I x 1- "", the "potential q2(X) takes the following 
form: 

q'(x) =-ooL.'(O)x/c'L. 

It then follows that as x - -"", the potential q2(X) > 0, 
while, as x - +"", we have q2(X) < O. This behavior of 
the potential q2(X) indicates that it is necessary to seek 
such solutions of Eq. (3) which correspond to an expo­
nentially decaying wave at x > x. and a wave which 
travels to the left in the direction of decreasing density 
at x < x_. 

We introduce the dimensionless coordinate T/ = x/L 
and rewrite Eq, (3) in the following form: 

6v"(tj, oo)+q'(tj)6v(tj, 00)=0, 

'( )_ ooL.'(O) L' (tj+ - T) (T) - T)-) (7) 
qtj ---c,- tj-T)o 

where T/± = X±/L and T/o = xo/L. Since, for 1) > 1)., 

_ [OOL'(O) L]" T)+ - T)-11,- -- ---, 
C T)+-tjo 

". 
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it is evident that the asymptotic solution of Eq. (7) 

I)v. { S" } I)v.(tj,w)=~exp i q(tj)dtj , tj >tj+. 

". 
represents an exponentially damped wave. In order to 
continue this solution in the region 1/ 0 < '1 < 1/ +, where 
the asymptotic solution of Eq. (7) is of the form 

(8) 

I) (I)" I) (') " 
I)v,(tj, w)= q'I~;tj) exp{ is q(tj)dtj}+ q'~~tj) exp { -i S q(tj)dtj}, (9) 

q. ~. 

it is necessary to match Eqs. (8) and (9) with the aid of 
the Airy function. 

Actually in a small region about the linear turning 
point '1+, Eq. (7) has an asymptotic solution in the form 
of an Airy function of the first kind: 

I)v,(tj, w)=I)V,Ai[I!I'''(tj-11,) 1 

(since the solution should fall off at '1 >'1+, the second, 
increasing solution has been omitted). Since koL» 1, 
where ko = ..f3 wLe(O)/c is the wave number of the pump 
wave, there is a neighborhood of the point '1 + [12] such 
that both the solution 0 Vo (1/, w) and the solution 
OV2('1, w) are valid in this region, Equating them, we 
find that OV2 = 2 f1i 1J.11/6 0vo, It is understood that to the 
left of the turning point '1 _ there is also a region in 
whic h the solutions 0 v d 1/, w) and 0 v 2 (1), w) are valid 
simultaneously. By requiring them to be identical, we 
determine the coeffic~eijts ovt2 ), They turn out to be 
equal to OV\ll = ovoe-11T/ 4, ovi) = OVoel1T/ 4, It then fol­
lows that the components in Eq. (9) are shifted in phase 
by 1T/2 relative to one another. Therefore, the solution 
(9) represents a standing wave in the region '10 < ''1 < '1 .. 

In the vicL.,ity of the pole '10 the asymptotic solution 
(9) is written in the form 

/) ('I , /) ('I • 

I)v, (tj, w) = q'I~;tj) e-'" exp { is q(tj)dtj} + q'~~tj) e'" exp { -i S q(T])dtj}. 

.. '" 

(10) .. 
We continue this solution in the region '1 < '1_. For 

this purpose, it is convenient to consider the plane of 
the complex variable '1 • The necessary continuation of 
the solution (10) in the region '1 <'1_ is obtained as a 
result of going around the pole '10 and around the turn­
ing point 1/_ in this plane. It must be taken into account 
that in so dOing we cross the Stokes line on which the 
coefficients in the expression (10) change jumpwise. 
The corresponding Stokes distance i3 was found by 
Denisov . (13) It turns out to be equal to .. 

~=einl'[l-e-""], «11= S q(tj}dtj, 

Finally, on going from '10 to 1)-, the.~oefficiE}nts 
OV\I) and ovi2) must be multiplied by e -1 and e1c!>, re­
spectively. Taking these remarks into account, we can 
write down the asymptotic solution of Eq. (7) in the 
region 1/ < 1] - in the form 

" 
I)v,(tj. w) = q'I'~tj) [/)v."4e-I("+"I+/)v:·I~ei("+"1 lexp{ i S q (tj)dtj } 

... 

