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The self-consistent equation set for nonlinear electrodynamics and hydrodynamics is investigated with

allowance for the effect of the ponderomotive force, due to the electromagnetic field, on the hydrodynamic
flow. The dissipation of the electromagnetic field is described by the electron collision frequency and the
collisionless Landau damping. The redistribution of the electron velocity is described by a kinetic equation
with a quasilinear diffusion coefficient. Both the Landau damping decrement and quasilinear diffusion

coefficient are averaged over the spatial region of a strong internal plasma field. The variation of the density
and hydrodynamic velocity of the plasma, the evolution of the internal plasma field, the time dependence of
the absorption of the electromagnetic field energy by the plasma, and the partition of the energy among
thermal and fast electrons are studied. The electron velocity distribution is investigated. Finally, generation of
the second harmonic radiation is considered. All the processes differ qualitatively in two opposite limiting
cases, for a plasma flow with a comparatively smooth velocity gradient in the vicinity of the critical density
and a supersonic flow with a steep velocity gradient. In the case of the second regime of the plasma flow, the
formation of cavitons—density pockets in the plasma filled by the high frequency internal field—is impeded.
Cherenkov dissipation of the electromagnetic field is suppressed simultaneously and hence the generation of

fast electrons in the plasma is suppressed.

PACS numbers: 52.30. + r, 52.35.Mw, 52.35.Hr

1. INTRODUCTION

The study of the interaction of powerful electromag-
netic radiation with plasma is essential for the solution
of important practical problems of laser controlled fu-
sion and presents much fundamental interest because
this interaction is characterized by a number of non-
linear phenomena. Firstly, the electromagnetic wave
acts upon the plasma as a pump because the action
of its non-linear ponderomotive force may deform the
nonuniform plasma-density profile.! Secondly, the
creation of intense electron Langmuir oscillations in
the plasma may even more strongly expel the plasma
from the volume of its localization. Under these condi-
tions plasma waves become essentially non-linear (cav-
itons?), which also obviously changes the realization of
radiation-absorption mechanisms.

Since the conditions for stimulation of intense electric
fields in the plasma are most favored® in oblique inci-
dence of p-polarized electromagnetic waves on the
plasma, attention is concentrated in this work on the
investigation of the absorption dynamics of p-polarized
radiation near the critical plasma density. Under these
conditions consistent account is taken of the change in
the spatial distribution of the particles under the effect
of the full ponderomotive force and also of the hydro-
magnetic effects connected with the plasma motion in
the region of critical density, where the non-linear ef-
fect of profile deformation is especially important. We
note that under the action of radiation of a neodymium
laser on a plasma of temperature ~1 keV, power den-
sity of the p-polarized light component of several units
of 10 W/cm? leads to a significant ponderomotive force
that deforms the inhomogeneous plasma density profile.
The speed of motion of a plasma formed by the action
of laser radiation on the matter of a solid target de-
pends upon the evaporation conditions on the thermal
wave-front and on the dynamics of the plasma corona
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in the body. In accordance with estimates of the sta-
tionary hydrodynamic corona model*, satisfactorily in
agreement with experimental data®, near the critical
plasma density the speed of plasma motion may be of
the order of the local sound speed, and also may signi-
ficantly exceed it, depending on the value of the laser
flux density and on the dimensions of the solid target.
Therefore below in our analysis of a relatively narrow
layer of plasma near the critical density, one may con-
sider the initial speed of the plasma flux flowing from
the more dense layers of plasma given and determined
by the global characteristics of the target hydrodynam-
ic motion.

Our preceding investigations®® have demonstrated the
strong dependence of the radiation reflection coefficient
on the rate of flow of the plasma through the critical-
density region. It must be borne in mind here that a
most important question in the problem of laser-driven
fusion, besides the value of the absorption, is that of
the redistribution of the radiation energy transferred to
the plasma among the various particle groups. Thus the
formation of an even relatively small number of hot el-
ectrons that prevent compression of the target core
hinders greatly the initiation of the thermonuclear
burning. Special attention is therefore paid here to a
determination of the conditions under which collisional
dissipation of the field, which leads to heating of the
bulk of the electrons, predominates in the plasma.

