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Experiments on the laser bombardment of gas-filled glass microspheres with an
aspect ratio R /AR = 100200 are reported. The SOKOL laser installation was
used. The laser power density at the target was g~(2—4)x 10'* W/cm?; the laser
pulse length was 7, ~1.0 ns or 7, ~0.3 ns; and the specific energy deposition was
& y=~0.2 J/ng.

PACS numbers: 52.50.Jm, 52.70. — m, 07.85. +n

1. At a moderate laser power density at the target, g~(2—4)x 10'* W/cm?, the
only way to raise the specific energy deposition to the values %>0.1 J/ng required
for increasing the neutron yield’ is to use targets of small mass and high aspect ratio
R /AR.

On the other hand, using thin shells to increase the aspect ratio in an effort to
increase the specific energy deposition &, run the risk, according to two-dimensional
numerical calculations®? of causing a pronounced growth of short-wave symmetry
perturbations:

A/A0 ~ exp (R/2AR)Y? .

In other words, this approach can increase %, at the expense of an instability of the
compression in the adiabatic regime.

High densities of a dt gas, densities p,, ~4-14 g/cm? and volume-compression
factors §~10° have been achieved under quasiadiabatic conditions in experiments
with the ZETA and SHIVA*? devices with targets having a low aspect ratio, R /
AR =2-5, with 2R,,~100-250 um. It was pointed out in Refs. 4 and 5 that the
experimental results agree well with the results of numerical calculations from one-
dimensional gasdynamic programs for R /AR = 24, implying that the pronounced
compression is stable at these low aspect ratios.

2. A series of experiments with thin targets, with a large aspect ratio R/
AR = 100-200 and a small mass M,~40-60 ng, has been undertaken with the SO-
KOL installation® in an effort to increase & o at the time of the target collapse. The
characteristics of the targets and of the laser pulse, the absorbed energy E,,, and the
shell collapse time 7, in these experiments are all listed in Table L. The bombardment
geometry is similar to that described in Ref. 7.

The inhomogeneity of the bombardment, determined by the method of Ref. 7, is
=~( + 10%). The inhomogeneity of the absorption of the laser energy, on the other
hand, is about half this value, as shown in Ref. 8.
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TABLE L

Experiment 43 50 54 58
E, @ 208 140 190 115
7, (ns) 1.0 1,0 1.0 0.3
q (W/em? ) 2.2-1014 1.5-10'* | 14-10'* 33.10'4
ZRM (um) 160.2 158.6 116.4 122.6
AR (um) 048 04 0.36 0.36

AR _ARmin
§=—max.__ TN 46% 60% 2% 37%
AR
Pdt {atm) < 1.0 <10 <10
En ] 20.8 16 11.5 9
T, (ns) 1.2 1.1 09 -
&0 (/mg) 0.2 0.17 0.19 0.2
AT= £ 01 ns; AEL/EL: + 20% ; AEn/En'—V * 25%
b/
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From Table I we see that a specific energy deposition & ,~0.2 J/ng was achieved.
The target collapse time was 7, ~0.9-1.2 ns, and the average velocity at which the
shell moved toward the center of the target was ¥~(0.8-0.9)x 107 cm/s.

Central emission was detected on an integrated x-ray image of the targets in all
the experiments. We turn now to the results.

a. Aspect ratios I00S R /AR % 170. In all the experiments with values of R /AR in
this range the densitometer traces of the x-ray images are similar to those shown for
experiment No. 43 in Fig. 1. Central emission was detected only at x-ray energies ( Av)

= 1.3 keV. The displacement of the central maximum from a central position with
respect to the external ring on the x-ray image is proportional to the variation in the
target thickness.

b. Aspect ratios 1705 R /AR. The densitometer traces of the x-ray images in all
these experiments are similar to those shown for experiments No. 50 and No. 54 in
Figs. 2 and 3. Central emission was detected on the images with ( #v) = 1.3 keV and
( Av) = 2.6 keV. In experiment No. 54, with a symmetric target, central emission was.
also observed on an image with ( Av) = 3.5 keV. It is difficult to determine the dis-
placement from a central position in this case because the outer ring is blurred.

c. Short laser pulses. The x-ray images from experiments with short pulses are
similar (Fig. 4).

d. Resolution. The resolution of the Obskura method, calculated in accordance
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with Ref. 9, is 26r~5 um for ( hv) = 1.3 keV, 26r~3.5 um for ( hv) = 2.6 keV, and
26r~3 um for ( hv) = 3.5 keV.

If we assume that the central maximum on the x-ray image with ( 4v) = 1.3 keV
is formed by emission from a region bounded by the evaporation boundary, while the

central maximum in the cases ( zv) = 2.6 keV and ( Av) = 3.5 keV comes from the dt-
gas—glass region, then we can estimate the volume compression factor in these experi-
ments to be & (No. 43)2 400, & (No. 50 and No. 58)% 10°, and & (No. 54)2 10°. At the
sensitivity of the method used to detect neutrons, ~10° 14-MeV neutrons, we ob-
served no neutron emission in any of the experiments. The reason lies in the short
lifetime of the df gas in these targets. The targets were filled to a pressure ~3 atm, and
this pressure had fallen to <1 atm by the time the experiment was actually carried
out, according to radiophysical measurements.

Rigorous proof that a very high volume compression factor (>10*) can be
achieved in a hydrodynamically stable process would be the detection of products of
fusion reactions—neutrons and a particles-and an identification of the region in which
they are produced. Nevertheless, the SOKOL experiments with targets with R/
AR = 100-200 imply that it is possible to achieve these compression factors in experi-
ments with targets with an aspect ratio R /AR = 100-200. We can thus search for
optimum targets for laser fusion over a broad range of aspect ratios, R /AR = 30-200.
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