Inasmuch as there is no wave that travels to the 
right at 1] < 1] _, the condition of the vanishing of the 
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(11) 

coefficient in the first component in Eq. (11), along with 
the relation ovi1) = ov<fle- i1T2 found above, gives the 
following dispersion equation: 

(12) 

Separating the real and imaginary parts in this equation, 
we find the desired quantization rule: 

J q(:I:)d:l:=nm, if q(:I:)d:l:=ln '1'2. (13) 

Performing the indicated integration, we write down 
the condition (13) in the form of the following set of two 
equations for the determination of the corrections to the 
frequency of the Langmuir wave and the threshold of 
stimulated Raman scattering: 

(:I:+-:l:_J'''{ (2r'-1)E(r) + (1-r')K(r))= ~nm _c_ L"', 
2 ooL. (0) 

(:1:+-:1:_)''' { (2p'-1)E (p) +(1-p') K(p)}= ~In l'2_c_L\ 
2 ooL'(O) 

where E( r) and K( r) are the complete elliptic inte­
grals of the first and second kinds, respectively, 

r'=(:I:+-:l:,) (:1:+-:1:_)-1, p'=(:I:.-:l:_) (:1:+-:1:_)-', 

(14) 

and the values of x+, x_, Xo are determined by Eqs. (6). 

Since the arguments p and r are connected by the 
condition p2 + r2 = 1, we obtain, dividing one of the Eqs. 
(14) by the other, an equation for the determination of r: 

(2p'-1)E(p)+(1-p')K(p) In '1'2 (15) 
(2r'-1)E(r)+(1-r')K(r) nm 

which can be solved, say, graphically. 

Let rm be a solution of Eq. (15) corresponding to the 
mode number m. Then the expreSSions for the correc­
tion 0 and the threshold of the instability considered 
above can be written down in the form 

I)=~ vr.' + '1'3 Gt rm'-Pm' [ __ C __ ]'" V •. thr=ctm [ __ C __ ] '" 

4 IC' 4 on rmpm 00 .. (O)L 'c oo .. (O)L 

Gtm =3'1'2-'I'(nm)'I,[ (2r'-1)E(r) + (1-r')K(r) 1-'/,. (16) 

Equation (16) for the threshold was obtained under con­
ditions in which the threshold is determined by the in­
homogeneity of the plasma, i.e., the effect of dissipative 
effects connected with electron-ion collisions can be 
neglected. Therefore, the condition for the validity of 
Eqs. (16) is 

(k,L) -'I,~ (vi WLe (0». 

i.e., the limit that is the opposite to that for which Eq. 
(5) was obtained. 

The solution of Eq. (15) for m = 1 yields rl = 0.95. 
Therefore, the minimal threshold which corresponds to 
the excitation of this mode is equal to 

(17) 

We compare this result with the threshold (1) of stimu­
lated Raman scattering in a homogeneous plasma. The 
ratio of the threshold energy fluxes of the pump wave 
in a strongly inhomogeneous and a homogeneous plasma 
is equal to 

1!"'1.6 ooL;,(O) [ __ C __ ] 'I, • 

" wLc(O)L 

It then follows that under such conditions of interest for 
obtaining controlled thermonuclear reactions with the 
help of a laser the threshold of stimulated Raman scat­
tering is determined by the inhomogeneity of the plasma. 
Actually, if the plasma denSity is n = 1021 cm-S, the 
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temperature is T = 1 keY, and the size of the inhomo­
geneity of the plasma is L =5 X 10-3 cm, then j.J. :;:; 103• 

We now show that even in this case we are dealing 
with an absolute instability. For simplicity, we limit 
ourselves to situations in which the increment of the 
instability is small, i.e., the field of the pump is only 
slightly greater than the threshold field (17). It is evi­
dent that the pole Xo and the turning points x. and x_, 
which are now determined by formulas r:), have a small 
imaginary part and are located close to the real axis, 
Therefore, it follows from the dispersion equation that 
the first of Eqs. (13) does not change, while a small 
component that is linear in y appears in the second. It 
then follows that the correction 6 to the frequency of 
the Langmuir wave remains as before, i.e., it is equal 
to the expression (16), and we have for the increment 

(18) 

The first term in Eq. (18) is small, by virtue of the as­
sumptions that have been made. It is seen that actually, 
if the amplitude of the pump exceeds the threshold value 
(16), then y > 0, Thus, we have established that the 
stimulated Raman scattering near one-quarter the 
critical density is an absolute instability. 

