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Two-dimensional evolution of synchrotron maser instabilities in relativistic
electron-positron plasmas
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Synchrotron maser instability (SMI) is one of the energy conversion processes from charged particles to electromagnetic
fields. It has recently attracted attention as a physical mechanism that contributes to high-intensity emissions as well as
particle acceleration observed in some high energy astrophysical phenomena. Although SMI has been extensively discussed
in conjunction with numerical simulations of relativistic shocks, simulation studies focusing purely on the basic processes
of SMI are seldom. The purpose of this study is to understand the fundamental properties of SMI in an electron-positron
plasma by using two-dimensional periodic PIC simulation. We discuss the long-term evolution of the waves and particle
acceleration process when the background magnetic field is taken out of the simulation plane (Z direction) and in the
simulation plane (Y direction). In the out-of-plane case, X-mode waves were excited and the system evolution is similar to
the case of one-dimensional simulations. In the in-plane case, in addition to the X-mode waves, waves propagating oblique
to the background magnetic field, O-mode-like waves, and R- and L-mode waves propagating parallel to the background
magnetic field were observed. Obliquely propagating waves and O-mode waves have high radiation intensity, and particles
are energized by these waves in both parallel and perpendicular to the background magnetic field. The results are discussed
in comparison with the past relativistic shock simulations.
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