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The x rays from gas-filled target shells irradiated by nanosecond laser pulses in the “pusher shell”
regime are investigated. Various methods are used to study the spectral distribution of the contin-
uous x radiation in experiments on the “Kal’mar” facility, and the volume compression is mea-
sured. A numerical simulation of the compression process has made it possible to obtain the

spectrum of the target’s own radiation and the image of the target in its own x rays. The hardest
part of the spectrum is strongly influenced by difference between the distribution in the degree of
ionization and the thermodynamic equilibrium distribution, and by the presence of hard electrons
in the corona. The experimental results agree with the numerical calculations, thereby confirming
the earlier conclusion that the hydrodynamic model with classical transport coefficient is valid.

PACS numbers: 52.50.Jm, 52.25.Ps

INTRODUCTION

The purpose of the theoretical and experimental inves-
tigations of heating and compression of spherical targets by
laser radiation is to choose the optimal compression regime,
i.e., to choose a laser + target system providing a positive
energy yield. Recent investigations have shown convincing-
ly that this regime is the “pusher shell’ regime (sometimes
called the ablation regime) at a relatively low heating-radi-
ation flux density ¢ & 10'* W/cm? (Ref. 1). We recall that
even the first experiments® that followed the theoretical
studies® confirmed the possibility of attaining high degrees
of matter compression in this regime.

The present paper is devoted to a theoretical and experi-
mental study of x rays from laser-fired spherical targets, in
connection with the experiments of the nine-channel “Kal’-
mar” laser facility.* The study of the x rays is part of an all-
inclusive research program; this paper is therefore a continu-
ation of a number of papers'* devoted to the study of the
absorption and refraction of the laser radiation in the target
“corona,” and to the hydrodynamic processes in the corona
and during the compression stage. Naturally, the present
paper is connected with the preceding ones also by the unity
of the physico-mathematical model used to describe the pro-
cesses in the plasma, but we supplement here the earlier nu-
merical codes by new ones in which account is taken of the
generation and transport of the x rays, the evolution of the x-
ray spectra, and the passage of the x rays through the record-
ing system (the RIM program).

X-ray diagnostics is one of the effective experimental
methods of determining laser-plasma parameters.® In the
present paper we investigate in a wide spectral range
(fiw =20 keV) the spectral distribution of the continuous x
radiation. This distribution can yield the average plasma
temperature and the effective “temperature” of the non-
Maxwellian tail of the fast electrons. Investigation of the
plasma soft-x-ray luminosity is carried out with the aid of
multichannel pinhole cameras at high spatial resolution.

Comparison of the experimentally obtained images of
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the targets in their own x rays with those obtained by nu-
merical simulation yields an estimate of the volume com-
pression of the gas.

§1. PHYSICAL MODEL

It is known’ that when glass shell targets are com-
pressed at an absorbed-energy 2040 J the plasma electron
temperature does not exceed 1 keV. Under these conditions
the x rays from the target are due mainly to free-free and
free-bound transitions (bremsstrahlung and and recombina-
tion radiation) with a relatively small contribution of bound-
bound transition (emission in the lines).

In addition, resonant anomalous absorption causes the
so-called fast electrons to be generated in the laser plasma,
and this leads to a deviation of the electron distribution from
Maxwellian. The physical model for the description of the
heating and compression processes includes equations for
the absorption of the incident radiation and the equations of
single-fluid two-temperature hydrodynamics with classical
electron thermal conductivity and ion viscosity in the one- or
two-dimensional approximation. This model was realized in
the Luch,® Rapid,’ and ASAF'® programs, in which the x-
rays are taken into account in the total energy balance only
in the form of volume losses. In this model the fraction of the
intrinsic plasma radiation does not exceed 5%.

To obtain the space-time radiation field it is necessary
to add to the aforementioned equations the spectral radi-
ation transport equations with the sources indicated above,
as well as the equations that describe the space-time picture
of the ionization.

