Measurements of the dependence of the degree of screening n (defined by us
ag the ratio of the incident flux Iy to the transmitted flux I in the time inter-
val in which the transmitted flux is minimal) on the density of the radiation
power 1ncldent on the target are shown in Fig. 3. The transmitted flux 1is ex-
pressed in terms of the incident flux and the power density W on the target by
I,/I = A exp (W/Wo), where A and W, are constants.
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The damping of a high-frequency Langmulr soliton
in a Maxwellian plasma and the amplification of such
a soliton by an electron beam were investigated theo-
retically and experimentally.

In a plasma placed in a magnetic field there can be produced a high-fre-
quency Langmuir soliton propagating at an angle to the field (k; # 0) with phase

R cr _ 2 2
velocity vph > Vph = wpe/kl(l + wpe/wHe) [1 - 37.

We have investigated experimentally the resonant interaction of such a soli-
ton with plasma particles, whereby the soliton amplitude is adiabatically
altered. In a Maxwellian plasma, interaction with the particles reflected from
the "hump" of the potential causes a power-law damping of the soliton amplitude

L4d.

2{0) Dpe 2 afo
a(z) T ooy, T T T, Vph? s
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fo(v) is the equilibrium distribution function of the plasma particles, o =
e|¢o]/mv;h, and ¢o 1s the amplitude of the potential; the conditions for the

applicability of formula (1) are

\// el |

2
- vph<< vieandw,, << oy, .

If the plasma contains a beam moving faster than the soliton, e Vph’

then the same mechanism of interaction with the resonant particles leads to
amplification of the soliton. For a beam with a smeared-out velocity distribu-
tion Av/v >> {(ni/ng)*/?® (n, and noe are respectively the beam and plasma densi-
ties), we have adlabatic amplification of the soliton without a change in 1ts
shape, The growth of the soliton amplitude is then given by
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The amplitude of the potential in the soliton increases to a value

37 / 2
gmax - —_BhA‘é"Zh Vv J%;Ph¢°w), (3)

corresponding to an electric field with an energy density

972
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which is (no/n1)2%/? times larger than in the case of excitation of a monochro-
matic wave by an electron beam. The increase is due to the fact that in the
case of the soliton there is no mechanism for nonlinear stabilization of the in-
stability of phase "mixing" of the resonant particles (see [4]).

We note that capture of ions by the field of a high-frequency Langmulir soli-
ton leads to formation of charge bunches that are stable in the radial and longi-
fudinal directions, and can be accelerated
together with the soliton. Such an accele-
ration method was proposed already in [5].
It is possible that the accelerated-ion
pulse observed in the experiment of [6]
is produced by such a mechanism,

The experiments were performed with a
proton plasma of density ne = (1 - 2) x
107 cm™? and electron temperature Ty < b ev;

the plasma was placed in a strong magnetic
field of intensity 1 - 3 kOe (wHe >> wpe)‘
Just as in [2], the high-frequency Lang-
muir soliton was excited with the aid of a
grid, to which a negative potential with a
rise time 10 nsec was applied, and we in-
vestigated the propagation of such a soli-
ton in a plasma waveguide in which the sec-
tion with homogeneous magnetic field was 40

ecm long. The diverging magnetic fields at Flg., 1. Oscillograms of the adla-
the ends of the setup reduced considerably batic damping of a Langmuir soli-
the wave reflection from the ends. The wave ton in a plasma and of its am-
propagation and plasma drift directions were plification by an electron beam:
opposite, with v < v so that the pres- a) longltudinal soliton damping

\ ar . ph’ \ in length: z = 0, z = 20 cm.
ence of the drift did not lead to a notlce- b - d) longitudinal soliton am-

able change in the dispersion characteris- s s . X Z -

tics of the plasma waves. An investigation %glficaglogﬁdze cgérgs oig E?

of these characteristics at small exciting- Vo = 1 9 x 108, 2 3 x EOB 3 x
signal amplitudes has shown that the wave 108 aﬂd 4 x 158 ém/sec fespec—
propagating in the system is the first ’ 2

A : : . . tively; f) negative grid poten-
radial harmonic of the Langmulr oscillations tial and 20 MHz time markers).

