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Absorption of an intense transverse electromagnetic wave in a plasma is studied within the
framework of the theory of nonlinear wave interaction. The dissipation mechanism consists in
nonlinear transformation of a transverse wave into an electron Langmuir oscillation (due to induced
scattering by the plasma particles), which is absorbed by the electrons with a Landau decay
decrement. The effective nonlinear dissipation frequency is found to be a transcendental function of
the time-dependent intensity of the absorbed transverse wave. The results are discussed in connection
with the problem of interaction between intense light beams and matter. In a laser plasma with a
temperature > 1 keV the effective nonlinear dissipation frequency of the light beams X 3 X 10'*
W/cm? exceeds the Coulomb frequency of the electron-ion collisions by at least an order of

magnitude.

INTRODUCTION

Much attention is being paid of late to nonlinear ab-
sorption (emission), not connected directly with Coulomb
collisions of the particles, of electromagnetic waves in
a plasma. The foundations for the study of such absorp-
tion are the theory of parametric resonancet*! and the
theory of nonlinear interaction of waves in a plasmal*’®3,
The action of powerful radiation in the opticalt®’ ™,
microwave ®1% and HFL!] bands on a plasma is ac-
companied by experimentally observable nonlinear
effects of generation of harmonics of the fundamental
frequency of the emissiont®’#3 and anomalies in the
reflectiont*] and absorptiont®:°2**] of the radiation.
The stationary picture of the absorption of an intensive
electromagnetic wave can be obtained within the frame-
work of the theory of amplitude saturation by the poten-
tial plasma oscillations that are parametrically excited
by the wave and are subject to induced scattering by
ions{ '], The pulsed character of the action of the
powerful radiation on a plasma (for example, in the case
of picosecond-pulse lasers) and the need for determining
the characteristic transient time in the absorption make
it urgent to determine the temporal evolution of the non-
linear absorption.

In this communication we describe analytically the
process of dissipation of a sufficiently powerful trans-
verse (non-potential) electromagnetic wave. The absorp-
tion proceeds, roughly speaking, through two simultane-
ous stages.

In the first stage, the electromagnetic wave is trans-
formed into an electron Langmuir oscillation. It is this
stage which ensures the entry of the electromagnetic
energy into the plasma. Then, in the second stage, the
electric energy of the Langmuir oscillation, which is
pumped into the plasma, is absorbed by the electrons at
a rate determined by the linear Landau damping decre-
ment. If the intensity of the electromagnetic wave is low
and the plasma is inhomogeneous, then the transforma-
tion into electron Langmuir oscillations can, if the con-
ditions are suitably chosen, be also linear and due to the
inhomogeneity of the plasmal?°’2!), In particular, the
stationary dissipation of the p-polarized light wave that
becomes linearly transformed, as a result of the in-
homogeneity of the laser plasma, into a Langmuir oscil-
lation absorbed by electrons in accordance with the in-
verse Cerenkov effect, was investigated int?*?, On the
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other hand, if the intensity of the electromagnetic wave
is high, then its transformation into electron Langmuir
oscillations occur also in a homogeneous plasma as a
result of the nonlinear interaction (induced scattering
by the plasma particles with change of the type of wave
polarization in the scattering process). The analysis
proposed below makes it possible to trace such a non-
linear nonstationary dissipation of the transverse wave
in a homogeneous plasma, which turns out to be more
effective than the linear dissipation in the inhomogeneous
plasma at sufficiently high intensity of the absorbed
wave.