For a detailed analysis of the possibility of suppres-
sion of the radiation energy transfer to fast electrons’
under conditions of excitation of intense Langmuir os-.
cillations, the present work uses a kinetic description
of Cherenkov interactions of waves with particles and
investigates in detail the peculiarities of the electron
velocity distribution for various regimes of flux of
matter in the region of the critical density. With this
purpose the Landau damping of the field potential com-
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ponent in the equations of the electromagnetic field is
computed; quasilinear theory is used for determination
of the self-consistent relaxation of the electron distri-
bution function. Under this condition the change in
energy of the bulk of the electrons (temperature) is de-
termined by the fraction of the absorbed electromagnet-
ic field energy that is dissipated in the plasma as a
consequence of the collisions.

2. BASIC EQUATIONS

Let’s analyze a plane layer of fully ionized plasma
with ion density #(x) increasing along the x axis. A
plane p-polarized electromagnetic wave with the wave
vector

ko={cos 0, sin 0,, 0} w./c

is obliquely incident on the plasma from the region x <0
(c is the velocity of light; w, is the electromagnetic
wave frequency) at an angle 6, between the density gra-
dient and the electric field vector

E=Re{En(x, t)exp [—io)ut-H (%) sin Ooy]} ,
Eo(z, t)={E.(z,t), E,(z, t), 0}.

The evolution of the electromagnetic wave in the plas-
ma is determined by a system of Maxwell’s equations
shortened in time:

de/dx 9
1—e -ﬁ)
AE,(x,t)

9z (2.1)
OE.(x,t)

dx

PR o
[21(,1,o (— - r) + o (3_—+
ot ox*

+ 0, (e—sin®0,) ] E.(z,t)=isinB,cwo

2

9 d+20
[uou-d—t- ¢

+ m.,ze] E,(z,t)=1isinB,cw,
z

with the boundary conditions corresponding to incident
and reflected waves for x - -~ and a transmitted wave
for x =+,

The plasma properties are characterized by the di-
electric constant
emt 28D (42

ne (01

(2.2)

by the masses m, and M, by the charge ¢ and Z |e| by
the electron and ion temperatures and T, and T, the
electron thermal velocity v,,=(7,/m,}/?; by the ion-
sound velocity v,=[(ZT,+T,;)/M,}}”, and by the critical
plasma density n,=m  w3/4m1e*Z) determined from the
equality of the frequency w, of the external radiation to
the electron Langmuir frequency w,,=(4me’n,/m /2.
The effective collision frequency v determines the
damping of the longitudinal and transverse field com-
ponents, and the operator

r~ N 1 ’ ik(x—z' ’ 2.3
FE,(x,t;:E;jdk Yo (k) [ da’ e ’-E,(x 1) (2.3)
describes the Cherenkov interaction of the potential
oscillations with the plasma electrons. The Landau-
damping decrement

O L (ﬁ)‘_w

= (2.4)
2 kv \Ov

appears in our analysis as a functional of the distribu-
tion function f(x,v,t) averaged over the region of local-
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ization of the longitudinal electric field. In the quasi-
linear approximation this distribution function by the
diffusion equation in the space of the velocities v
of af o 9
= 3

AT A — 2.
Sr s = D051 @0, 0). (2.5)
The diffusion coefficient, also averaged over the local-
ization region of the longitudinal field, is defined by the
relationship
ne’
= 2§ (0o—kv),

D(v,t) mZ 1E.(k, ) 1I* 6 (@s—kv) (2.6)
where E (k,?) is the spatial Fourier transform of the
longitudinal component of the electric field.

