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A very important part of the problem of obtaining high temperatures by
focusing laser radiation on solid targets [1, 21 is the question of the re-
flection of the laser radiation by the heated surface. The point is that when
laser pulses of duration T < 10~% sec and energy V10 - 100 J are used, a plasma
layer of thickness a = 10~% - 10-® cm and density N = 10'% - 102° cm‘g is pro-
duced at the surface; this density is hi%her than the critical density for the
neodymium-laser frequency (w = 1.8 x 10!'® sec™!, N, = 10%! em™?). Since the
electron temperature T of the plasma reaches several keV, the optical thickness
of the plasma with respect to bremsstrahlung absorption turns out to be less
than unity: av/e¢ < 1 (Vv - collision frequency, ¢ - speed of light). Therefore
an appreciable fractlion of the laser radiation is consumed in heating the
plasma and is reflected from the critical point, returning to the focusing de-
vice. The energy reflection coefficient, according to measurements [3], reaches
60%. With further increase of temperature, this value should increase even
more, if it is assumed that the absorption of the light is determined as before
by the Coulomb collisions. In this connection, different nonlinear effects
were considered, leading to an increase of the absorption coefficient.

In the present paper we discuss, within the framework of the linear theory,
the possibility of increasing the coefficient of absorption of light by an in-
homogeneous laser plasma. We have 1n mind here the well-known phenomenon of
transformation of a surface p-polarized wave with frequency close to the plasma
wave into potential electronic Langmuir oscillations [4 - 6]. Let the plasma
be inhomogeneous along the z axis, so that the critical density 1s reached at
z = 0 and N(z) < Ncr at z < 0. The x% plane of the rectangular coordinate sys-

tem is chosen as the plane of incidence of the light wave. We emphasize that
the transformation is possible only in the case of an obliquely incident p-

polarized wave, when the angle 0. between the wave vector k and the z axis dif-
fers from zero. The electric fleld E lies in this case in the plane of inci-
dence, and the magnetic field B has a single component By perpendicular to the

plane of incidence. The gist of the transformation of the light into a Lang-
muir oscillation of an inhomogeneous plasma consists of a sharp increase of the
longitudinal component of the field EZ in the critical-density region z = 0,

with a smoother variation of EX and By' The transformation is a non-dissipative
process. The transformation coefficlent, and consequently also the coefficient
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of absorption of the laser radiation, does not depend on the temperature and is
equal to

aw sin?é

2 am- 12
1'-“2‘ -"TT&_S_G‘I By(O)I ’ (1)

where a~! = N;;(dN/dz)Z=o. Since the condition aw/c >> 1 is satisfied in laser
experiments, we can use the results of [6], where By(O) was calculated in the

geometrical-optics approximation. It turns out here that the absorption coef-
ficient (1) has a narrow maximum near sin 6 = 0.5(aw/c)~ /3. We can point to
the conditions of target illumination ensuring the most effective transforma-
tion of the light into the Langmuir wave. Let us assume that the laser radia-
tion is naturally polarized, and that the intensity is uniformly distributed
over the cross section of the beam. Then if the axis of the focusing lens is
perpendicular to the heated surface and a = 10~3 cm, then the maximum of the
absorption coefficient 1s 15% and is reached at a beam convergence angle ~v10°.
On the other hand, i1f the laser radiation is polarized in the incidence plane,
and the convergence angle of the beam is much smaller than 10°, then from the
point of view of increasing the transformation coefficient 1t is convenient to
place the target at an angle 6 - 7° to the lens axis. The transformation coef-
ficient amounts in this case to 40%. We emphasize that in the case of normal
incidence there is no transformation at all, and therefore by choosing the
method of illuminating the target one can attain an appreclable increase in the
light~energy input into the plasma.

Let us consider now the question of the dissipation of the energy of the
Langmuir oscillations resulting from the transformation of the laser radiation.
The solution of the field equations near the critical point, with allowance
for collisions and Landau damping, has for a weakly-inhomogeneous plasma the
form

. aw
E: = - 1sm0—;—; By {0)
< aw | z P Bn -3/2:7 (2)
x!drexp-—-v—r-:-;—ra-l—a- +-(.;—r+\/2e ,
where Vip = (KT/m)l/2 is the thermal velocity of the plasma electrons with tem-

perature T. Expression (2) makes it possible both to investigate the structure
of the field near the point of reflection and to determine the scattering
length, i.e., the characteristic length over which the energy of the Langmuir
oscillations is transformed into heat. At low temperatures, when the thermal
velocities of the electrons are small and the collision frequency is large,

(viw)@aw/v3ve) 3> 1, (3)

both the amplitude of the Langmuir oscillations at the critical point and its
damping length £ = a(v/w) are determined by the collision frequency [5, 6]1. In
a high-temperature laser plasma, to the contrary, the role of the collisions is
small and the following inequality is satisfied:

(av/\/‘gvr) << 1, (1)

Then the thickness of the absorbing layer is determined by the inverse Cerenkov
effect & ~ a[ln(/inaw/vT)]-l. At a = 103 cmand T = 1 - 10 keV, the left side

of (4) changes from 0.3 to 0.1, so that the damping length is & = 10~* cm. A
case intermediate between (3) and (4),
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(Vﬁmj(aw/JEmﬂ2/3<< 1<<(°V/V3Vﬂ. (5)

is also possible, and is realized, for example, in a plasma with a smoother in-
homogeneity: a =~ 10~% cm, T = 1 keV. In this case, unlike in (4), the Langmuir
waves attenuate because of the Coulomb collisions and & = a(/§vT/av)2. The

damping lengths of the Langmuir oscillations obtained above are smaller by one
order of magnitude than the characteristic dimension of the inhomogeneity a,
and are much smaller than the absorption length of s-polarized light (larger
than a), for which the plasma is optically transparent. "Roughly speaking, the
plasma is transparent to light, but is optically thick for Langmuilr oscilla-
tions, so that the absorption (1) is the result of transformation of light into
this oscillation. We note that the idea of collisionless heating of an in-
homogeneous plasma by an electromagnetic wave is extensively used and being de-
veloped as applied to a magnetoactive plasma confined by an external magnetic
field.

The absorption mechanism discussed here differs in principle from the non-
linear anomalous absorption. Although nonlinear absorption was observed ex-
perimentally only in the microwave band [7], a theoretical analysis [8, 9] and
a numerical experiment [10] gave grounds for hoping that such an effect exists
also in the optical band. The theory of a weakly-turbulent plasma makes it
possible to calculate the coefficient of anomalous absorption [8], which turns
out to be proportional to the square E? of the field intensity of the electro-
magnetic wave. The anomalous absorption arises only at sufficiently large
field intensities E, exceeding the threshold value Eg. In the critical region
of a laser plasma N = Ncr with temperature T = 1 keV, such a threshold (with

respect to collisions) is Eo = 5 X 107 V/em (see, e.g., [11]1). The transforma-
tion of light into a Langmuir oscillation increases the light absorption by the
inhomogeneous plasma at a field intensity below threshold, i.e., when there is
no nonlinear anomalous absorption.

The authors are grateful to 0.N. Krokhin and I.I. Sobel'man for a discus-
sion.
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