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Magnetosonic waves are a common electromagnetic
emission in the Earth’s inner magnetosphere. These
waves, also known as equatorial noises, propagate nearly
perpendicular to the background magnetic field and have
a frequency range from the local proton gyrofrequency
up to the lower hybrid frequency. Satellite observations
have shown that the wave power is usually confined
within a few degrees from the geomagnetic equator both
inside and outside the plasmasphere. Recently, a
considerable amount of literature has grown around the
topics of magnetosonic waves due to their potential roles
in both accelerating and scattering radiation belt
electrons. It has been shown that the waves can
accelerate radiation belt electrons through Landau
resonance and the timescale can be on the order of one
day, suggesting the importance of magnetosonic waves
in the electron dynamics of the radiation belt.

Recent  observations!!  have reported  that
magnetosonic waves can exhibit rising-tone structures in
the frequency-time spectrogram. However, the
generation mechanism has not been identified yet. In this
study®!, we investigate the generation of rising-tone
magnetosonic waves in the terrestrial magnetosphere
using 1D PIC simulations, in which the plasma consists

Run 1

of three components: cool electrons, cool protons and
ring distribution protons. We find that the magnetosonic
waves excited by the ring distribution protons can form a
rising-tone structure with frequency of the structure
ranging from about 0.5Qu; to nearly Qis, where Qu; is the
lower hybrid frequency. It is further demonstrated that
the rising frequency of magnetosonic waves can be
accounted for by the scattering of ring distribution
protons. Moreover, the rising-tone timescale obtained by
PIC simulations are compared with the satellite
observation. Our findings provide some new insights to
understand the nonlinear evolution of plasma waves in
the Earth’s magnetosphere.
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Figure 1. (a) Power spectral density of dB|/By as a function of normalized frequency and time for PIC Run 1 with nr =

2.5%no and vyt = 0.01V4.. (b) The temporal evolution of the perpendicular velocity distributions of ring protons fr.L.

(c) The linear growth rate as a function of the frequency for different moments. Similar to (a-c) but (d-f) for PIC Run 2
with nr = 2.5% no and vre = 0.1V 4, and (g-i) for PIC Run 3 with nr = 1% no and vre = 0.1V a.



