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Exploring the Physical Properties
of Matter in Extreme Conditions
One of the great challenges of this century is to
determine if nuclear fusion of hydrogen isotopes
can be demonstrated in the laboratory and developed into an unlimited carbon-free energy
source. Recent experiments to achieve a burning
plasma state at the National Ignition Facility have
led to the important finding that a successful
demonstration will require much improved understanding of the microscopic physics of dense
plasmas. In this talk, we will present a new highenergy-density science program at SLAC aimed
at pursuing discovery-class science of fusion
plasmas. Here, we use the seeded LCLS (Linear
Coherent Light Source) beam with x-ray pulses
with the highest peak brightness available today.
This capability allows us to measure plasmons in
shock-compressed matter. For example, highdensity aluminum has been compressed up to a
mass density of 7 g cm -3 with a free electron density of n e = 4.7 x 10 23 cm -3 and a temperature of
30,000 K. In these conditions, we visualize the
density and pressure evolution by resolving correlations up to distances comparable to the atomic size of aluminum. Our data allow direct determination of pressure for validating models for
thermodynamics at high pressure. We will show
how LCLS data relate back to the design of ignition fusion experiments and will discuss future
plans for the study of hot and dense matter.
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