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The excitation and propagation of ultra-low frequency (ULF) waves are ubiquitously observed in the Earth’s inner magne-
tosphere during geomagnetically disturbed periods. ULF waves are characterized by long wave periods of tens to hundreds of
seconds and wavelengths of thousands of kilometers, globally distributed in the magnetosphere. The driving source of ULF
waves is known to be an excitation process from outside the magnetosphere and a generation process inside the magneto-
sphere. The former is mainly due to solar wind pressure fluctuations and Kelvin-Helmholtz instability at the magnetopause,
while the latter is mainly due to energetic ions injected into the inner magnetosphere during substorms (e.g., Takahashi, 2015).
It has also been pointed out that ULF waves modulate the flux and pitch angle distributions of energetic electrons (Zhou et
al., 2016). On the other hand, the feedback process from energetic electrons to ULF waves has not been discussed. However,
in recent years, numerical simulations and observations revealed the effect of energetic electrons on ULF waves. Hori et al.
(2018) clarified the simultaneous occurrence of the flux enhancement of energetic electrons drifting eastward and ULF waves
propagating eastward from the simultaneous observations by the Arase satellite and the radar Super Dual Auroral Radar Net-
work (SuperDARN). Ono et al. (2020) revealed in the Arase satellite observation that the flux and pitch angle distribution of
energetic electrons are modulated by ULF waves, and suggested that the observed relationship can be explained by consider-
ing ULF waves with m-number larger than the typical value of toroidal mode ULF waves. These new observational findings
suggest the need for a comprehensive study of the relationship between ULF waves and energetic electrons, including the
energy exchange between them.

In this study, to discuss the interaction between energetic electrons and ULF waves in the magnetosphere, we develop
an MHD simulation code to quantitatively compute the propagation of ULF waves in the inner magnetosphere. Since the
amplitude of the ULF wave is sufficiently small with respect to the background magnetic field strength, the contribution of
the nonlinear term is assumed to be small and only the linear term of the set of MHD equations is considered. To solve the
propagation of ULF waves in the radial and longitudinal directions, we set a spatially three-dimensional simulation system
using cylindrical coordinates [e.g., Southwood and Kivelson, 1984] with the Z axis in the magnetic field line direction, r axis
in the radial direction, and theta axis in the meridional direction. The spectral method is used for both the Z and theta axes
to reduce the computational cost. We assume a few wavenumber components in the Z axis for fundamental and lowest order
harmonics of standing Alfven waves. We set tens of wavenumber components in the theta axis to treat high m-number ULF
waves. Using the developed model, we calculate the propagation of fundamental ULF waves initially assumed in a specific
longitude range, the equipartition of electromagnetic energy among toroidal and poloidal modes, and the mode conversion
between fast and shear Alfven waves in the inner magnetosphere.
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