The characteristic ionization times in the corona of a
laser target turn out to be of the same order as the heating
time and the time of hydrodyanamic compression and ex-
pansion, so that the ionization process is nonequilibrium and
nonstationary.'® The evolution of the ionization makeup of
the plasma will be described here by the following system of
equations'!'?:
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FIG. 1. Time variation of the average charge Z of silicon as a function of
the density p and of the temperature T during the stage of formation of the
corona of a glass target (dashed curve—behavior of Z,; ).
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where 7, is the density of the ions with charge z; v; , is the
rate of ionization by electron impact of an ion with charge
z;v2 and v, are the rates of recombination in triple collisions
and of the photorecombination. Equation (1) leads in the
stationary case, at high density, to an equilibrium Saha dis-
tribution (v2»v,, the Saha distribution takes place in the
cores of the targets), and in the other limiting case to a cor-
onal equilibrium that is realized in the rarefied hot corona of
the targets (7, 2 0.1 keV, n, & 10°2 cm~3). Theionization is
nonstationary during the stage of corona formation when.its
temperature is increased to 0.3 keV.

Figure 1 shows for silicon the averge charge Z calulated
as a function of time for typical density p(r,t) and tempera-
ture T (r,t ) dependences in the formation of the corona of a
glass target irradiated by a flux g~ 10" W/cm?. In this case
the nonstationary character of the ionization is important
only for the silicon X shell. Its influence on the emission of
the intrinsic radiation is insignificant and can manifest itself
after a time ~ 10! sec (within this time Z becomes equal to
Z,, which is determined from (1) under the condition
dn,/dt = 0). In targets containing atoms with large z, the
nonstationarity and disequilibrium of the ionization can lead
to an appreciable difference between the average charge z
and the equilibrium value at the given instant of time.

The emissivity per unit volume of the plasma at the
point 7 in the direction 2 at a frequency w, with allowance
for the disequilibrium and nonstationarity of the ionization,
is given by

A 1+r'z,/n,v.'a,.+A ,
€= mp{Zkﬂ 1+P +km +Ao},

27

(2)
2nh
Loy =0 (exp (h0/T)~1)~,

where /,,, is the spectral intensity of the equilibrium radi-
ation; k 7,k ;,, and A,, are the coefficients of photoabsorp-

tion of ions of charge z at the level , of the bremsstrahlung at
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the frequency o, and of the absorption in the lines;
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Under the conditions considered, 4 =~0. In the derivation of
(2) it was assumed that the electrons in the plasma have a
Maxwellian distribution, the population of the discrete lev-
els has a Boltzmann distribution, and the density of the ions
is obtained from Eq. (1).

The quantities R,, in (2) characterize the degree and
character of the disequilibrium, and #,/n,v7,, characterizes
the nonstationarity effects. By way of example we indicate
the basic processes that determine the ionization states of a
silicon ion in the corona at a temperature ~0.3 keV. The
states of the K shell are determined by the competition
between ionization by electron impact and by photorecom-
bination, and the very same processes determine the state of
the inner L-shell electrons, whereas for the outer L electrons
the principal role is played by recombination in triple colli-
sions. The deviation from equilibrium influences strongly
the emission of hard photons with #iw X 2.5 keV, inasmuch as
R,, =250 for the X shell.

Generation of “fast” electrons in the target corona
leads to deviation of the x-ray spectrum from thermal at high
photon energies. The fast-electron emission spectrum can be
described under the following simple assumptions. The
number of fast electrons in the target is given by

Nu~a Bt/ Ty, t=m**/2ne*niz;(z+5)In L,

where E,,, is the power of the absorbed laser radiation; a is
the fraction of the absorbed laser energy that goes over into
the fast-electron energy; 7 is the characteristic slowing-down
time of the fast electrons; m, e, and v are the mass, charge,
and velocity of the electrons; InL is the Coulomb logarithm;
n; and z; are the density and the charge of theions, and T, is
the fast-electron temperature in energy units. Since the fast
electrons radiate from a corona region that is optically trans-
parent to the hard photons, using the standard expression
for the spectral emissivity connected with the bremsstrah-
lung mechanism'®

Vs y 2,8
321}' ( 2ﬂ ) / zi’e ninne_ﬁm’Tu d(!).

3 \3Tum /. mc*

We get for the time-integrated target spectral emission yield,
determined by the fast electrons, the equation

T, do =

Eo [EJE\—/] =1.87-10"%0Eas, 515 (1 +24 %) PR
(Z,, is the ionization potential; T is in keV; E,p, is in J; the
factor 2.4 I, /T, takes into account the contribution of the
recombination radiation). The total yield of the target x-ray
emission due to the fast electrons, Q@ = (E,, d#w, is propor-
tional to the energy input a E,, into the electron and to the

electron temperature. It is necessary to choose
Ty ~107% (g4 2)°* (Ref. 13), where g is the laser-radiation
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TABLE L.

