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The electromagnetic ion cyclotron (EMIC) emissions in
the Earth’s magnetosphere play an important role on the
plasma particle loss, acceleration, and heating.
Spacecraft observations and simulations show generation
of coherent EMIC emissions with rising and falling
frequencies. In the inner magnetosphere, the
spontaneously triggered EMIC waves are generated
through the nonlinear interaction with the energetic
protons with large temperature anisotropy. We reproduce
EMIC rising and falling tone emissions in the Earth's
magnetosphere by real scale hybrid simulations with
cylindrical magnetic geometry. Figures 1a and 1b show
the dynamic spectra of the rising tone emissions
reproduced by the hybrid simulations[1]. The formation
of the strong modulation of the energetic proton
distribution function, named proton holes is found in the
phase space, resulting in the efficient scattering of the
energetic protons. The proton holes in the velocity space
and phase space are shown in Figure 1c. We have also
derived the theoretical optimum wave amplitude for
triggering process of the EMIC nonlinear wave growth.
The optimum wave amplitude and the nonlinear
transition time show a good agreement with the present
simulation result. The nonlinear wave growth over a
limited time forms a sub-packet structure of a rising tone
emission.

The EMIC rising tone emissions are also studied by
employing the wave-particle interaction analysis (WPIA)
method to the spacecraft data. By the method, we obtain
the phase angle between the particle and wave field to
analyze the nonlinear resonant currents controlling the
energy transfer and the wave frequency drift. We use the
WPIA method with the THEMIS and Arase
electromagnetic field and ion particle data to analyze the
nonlinear mechanism of the EMIC emissions with
different frequency evolutions. The direct evidence of the
phase trapping predicted by the nonlinear growth theory
is shown in the phase angle distribution of the proton
flux. We also detect the nonlinear wave growth
associated with the nonlinear resonant current. The time
evolution of the proton hill in the phase space is also
detected by the WPIA [2].
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Figure 1: (a)(b) Dynamic spectra of the forward and
backward propagating EMIC rising tone emissions in the
hybrid simulation. (c) Velocity distribution function of
the energetic proton around the equatorial region and the
phase space distribution.
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