The term df/dt in (2.5) is small in comparison with
the convective term because of the small ratio v,/v,,
<1, Therefore for the description of the evolution of
the electron distribution function it is advisable to use
a stationary diffusion equation with boundary conditions
corresponding to the entry of Maxwellian electrons with
the temperature of the plasma near the critical density
into the field localization region.

The deformations of the ion density »(x, ) and of the
hydrodynamic velocity profile u(x,¢) under the influence
of the ponderomotive force of the high-frequency field
and of the pressure gradient are determined by the
equations of single-fluid hydrodynamics:
on + onu du ou Ze*

—_— =0, —Fu-———— T

1 on
— [, 7
at az at " oz AM .m0 Y oz’ (2.7)

dx ‘n

which are valid under the assumption of small Debye
radius and uniform temperatures of the ions and elec-
trons. The latter assumption is connected with the fact
that the equalization of the electron temperature distri-
bution occurs in time significantly shorter than the
hydrodynamic time (v << vy,), and with the fact that

the characteristic temperature non-uniformity scale
corresponding to the electron mean free path A, ~vy/v,
is greater than the dimensions of the field localization
region where the basic energy dissipation occurs.

For investigation of the dynamics of absorption of
powerful radiation in the region of critical plasma den-
sity and generation of fast electrons, the important
question is the redistribution of the energy transferred
to the plasma among the various groups of particles.
In the present work the allowance for kinetic effects
and for processes of energy redistribution in the plas-
ma is self-consistent. The relaxation of the distribu-
tion function of superthermal electrons is described by
the quasi-linear equation (2.5) with a diffusion coeffi-
cient (2.6) determined by the longitudinal electric field
excited in the plasma. The damping (2.3) of the poten-
tial component of the field, in its turn, is determined
by the Landau damping decrement (2.4) and therefore
depends upon the electron distribution function. Under
these conditions the fraction of the laser radiation en-
ergy flux @ absorbed in Cherenkov interaction of the
potential component of the field with the electrons

Q.= (Sc—n [E,* cos eo) ' 41_::5 dk v (k) | E(k, ) 17, (2.8)

leads to the generation of fast particles. (Here E, is
the amplitude of the incident electromagnetic wave in
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vacuum.)

On the contrary, the fraction @, of the energy flux
of the incident radiation absorbed as a result of colli-
sions, leads to heating of the bulk of the electrons and
is expressed by the relation

¢ = -t n )

0= (g 1Bl costs) | drv - IE,(z, 1) " (2.9)

Under this condition the change in electron temperature
is determined by the equation

%[;—T._‘. n d:t] = Qré—:;- 1E,)2 cos 0,—amn.vr,®, (2.10)
which is obtained with neglect of terms small in com-
parison with the thermal hydrodynamic energy flux.

The last term on the right side of (2.10) with o =(2/7)'/2
describes the energy outflow from the region of critical
density by the collisionless flux of Maxwellian elec-
trons.

The solution of the electrodynamic Egs. (2.1) for
the field at the fundamental frequency w, permits the
determination of the non-linear current at the frequency
Nw,, which causes the excitation of the N-th harmonics
of the electromagnetic field in the plasma. In the dis-
cussed case of a plane-layered medium the N-th har-
monic may be described by the z-component of the
magnetic field:

Bua (2, y, 1) ={0, 0, Bx(z, t) exp [—iNw, (t— (y/c) sin @) I}, (2.11)

the equation for which has the following form:

ey dxr Oz

a* 1 9 [ N :
{__ + bt + ( 2 ) (ex—sin®6,) } By(z,t)
oz’ ¢

(2.12)

-’13‘[ [/} 1 asN L(N) iN(l)o . L(N)
=___{(__ ___)]y — ———sin 0,/ },
c dz ey Oz c

where £, =eWwp,x,1) =1 - w?,(x, )/ (Nw)*[1 - iv/Nw,)].

