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One of the most important problems with cosmic rays is the electron injection problem. This problem is that an unresolved
acceleration mechanism for electrons to gain energy to enter the diffusive shock acceleration (DSA) is needed. Currently, the
mechanism combining the shock drift acceleration (SDA) and the shock-surfing acceleration (SSA) is proposed. In particular,
the Buneman instability is the key mechanism in the SSA. This is an electrostatic two-stream instability of cold electrons and
ions, which excites a coherent electrostatic field in the shock transition region, leading to the electron acceleration.

The supernova remnant shocks, which are considered to be the main source of the galactic cosmic rays, have speeds of
several thousands km/s (about 1% of the speed of light). However, current Particle-In-Cell (PIC) simulations have been con-
ducted with the parameters of several tens of percent of the speed of light due to computational resource limitations. Under
a fixed Alfven Mach number, decreasing the shock wave speed to the speed of light (V/c) corresponds to increasing the ratio
of the electron plasma to gyro frequencies. This ratio is known to affect the saturation process of the Buneman instability.
The Debye length consequently becomes small for large frequency ratios (=V/c<<1), increasing computational resources.
Therefore, the simulations of high Mach number shocks have not been conducted with such large frequency ratios.

We have examined 1D PIC simulations of high Mach number shocks and found that lowering V/c tends to make the
Buneman instability grow at higher amplitudes and result in higher electron acceleration efficiencies. In this study, we also
examine 2D PIC simulations of high Mach non-relativistic perpendicular shock using the supercomputer Fugaku. We report
the results of the Buneman instability growth under various frequency ratios. We discuss electron heating and acceleration
efficiencies under such high frequency ratios, and resulting electron reflection ratio at the shock front in quasi-perpendicular
shocks, which are recently actively studied by 2D PIC simulations.
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