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One of the near term goals of the inertial confinement fusion program at the
Lawrence Livermore Laboratory, is to demonstrate ignition of thermonuclear burn. The
fusion conditions required for this goal are DT fuel pR and ion temperature valuse exceed-
ing 0.3 g/cm? and 5 keV respectively. Extrapolations ‘of present experiments using the
Shiva laser gives us confidence that we can achieve these fusion ignition conditions with
our 300 kJ Nova laser facility presently under construction.

The Shiva laser system, capable of focusing up to 15 kJ at 1 nsec and 30 TW at 100
ps, was developed to study the physics of laser driven inertial confinement fusion (ICF)
and attain intermediate milestones on the path to demonstration of fusion ignition. In
experiments perforemed over the past year and a half, we have achieved compressed DT
fuel densities of up to 20 g/cm®, or 100 times the liquid density of DT. Although the DT'
burn temperatures obtained were rather low, ~ 0.5 keV, neutron yields of 107 imply
that inertial confinement-time product values (nz) in excess of 3 X 10 cm™ sec were
achieved.

Extensive target diagnostics have been developed for Shiva. These diagnostics are
routinely used to measure neutron yield and spectrum, energy balance, alpha, beta, X-
ray, optical, ion and proton spectra and temporally, spatially and spectrally resolved X-
ray and alpha particle emissions of the imploding traget. Four instruments have been
developed to investigate implosion dynamics and to determine the fuel density of the
imploded fusion pellet. The first neutron interval timing, is used to measure the time
interval between the peak of the laser pulse and the later neutron emission from the im-
ploded fuel. Comparing results with code calculations gives indirect indications of target
performance. The second and more direct technique utilizes an imaging X-ray spectro-
meter to measure the spatial extent, at the time of peak neutron production, of Argon
tracer seed gas introduced into the DT fuel. Comparing results with those obtained from
our a zone plate coded imaging technique for exploding pusher experiments, indicates
good agreement between the two methods. The Argon imaging spectrograph will be
used in the intermediate density regime when the a-particle range prohibits the use of
the zone plate coded imaging technique. The third utilizes radiochemistry, or neutron
activation techniques to obtain a direct measurement of the average density-radius product
(pdr) of the various target elements at peak neutron production. From measurements
such as these, the final DT fuel density can be inferred. The fourth technique involves
X-ray backlighting. By creating an intense X-ray source and spatially and temporally
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resolving the transmission of these X-rays through the target, detailed information about
the target dynamics can be obtained. We have recently carried out preliminary experi-
ments demonstrating various aspects of this technique.

During the past year we have irradiated both exploding pusher and ablatively driven
targets with simple pulse shapes, producing higher neutron yields than previously attained
from both types of targets. A series of terget irradiations with exploding pusher designs
at 15 to 20 TW in a 90 ps pulse resulted in a maximum neutron yield of 3 X 10 and
DT ion temperatures of approximately 5 kV. In addition the experiments further exten-
ded our confidence in our simple exploding pusher model. The exploding pusher targets
were also used to correlate fuel densities as inferred from radiochemistry neutron activation
techniques, and argon and a zone plate imaging. The exploding pusher high neutron
yields produced easily detectable quantities of A1?® by neutron activation of silicon in the
target shell, and made possible the determination of the pdr of the imploded shell. The
inferred fuel density from this experiment, was then compared with data from the a zone
plate camera and argon imaging spectrometer on the same shot. A simple isobaric-
isothermal model has been developed which relates pusher pdr values to final fuel den-
sities. Irradiation of ablatively driven targets designed for high compression at 7 to 10
kJ with pulses from 0.7 to 1 ns duration have produced a maximum neutron yield of
1 x 108, Average DT fuel density of 10 g/cm?® with individual experiments indicating
densities of up to of 20 g/cm?® have been observed. Results of these, and other experiments,
will be reviewed.
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