Below we show the result on the generation of the
second harmonic of the radiation (N =2). For this the
vector of the non-linear current at the frequency 2w, .

may be written in the following form:
s _i_ €
= 8n m.wo

oL’

(2.13)

2

{E.,divE,,+ gradlEolz},

4wy

where E,=(E_, E,0) is the solution of equations (2.1)
through (2.10). Equation (2.12) with the non-linear cur-
rent (2.13) must be supplemented with boundary condi-
tions corresponding to free radiation in vacuum and to
reflection of waves from the region of dense plasma
(n>4n,). The solution found in this manner permits the
determination of the coefficient of transformation of
energy of the incident radiation into the second harmon-
ie:

K,=(B./Bo)?, (2.14)

where B, and B, are the magnetic fields of the second
harmonic and of the incident radiation in vacuum,

3. RESULTS

Below we discuss the solutions of the system of equa-
tions (2.1) through (2.10) for two different physical si-
tuations, which may appear as a result of the initial
stage of evaporation of a solid target and which lead to
different initial conditions for the hydrodynamic equa-
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tions. In the case when the leading front of the radia-
tion pulse leads to relatively fast and uniform heating of
the plasma corona, the resulting flow of the plasma is
characterized by density and material-velocity gradi-
ents and that are close in value, and may be described
as a rarefaction wave that corresponds to the following
spatial distribution of plasma density and velocity

n(z) =n.exp {(z—z.)/l}, (3.1)

v(z) =—v+ (z—x.) /L. (3.2)

Here v, is the absolute value of the plasma velocity at
the point of critical density, x, is its coordinate, and !
denotes the characteristic dimension of the density and
velocity change, which is proportional to the time mea-
sured from the beginning of the formation of the rare-
faction wave: !=v,. We note that the rarefaction wave
is the exact solution of the hydrodynamic equations
(2.7) in the assumption of constant sound speed (i.e.,
temperature) and also with neglect of the ponderomotive
force, a procedure justified for the initial stage of
growth of the leading front of the radiation pulse, when
the electric field pressure is negligibly small.

We first analyze the solution to the system of equa-
tions (2.1) through (2.13) using as initial conditions for
the hydrodynamic equation (2.7) the relationships (3.1)
and (3.2). A numerical integration of the system (2.1)
through (2.13) has been carried out for parameters
close to those realized in the experiments, when v;/c
=0,015, where vg= eEo/m <Wo 18 the velocity of electron
oscillation in the field of the pump wave (in vacuum),
and the initial value of the electron temperature is 7',
=1.25 keV, which means that v,/v,,=0.3. The initial
scale of the non-uniformity in (3.1) and (3.2) was taken
equal to /=10 ¢/w,, and corresponded to supersonic
plasma flow with steep density and velocity gradients.
The effective collision frequency is given by the ratio
v/w,=5%x10"; and the sine of the angle of incidence is
sinf,=0.29 (9,=17°).

On Fig. 1 is shown the time dependence of the absorp-
tion coefficient A(f)=1~ |R(#)|? and the quantity @,(t)
(2.8), [Fig. 1(a)], and also the shape of the laser pulse
W, (t)=E2%(t)/(4m,T ) and the coefficient of transforma-
tion of radiation into the second harmonic K, (2.14)
[Fig. 1(b)]. The initial decrease of the absorption A and
the relatively large difference between the quantities

i
t(1/kyt,)

w,(t)0’ Kytt)-*
275} b s
//
2.0
- / v
iy
L 1 1 1
74 i
#1/hye)
FIG. 1
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A and @, when the radiation incident on the plasma is
turned on are determined by the increase of the energy
of the potential component of the electric field in the re-
gion of the critical density and do not correspond to a
large transfer of radiation energy to the plasma. The
reason for the limit on the growth, proportional to the
pump energy W,(t), of the coefficient K,(¢) of the trans-
formation into the second harmonic when ¢~1/k.w,

