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 Collisionless shock is a shock wave generated in a 
collisionless plasma, in which Coulomb collisions are 
negligible. Whereas the shock-front thickness of 
collisional shock is of the order of Coulomb 
mean-free-path (mfp), that of collionless shock is much 
smaller than the mfp, and wave-particle interactions and 
collective effects of electric and magnetic fields play 
essential roles in the shock formation [1]. Collisionless 
shock is ubiquitous in space and astrophysical plasmas, 
such as Earth’s bow shock and supernova remnant 
shocks, and is believed to be a source of cosmic rays [1]. 
Thanks to the recent development of high-power laser 
systems, a new method of studying high-energy 
astrophysics, such as the formation and evolution of 
collisionless shocks in the laboratory, Laser Astrophysics, 
is emerging [2-6]. Recently, ion reflection or 
acceleration from laser-driven electrostatic collisionless 
shock (ECS) has been demonstrated [7]. 
  By using the 2D EPOCH particle-in-cell simulation 
code, we study proton acceleration in ECS, and how the 
acceleration is influenced by different averaged 
charge-to-mass ratio (<Z/A> = 0.48-1) of the target 
plasma such as C2H3Cl, CH, H, etc [8]. The maximum 
electron density Ne = a0Ncr = 3.3x1021 cm-3 (a0 is the 
normalized laser vector potential, Ncr is critical-plasma 
desnity) with exponentially decreasing 30 µm 
scale-length in the rear-side region. The irradiated laser 
beam is 1.5 ps (FWHM), p-polarized pulse, with a peak 
intensity of 1.4x1019 W/cm2 (a0 = 3.35). In multi-ion 
plasmas the ions with different <Z/A> acquire different 
velocities under an ambipolar electric field in the 
upstream region. This relative drift between the protons 
(<Z/A> = 1) and the lower <Z/A> ions such as C6+ 
(<Z/A> = 0.5) leads to the excitation of electrostatic ion 
two-stream instability (EITI) [9]. This in turn generates a 
low-velocity component in the upstream expanding 
protons. The velocity distribution of the upstream 
expanding protons is further broadened toward the 
higher velocity by the EITI between reflected protons, 
which results in a large number of protons being 

accelerated by the shock [8]. 
  We also conduct collisionless shock ion acceleration 
experiment with a beam of LFEX laser (1053 nm, 1.5 ps, 
~3x1018 W/cm2, a0 ~ 1.6) at the Institute of Laser 
Engineering, Osaka University [10]. In this experiment, a 
beam of Gekko XII laser (1053 nm, 1.3 ns, ~1012 W/cm2) 
is focused on the rear-surface of the CH target with 0.7 
µm in thickness to generate a pre-formed near-critical 
density plasma [10]. After a few ns delay, we irradiate 
the LFEX laser pulse on the front-side of the plasma and 
observe accelerated protons using Radio Chromic Film 
and CR-39. We also measure the electron energies using 
an electron spectrometer.  
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