If Etr(x, w) and El(x, w) are the amplitudes of the 
electric fields of the transverse and longitudinal waves, 
then, with the help of Eqs. (2), we can show that these 
amplitudes are expressed in terms of the velocity of the 
oscillations 6v(x, w) in the following fashion: 

mOOL'(O) 
E"(x,oo)=---Ilv(x, (0), 

e (19) 

m c' S { a' 00' (0) ( x v+21 ]} E'(x,oo)=-- dxe'''' _, __ L'_,_ -+2Il+i--- Ilv(x,oo). 
e v. ax c L OOu(O) 

With the help of these relations and the complete equa­
tion for ov(x, w), which takes the form 

IlvIV-2ik.llv"'-{k •• + 00,,1(0) (~-21l-i v+21 )} Ilv" 
vTe' L OOu (0) 

+2ik.{ OOL;' (-=-+21l+i v+21 ) + OOL.',(X) v<'}IlV' 
c L OOL.(O) C v" 

+ { OOL.' (0) (-=- +21l+i v+21 ) [k., + ood (0) (-=- -21l-i V+21)] 
c· L ooL'(O) vT.' L 001 •• (0) 

we can observe how the amplitude of the transverse 
wave changes in the region x < x_. 

(20) 

If the, value of the coordinate x is sufficiently large, 
i.e" x VTo' VE v+21 

-:2>-- ---
L c" c 'ooL'(O) , 

then Eq. (20) can be rewritten in the form 

, WLo' (0) x vro' L 
511' -----Ilv=----F(x Ilv) 

c' L ooL.'(O) x ' , (21) 

F '( Il )-Il IV 2'k Il '" k 'Il "+2'k ooL.'(O) x Il '+k' oou'(O) x Il x, v - v-£. 0 V - 0 V £ 0---- V • ---- v. 
c' L c' L 

Inasmuch as the right side of Eq. (21) is small, its 
solution can be sought by the perturbation theory method, 
i,e" 

Ilv=llv.+llv.+ . .. 

Substituting this expansion in Eq. (21), we obtain 

llV" { , } 
Ilv.(s, (0)= q'''(s) exp is q(s)ds , 

.-
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where we have for convenience introduced the dimen­
sionless coordinate ~ = -x/L, and q2(O = wLe(0)c-~2~. 

It follows from Eqs. (22) and from expression (19) 
for El(x, w) that OVo does not make a contribution to 
the longitudinal field and therefore, the amplitude of the 
electric field of a plasma wave is determined by the 
correction OV1: 

m c' vr.' 'S ds I'k L }F( • ) .li;'(S,W) ""---, --,-L -exp -I • S s,uv •. 
e v. ooL. (0) ._ s 

It is easy to show that 
w,,'(O) - -

F (s, IIv.) = --,-ls'+21'3 s'+ (3-21' 3) s'+3s}llv. (s, (0). 
c 

Therefore, we can estimate the ratio of the amplitude of 
the transverse and Langmuir waves. In the region 
I; ~ 1, for example, it turns out to be equal to 

E' (t, (0) =_ Vro' [OOL'(O) L ]'" . 
E"(s, (0) VEC c 

.j d~ s'+21'3 s'+ (3-21'3) 6+3 exp { -ik.L [ s -~ s"')} . 
1_ s'" 31'3 

Inasmuch as the derivative cp'(I;) of the phase cp(O 
= [1; - 2e/2/3f3]koL does not vanish on the cut [~_, 1] 
it follows that, integrating by parts, we can estimate 
this integral. With accurac y ~ ( ko L r \ this estimate 
takes the form 

I \ - i~(~) 'I, (k.L)-''', Vr;' (k.L),/, >1, 
E(s,oo) VB C C 

E"(s,oo) - -i~(~)'I' (k.L)-''', vT:' (k.L)'/'<1. 
c't n C 

Replacing vE here with Ve thr, it is easy to show, by 
means of Eq, (17), that in the region 1; ~ 1 we have 
El(~, w)« Etr(~, w), We also note that El and Etr 
are shifted by IT/2. 

Inasmuch as El ~ Etr at x. > x > xo, as follows from 
Eqs, (2) and the asymptotic solution (9), we can repre­
sent the physical picture of the interaction of the pump 
wave with the inhomogeneous plasma in the following 
way: In the vicinity of one-quarter of the critical 
density x. > x > Xo an increase occurs in the transverse 
and Langmuir waves, which are formed as a result of 
the decay of the pump wave. The grOwing perturbations 
penetrate through the barrier x_ < x < Xo into the region 
x < x_ and propagate in the direction of decreaSing 
density of the plasma. Here the amplitude of the Lang­
muir wave falls off, while the amplitude of the trans­
verse wave does not change appreciably, and tends to 
some limiting value. Using Eq. (19), it is easy to prove 
that the wave number of the transverse wave at the 
point x = -L, i.e., on entering the vacuum from the 
plasma, is equal to k = wLe( 0)/ c. 