1. INITIAL RELATIONS

In a homogeneous isotropic plasma, the joint evolu-
tion of the spectral densities of the energy of the elec-
tron Langmuir oscillation W;(k) and the transverse elec-
tromagnetic wave Wy.(K) is described by the equa-
tions[*’5]
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(1.2)
The left-hand sides of (1.1) and (1.2) correspond to the
change of the spectral energy densities with the time t
and with the coordinate r, vpg = (KT, /m)*? is the ther
thermal velocity of the electrons Wit?l temperature T,
and mass m (k is the Boltzmann constant), and wye
= (47Nge*/m)"* is their Langmuir frequency (e is the
electron charge, Ny is the number of plasma electrons
per unit volume); rpe = (Ve /wLe) is the Debye radius
of the electrons, and c¢ is the speed of light in vacuum,
The group velocities of the interacting waves (see the
second terms in the left-hand sides of (1.1) and (1.2))
are directed along the wave vectors k = kx with unit
vector k. The terms linear in the energy density in the
right-hand sides of (1.1) and (1.2) describe the linear
damping of the waves because of their interaction with
the plasma particles. The Langmuir oscillation with
spectrum

=_VeiW1r(k)+Wn(k) (1.1)

(k) = 0. + *.k*rpevr.

(1.3)
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is characterized by a damping decrement 7:
_ Va o __1_ o (k)
?(k)_T’LVs (ke exP{ 2 Kun }
which takes into account the dissipation due to the colli-
sions and the Cerenkov effect (Landau damping). The
transverse electromagnetic wave with spectrum

(1.4)

(k) = 0r. + o’k or. !

(1.5)

attenuates in the linear approximation only as a result
of collisions of the electrons with ions of frequency vgj.
The kernels Q in the nonlinear integral terms of (1.1)
and (1.2) are determined by the corresponding scattering
cross sectionl?7%1;

Quk, k') = Qo () — 0,(K'), k=K, (1.6)
0ulk, k) = Q(an(k) — 0.(K'), k=K,
Qu(l, k) = Q(ou(k) — au(K), k —K) = —Qu(K, k), (1,7)

in which the function Q(w”, k") takes the form (vw” = w
-w, k" =k-k)

010 (K'To.)" .
e .
A e T 2% {oer 07k
1+ dei(0”, k") |? de.(w”, k") |*
SR 2 s (0, K" |____ }
e (0" K) SRR et (1.8)

Here d¢; and d¢g are the longitudinal partial dielectric
constants of the ionic and electronic components of the
plasma at the beat frequency (w”, k") of the scattered
waves, be{' and 6¢” are their imaginary parts, and € = 1
+0¢€j +0ee (see[”ej). We note that the concrete expres-
sion (1.8) for Q takes into account scattering only via a
virtual potential oscillation, and we confine ourselves to
this scattering.

The physical meaning of the individual nonlinear
terms in equations (1.1) and (1.2) is simple. Namely, the
first nonlinear term in the right-hand side of (1.1) des-
cribes the induced scattering of the electron Langmuir
oscillation with frequency (1.3) and wave vector k, by the
plasma particles, into a Langmuir oscillation with fre-
quency w;(k’) and wave vector k' = k’k’. Such a scatter-
ing of the Langmuir oscillations by ions was used
inl'"s 8] a5 a nonlinear mechanism for saturating the
levels of the Langmuir noise parametrically excited in
the plasma by the electric field of a powerful transverse
pump wave of given amplitude. Accordingly, the first
nonlinear term in (1.2) gives the induced scattering of an
electromagnetic wave of frequency wy (k) by particles
into a wave of frequency wt(k'). The angle factor
1/9l1 + « -x’)z] corresponds to the natural polariza-
tion of the transverse waves. For scattering of a trans-
verse wave linearly polarized along a unit vector e into
a linearly polarized transverse wave @’, such a factor
should be replaced by the square of the scalar product
(e-€’Y of the polarization unit vectors. The two afore-
mentioned terms determine the redistribution of the wave
energy over the spectrum, from the higher frequencies
to the lower ones, within the spectral line of the scatter-
ing waves. Their contribution to the evolution of the
spectral energy densities W; (k) and Wi, (k) decreases
when the line becomes narrower, so that in the limit of
the monochromatic waves they can be neglected. To the
contrary, the nonlinear terms of (1.1) and (1.2) with
kernels (1.7) characterize the nonlinear interaction of
the transverse wave and of the electron Langmuir os-
cillations with arbitrary line width (under conditions of
satisfaction of the inequality 7 < wye). They describe
the mutual nonlinear transformation of Langmuir oscil-
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lation and of the transverse wave, in particular, also in
the case of a very narrow line of the scattered waves:

