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The gas-dynamic program ‘“Zarya” was used to analyze and interpret experimental data on the
irradiation of spherical microtargets, filled with DT gas, by an iodine laser in the Iskra-IV system.
Reasonable agreement was demonstrated between calculations and experiment. A yield of 10®
neutrons per pulse is predicted by calculations based on the optimization of focusing and an
increase in the laser power at the target up to the maximum of 2 TW that can be attained in the

Iskra-IV system.

Experiments have continued with the Iskra-IV system’
on the compression of spherical microtargets filled with DT
gas by radiation from an iodine laser operating at A = 1.315
pm. The first experiments performed under the “exploding
shell” conditions have already been reported.” In this paper,
calculations performed by the “Zarya” program? are used to
interpret both previously published experiments and those
performed in 1981. Calculations on the optimization of tar-
gets in the Iskra-IV system are also presented.

The laser power per pulse sent to the target was varied
in the range 0.8-1.7 TW with pulse lengths 7, ,, in the range
250-450 ps and energy E; in the range 264—630 J. The light
beam produced at exit from the single-channel Iskra-IV sys-
tem, which has an aperture of 270 mm, was divided by light-
splitting plates into four beams which were then directed
onto the microtarget by parabolic mirrors with focal length
f= 270 mm, placed at the corners of a tetrahedron. The di-
ameter of the ray caustic at the 80% energy level was 150—
180 um. The beams could be focused on the target to within
about 20 um in the transverse direction and about 30-50 um
in the longitudinal direction. The energy and power contrast
of the laser radiation was K 2 10" and K, R 10, respective-
ly.

Calculations were compared with experiments, using
data on the energy absorbed by the target, x-ray spectra, and
neutron yields. The experimental absorption coefficient was
determined from calorimetric measurements of laser energy
on the target (incident, reflected, and scattered) and the ener-
gy of x rays and corpuscular particles in the expanding plas-
ma. The sensitivity threshold of neutron methods was about
10* neutrons per pulse. The compression symmetry was ex-
amined with an x-ray pinhole camera having a resolution of
20-30 gm. The continuous x-ray spectrum in the photon
energy range 1-60 keV was determined by using gray and X
filters. Line spectra due to multiply-charged silicon ions
were examined with a mica-crystal spectrograph. The tar-
gets used in these experiments were glass shells with diame-
ter 2Ry = 150-170 gm and wall thickness 4 =0.7 + 1.5
pm. The variation in the wall thickness was 3-5% and the
targets were filled with DT gas to a pressure P, = 10-14 atm.
The energy flux density of the laser radiation at the target
was about 10'°-2x 10'> W/cm? The fraction K, of ab-
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sorbed laser energy varied from 10 to 16% in most experi-
ments. In the series of 11 experiments considered here, the
neutron yield lay in the range N = 10*~10° in six of them and
N = 10°-10° in the other five. A yield of 10° (2 X 10° neu-
trons per pulse) was recorded in one experiment. Figure 1

FIG. 1. Oscillograms of the measured neutron yield, obtained by the de-
layed recording method: a—N =~ 10%, b—N = 1.5X 10°, c—N = 2 X 10°.
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shows typical oscillograms recorded in experiments with
N =10% 1.5 10%, and 2 X 10°. In all these experiments, the
recorded x-ray spectra had a well-defined two-temperature
shape with T, ~0.6-1 keV and T, = 9-14 keV. The total
soft x-ray energy was E, ~2-5 J (or about 5-10% of the
energy absorbed by the target), whereas the energy of hard x
rays with £, 2 10 keV was E,, ~0.4-10 mJ. Analysis of the
line spectra due to multiply charged silicon ions showed that
the average electron temperature in the corona was close to
the values T, found from continuous spectra. The x-ray radi-
ation was also recorded with a pinhole camera in a series of
experiments reported elsewhere.”? These data indicated that
volume compression by a factor of 30-60 was achieved but,
in most experiments with the pinhole camera, the image was
in the form of a luminous ring or disk without a well-defined
central emission. We note that no correlation was estab-
lished between the neutron yield and the appearance of the
central emission on the images recorded with the camera
obscura.

The table lists experimental parameters and results of
the 11 experiments mentioned above. It also gives the results
of one-dimensional calculations performed in the “Zarya”
program.®

The “Zarya” program is based on a model of the inter-
action between the laser radiation and the corona. It is used
to calculate absorption, taking into account focusing condi-
tions, compression of the density profile, refraction of laser
radiation, resonance, parametric, backwardinverse bremm-
strahlung and SMBS. The single-group transport equation
was used to describe the transport of energy by fast electrons
produced as a result of resonance and parametric absorp-
tion. The diffusional electronic heat flux was limited in these
calculations to a maximum of ¢* = fu,T,(T,/m,)"? with
f=0.1.

The program was checked against the series of experi-
ments performed on a neodymium-glass Janus, Argus, and
Chroma systems* with gas-filled targets and different cur-
rent densities, wavelengths, pulse lengths, and laser-beam
focusing conditions. It was found that there was good agree-
ment between calculations and experimental data on the ab-
sorbed energy, neutron yield, x-ray spectra, and volume
compression.

The table lists experimental data obtained with Iskra-
IV, together with computed results obtained for the given
laser-pulse parameters and focusing conditions. The physi-
comathematical model was corrected for the wavelength dif-
ference (A = 1.315 um instead of A = 1.06 um), but the re-
maining parameters were allowed to remain the same.

