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National Security Techologies — High-rate plastic deformation is the subject of in-
creasing experimental activity. High energy laser platforms such as those at the
National Ignition Facility and the Laboratory for Laser Energetics offer the possi-
bility to study plasticity at extremely high rates in shock waves and, importantly,
in non-shock ramp-compression waves. Here we describe the theory of high-rate
deformation of metals and how high energy lasers can be, and are, used to study the
mechanical strength of materials under extreme conditions. Specifically, we describe
how LLNL’s multiscale strength model has been used to interpret the microscopic
plastic flow in laser-driven Rayleigh-Taylor strength experiments, and how molecu-
lar dynamics (MD) and plasticity theory have been used to help understand in-situ
diffraction based strength experiments for tantalum. The multiscale model provides
information about the dislocation flow associated with plasticity and makes predic-
tions that are compared with the experimental in-situ radiography of the Rayleigh-
Taylor growth rate. We also use multi-million atom MD simulations inform the
analytic theory of 1D to 3D plastic relaxation and compare to diffraction.
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