W,(k) =I,(l‘, t)&(k’_‘kl), err(k) =12(ry t)é(ksz). (1.9)

Such an approximation of a narrow line makes it possi-
ble to demonstrate the physical picture of nonlinear
transformation and absorption of a transverse wave. We
shall therefore confine ourselves to this approximation,
If the transverse wave is linearly polarized, then the
angle factor (1/2)[k x k'] should be replaced in Eq. (1.1)
by (k-e’)* and in (1.2) by (k' - e)’.

In the narrow-line approximation (1.9), the system of
nonlinear integro-differential equations (1.1) and (1.2)
reduces to the differential equations

L ra(liran) S = 290 1+ (%,0) Qi k) ks, (1.10)
at or

oI,  c’k, 0, 2

-—a—t-‘i‘—(:):-W:*Ver +(%.e)* Qu(ke, ki) 115, (]_.1]_)
in which k; is a unit vector along the wave vector k;
=k, K, of the Langmuir oscillation, and e is the unit vec-
tor of the polarization of the transverse wave. The
direction of the transformation from the transverse
wave to the longitudinal one (Langmuir oscillation) or
vice versa is detérmined by the sign of the kernels Ql
and Qtl’ which in turn depends, in accordance with (l.é),
on the sign of the frequency difference (1.3) and (1.5) of
the transformed waves with wave vectors k; and k.
(6€” « w”). If the frequency w, = wi(ke) of the trans-
verse wave exceeds the frequency w, = wj(k,) of the
electron Langmuir oscillation

c? Ure?

o= (k=3 k) >0, (1.12)
then the electromagnetic energy, in accordance with
(1.10) and (1.11) flows out from the transverse wave into
the longitudinal ones. We confine ourselves to the case
(1.12), since it corresponds, in our opinion, to perfectly
realizable conditions on the wavelength of the interacting
waves. The kernel Q¢ is in this case positive:

Qu(ky, k) = —Qu(k,, ki) = Q@ >0, (1.13)

and the decrease dI, /dt < 0 of the energy of the trans-
verse wave as a result of the second term in the right-
hand side of (1.11) describes its nonlinear absorption.

2. NONLINEAR NONSTATIONARY DISSIPATION

Certain properties of nonlinear transformation of a
transverse wave into an electron Langmuir wave are
quite close to the properties of the linear transformation
of the transverse wave into a longitudinal one, as a re-
sult of the inhomogeneity of the plasma density. First,
just as in the case of linear transformation, the frequen-
cies (1.3) and (1.5) of the waves interacting in accord-
ance with (1.10) and (1.11) differ little from each other.
Second, for the nonlinear transformation it is necessary
that the polarization vector e of the transverse wave
have a component lying in the plane of the wave vectors
k; and k.. The case when the polarization vector e is
perpendicular to the (k;, kz) plane corresponds in terms
of the linear theory to s-polarization of the transverse
wave (the transformation corresponds to x;.-e = 0). A
vector e parallel to the (k;, k:) plane corresponds to
p-polarization. It can be stated qualitatively that the
wave vector K, of the electron Langmuir oscillation in a
homogeneous isotropic plasma singles out a direction
similar to the direction of the change of the density in
an inhomogeneous plasma. If the transverse wave is
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naturally polarized, the angle factor (k,-e)” in (1.10) or
(1.11) takes the form (1/2) [k, x k. (k2 = k. /k;), and
the nonlinear transformation is always possible when the
direction of propagation of the interacting waves are not
collinear (the "incidence' of the transverse wave is not
normal). In this connection, the stationary nonlinear
transformation of the waves in space is described, in ac-
cordance with (1.10) and (1.11), by the essentially non-
one-dimensional equations

al al
§in 0 — + c0s § —s = —2pd+ Al I, sin? 6,
oz . 0z

al, ke v’
2 oI, — 32t
0z pals =3 k.