For an estimate of the threshold flux of the pump 
wave for stimulated Raman scattering, we can point out 
the following interpolation formula (cf. with[9]): 

v hr 1.. [ . C ] 'I, 
_E_t -=--=-'-+0.43 ___ . 

C 1'3 oou(O) ooL.(O)L 
(23) 

It is interesting to compare Eq. (23) with the results 
of experimental researches.[lO,ll] In both experiments, 
the plasma was formed as a result of the irradiation of 
a target of lithium deuteride with powerful radiation 
from a neodymium laser. By comparing the data of 
these researches, we can note that right up to fluxes of 
q ~ 1015W / cm2 the reflection coefficient is found at the 
level 0.1_0.5%,(10] while in the region of fluxes 
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q = (0.25-0,50) x 10 16 W/cm 2 , the reflection coefficient 
increases appreciably.[Ill The authors of [Ill attempted 
to connect such a growth of the reflection coefficient 
with the development of instability in the plasma, due to 
~timulated l\1andelshtam-Brillouin scattering. However, 
mas much as the threshold of this instability amounts to 
3 x lOll W/cm 2, the growth in the reflection coefficient 
with growth in the radiation flux should also have been 
observed in[ 101. 

It is possible to explain the growth in the reflection 
coefficient for q > 2 X 1015 wi cm2 with the help of the 
instability caused by the stimulated Raman scattering. 
Inasmuch as the temperature of the electrons of the 
plasma amounted to 1 keY, the threshold of such an in­
stability is due to the inhomogeneity of the plasma. If 
L = 3 X 10-3 cm, then the growth in the reflection coef­
ficient takes place in that region of fluxes whose value 
exceeds qthr. It follows from Eq. (18) that the instabil­
ity connected with stimulated Raman scattering manages 
to develop in the course of the laser pulse. Actually, if 
the pump field surpasses the threshold value by 10%, 
then the product of the increment y and the duration of 
the pulse T, which in[Ul amounted to 120 x 10-12 sec is 
equal to YT "" 102• ' 

Thus we can assume that the observed growth in the 
reflection coefficient for fluxes q > 2.5 x 10 15 wi c m 2 
is connected with the development in the plasma of an 
instability due to stimulated Raman scattering. The 
spectrum of the reflected Signal should then include a 
line that corresponds to the harmonic Y2WO, where Wo 

is the frequency of the pump wave. 

3. STIMULA-.-ED RAMAN SCATTERING AT AN 
ANGLE TO THE DIRECTION OF PROPAGATION 
OF THE PUMP WAVE 

The theory developed above can be applied to the 
case of stimulated Raman lateral scattering. Actually, 
let the wave vectors of the pump wave and the trans­
verse wave lie in the xy plane, and let the vectors of 
the electric fields of these waves be directed along the 
z axis. As in the second section, we restrict ourselves 
to the consideration of the neighborhood of one-quarter 
the critical density, Le., ko» k, where ko is the wave 
number of the transverse wav€, 

Under these assumptions, the equation for the 
velocity of the oscillations of the electrons 6v(x, w) 
can be written in the form 

It is seen that this equation is similar to that investi­
gated in Sec. 2. Therefore, the quantization conditions 
obtained above are applicable also to the study of Eq. 
(24). 

If the inhomogeneity of the plasma depends weakly 
on the stimulated Raman scattering, then we can write 
the following expressions for the correction () to the 
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frequency of the Langmuir wave and the instability 
threshold: 

15 = 1 kO'vT .' - k,'c' + ...!..ll 3 ( _1_ ( OIL'(O) ) 'I, 
4 OIL.' (0) 2 V 22n +.1) k,L v ' 

v,,_ thr _ 1 v + 2n +1 1 / OIL'(O) ) 'f, 

-c-- 13 OIL. (0) 212 k.L -v-' (25) 

It is seen that the stimulated Raman lateral scattering 
threshold coincides with the back scattering threshold 
(5). Only the correction to the frequency of the Lang­
muir wave changes. The expressions (25) are valid if 
(koLf2/3« (vi WLe(O». 

In the opposite limiting case, the instability threshold 
is determined by the inhomogeneity of the plasma: 

(26) 

Comparison of this result with Eq. (16) shows that even 
at (koLf2/3 » (vlwLe(O» the thresholds of stimulated 
Raman back scattering and lateral scattering are identi­
cal. The correction to the frequency of the Langmuir 
wave is determined in this limit as 

15 = 1 k,'vT.' - k.'c' 13 r,.' - P .. ' [ C ] ,/, 

4 OIL.' (0) +'---4 a.m -(0)' rmPm OIL. L 

where a m is determined by Eq. (14), p~ = 1 - rfu, 
rm is the solution of Eq. (15). 

