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Positron excess is one of the open questions about cosmic rays. Observational evidence from PAMERA, Fermi-LAT, and
AMS-02 indicated that the ratio of positrons to electrons (positron fraction) over 10 GeV is higher than theoretical models
based on a secondary origin. This reveals the existence of extra sources of primary cosmic-ray positrons. To solve the accel-
eration mechanisms of cosmic rays, relativistic perpendicular shocks in two-component (electron-positron or ion-electron)
plasma have been studied with particle-in-cell (PIC) simulations. It has been confirmed that electrons are accelerated by the
Weibel instability (WI) in electron-positron plasma and by the wakefield acceleration (WFA) in ion-electron plasma. Some
simulations of relativistic electron-ion-positron shocks have also been conducted. In moderate magnetizations, both electrons
and positrons are nonthermally accelerated by absorbing the high harmonic ion cyclotron waves emitted by the ions. Though
they are equally accelerated during large positron fractions, positrons are more efficiently accelerated as the positron fraction
decreases (Hoshino et al. 1992; Amato & Arons 2006; Stockem et al. 2012). Under low but finite magnetizations, electrons
are accelerated via the first-order Fermi process only when the external magnetization is below a critical value, but in the
limit of vanishing external magnetization, both ions and electrons are accelerated due to scattering off the intense magnetic
cavities (Groselj et al. 2022). However, there are parameter spaces in three-component plasmas that have not yet been fully
studied, such as the case when the positron fraction is small and when the magnetization is large. In this study, we show the
results of one-dimensional PIC simulations of relativistic electron-ion-positron shocks and compare results with the positron
excess.

When o, which is the ratio of the Poynting flux to the kinetic energy flux, become ¢ 0.1, Electrons are accelerated by the
wakefield produced by precursor waves, as reported in case of ion-electron shocks. However, positrons are accelerated by a
cyclotron resonance with the emiited waves and also by the wakefield in the opposite polarity. When ¢ = 1, we found that
electrostatic fields are generated by separations between a pair shock and an ion shock and cause particle accelerations like
by the wakefield. Moreover, comparing the energy spectra of electrons and positrons, we found that those of positrons have
peaks in higher energies than those of electrons. In this presentation, we report the relations between preferential positron
accelerations in relativistic electron-ion-positron shocks and positron excess.
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