= Al l;sin®0,
in which z is the coordinate along the wave vector k. of
the transverse wave, and the function I, .(x) character-
ize the variation, in energy space, of the waves in a
direction perpendicular to the direction of k., along the
vector e of the ""p-polarized'" transverse wave, so that
cos 6 = (K.Kz), sin’ 6 = (k,e)’. The coefficients . de-
termine the linear absorption of the waves (in reciprocal
centimeters):

1 3k

- ? (kyrpe) vre ’

and the quantity A determines the characteristic length
of the nonlinear transformation (Q = 3vpgkirpgA). The
only difference between the nonlinear transformation of
the transverse wave into an electron Langmuir oscilla-
tion from linear transformation of these waves in an in-
homogeneous plasma is (besides the nonlinearity of the
process), the dependence of the kernel Q in (1.10), (1.11),
and (1.13) on the ionic quantities (the ion mass M, its
charge e;, and the ion temperature Tj) in terms of the
partial dielectric constant §¢; of the ions, whereas the
linear transformation occurs in an inhomogeneous elec-
tron plasma. Such a dependence of Q on the ionic quan-
tities becomes all the more manifest because the induced
scattering is mainly by ions (the second, ionic term in
the right-hand side of (1.8) is as a rule larger than the
first).

If Eq. (1.10) is considered in the given-intensity ap-
proximation I, = (1Eo)® of a transverse electromagnetic
wave, then the evolution of the intensity and of the spec-
tral energy density of the electron Langmuir oscillations
can be treated as parametric instability excited in the
plasma by a pump wave with electric field intensity
Eo = eEo. Infact, if k;, <k,, Tg > Ty, (kere)2 <1,
and we take into account in the kernel Q the term des-
cribing the scattering by electrons, as well as the fact
that the detuning Awo = w2 — w1 = wo— wWi,e — 72KirpeVTe
> 0 (w2 = wo) is positive, we can rewrite (1.1) and (1.10)
in the linear form

AW (k) / dt = 2y (k) Wi(k),

in which the increment y of the parametric buildup is
given by the expression

_ 1 Orve

g = —

K1 2 ok, ’

- s 2 ~ 1 (kre)® @AY, _ _ eE,
Y(k)_jo(”iEo) _7(k1)~7mm—'2 ¥, k=k, rz=mmoz ,

which coincides with the increment (3.13) of**] in the
limit of small detuning Awo < kvpj <kw Li'De = wg in
comparison with the acoustic frequency wg and in the
case of a relatively large decrement of the Cerenkov
damping yg > ¥ of the ion sound by the electrons

(vri = (KT;/M)"®). This fact enables us to interpret
the change of the intensity of the electron Langmuir os-
cillations and the nonstationary nonlinear absorption of
the transverse electromagnetic wave, which are des-
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FIG. 1. Dependence of the relative intensities of the transverse electro-
magnetic pump wave p and of the parametrically excited electron Lang-
muir oscillations / on the time 7 at q > 1 (q =5, 8 = 1073; see formulas
(2.2) and (2.3)). The/ curve corresponds to a decrease of the value 1072/
by a factor of 100. The horizontal asymptote p = p(e°) = 6.7 X 1073,
which determines the stationary level of the intensity of the transverse
wave, is not shown in the figure.

FIG. 2. Relative intensities p and / of the transverse and Langmuir
waves as functions of the time 7at:a—1>q> (1 +8)"'(q=08,8=1),
b)atq(1+8) <1(q=04,8=1).

cribed by the pair of coupled equations (1.10) and (1.11),
as the process of stabilization of the parametric insta-
bility as a result of "depletion" of the pumping (seel?]).