By-repeating the discussions given in Sec. 2, we can 
show that even in lateral scattering we are dealing with 
an absolute instability. 

CONCLUSION 

In this research, the instability due to stimulated 
Raman scattering has been analyzed in the vicinity of 
one-quarter of the critical density, i.e., at wo"" 2WLe(0), 
where Wo is the frequency of the pump wave. The ob­
tained results (5), (16), (25), (26) for the thresholds of 
back and lateral stimulated Raman scattering provide 
the basic content of the paper. These results allow us 
to show the following interpolation formula for the 
threshold flux of the pump wave (in W/cm 2 ): 

qthr =1.79-1O-31z'n,'T-3 Ig'[2.7-10 13n;'''l+1.9-1O'n.'t. L-''', (27) 

where the critical density of the plasma ne is measured 
in cm- 3, the temperature of the electrons Te in keY, the 
size of the inhomogeneity of the plasma L in cm, and z 
is the multiplicity of the charge of the ions. 

The inhomogeneity of the plasma has an important 
effect on the threshold of the stimulated Raman scatter­
ing; it grows Significantly under such an influence. It 
suffices to note that for conditions that are of interest 
for obtaining controlled thermonuclear reactions by 
means of a laser, the threshold of this instability is 
d€termined by the inhomogeneity. The instability itself, 
which is known as stimulated Raman scattering, is an 
absolute parametric instability, 

A comparison of the threshold of scattering (27) with 
the results of experimental researches(lO,lll allows us 
to assert that this instability can explain the increase in 
the reflection coefficient of radiation incident on the 
plasma for fluxes q> 2.5 x 10 15 W/cm 2 • The experi­
mental confirmation of such an assertion can also ex­
plain the spectral composition of the reflected Signal of 
the line corresponding to the harmonic Y2WO, where Wo 

is the frequency of the pump wave. 
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0In [5], the possibility of absolute parametric instability is allowed 
only close to the vanishing points of the space derivative of the sum 
of the wave vectors of the waves which take part in the decay of 
the instability. 

lV. P. SHin and A. N. starodub, Zh. Eksp. Teor. Fiz. 
66, 176 (1974) [Sov. Phys.-JETP 39, 82 (1974)]. 

2V. P. SHin and L S. Balkov, Zh. Tekhn. Fill:. 42,3 
(1973) [SOY. Phys.-Tech. Phys. 17, 1 (1973)]. 

3 F • W. Perkins and J. Flick, Phys. Fluids 14,2012 
(1971 ). 

4M. N. Rosenbluth, Phys. Rev. Lett. 29, 565 (1972). 
sR. White, P. Kaw, D. Pesme, M. N. Rosenbluth, and 
G. Laval, R. Huff, and R. Varma, IC/73/143, Trieste, 
1973. Nuclear Fusion 14, 45 (1974). 

6N. E. Andreev, Zh. Eksp. Teor. Fiz. 59,2105 (1972) 
[Sov. Phys.-JETP 32, 1141 (1971)]. 

7 L • M. Gorbunov, Usp. Fiz. Nauk 109,631 (1973) [Sov. 

1t152 SOy. Phys.-JETP, Vol. 41J, No.6 

Phys.-Uspekhi 16, 217 (1973)]. 
8D. Forslund, J. M. Kindel, and E. L. Lindman, Phys. 

Rev. Lett. 30, 739 (1973). 
9 J. F. Drake and Y. C. Lee, Phys. Rev. Lett. 31, 1197 

(1973). 
lOy. D. Dyatlov, R. N. Medvedev, V. N. Sizov, and A. D. 

starikov, ZhETF Pis. Red. 19, 124 (1974) [JETP 
Lett. 19, 76 (1974)]. 

llL. M. Goldman, J. Sources, and M. J. Lubin, Phys. 
Rev. Lett. 31, 1184 (1973). 

12 A. B. Migdal and V. P. Krainov, Priblizhennye metody 
kvantovol mekhaniki (Approximate Methods in Quan­
tum Mechanics) Nauka, 1966, p. 121. 

l3 N. G. Denisov, Radiotekhnika i elektronika 4, 388 
(1959). 

Translated by R. T. Beyer 
225 

V. P. Silin and A. N. Starodub 1052 


