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The acceleration of cosmic rays (high-energy charged patrticles) is one of the most important problems in the space physic:
The collisionless shock waves in plasmas have been studied over half a century because they are believed to be the major sou
of cosmic rays. In this study, we investigate plasma instabilities in the collisionless shock transition layer and associated particls
acceleration and heating processes. In the transition layer, there are three electromagnetic field structures called foot, ramp a
overshoot that are generated by the ions reflected by a potential barrier in the shock (reflected ion). In the regions, various kinds
instabilities are excited and energy exchange proceeds between three plasma species, i.e., upstream ions, electrons and refle
ions.

Low-frequency and long-wavelength instabilities generated in the transition layer strongly affect the global electromagnetic
structure of the shock. In particular, we focus on Mirror instability, Alfven lon Cyclotron (AIC) instability and Weibel instability,
all of which are excited by an effective temperature anisotropy generated by the reflected ions. It is well known that Mirror
and AIC instabilities generate a rippled shock surface (Winske & Quest, 1988). On the other hand, it has been found that thi
Weibel instability dominates at very high Mach number shocks. The magnetic field amplified by the Weibel instability eventually
dissipates via spontaneous turbulent magnetic reconnection that produces high-energy electrons (Matsumoto et al., 2015). Tt
means that a fraction of the reflected ions’ kinetic energy is converted into the upstream electrons and ions through magnetic fie
amplification. It is a very hot topic that requires further investigation. Qualitatively, the Weibel instability will be the dominant
mode at very high Mach numbers (or weak magnetic field), and otherwise, the rippling mode (Mirror and AIC) should be domi-
nant. However, the parameter dependence of the transition between the two regimes has not been understood.

In this study, we adopt an idealized model for describing the dynamics in the shock transition layer. We consider a homoge
neous plasma in the upstream rest frame, which consists of three particle species: the upstream ions, upstream electrons, :
reflected ions. The initial velocity distributions are assumed to be Maxwellian distributions for the upstream ions and electrons
while the reflected ions form a ring distribution in the direction perpendicular to the ambient magnetic field. An initial result
of two-dimensional Particle-in-Cell (PIC) simulation shows that the upstream electrons are mainly heated in the perpendiculal
direction by electrostatic waves in the initial phase. On the other hand, almost no change was observed in the ion velocity dis
tribution at this stage. In the subsequent phase, we observed a growth of the AIC instability and pitch-angle scattering of the
reflected ions by the generated waves. In this presentation, we will report simulation results on the transition between differen
regimes that will happen depending on upstream physical parameters such as the Alfven Mach number, plasma-to-cyclotrc
frequency ratio, and ion-to-electron mass ratio.
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