Epe J| @ Ty, keV QCXP’ 1 Qg
“Kal’'mar” 20 0.01 2.8 7.5-10-3 2.2-10-3
“Janus” 9 0.5 113 6.2-10—¢ 3.7-10-¢
“Argus” 30 0.5 21,7 3.9-10—2 1.4-10-3

flux in W/cm? and A is the wavelength in zm. The table lists
the calculated and experimental values of Q for experiments
performed in various regimes—the pusher shell regime
(“Kal’mar”) and the exploding shell regime (“Janus’ and
“Argus”)."* In the exploding-shell regime the target x-ray
yield due to the fast electrons is considerably higher than in
experiments performed in the pusher shell regime (see the
table).

The approach described above was used to develop a
computer program for the calculation of the radiation from
the target (code “RIM”), wherein the stationary radiation-
transport equation is solved for specified space-time density
and temperature profiles determined without allowance for
the reaction of the radiation on the hydrodynamics in accord
with the “Luch,” “Rapid,” and “ASAF” programs. This
can be done, since the radiated energy is low. We have

QV I+ To=¢u, 3)

where I, is the radiation intensity, x_, is the absorption coef-
ficient corrected for the stimulated emission,
%a =Y b Fhu A
£

The approximation using a stationary radiation field corre-
sponding to the instantaneous distribution of the absorption
and emission sources is valid, since the plasma velocity is
much less than that of light.!! Equation (3) was integrated
over space by the method of characteristics. The “RIM”
program makes it possible to determine by a single integra-
tion over space the spectrum of the radiation that emerges to
the outside of the target

E(o)= | ds [1.04;
ssur e
the spatial distribution of the energy transferred from the

radiation to the plasma in the transport process
Qr)= j do j %o’ 1.0 dD;

the angular distribution of the plasma intrinsic radiation,
and the x-ray output from targets of various compositions
and with different space-time distributions of the plasma pa-
rameters. The program incorporates blocks for the interpre-
tation of the emitted radiation, which simulate the determin-

ation of the illumination of the target x-ray photograph on .

photographic film behind the aperture of the pinhole camera
and the passage of the radiation through various filters.

§2. EXPERIMENTAL CONDITIONS AND X-RAY DIAGNOSTICS
METHODS

The experiments were performed on the high-power
nine-channel “Kal’mar” facility, a detailed description of
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which is given in Ref. 15. The targets were spherical shells of
Si,O glass or polystyrene (CgHj), filled with deuterium at
pressure 10-30 atm. The target-preparation technology is
described in Ref. 16.

The x-ray diagnostics methods used in these experi-
ments can be divided into two groups: a) integral methods
(without spatial resolution) and b) pinhole cameras that pro-
duce the image of the plasma with high (~ 10 zm) spatial
resolution.

Two integral methods were used: 1) reconstruction of
the spectrum from the plots of the radiation absorption in
the material; 2) reconstruction of the spectrum from photo-
electron tracks in nuclear emulsion (this method is described
in detail in Ref. 17).

In the first case, three types of detector were used: UF-
VR photographic film, thermoluminescent detectors (TLD),
and scintillators with photomultipliers.

A detector based on photographic film has important
advantages: high sensitivity and possibility of performance
of multichannel measurements, but its operating range is
limited to the region #iw S 10 keV. In the 10 S fiw S 15 keV
range, the most suitable is a TLD: its sensitivity here is high-
er than that of a photographic film, and multichannel mea-
surements are also technically easy to perform. The TLD
calibration accuracy exceeds considerably the accuracy of
the calibration of photographic film. This makes it possible,
by comparing the readings of these detectors where their
working ranges overlap, the increase the accuracy of the film
detectors. Detectors based on scintillators with photomulti-
pliers, while having a much higher sensitivity than the first
two types, have a serious shortcoming, namely the technical
difficulty of recording in a large number of channels. In our
experiment these detectors were used therefore only to re-
cord the hard part of the spectrum (#iw R 15 keV).

The use of all three types of detector thus enabled us to
record signals in an intensity range of ~ 7 decades, corre-
sponding to the use of filters from 400 zm of beryllium to 5
mm of aluminum, and making possible measurements in the
spectral range from 2 to 25 keV.

