
CZ9726727

EXCITATION OF INTENSE SHOCK WAVES BY
SOFT X - RADIATION.

A. V. Branitskij. V. H. Fortov. K. N. Danilenko. K. S. Dyabilin.

[•'. V. Grabovskij. (). Yu. Yorobiev. M. I'. I.ebedev. V. P. Smirnov.

A. F. / akharov . l.V. Persiansev

Troitsk Institute of Innovative and fusion Research, Troitsk,
142092, Russia

High Energy Density Research ('enter, hliorskaya 13 19. Moscow
12~412, Russia

Introduction
A fundamental problem in the use of concentrated fluxes of charged particles and laser

light in the d\namic physics of high energy densities | 1 | is the substantial spatial
nonuniformity of the power which is released. This nonuniformity disrupts the symmetry of
the spherical compression of the fusion fuel \2\ and hinders the excitation of plane shock
waxes in the experiments on the behavior of matter under extreme conditions. One of the most
effective ways to solve this problem is to use x-ray emission from a plasma with an
approximately thermal spectrum which arises when directed energy fluxes are applied to a
target [3] or during the electrodynamics compression of cylindrical shells in a Z-pinch
geometry [4], Planar shock waves excited by this radiation, which are an extremely simple
type of self- similar hydrodynamie flow |5 | . may be a more natural and rich source of
experimental information on both the intensity of the incident x-radiation and of the
thermophysical properties of matter under influence of this radiation with condensed targets.

/-pinch plasmas produced in big installations by electrodynamic compression of cylindrical
liners seem to be one of the most favorable candidates for the source of the such x-radiation.
In a case when /.-pinch plasma is used as a radiative source it is preferable to use the so called
double liner scheme. In this scheme the external annular plasma liner is compressed in the

magnetic field with the velocity about 5-HP cm/s coincides with the internal liner. Liners are
prepared of the substances with the large atomic numbers. At the supersonic strike and strong
shock wave generation in the internal liner plasma the intensive thermal X-ray radiation
appears. The external liner provides the confinement of the thermal energy inside the plasma
and the intensity of the soft x-ray radiation in the liner hole increases substantially.

'['his paper presents the measurements of the shock waves intensities generated by soft
x-radiation in Al. Sn. Fe and Pb targets. The scheme with the conversion of the laser to soft x-
radiation. described in [6,7], is different from that used here: the soft x-radialion was induced
by the dynamic compression and heating of the plasma in the cylindrical /-pinch geometry in
the ANGARA-5-1 installation [8.9]. As a result, the radiation pulse duration was about an
order of magnitude more, with the power level being nearly the same as in |6.7|.

Experiment and theory
The /-pinch plasma radiates soft x-rays with a temperature on the order of 60-120 eV. The

x-ray pulse duration was 30 ns FWIIM [9|. This radiation was incident on a planar target
positioned above the inner liner (at a distance 1 mm) 110|. The experimental set-up is shown
in Fig. 1. The targets were made as step 16-32 um Al and 80-200 urn Pb. or pure 180 jim Pb,
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Fig.l Experimental set-up

Fig.2 Streak camera records (positive) of shock break out from sample obtained in
ANGARA-5-1 experiments: left - plane target: lead-180 urn; right - stepped target:
tin-16 jim, lead-180 jim. Between bench-marks - 13 ns

or stepped 16 u.m Sn and 180 (im Pb plates being connected together. Such large thickness
allowed the elimination of the thermal preheating of the target. The diameter of target was
about 5 mm. The velocity of the shock wave was defined by the optical base method as the
difference between the moments in the flashes of light emitted as the shock waves break out at
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the rear surface of a sample. The sample was imaged with the help of a f/10 (f=1.5 m)
objective and a f=3 m objective with 2 - fold magnification onto the photocathode of a SNFT-
2 streak camera. Spatial resolution corresponds to 20 lp/mm in sample plane; temporal
resolution less than 0.3 ns was provided. Optical fibers (quartz-polymer, length 80 m. 0.4 Db
dumping, bandwidth 2 GGz) were also used, providing the high enough noise shielding from
the experiment apparatus. The ends of a fibers (400 urn in diameter) were butted directly
against the free surfaces of the stepped sample. To eliminate the influence of the hard x-ray.
which can induce the light inside the fibers, they were positioned inside the steel tube.
Optical radiation from the fibers was detected by silicon photodiodes with a time resolution
less than 1 ns. The time difference between the signal fronts was used, so temporal resolution
of less than 1 ns in this fiber method was provided.

Typical streak camera records are shown in Fig. 2.
To describe the dynamics of the target under x-ray action Euler equation closed

by wide range semiempirical EOS (11] were used, taking into account melting.
vaporization and ionization of matter. Energy transfer by x-ray radiation was treated
in multigroup diffusive approximation, which allow one to replace quasi-stationary transfer
equations by equations of radiation diffusion. Spectral opacities were used calculated in
the frame of modified Hartri-Fock-Sletter model in wide range of temperatures and
densities. To validate opacity model Rosseland mean opacities coefficients were compared
with other semiempirical formulas. Euler equation were integrated by Godunov method.
For calculation of energy transfer an implicit numerical scheme was employed.

The result of calculations are shown in Fig. 3.
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Fig.3. Numerical simulation of soft x-ray interaction with condensed Al target: a) Pressure

evaluation; b) temperature evaluation. Power level 2* 10 W/rrT

The results of the experiments and calculations are shown in Fig. 3. The averaged
(over the target volume) shock wave velocity for Al plus Pb stepped target is

(7.3±0.6)*103m/s for 80 urn Pb thickness, and (4.6±0.3)*103 m/s for 200 urn. In
accordance with the Huguenot lead adiabate this means that the shock compression
pressures are 300 GPa and 90 GPa correspondingly [10]. In stepped tin plus lead target
shock compression of lead (thickness 180 jam) about 120 Gpa was measured.
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Fig. 3 a) Shock front vs. time position for stepped "sandwich" (AJ 30 |im + Pb 200 fim) target,

power level 1.2*10 W/rrT , squares- experiment, solid line - calculation b) soft
x-ray spectra used in calculations: 1 - Color temperature - 80 eV,
2 - Color temperature - superposition of 120 eV and 300 eV

Conclusion
The results presented above show that uniform intense shock waves can be generated by Z-

pinch soft x-ray plasma radiation. The uniformity of shock wave is very high. At a flux power
about some TW/cm2, a shock pressure of some hundreds GPa was achieved.
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