To illustrate the foregoing ideas, let us discuss the
solution of the nonstationary equations (1.10) and (1.11)
under conditions (1.12) and (1.13) of nonlinear absorption
and spatially homogeneous intensities I; = I;(t) and I,
= I(t) of the interacting waves, neglecting completely the
contribution of the dissipation due to the collisions Vg;
(7 is détermined in this case only by the second term

.in (1.4)):

oI, oL,

—at—=~2711+1.12()sin26, a—t——I.IZQsinze (2.1)

Introducing the initial values I,(0) and L:(0) of the intensi-
ties of the interacting waves and the dimensionless var-
iables
_ L@ 1= L) o _L(0) QL0
PO TLo P Loy Ty
we can represent the solutions of equations (2.1) in the
form of two equations

i
K 2 J::c[q(1+[i—x)+1nx]’

sin® 0, T=1qt, (2.2)

l=§q—[q(1+a—p>+lnp1. 2.3)

Figures 1 and 2 show the dependence of the intensities of
the transverse and Langmuir waves p and / in the time 7,
which is determined by formulas (2.3). It is seen from
the figures that the intensity of the powerful transverse
electromagnetic waves decreases monotonically with
time 7 to a nonzero stationary value p(«), determined

by the condition

q[1+B — p()] +1In p(x) =0.

Obviously, the nonlinear absorption of the transverse
wave is sufficiently effective only under the conditions
p(«) = exp (—q —qB) < 1, when the nonlinear trans-
formation and the initial intensity of the transverse
wave are sufficiently high: q(1 + g) > 1 (see (2.2)).
During the initial stage 7 — 0 the intensity of the trans-
verse wave decreases linearly with time, p =1 —28q7,
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and the stationary value p(«) is reached in exponential
fashion: p(7) = p(=)[1 — e 27]2,

Of the three possible variants of the evolution of p
and ! on Figs. 1 and 2, greatest interest attaches from
the point of view of nonlinear dissipation to the case
q > 1 (Fig. 1). The intensity of the electron Langmuir
oscillations in this case first increases (the energy com-
ing from the transverse wave '"has no time' to become
dissipated because of Landau damping), reaches a maxi-
mum value

1
lnae=—[q(1+B)—1—1ngq]
ﬁqm B) ng
at the instant of time
iy de
T2 ij:qx[q(1+b—x)+lnx]

and then decreases to zero (neglecting the contribution
of the spontaneous radiation of the Langmuir oscilla-
tions). If the initial intensity level of the Langmuir os-
cillations is small in comparison with the initial intensity
of the transverse wave absorbed by the plasma, g8 < 1,
and the nonlinear transformation is sufficiently high,
q > 1, then the maximum value I,(t) is equal to I>(0).
During the initial stage of absorption (p ~ 1), the inten-
sity of the Langmuir oscillations changes linearly with
the intensity of the transverse waves I ~ 1 + (@ —1)(1 — p)
x (q8)”', while the stationary value is assumed in accord-
ance with the law

LA p=p(®) i)

% P [1—gp()] pr e
The intersection of the curves [ and p, when the relative
intensity of the transverse waves into Langmuir oscilla-
tion becomes equalized, occurs at the instant of time 7o,
which is determined by the equality

Tmazx

g(1+p)(1—p) +tInp=0

and by the first of the relations (2.3).

The rate of nonlinear nonstationary absorption of the
transverse electromagnetic wave is determined by the
effective frequency vggs:

I,(t) = I.(0) exp (—vefst),
which in this case is a transcendental function of the in-
tensity of the transverse wave:

Veff _ - dx -
2y {Ix[q(1+ﬁ—z)+lnz]} lnp.

P

(2.4)

In the case of weak nonlinear transformation (q < 1), the
effective frequency v/pq, according to (2.4), decreases
monotonically from unity to zero with decreasing inten-
sity of the transverse wave from 1 to p(~). Under condi-
tions of nonlinear dissipation (g > 1), the effective fre-
quency (2.4) reaches a maximum value Vmax = Bq ;atan
instant of time determined by the equation

4 :

()= T.[ avi(v').