(Fig. 1b) is the onset of non-linear deformation of the
plasma-density profile in the vicinity of the critical
point under the influence of the ponderomotive force.
Such a process is characterized by formation of a sharp
transition (jump) through the point with the critical
value of density, and becomes quasistationary at the
time ¢> 7/kyv,, as is shown by the evolution of the quan-
tities A, @, and K, (Fig. 1). One may directly be con-
vinced of this by inspection of the spatial distributions
of the density, velocity, and electric fields in the plas-
ma, which are shown in Fig. 2 for the instant of time
t=8/ky,. The spatial relations presented in Fig. 2
correspond to a steady-state quasi-stationary interac-
tion regime characterized by an average absorption A
=1- |R(¢)|2240%. Under this condition the fraction of
radiation energy @, going into heating of the bulk of the
electrons by collisions is shown to be of the order of
25%; correspondingly only 15% of the radiation energy
incident on the plasma is transferred to the fast elec-
trons. '

The distribution function, corresponding to such an
energy balance, of the electrons passing through the
region of space in which intense Langmuir waves and
electrons accelerated by the Cherenkov mechanism ex-
ist, is presented on Fig. 3, where the dashed line
shows the Maxwellian distribution function f, =(27)/2
exp(-v?/2v,,). An important peculiarity of this regime
of radiation absorption by the moving plasma is not only
the relatively small number of hot electrons, because
of the small fraction of energy carried away by them,
but also the sharp fall-off of the distribution function
with the growth of particle energy. We note also the
anisotropic character of the electron acceleration in
the direction of the decrease in plasma density. These
peculiarities are determined by the Langmuir field

FIG. 2.
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structure which corresponds to the formation of an
abrupt transition through the critical point. We empha-
size that the Langmuir oscillations excited in the region
of the critical density are essentially non-linear since
the ponderomotive force produced by them causes and
maintains to a considerable degree the jump in density.
However, the large plasma flow velocity gradient,
which hinders the formation of cavitons™® in the range
of parameters analyzed, that can capture the Langmuir
waves, leads to a monotonic density profile in the re-
gion of the critical point and correspondingly to unim-
peded departure of the Langmuir oscillations to the re-
gion of the tenuous plasma. This is precisely the cause
favoring the realization of laser controlled thermonu-
clear fusion, that the electron acceleration is ineffec-
tive and occurs only in the direction opposite to the den-
sity gradient; i.e., away from the target core where
the electrons can make the target compression more
difficult.

The absence of cavitons with an intense-stationary
Langmuir field leads also to a smooth time-dependence
of the coefficient K,(t) of transformation into the second
harmonic after establishment of the density jump, when
t=T/kyv, (Fig. 1b). Under this condition the character-
istic dimension L of the density change in the vicinity
of the critical point may be estimated in order of mag-
nitude from the effectiveness of the transformation into
the second harmonic K, with the help of a formula that
does not take into account the non-linear Langmuir
waves® 1%

c 1 c

L~——————K",
o, P*(1)sin B, ve :

(3.3)

where ®(7) is the resonance function of the angle of in-
cidence 6,.*

The quasi-stationary regime of the interaction of la-
ser radiation with plasma leads to a temperature of the
bulk of the electrons that varies weakly with time and
is close to the stationary solution of equation (2.10).
For the radiation energy fluxes discussed this station-
ary value is T',~1 keV.

We will briefly dwell upon the dependence of the re-
sults on the initial plasma density gradient. Computa-
tions conducted by us of the initial dimension of non-
uniformity of density /,=41 ¢/w,, with the other para-
meters the same as for Figs. 1 through 3, showed that
the very fact of formation of the density jump, its mag-
nitude, and its time of formation do not depend on the

