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Formularization of relativistic parametric instability by fluid approximation
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The parametric instability in plasmas is a nonlinear phenomenon where normal waves of the system are coupled with a large
amplitude pump wave. If the wave is electromagnetic one, another electromagnetic, Langmuir or sound waves satisfying energ
and momentum conservation laws may be excited as a result. The instability transfers the energy from transverse to longitudin
waves, which are subject to various dissipative processes.

Such a dissipation mechanism may be applicable to the so-called sigma problem of the Crab pulsar wind and its nebula.

Kennel & Coroniti (1984) constructed a magnetohydrodynamic (MHD) model assuming spherical symmetry, which indicates
that there must be an efficient dissipation mechanism in the wind zone converting the dominant Poynting flux into particle kinetic
energy flux. The dissipation may be explained by a parametric instability of a low-frequency electromagnetic wave driven by an
obliquely rotating pulsar.

Motivated by this, numerical analysis of the parametric instability of a large-amplitude circularly polarized electromagnetic
wave is conducted. The instability is analyzed assuming relativistic multi-fluid equations including a we allow finite temperature,
a constant longitudinal magnetic field, and are valid for arbitrary amplitude of pump wave and number of particle species. For
simplicity, we use relativistic fluid equations.

Basically, the pump electromagnetic wave decays into another electromagnetic and Langmuir or sound waves. In particula
we find a finite temperature correction reduces the growth rate of the instability due to an increased inertia of the particles.

If there exists a uniform and constant magnetic field, various decay processes appear which depends whether branch the pul
wave is either on the light mode or Alfven mode. We analyze these processes in detail and categorize them according to the dec
type. We find that, in many cases, the maximum growth rate of the instability is of the same order of the frequency of the pumpg
wave. Therefore, the dissipation through the parametric instability may be efficient enough to explain the required dissipatior
rate.
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