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The use of high-power pulsed lasers to probe the response of materials at pressures of hundreds of GPa, time durations
of nanoseconds and fractions thereof, and strain rates of 106 – 1010 s−1 is revealing novel mechanisms of plastic deforma-
tion, phase transformations, and amorphization. This unique experimental tool, in combination with advanced diagnostics,
analysis, and characterization, allows us to address fundamental questions on the extreme response of materials, such as
the roles of shear and pressure, dislocation velocities, the transition between thermally-activated and phonon drag regimes,
the slip-twinning transition, the flow stress at these strain rates, the ultimate tensile strength of metals, the mechanisms of
void growth, phase transitions, and amorphization. In parallel with experiments, molecular dynamics simulations provide
modeling and visualization at comparable strain rates (108-1010 s−1) and time durations (hundreds of picoseconds). This
powerful synergy is illustrated in our past and current work, using representative face-centered cubic, body-centered cubic,
hexagonal, and diamond cubic materials. This research was conducted in collaboration with researchers from LLNL, U. of
Cuyo (Argentina), U. of Rochester, and ORNL.
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