The data on the absorption of the radiation by the filters
were used to reconstruct the plasma x-ray spectrum by two
independent methods. The first is described in detail in Ref.
18, where it is called the effective-energy method. The sec-
ond method consists of solving the equation

L]
M@= [E(Q,2)s()dn (4)

M

Here M ( x)is the transmission coefficient of the investigated
radiation as a function of the filter thickness x;K ( 4,x) is the
matrix of the attenuation coefficients of monochromatic ra-
diation of wave length A by detectors of thickness x;4, and 4,
are the end points of the spectral band, and s( A4 ) is the spec-
tral density of the number of photons or of the radiation
energy.

Equation (4) is a linear Fredholm integral equation of
the first kind, and the problem of finding s(A) from the
known M ( x) and K ( 4,x) belongs to the class of “incorrect”
problems. In Ref. 19 is described a method, in the form of a
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FIG. 2. Spectrum of continuous x radiation—number of photons of a
given frequency, emitted by a target into 47 sr during the entire time of the
pulse. 1—Results of calculation under the assumption that there are no
fast electrons in the plasma (T = 0), 2 and 3—calculated spectra under
the assumption that 1% of the absorbed energy was converted into fast-
electron energy and that the electron temperatures are respectively
Ty, =2.5and T = 3 keV. Experimental data: spectrum reconstructed
from photoelectron tracks in nuclear emulsion (4) or determined from
absorption curves by the effective-energy method?®' (5); points—values
obtained by the method described in Ref. 19.

comptuer program, of solving problems of this type.

Figure 2 demonstrates the target x-ray spectrum ob-
tained from theoretical calculations, reconstructed from
photoelectron tracks in nuclear emulsion, and obtained by
effective-energy method and by solving Eq. (4). It can be seen
that all these curves are in good agreement.

The continuous x-ray spectrum was investigated with
spatial resolution by using pinhole cameras that photo-
graphed the targets from different directions; the recording
element was UF-VR x-ray photographic film. The substrate
was a copper film 50 zm thick, opaque to radiation with
photon energy fiw < 20 keV. The minimum pinhole diameter
was ~ 7 um. The geometry of plasma photography in its own
x rays was optimized (in aperture and resolution) by the
method described in Ref. 15.

It must be noted that direct measurements of the energy
of the target intrinsic radiation are difficult, since this radi-
ation is considerably weaker than the scattered laser radi-
ation. The total radiation energy can be approximately esti-
mated from the readings of an uncovered TLD,; it follows
from these readings that this energy does not exceed 0.2
J(~ 1% of the absorbed energy).

§3. DISCUSSION OF EXPERIMENTAL RESULTS.
COMPARISON WITH THEORY AND WITH CALCULATIONS

In the analyzed experiments the shell targets, glass or
polystyrene, of radius Ry~ 70-100 zm and wall thickness
ARy=2-7 pum, were filled with deuterium and irradiated
from all sides by a flux g~ 10'* W/cm? from a neodymium
laser at an energy 100-200 J and pulse duration (at the base)
Tpu =1 — 2.5 nsec. The energy absorbed in the target was
2040 J.2° The x-ray diagnostics methods used in the “Kal-
’mar”’ facility” were designed for the frequency range of in-
trinsic radiation higher than 2 keV.%?! In this frequency in-
terval the investigated targets produced no radiation due to
bound-bound transitions, i.e., there was only a continuous
spectrum.
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We present below the results of calculation of the radi-
ation field of a glass shell target with parameters R, = 70
pm, AR, =2 pm, m, =6.32X10"°g, E,, =20J, and
Tpou = 2.5 nsec. We obtained a space-time picture of the ioni-
zation, time-integrated spectra of the x rays, and pinhole-
camera picture of the target. In the course of contraction,
regions of rarefied hot corona, of a cold compressed shell,
and of a hot dense core are produced in the target. Contribut-
ing to the integral plasma luminosity are the corona zone
near the critical surface and the target central region heated
and compressed as a result of spherical cumulation. The
maximum of the corona emission is shifted away from the
critical surface towards the center of the targets where the
densities are higher. The glow time of this region is compara-
ble with the duration of the laser pulse, and the evolution in
space is similar to the displacements of the critical surface.
The emision in the corona is directly dependent on the ab-
sorbed laser energy—the larger the latter, the higher the cor-
ona temperature and the larger its emissivity. The emission
time of the central region is of the order of the time of con-
finement of the gas in the compressed state and amounts to
~1071°-101 sec. The main contribution is made by the
radiation of the heated shell layers adjacent to the gas. Fig-
ure 2 shows the spectrum of the radiation from the target. It
should be noted that if no account is taken of the disequilibri-
um effect, the curve calculated or fiw > 2.5 keV would lie
higher by two orders of magnitude. The total intrinsic radi-
ation energy for the target considered is ~4% of the ab-
sorbed energy, a value that does not contradict the experi-
mental data. At energies fiw R 8 keV the decisive role is
played by the radiation due to the fast electrons produced in
the critical-density region with T, =3 keV. Agreement
between the experimental and calculated spectra is reached
when the total energy of the fast electrons is 1% of the ab-
sorbed, in accord with the resonant-absorption contribution
determined with the “Rapid” program.®

