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Observations suggest the presence of high-temperature electrons in many relativistic shock waves, such as in gamma-ray
bursts and AGN jets. However, the mechanism by which high-temperature electrons are produced in relativistic shock waves
is not known. To investigate how the upstream flow kinetic energy is converted to the thermal energy in the downstream, it is
necessary to study the energy dissipation that occurs in the shock transition layer between the upstream and downstream.

In the shock transition layer, various instabilities are generated, and particles are efficiently heated. In this study, we focus
on the Buneman instability, an electrostatic instability that occurs when electrons and ions have relative velocities.

Several simulations have been performed to study the instability in the relativistic regime, which heat electrons [Dieckmann
et al. 2008]. However, the saturation level is not well understood, and it is not known how much of the kinetic energy of
relativistic shock waves is distributed to electrons.

We employed a local model with periodic boundary conditions and performed 1D particle-in-cell (PIC) simulations that
mimicked the foot region of the shock transition layer. Three components (incident ions, reflected ions, and electrons) exist
in the simulation box, and their current-neutral and charge-neutral conditions are assumed. First, we confirmed that the time
evolution of the electric field energy in the linear phase is consistent with the linear theory obtained from the relativistic
dispersion relation. We then confirmed that electron holes were always generated in the saturation phase. Furthermore, we
found the saturation level decreases with increasing the shock velocity in the relativistic regime.

In the non-relativistic regime from simulations [Leroy et al. 1982] and observations [Bame & Gosling. 1983] the fraction
of reflected ions. However, it is not certain that the 20% adopted as the fraction of reflected ions in relativistic shock waves is
appropriate. As a future work, we will investigate the dependence of the fraction of reflected ions in relativistic shock waves
on shock wave velocity using simulations.
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