=100 =50
e —

Wy s 100

Tyl‘, ™1
22 Sin (v V)
e

-2

FIG. 3.
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initial density gradient (of Fig. 2 of Ref. 7). However,
the evolution of the damping coefficient becomes more
non-monotonic with decrease of the initial gradient
(especially in the period of formation of the density
jump). The reason is the increase in the region of
space with subcritical (but near-critical) density, where
intense Langmuir waves exist. This circumstance in-
creases somewhat, both the collisional and the Cheren-
kov dissipation of the radiation, without changing qual-
itatively the above-described picture of the interaction
of radiation with a fast-moving plasma,

We turn now to the qualitatively different situation in
which the plasma flow that arises as a result of the ac-
tion of the leading front of the radiation pulse is char-
acterized by a significantly more gently sloping velocity
distribution than that which takes place in the isother-
mal rarefaction wave (3.1),(3.2). If the change of the
velocity over the characteristic density scale, is small
in the vicinity of the critical point in comparison with
the local sound speed, then the plasma motion may be
neglected. Results of the solutions of equations (2.1)
through (2.13), corresponding to a plasma at rest at the
initial time, are shown by Figs. 4 through 6. All other
parameters (except the initial plasma velocity) of the so-
lution discussed below are the same as those for Figs.
1 through 3.

Comparison of the results of the computations of the
dynamics (Fig. 4a) of absorption and emission at the
second-harmonic frequency 2w, (Fig. 4b) with the cor-
responding dependences shown in Fig. 1 for the case of
supersonic plasma flow demonstrates the qualitative
influence of the velocity gradient of the material in the
vicinity of the critical density on the interaction of the
powerful radiation with plasma. For an explanation of
the reason for the onset of absorption that can reach
peaks to 100% and correlate with the bursts of second-
harmonic generation (see Fig. 4) we turn to the spatial
distributions of the density, velocity, and field in the
plasma, shown in Fig. 5 for the moment of time £=11.5/
k,vs. The significant difference of the density profile
shown in Fig. 5a from that shown by Fig. 2a is due to
the advent of cavitons-regions of space bounded on all
sides by humps with supercritical values of density
(n>n,), where, as is obvious from Fig. 5¢ the
Langmuir-oscillation field is captured and amplified.
Precisely at this instant of time the absorption A =1

14 »
t(/ky05)

. w1’ FIG. 4.

i 0 %
ke
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- |R |? attains an especially large value (4~ 95% at the
time t =11.5/k,v, corresponding to Fig. 5). However, un-
der this conditionover half of the absorbed energy goes
into formation of hot electrons (@ ; = 50%) and the lesser
part (Q,= 40%) leads to heating of the bulk of the electrons
as a consequence of ion-electron collisions.

In the case we have analyzed, with a relatively steep
initial density gradient (%,/,=10), the absorption pro-
cess bears a clearly expressed dynamic character,
characterized by the onset and destruction of cavitons,
Under this condition not all of the energy contained in
the caviton can be absorbed during its lifetime (i.e.
before the disappearance of the left density hump that
blocks the field). Thus, for example, for the moment
of time ¢=11.5/k,v, specified above the radiation energy
dissipated in the plasma is Q.+ @, = 90%, while at the
same time the reflected energy is only 5%. The unab-
sorbed fraction of the field energy at the subsequent in-
stants of time may be radiated from the plasma and by
the same token the reflection coefficient exceeds unity
(see Fig. 4a). This phenomenon, “super-reflectivity~,
by the dynamics of formation of regions with intense
localized fields, arises also when sufficiently powerful
radiation is normally incident plasma,'

We will now discuss how the excitation of an intense
field of non-linear Langmuir oscillations captured in
cavitons (Fig. 5¢), manifests itself in redistribution
of the energy absorbed in the plasma. Figure 6 shows
the electron distribution function for the moment of
time #=11.5/kyv, corresponding to Fig. 5. This function