The radiation generated in the corona region goes both
to the outside and to the interior of the target, heating the
outer region of the compressed but relatively cold shell. For
the target with the parameters cited above, ~0.1 J of the
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FIG. 3. a) Contribution of intrinsic radiation energy of the corona into the
shell target at various instants of time. Curve 1 corresponds to 0.506 nsec,
2—0.775 nsec, 3—1.377 nsec (the instant of collapse of the shell). Initial
shell mass 2.70 X 10~° g. b) R-¢ diagram of motion of critical surface (1)
and boundaries of deuterium core (2), 3—time dependence of energy of
intrinsic corona radiation absorbed by the shell.
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FIG. 4. Spatial distribution of illumination on a photographic plate be-
hind the aperture of a pinhole camera (diameter 15 zm), produced by the
intrinsic radiation of the target plasma. Dashed line—experimental curve,
solid—calculation result.

intrinsic radiation (~0.5% E,,,) is absorbed by the instant
of maximum shell compression (Fig. 3).

Figure 3a shows the time evolution of the shell heating
by this radiation. At each instant of time not more than 4%
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FIG. 5. X-ray pinhole photograph (a) and density pattern of its diametri-
cal cross section (c). Dashed line—experiment, solid—calculation. In Fig.
b, the calculated regions of the emission of the core and of the target
corona (horizontal hatches) are superimposed on the target emission re-
gions obtained as a result of the reduction of the pinhole photography
(vertical hatches). .
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FIG. 6. Dependence of the power absorbed in one solid angle on

4 = cos 6, where @ is the angle reckoned from the optical axis from the
beam. Curve 1—without allowance, 2—with allowance for refraction.
This distribution is produced by a single laser beam. The incident laser
beam had a Gaussian intensity distribution over the beam radius. The
characteristic beam radius on the target was equal to the initial target
radius.

of the shell mass is heated. This leads to a larger evaporation
of the shell and to a negligible increase of the corona mass.
This heating does not influence the compression.

As indicated in §2, to determine the volume compres-
sion of the deuterium we registered in the experiments the
continuous plasma x rays with pinhole cameras. Figure 4
shows the experimental and calculated time-integrated spa-
tial distribution of the illumination produced on photo-
graphic film behind the pinhole by the intrinsic radiation of
the plasma target (with photon energy #iw X 2.5 keV). The
calculation accounts well for the locations of the regions of
the illumination from the corona and from the center.

Pinhole photography of the plasma in its own x rays
gives a clear idea of the compression symmetry. Figure 5a
shows a photograph of the plasma with a pinhole camera at a
spatial resolution 10 um (#iw ~ 2 keV) for a polystyrene shell
of diameter 2R, =179 ym and wall thickness 6.9 um,
E,,, = 17], 75, = 2.5 nsec. Besides the outer quite symmet-

rical glowing region of the corona one can see the central

region, which is strongly shifted relative to the geometric
center of the corona emission—a glowing polystyrene layer
adjacent to the compressed gas.

