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Event Analysis of Chorus-Wave-Induced Electrons with LEO Satellite Surface
Charging Using Arase and DMSP Satellite Data
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Satellites operating in space can experience surface charging depending on the surrounding plasma environment (e.g.,
Gussenhoven et al., 1985). Electrostatic Discharge (ESD) caused by surface charging can seriously affect satellite operations,
such as by damaging solar panels. Therefore, assessing and preventing risks due to charging and discharging is an important
issue for the safe operation of satellites, and future realization of satellite surface charging prediction is anticipated. Previous
studies (Gussenhoven et al., 1985; Frooninckx and Sojka, 1992; Anderson, 2012) have confirmed that surface charging
mainly occurs in the premidnight region, caused by high-energy precipitating electrons that also drive discrete aurora in the
same region. On the other hand, recent studies have confirmed that surface charging also occurs, albeit rarely, in the morning
region (e.g., Xuejie et al., 2017), where the regions do not overlap with discrete aurora. Therefore, this study focuses on
surface charging of low-altitude satellites during diffuse aurora in the morning region.

To detect surface charging events of low-Earth orbit (LEO) satellites, plasma observation data from the DMSP F16 satellite
are used. On May 06, 2022, from 17:31:21 to 17:31:44UT, surface charging occurred on the DMSP F16 satellite, where
electron fluxes increased in the 1 - 20 keV energy range, showing characteristics of diffuse aurora. At this time, the Arase
satellite, which was located about 1 hour in magnetic local time (MLT) away from DMSP F16, observed chorus waves in the
magnetosphere. The resonant electron energy at the magnetic equator when chorus waves were observed was estimated to
be 8.874 — 26.93 keV. These electrons are consistent with the diffuse auroral electrons that caused surface charging of the
satellite. From this, a scenario can be considered in which high-energy electrons, pitch-angles scattered by chorus waves,
precipitate from the magnetosphere into the ionosphere along magnetic field lines, and when a low-Earth orbit satellite passes
through the precipitation region, surface charging occurs. These results suggest that chorus waves excited in the morning
magnetosphere may contribute to the occurrence of surface charging on low-Earth orbit satellites.
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