At the initial instants of time, the effective frequency of
the nonlinear dissipation is almost constant:

v~pg+'/(g—1)(1—p),

and in the concluding stage of the nonlinear absorption it
takes the form

pz1’1

va—g(1+8)In~' [p — p(»)].
A plot of the effective frequency of the nonlinear dissipa-
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FIG. 3. Effective frequency v of nonlinear dissipation (2.4) of a trans-
verse electromagnetic pump wave as a function of its relative intensity
patq>1(q=5,8=1073 see (2.2)).

tion on the intensity of the absorbed transverse wave p
is shown in Fig. 3 (atq > 1).

The final value of the stationary level p(«) of the in-
tensity of the nonlinearly absorbed transverse wave is
due to the finite nature of the dissipation 3 of the elec-
tron Langmuir oscillations. If we neglect the damping
decrement 7 in (2.1), then the absorption of the trans-
verse wave is determined only by the nonlinear trans-
formation

1, (t) = 1,(0) [1:(0) + 1.(0) ]{1:(0) + I.(0)exp[— (1,(0) + 1,(0))Qtsin0]}*,
L(t) =1.(0) [1,(0) + I.(0) 1{1,(0) + L(0) exp [—(Z,(0)

+ 1,(0)) Qtsin®0]}~* exp {—[1,(0) + I.(0) 1Q¢sin’6}, (2.5)

as a result of which the intensity of the transverse elec-
tromagnetic wave decreases to zero, and the intensity of
the electron Langmuir oscillation grows to a value

[11(0) + IZ(O)] . The incompleteness of the resultant phys-
ical picture of nonlinear dissipation necessitates the
foregoing inclusion of the Landau damping 7.

The nonlinear absorption is large in comparison with
the absorption of the transverse electromagnetic wave as
a result of the Coulomb collisions of the plasma parti-
cles, if the effective frequency vgpr = 2vy greatly exceeds
the collision frequency vegj:

L(t)
L(0) *

1 it -1

Y{J—x—[q(1+p—z)+lnz]"} ln%->>vﬁ, p=
The nonstationary solution for the intensities of the elec-
tron Langmuir oscillation /, of the transverse electro-
magnetic wave p, and of the effective absorption fre-
quency v shows that this inequality (2.6) cannot be satis-
fied at any instant of time. For example, at the conclud-
ing stage of the nonlinear dissipation, when the intensity
of the transverse wave assumes the stationary value
p(=), the effective frequency Veff decreases and cannot
compete with vej. In essence, during this stage there is
no nonlinear dissipation since the intensity of the trans-
verse wave becomes very small. However, during a
very large time interval (see Fig. 3), the effective fre-
quency is large.

(2.6)

A particularly simple form is assumed by vegr during
the stage of "pure' transformation, when the Landau
damping is still unable to interfere with the growth of
the intensity of the Langmuir oscillation (the section
dl/dr) 2 0 in Fig. 1 in the time interval 7' < 7. ).
Then, in accordance with the formulas (2.5), we can as-
sume that vegs ~ QlI:(0) + I,(0)] sin® 6. Under the condi-
tions sin®  ~ 1 and L(0) >> I,(0) with allowance for the
nonlinear transformation due to scattering by the ions,
when the beat frequency w, — w; of the transverse and
Langmuir waves (in terms of the theory of parametric

V. V. Pustovalov and V. P. Silin 99



resonance—the detuning Awo) is of the order of the fre-
quency of the Doppler shift (k;vp;) due to the thermal
motion of the ions, the effective frequency of the non-
linear dissipation does not depend on the Landau damping
decrement and takes the form (E, is the intensity of the
electric field of the transverse wave at the initial instant
of time)
Y2n
Veff = = Ore

Eoz é; e; T,
& U BaNuT, |e| (

e
In a laser plasma with electron density Ny ~ 10°* cm™
and temperature kTgy = kTj = 1 keV, which is produced
by heating with a neodymium laser, the effective fre-
quency (2.7) can be represented by the expression Vggr