The line intensities due to the hydrogen- and helium-
like silicon ions and their satellites were calculated from the
nonstationary coronal model of the ion composition of SiO,
plasma. The calculated x-ray line intensities were used by
analogy with Ref. 5 to determine the temperature T, from
the ratio of the satellites j, k, / to the intensity of the line w,
and T, from the ratio of the total intensity of the satellites G,
O, M, X, Y,V totheL, line intensity. The experimental and
calculated temperatures are listed in Table I.

It is clear from the table that there is reasonable agree-
ment between calculations and experiments for practically
all the parameters, with the exception of the neutron yield in
anumber of the experiments. According to the calculations,
the fraction of absorbed laser energy was 16-21% (the mea-
sured values were 10-19%, depending on the focusing con-
dition). The corresponding calculated resonance absorption
coefficient is 13-17% and the parametric and inverse-
bremsstrahlung absorption is small. Reflection due to SMBS
scattering is also small and does not exceed 10%. Heating of
the target by fast electrons with an effective temperature of

TABLE I. Results of experiments performed on Iskra-IV and calculations performed by program *“Zarya.”

T
K Ne, 100 T T Ty E§ Ef, N
No. of | 2R, pm | A, pm Po. atm | L J Ty, DS ": N—:o‘ s ’: U 2 s h w-3 c
expt. K, e Ty T T3 E& B, ¢
09 041 153 11 34 275 032 16 0,16 41 9 0.36 078 2 1.6 17
18 0.64 8 .57 078 3.1 08
22 041 162 0.7 32 380 0.34 13 0,01 34 9 0.36 0.63 2.7 1.3 300
19 18 9 0,63 0.85 44 1.4
08 051 166 1.2 35 410 0.45 15 0.015 40 10 039 0.65 3,6 2 15
21 0.85 9 0.60 0.90 45 16
15051 162 11 11 375 0.45 12 0,02 275 8 0, 0,54 27 1 15
21 5 9 0.62 0,89 8 1.7
21051 160 0.8 30 350 0.54 12 0,01 50 9 0.45 0,55 27 13 15
8 23 8 0,63 0.90 3.8 14
24061 150 09 31 525 0.38 17 2 47 13 0.5 0,75 22 10 1.5
19 54 15 0.57 0.79 47 22
23071 170 12 21 630 0.37 - 13 0.15 61 14 038 0.7 3.8 8 5
: 16 2,2 17 0.51 0,78 6,5 3
31071 159 0.7 25 264 0.31 14 0.015 36 13 0.38 0.59 2.7 5 20
21 32 11 0.53 0.73 3.2 038
17091 | 158 15 17 286 | 028 19 001 | 50 | _10 038 | 065 4 04 70
20 0.7 13 0.50 0.71 4 1.5
29101 165 1 35 380 0.23 10 0.14 28 11 0.41 07 45 1.7 3
3 19 7 14 0.42 0.64 5.3 1,6
20111 162 08 22 433 0.25 10 05 61 13 0.34 0.7 5 3.5 8
19 180 15 044 0,7 5 28

* Experimental and calculated values are indicated by the symbols e and c, respectively.
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FIG. 2. Neutron yield as a function of the diameter of the glass shell for P,
=2TW, 7,,, = 0.25 ns, and focal spot diameter of 150 m: curve 1—shell
aspect ratio R /4 = 100, 2—R /A4 = 50; the temperature of the DT mix-
ture under compression 7; (keV) (numbers in parentheses) is shown to-

gether with the maximum volume compression 8. The initial density of the
DT mixture is p, = 0.0035 g/cm’.

about 10-15 keV leads to a compression of the target under
the “exploding shell” regime, with a volume compression of
about 40-60. Good agreement is obtained with x-ray spec-
tra. Some discrepancy in 7. can be explained by the fact
that self-absorption in the line w was not taken into account.
As far as discrepancy between the measured (V ) and calcu-
lated (N €) values of the neutron yield are concerned, calcula-
tions of the latter show that, since N “« K |, where K, is the
fraction of absorbed energy, a reduction in the fraction of
absorbed energy down to the measured values ensures that
the ratio W of the calculated NV © to the measured N °yield for
five out of the 11 experiments becomes 1.5-8, whereas the
result is 15-20 for four of the experiments and 70 and 300,
respectively, for the remaining two.
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The discrepancy between the values of NV can be ex-
plained to within an order of magnitude by the fact that the
calculations were based on a one-dimensional model, i.e., no
account was taken of the nonuniform illumination of the
targets and the variation in the thickness of the shells, which
leads to an asymmetry in the compression, thus reducing
neutron yields. The reason for the discrepancy between N ¢
and N € by two orders of magnitude in two of the experi-
ments is not as yet clear.

One comparison of the calculations and experiments
has given us greater confidence in the recommendations that
can be based on these calculations.

Figure 2 shows the calculated compression of gas-filled
shells for the following parameters that can be attained in the
Iskra-IV system: P, ~2 TW, 7,,, = 0.25 ns, and focal spot
diameter 150 um. The initial density of DT gas was held
constant in these calculations, and the shell parameters were
varied in order to determine the optimum target with respect
to the neutron flux. As can be seen from Fig. 2, when the
shell diameter is 120-160 um and the aspect ratio if R /
A~100, the calculated neutron flux for Iskra-IV is up to
about 10° neutrons per pulse under optimum focusing condi-
tions and laser power at the target up to 2 TW. A neutron
flux of 10’-10® neutrons per pulse may be expected in prac-
tise, so that more complete physical investigations will be-
come possible.
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