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Two-dimensional evolution of synchrotron maser instability in relativistic
electron-ion plasmas
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Synchrotron maser instability (SMI) is one of the energy conversion process from charged particles to electromagnetic
fields, and occurs in relativistic shock waves found around high-energy celestial objects such as pulsars. In recent years, it
has attracted attention as a physical mechanism that contributes to both high-brilliance radiation and particle acceleration.
It has been actively discussed in conjunction with numerical experiments on relativistic shock waves, but there are few
examples of calculations in multidimensional periodic systems that focus on the elementary processes of instability. SMI in
electron-positron plasmas has already been investigated. In this study, we aim to reproduce SMI in electron-ion plasmas,
which are common in space, by using two-dimensional periodic boundary PIC simulations and to understand its basic
properties. The mass ratio is 20, the initial particle distribution function is a relativistic ring distribution, and the initial
Lorentz factor y of the ring distribution is 40. Calculations were performed for both cases where the background magnetic
field was taken outside the calculation plane (Z direction) and inside the calculation plane (Y direction). The long-term
evolution of the wave and the particle acceleration process are discussed. In both cases where the background magnetic
field was taken in the Z direction and the Y direction, electron SMI originating from the initial ring energy of electrons and
ion SMI originating from the initial ring energy of ions occurred. In the calculations where the background magnetic field
was taken in the Z direction, spectrum peaks were observed at a multiple of the cyclotron frequency when the electron SMI
was dominant, and it was confirmed that harmonics were excited. These are X-waves, and the results were similar to those
of calculations in an electron-positron plasma. It was also confirmed that only the electron ring distribution collapsed, and
some electrons were accelerated to a degree that y exceeded 100. After that, ion SMI became dominant and low-frequency,
low-wavenumber waves were excited, and these waves did not decay significantly, and 2% of the initial total ring kinetic
energy remained as electromagnetic wave energy. It was confirmed that some electrons continued to accelerate as the ion
ring distribution collapsed. In the calculations with the background magnetic field in the Y direction, in addition to X-waves,
the excitation of waves propagating diagonally to the background magnetic field, O-wave-like waves, and R and L waves
propagating parallel to the background magnetic field were confirmed during the time when the electron SMI was dominant.
However, the low-frequency peaks confirmed in the calculation results for the electron-positron plasma were not observed.
This wave needs to be investigated further. In addition, during the time when the electron SMI was dominant, no difference
was observed in the acceleration of electrons and ions compared to when the background magnetic field direction was taken
in the Z direction. During the time when the ion SMI was dominant, the excitation of long-wavelength waves was confirmed
in all electromagnetic field components. Large-amplitude waves propagating in the background magnetic field direction
were observed in Bx and Bz. The electrons gained speed in the background magnetic field direction as well, resulting in an
isotropic velocity distribution. It was also confirmed that some electrons were further accelerated as the ring distribution of
ions collapsed.
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