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High-intensity laser driven ion acceleration by collisionless electrostatic shock in
a multicomponent ion plasma
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Shock waves observed in astrophysical systems, for example, supernova remnant shock and the bow shock of the earth, are
shocks in collisionless plasmas. Such collisionless shocks are the most promising candidate for the generation mechanism of
cosmic-rays. The interaction between the electric and magnetic fields, generated by the collective phenomenon of plasma,
and charged particles is important for the generation of collisionless shocks. By using a high-intensity laser, an acceleration
mechanism called ion acceleration by a laser-driven collisionless electrostatic shock is drawing attention [1-4]. In the
collisionless electrostatic shock ion-acceleration (CESA), upstream ions of the shock are reflected by the shock potential and
accelerated.

The CESA experiments are performed with high-intensity LFEX laser beams (pulse width = 1.5 ps, energy~300 J, laser
intensity ~(3-6)x10*® W/cm?, and normalized laser intensity ag~2) at the Institute of Laser Engineering, Osaka University.
In order to generate an initial plasma with a near-critical density and a long scale-length on the rear-side of the drive-laser
irradiated target, which is suitable for CESA [2-4], the rear surface of the target is irradiated with an ionization laser at 2.5
ps before the drive laser. As the ionization laser, one of the Gekko XII laser beams (pulse width = 1.3 ps, energy~3 J, laser
intensity~3x10'! W/cm?) is focused on the back surface of the target (a thin foil of CgH7Cl with a thickness of 1 u m).
Thomson parabola spectrometer (TPS) and electron spectrometer (ESM), located on the rear-side of the target, are used to
measure ion and electron spectrum, respectively. We observed clear evidences for the proton acceleration by the collisionless
electrostatic shock.
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