~ 3 x 1078 sec™, in which S is the light flux in W/cm?
(we assume here the ej = |e]). Under these conditions,
the frequency of the Coulomb collisions of the electrons
with the ions is v_; ~ 10¥ sec™. It is obvious that even
at the presently attainable light fluxes S ~ 3 x 10* W/cm®
the effective frequency of the nonlinear dissipation Vet
is higher by one order of magnitude than the frequency
of the Coulomb collisions. The electric field intensity is
Eo~ 3.4 x 10° V/cm, and the energy density (E3/4n) in
the light waves is lower by two orders of magnitude than
the plasma pressure (NgkTg + NjkTj), i.e., the figures
presented here are fully compatible with the developed
theory. With increasing light flux and with increasing
plasma temperature, the inequality vgge > v becomes
easier to satisfy. We emphasize that the light fluxes
indicated here, which are needed for effective nonlinear
absorption, agree with those previously used"*® to esti-
mate the anomalous absorption of light in a weakly-
turbulent plasma, where the mechanism of saturation of
the ion-acoustic oscillations that grow during the course
of the parametric buildup was taken to be induced scat-
tering by ions. It can be assumed that light fluxes on the
order of 10 W/cm?® are perfectly sufficient for the de-
velopment of nonlinear dissipation in a laser plasma.

2.7)

In light in the analogy noted above between the here-
investigated nonlinear transformation of an electromag-
netic wave in a homogeneous plasma and the linear
transformation in inhomogeneous plasma, it is of inter-
est to compare the absorption efficiencies of the trans-
verse waves in both cases. The characteristic length
a In™ (a/rpe) of the linear absorption of p-polarized light
in a laser plasma with inhomogeneity dimension a, ob-
tained inEzz], exceeds the characteristic length

V3kirpeC/Vess Of the nonlinear absorption discussed here:

- [4 a
Vet > V3 kyrp.—In—
. a T'pe

(2.8)
under the conditions of the foregoing estimate (xTg

~ KTy~ 1keV, Ng ~ 10** em™, S ~ 3 x 10** W/cm?) and
at an inhomogeneity dimension a ~ 5 x 10~ cm (at
V3kirpe ~ 0.1). Obviously, the growth of the light flux
contributes to predominance of nonlinear dissipation,
and the decrease of the dimension of the plasma inhomo-
geneity increases the efficiency of the linear trans-
formation. In this sense, the inequality (2.8) enables us
to examine the conditions for the applicability of the
homogeneous-plasma approximation used in the present
paper to study nonlinear nonstationary dissipation of a
high-power transverse wave. It is also clear that the
effects of linear[?*! and nonlinear transformation do not
cancel each other, but add up and, in accordance with the
foregoing, ensure a rather intensive absorption (in com-
parison with the Coulomb absorption) of the high-power
electromagnetic waves in a plasma with arbitrary char-
acteristic dimension of the inhomogeneity.
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CONCLUSION

Let us dwell briefly on certain limitations of the de-
veloped theory and on the prospects of further study of
nonlinear absorption. It must be noted first that the
growth of the intensity of the electron Langmuir oscilla-
tion during the course of the nonlinear transformation
(see Fig. 1) can lead to an additional decrease of I,(t) via
emission of the Langmuir-oscillation energy at double
the frequency of the radiation absorbed by the plasma
(when two Langmuir oscillations coalesce into a trans-
verse wave). In addition, as already noted in Sec. 1,
neglect of the spectral redistribution within the line of
the Langmuir oscillations (i.e., neglect of the first non-
linear term in (1.1)) imposes limitations (we assume that
the kernels of (1.6) and (1.7) are of the same order) on
the width of their spectral density W; (k) with respect to
the wave numbers (aAk) and the angles (A6):

vre Ak

1,>3I, TT‘—E—rm.
Allowance for the spectral redistribution of the energy
of the electronic Langmuir oscillations, which decreases
their frequency, contributes to fulfillment of the non-
linear-transformation conditions (see (1.12)), i.e., to an
increase in the effective nonlinear dissipation. As ap-
plied to the problem of the laser thermonuclear reaction,
in which the target volume is illuminated with several
light beams 2% it is apparently also of interest to study
the limit inverse to (1.9), when the spectral density W;(k)
is isotropic and depends only on the wave number k.
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