Since the target was not symmetrically irradiated in this
experiment, the self-consistent calculation of the energy re-
lease and of the hydrodynamics of target-plasma compres-
sion is essentially a three-dimensional problem. The target-
illumination symmetry was determined in this experiment
with the “Rapid” program with allowance for the real irra-
diation geometry and for the irradiation energy in each of the
nine beams.® Figure 6 shows the distribution of the absorbed
power when a spherical target is illuminated by a single
beam, without and with allowance for refraction. The sym-
metrizing influence of the refraction can be seen. Similar
results were obtained also when the target was illuminated
by all nine beams. The distribution of the laser radiation
luminosity on the target surface has no axial symmetry, buta
three dimensional calculation is at present impossible. This
experiment was therefore numerically simulated using a
two-dimensional axisymmetric calculation in accord with
the “ASAF” program, wherein the spherically symmetrical
target was illuminated by an inhomogeneous flux averaged
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FIG. 7. Angular distribution of power absorbed per unit solid angle at
various instants of time following irradiation of the target by nine beams.
Curve 2 corresponds to 1 = 0.498 nsec, 2—0.806 nsec, 3—2 nsec.

over the angle ¢ and distributed over the azimuthal angle 6
in accord with Fig. 7.

Figure 8 shows the results of the two dimensional calcu-
lation at one of the instants of time; on the left is shown, to a
larger scale, the contracting central part of the target. Owing
to the strong asymmetry of the incident flux—the laser-radi-
ation flux on the lower hemisphere exceeds the one on the
upper by 30%—the glowing core is shifted away from the
geometric center of the target. The luminous target regions
shown in Fig. 5b were obtained by reducing an experimental
pinhole photograph (Fig. 5a), and superimposed on them are
time-integrated calculated luminous regions of the core and
of the corona of the target. In the lower part (Fig. 5c) are
shown plots of the calculated and experimental luminosity
of the pinhole photographs in the cross section marked by
the arrows. Even though the three-dimensional picture of
the heating and compression was simulated with a two-di-
mensional calculation, the locations of the luminous regions
of the central part and of the corona, obtained by this meth-
od, agree with the experimental data.

FIG. 8. Deformation of spherically symmetric gasdynamic cells in the
course of compression by an asymmetric laser flux. The figure shows the
instant of maximum compression.

330 Sov. Phys. JETP 57 (2), February 1983

What is noteworthy is the high symmetry of the com-
pression at a strong asymmetry of the irradiation at moder-
ate fluxes (~ 10" W/cm?), although the loss of density of the
compressed target core is approximately 40% compared
with the spherically symmetrical case. This is due, first, to
the dynamic mismatch of the compression with time, since
different parts of the compressing cold shell do not reach the
smallest values of their radii simultaneously. A second fac-
tor that decreases the compression is the large entropy intro-
duced into the gas by the shock wave in the case of asymme-
tric compression, compared with symmetric, and this in turn
hinders the compression. Nevertheless, even in the presence
of these unfavorable factors the degree of compression re-
mains high and reaches ~ 1000 in this case.

CONCLUSION

Our analysis of the x radiation supplements the picture
presented in Refs. 1 and 5, of the heating and compression of
shell targets irradiated by a nanosecond laser pulse in experi-
ments on the “Kal’mar” facility at moderate irradiances,
~10'" W/cm? At a laser energy ~ 100 J, in shells 100-200
pm in diameter, not more than 5% of the absorbed laser-
energy in the case of glass shells, and a fraction of one per-
cent in the case of organic-material shells, goes over into x
rays in the course of heating, compression, and expansion.
Under the conditions of these experiments, the intrinsic ra-
diation does not affect the compression. The ionization in
the corona is a nonequilibrium and nonstationary process.
The spectrum of the emitted radiation is strongly influenced
by the disequilibrium of the ionization and by the presence of
fast electrons in the target corona. Two-dimensional simula-
tion of experiments with substantial irradiation inhomoge-
neity makes it possible to obtain pinhole photographs that
agree with the experimental ones, i.e., a two-dimensional
calculation accounts correctly for real heating and compres-
sion of laser targets.

Thus, the results reported in the present article confirm
the conclusion drawn in Refs. 1 and 5 that it is possible to
describe the “Kal’mar” experiments within the framework
of a hydrodynamic model with classical transport processes.
The data presented on the spectrum and amount of the x
radiation following irradiation of glass targets of ~ 100 um
diameter by laser radiation flux ~ 10'* W/cm? (average
quantum energy ~0.5 to 1 keV) can be useful in the assess-
ment of the possibility of using a laser plasma as a source of x
rays for lithography purposes.?? It must be noted that with
increasing ion charge the x-ray yield from the plasma de-
creases. The “RIM” program makes it possible to determine
the parameters of this radiation for arbitrary experimental
conditions.
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