ULTRA-FAST COLLISIONAL ION HEATING BY ELECTROSTATIC SHOCKS
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Radiation pressure, provided by a high intensity laser, has previously been used to drive
electrostatic shocks to accelerate bunches of ~10° ions to ~MeV energies [1, 2, 3, 4, 5].

We describe a new effect of radiation pressure driven electrostatic shocks; the bulk
heating of ions to temperatures on the order of keV in near-solid density targets over time
scales of tens of femto-seconds by ion-ion collisions. Unlike ion heating by conventional
shocks, this heating is driven by dynamical friction between ion species of different charge-
to-mass ratios during their acceleration by the electric field associated with the shock, and by
a local density increase caused by the passage of the electrostatic shock. In contrast to ion
acceleration by electrostatic shocks, in which a small fraction of the ion population gain large
kinetic energies in the laboratory frame, this mechanism heats the entire ion population in the
frame of the ions. The phenomenon is explored through PIC (particle-in-cell) simulations of
high intensity (> 10'® W/cm?), short pulse (< 100 fs) lasers incident on solid density targets.
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