-0 -5 \§*flv) 5o 100
f T T T T T

27 )
J,f’z" sign (e Vno

T

FIG. 6.
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is qualitatively different from the function obtained in
the previously considered absorption regime analyzed
above in the case of supersonic plasma flow with a steep
velocity gradient (see Fig. 3). The presence of cavitons
that trap the non-linear plasma waves, besides increasing
the energy carried away by the hot electrons (@ ; ~ 50%),
causes the electrons tobe effectivelyaccelerated practic-
ally equally along and against the density gradient. An
essential property is also the significantly slower (than
in Fig. 3)fall-off of the distribution function withthe
growth of the energy of accelerated particles. Thisfall-
off canbe characterized by a “temperature” T, approxi-
mately seven times higher (for the parameters considered)
thanthe temperature 7', of the bulk of electrons. At the
value T,~ 1.25keV used in our computations this corres-
ponds to a temperature of hot electrons T, ~ 10 keV
(cf. Ref. 12). The generation of hot electrons with such
a wide energy spectrum is due to the fact that in the
process of dynamic compression and field amplification
in a caviton the Langmuir-oscillation spectrum turns
out to be strongly enriched with long-wave and short-
wave components.

The non-linear amplification of the field in the caviton
manifests itself in bursts of plasma radiation at higher
harmonics. Figure 4 shows that the intensity of the
second-harmonic generation grows by an order of mag-
nitude at the instants of time corresponding to the max-
imum amplification of the field in the cavitons. Of
course, the field of the second harmonic makes a neg-
ligibly small contribution to the overall energy balance
of the interaction of the radiation with the plasma.
However, our results allow us to state that the exper-
imentally observed'® sharp oscillation of the coefficient
of transformation into higher harmonics of the radia-
tion, on a picosecond time scale, may be directly
shown to be processes of dynamic amplification of the
field upon deformation of the plasma density profile.

The computations conducted at a larger initial value
of the characteristic dimension of the density non-
uniformity /_ =41 ¢/w, (which corresponds to a longer
radiation pulse), for the case of slow plasma flow with
a small velocity gradient, showed that with increasing
volume of space occupied by the intense Langmuir os-
cillations (i.e. with increase of 1) the process of cavi-
ton formation becomes quasi-stationary (cf. Fig. 1 in
Ref. 7) and is characterized by values of absorption A
~90%, @ = 40%, @ = 50%, which correspond to the elec-
tron distribution function shown by Fig. 6.

A comparison of the distribution functions character-
izing the absorption of radiation for various regimes of
motion of the substance (see Figs. 3 and 6) clearly
shows that supersonic plasma flow with a steep gradient
of velocity in the vicinity of the critical density hinders
the formation of cavitons and leads both to a smaller
fraction of the energy transferred to superthermal elec-
trons, and to a significant narrowing of the spectrum
of the fast electrons. Both of these circumstances are
extremely important for realization of laser-driven
thermonuclear fusion and in our opinion point to a new
possibility of finding the optimal, from the point of view
of laser controlled thermonuclear fusion regime of in-
teraction of laser radiation with plasma.
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4. BRIEF CONCLUSIONS

The analysis conducted of the solutions of the dynamic
equations describing the interaction of plasma with
powerful electromagnetic radiation shows that there
exists qualitatively different regimes of such interac-
tions. In one of these limiting regimes, characterized
by a relatively smooth velocity gradient in the vicinity
of the critical density, there exist quite favorable con-
ditions for formation of cavitons, for transfer of radia-
tion energy to superthermal electrons via Cherenkov
interaction and correspondingly for the generation of
hot electrons. In the other limiting regime, corres-
ponding to supersonic plasma flow with a relatively
steep velocity gradient near the critical density, on the
other hand, there exist .conditions that hinder the form-
ation of cavitons, decrease the possibility of Cherenkov
transfer of radiation energy to fast electrons, and lead
to the narrowing of the energy spectrum of these elec-
trons. The observed fact of the existence of qualita-
tively different regimes of the interaction of powerful
radiation with plasma opens further paths for optimiza-
tion of the interaction of laser radiation with plasma un-

der conditions of controlled laser-driven thermonuclear
fusion.
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