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Abstract The electromagnetic ion cyclotron (EMIC) instability driven by ion temperature
anisotropy plays a crucial role in energy transport and particle heating in magnetized plasmas. It is
widely observed in environments such as Earth's magnetosheath, planetary magnetospheres, the solar
wind, and fusion devices. This study employs a one-dimensional three-component particle-in-cell
(PIC) simulation to investigate the nonlinear evolution of the EMIC instability under periodic
boundary conditions. The Boris algorithm is used for particle pushing, while the Fast Fourier
Transform (FFT) is applied for electromagnetic field spectrum analysis. We systematically vary the
ratio of ion perpendicular to parallel thermal speeds from 1 to 6 to examine its impact on the growth,
saturation, and wave-particle energy transfer of the instability.

Results indicate that an increase in ion temperature anisotropy significantly enhances the linear

growth rate of the EMIC instability and alters the wave spectrum, shifting the dominant modes toward
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lower frequencies and longer wavelengths. Once the free energy associated with anisotropy surpasses
the excitation threshold, EMIC waves are generated, driving the transfer of ion perpendicular energy
to the parallel direction through complex wave-particle interactions. EMIC waves heat particles via
various mechanisms, including resonant interactions and non-resonant wave-particle processes. Along
with the propagation of EMIC waves, the resulting nonlinear potentials can trap some particles and
heat the background plasma, while electrostatic waves excited along the magnetic field further
facilitate energy redistribution. Moreover, electrons experience significant parallel heating, with
efficiency positively correlated with the level of ion anisotropy. The overall evolution exhibits three
distinct stages: a linear growth phase, a nonlinear phase dominated by turbulent scattering, and a
quasi-steady state in which anisotropy is maintained near a dynamic equilibrium.

These findings provide detailed kinetic insight into how temperature anisotropy-driven EMIC
instability regulates energy transport and mediates ion and electron heating in collisionless plasmas.
This study highlights the importance of nonlinear PIC simulations in capturing the complex
interactions between waves and particles, offering valuable references for interpreting space plasma
observational data and for optimizing laboratory plasma experiments.
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1.
Fig. 6 (a) Dispersion relation diagram for the magnetic field component B, (- =2), (b) Particle cyclotron waves

corresponding to different ion perpendicular thermal velocities
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Table 1 Maximum wavenumber, frequency, and growth rate corresponding to different perpendicular ion thermal

velocities

v ey in RO D) g/ L) 7l
1 0.0408 - - -
2 0.1633 0.147261 0.53689 0.0043
3 0.3673 0.098175 0.38351 0.0387
4 0.6531 0.098002 0.33748 0.0517
5 1.0204 0.049087 0.32214 0.0815
6 1.4694 0.049001 0.19942 0.1046
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1.
Fig. 7 (a) Dispersion relation diagram of the electric field component £, ( '~ =1), (b) Growth rate of the logarithm of
magnetic field energy
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