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Spacecraft charging of the Arase (ERG) satellite
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Spacecraft charging can cause satellite malfunctions; therefore, understanding the conditions under which charging occurs
is crucial for the safe operation of satellites. Spacecraft charging arises from an imbalance between the inflow and outflow
of charged particles. Previous studies have long investigated the conditions for spacecraft charging, suggesting correlations
with the temperature and flux of ambient electrons [e.g., Davis et al., 2008]. In addition, during eclipse periods, photoelectron
emission ceases due to the absence of solar illumination, making the spacecraft more prone to negative charging.

When charging occurs, ultra-low-energy ions (on the order of 0 — 10 eV) are attracted by the spacecraft potential. These
ultra-low-energy ions are difficult to detect during non-charging periods because of the low sensitivity of particle instruments
at the lowest energy range. In this study, we utilize the charging state of the Exploration of Energization and Radiation in
Geospace (ERG; Arase) satellite to investigate the physical characteristics of ultra-low-energy ions, particularly oxygen ions,
which are usually undetectable. This provides new insight into the circulation of oxygen in the Earth’s magnetosphere.

We analyzed the ion density and temperature during spacecraft charging events observed by Arase in eclipse. Our results
show that, in most cases, the H+ density during charging was significantly lower than the electron density derived from
wave data. The contribution of ultra-low-energy H+ to the total H+ density was generally less than 5%, and at most 15%.
Regarding the O+/H+ density ratio, values were typically below "25%, but in some events exceeded unity. This is much
higher than previously reported O+ fractions in the near-Earth magnetosphere (70.4), suggesting the possibility that H+
measurements may have been saturated during these events. To validate the reliability of these observations, further analyses
using independent diagnostics, such as wave data, are required.
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