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Simulation study of the flux enhancement of energetic electrons due to toroidal

mode ULF waves in the Earth’s inner magnetosphere

#lsono Kd’,Yuto Katoh), Yohei Kawazur& ,Atsushi Kumamot®)

(IDept. Geophys., Grad. Sch. Sci., Tohoku UfitDept. Geophys, Tohoku Uni{?Frontier Research Institute for Interdis-
ciplinary Sciences Tohoku University

Previous studies revealed that whistler-mode chorus emissions are generated around the magnetic equatorial plane with a
period typically ranging from a few seconds to several minutes [Santolik et al.,2003]. While detailed physics controlling the
periodicity has been unsolved, Jaynes et al. (2015) and Zhang et al.(2019) pointed out that the periodic enhancement of cho-
rus emission correlated with toroidal mode ULF waves. Since chorus emissions are generated through an instability driven by
keV electrons with temperature anisotropy, the observed correlation suggests that toroidal mode ULF waves are responsible
for the temperature anisotropy of energetic electrons. Ono et al. (P-EM19-P08, JpGU-AGU Joint Meeting, 2020) analyzed
observation data of the Arase satellite and identified the simultaneous enhancement of chorus emissions and electrons in the
energy range of tens of keV, correlated with toroidal mode ULF waves. Ono et al. proposed a mechanism for the modulation
of energetic electrons by a toroidal mode ULF wave.

In the present study, we attempted to determine the extent to which high-energy electrons are modulated by toroidal mode
ULF waves by using numerical simulations. We used the drift kinetic equation]littlejohn, 1981] to investigate how the spatial
distribution of electrons with a pitch angle of 90 degrees changes by toroidal mode ULF wave. The simulation system is
assumed to be spatially one-dimensional the longitude direction at L=6 on the magnetic equatorial plane. The system size
corresponded to one wavelength of the ULF wave and was divided into 128 grid points, and the time step was set to satisfy
the Courant number. We carried out calculations in the time scale corresponding to several periods of the ULF wave cycles.

Simulation results show that the toroidal mode ULF wave causes a change in the density of electrons in the keV energy
range. It is suggested that the modulation is greatly affected by the relationship among three characteristic velocities: the
phase velocity of the ULF wave, the velocity of the ExB drift of electrons induced by the ULF wave, and the velocity of the
grad B drift of electrons. In particular, under a condition where the velocity difference between the grad B drift velocity and
the phase velocity of the ULF wave is sufficiently small, electrons are highly concentrated in the same phase of the toroidal
mode ULF wave oscillation as reported by Ono et al. Our simulation results clarified that the proposed model is capable of
explaining the observed flux variation of energetic electrons.
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