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Investigation of the Plasma Environment Responsible for Spacecraft Surface
Charging Using DMSP Satellite Observations
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Surface charging on low Earth orbit (LEO) satellites, the subject of this study, is induced by electrons with energies ranging
from a few keV to several tens of keV. This research focuses on auroral activity because the plasma responsible for surface
charging is generated during the auroral process, Clarifying the relationship between auroral activity and satellite surface
charging will allow more accurate predictions of surface charging. This study aims to elucidate the plasma environmental
conditions that lead to surface charging in LEO, particularly during plasma precipitation in polar regions. The data used in
this study were obtained from the plasma sensor (Special Sensor for Precipitating Particles: SSJ) onboard the polar-orbiting
DMSP F-16 satellite during Solar Cycle 24 (2009-2019). The SSJ observed the energy flux data of precipitating ions and
electrons in the range of 30 eV to 30 keV. During surface charging events, the SSJ often detected an elevated ion flux
corresponding to the charging potential of the satellite (e.g., Anderson, 2012). Therefore, we identified events in which
a particular energy channel among the 18 energy channels (30 eV to 30 keV) detected significantly elevated ion flux. In
addition, because surface charging is induced by electrons with energies greater than a few keV, we also examined the
conditions of electron energy flux that cause charging. The plasma environmental conditions examined were: (1) the
threshold for the sudden increase in ion flux, (2) the electron energy flux and energy during charging events, and (3) the
duration of ion lines. The analysis revealed the following conditions for the plasma environment during surface charging:
(1) the peak value of energy flux in the ion energy channel showing a sudden increase exceeded 1 X 107 [eV cm"-2 s"-1
st™-1 eV™-1], (2) the electron energy flux exceeded 1 X 10°8 [eV cm™-2 s™-1 sr™-1 eV"-1] at energies above 14 keV, and
(3) both (1) and (2) persisted for at least 2 seconds. Among the events detected under these conditions, only those where
continuous ion lines corresponding to the charging potential were observed were identified. As a result, of the 2,435 events
detected, ion lines were confirmed in 868 cases. The fact that 76% of the detected charging events occurred on the duskside
(18:00-24:00 MLT) suggests that satellite charging is induced by discrete auroras. In addition, as the charging potential
increased, the location of the charging event sifted from the dusk side to around midnight (24:00 MLT). However, charging
potentials above -300V accounted for only about 5.5%, indicating that high-potential charging events were relatively rare. In
this presentation, we will report on the plasma conditions that lead to surface charging, as revealed by this study.
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