245



of a magnetized plasma with maximum phase velocity

V;II; = “pe 1.2-108 om/sec.

ky

When a negative step potential with voltage larger than 5 V was applied to
the exciting grid, a single pulse of negative polarity was excited in the sys-
tem; the width of this pulse, in accordance with the theoretical estimates [1 -
47, is given by

Ak VoK
—t= (1-M-2)-1/2 M = pzu., M — Mach number.
2 . ® (5

pe

As a result of resonant interaction with the plasma particles, the soliton be-
comes damped as it propagates into the system. The damping is adiabatic, so
that relation (5) 1s approximately satisfied at all values of the amplitude.
The dynamics of the soliton durling the course of its propagation in the system
was investigated with high-frequency capacitive probes, the signals from which
were fed to an oscilloscope through an integrating network and a broadband am-
plifier. We used for this purpose matched capacitive probes spaced 10 cm apart
along the setup and oriented parallel to the transverse component of the high-
frequency magnetic field. TFlgure 1 shows a series of oscillograms for the case
of soliton damping (oscillograms a) and its amplification by an electron beam
(oscillograms b — e). A beam of 10 WA current and energy up to 100 eV was pro-
duced with a two-electrode electron gun located several ecm away from the exclt-
ing grlid. The left-hand series of oscillograms shows the soliton registered by
a probe located 5 cm away from the exciting grid. The right-hand series shows
the oscillograms of the soliton after it passes 20 cm along the system. The
parameter of oscillograms (b) - (e) is the electron-beam velocity ve. From os-
cillograms of this type we were able to determine the spatial distribution of
the soliton amplitude. Figure 2 shows the corresponding plot for the case of
soliton damping, compared with the theoretical dependence obtained from formula
(1) (the normalization is at the point z = 0).

The presence of an electron beam in the plasma causes amplification of the
soliton. The soliton becomes amplified until i1ts phase veloclty exceeds the beam

velocity. Accordingly, the maximum Mach number in the experiment Mmax was pro-

portional to the beam velocity (see Fig. 3). We also obtained plots of the
spatial distribution of the amplitude of the amplified soliton at different
values of the beam density and at a fixed beam energy. At low beam densities, .
niy << n,, these curves agree with the theoretical ones obtained from formula (2).
At high beam densities, ni v npy, the beam alters the parameters of the plasma in..
which the soliton propagates, and the spatial growth increment of the amplitude

M
A rel.,un, 58 l—
w 161 ) . ,
4 Fig. 2. Variation of soli-
ton amplitude with length.
sl Al Fig. 3. Dependence of
solition velocity on the
1 42k beam velocity
7 L "l A 70 'G
[0t 1 1 [
“ u z ng [/ / V4 J 4-10%cn)sec
Fig. 2 Fig. 3
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increases with increasing beam density more slowly than in (2).

The authors thank A.N. Antonov for help with the experiment.
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We examine a new physical mechanism of crater
development in a metal acted upon by laser radia-
tion, wherein the liquid metal is ejected from the
irradiated region by the reaction vapor-pressure
gradient. The mechanism in question is decisive
at not too high a radlation intensity. The ob-
tained estimates agree with the experimental data.

In the case of fully developed metal evaporation by a laser beam, the en-
tire energy of the radiation absorbed in the surface metal layer goes over into
the work required to evaporate the material from this layer., The simplest to
interpret are experiments in which the depth h of the crater produced by the
radiation in the target is small in comparison with i1ts diameter 4, which is de-
termined by the dimension of the ilrradiated area on the target surface, In this
case we can neglect effects on the edges of the shallow crater and assume ap-
proximately that the evaporation is planar and one-dimensional. The conditions
under which such a process can be observed are given by the inequalities [1]

d> ut > \/?(_1-> 1/a.. (1)

Here o is the metal absorption coefficlent, x 1s the temperature conductivity,
t is time of action of the laser beam, and u is the velocity of the evapora-
tion front and is determined from energy considerations.

I{1-R) = pAu. (2)

In Eq. (2), p is the density of the condensed phase, R is the reflection coef-
ficient, and I is the beam intensity. According to (1) and (2), the crater
depth h = ut 1s determined by the mass of the removed vapor and depends linearly
on the intensity, h « I,

It was shown in [2] that the metal disintegrates via a liquid-vapor phase
transition, unlike in [1], where a solid-vapor transition was considered, This
difference is fundamental and leads to new effects, one of which 1s discussed
in the present paper.
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