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Investigation of the relationship between satellite surface charging and chorus
waves using DMSP and Arase satellite data
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The presence of a surrounding plasma environment can result in surface charging for satellites in space. Surface charging
and discharges represent typical examples of satellite malfunctions induced by the space environment. The avoidance of risks
associated with charging and discharges represents a crucial aspect of ensuring the safe operation of satellites. It is therefore
anticipated that the prediction of satellite surface charging will become a reality in the near future. The present study inves-
tigates the relationship between satellite surface charging and chorus waves, which are postulated to be a factor in increasing
the number of energetic electrons that cause surface charging, with a view to achieving the aforementioned prediction.

Chorus waves are a type of naturally occurring plasma wave in space. Chorus waves precipitate energetic electrons along
the magnetic field lines through pitch angle scattering. In contrast, satellite surface charging can occur when the flux of high-
energy electrons in the range of several keV to tens of keV increases in the plasma environment surrounding the satellite.
Consequently, one potential scenario is that surface charging occurs when a satellite passes through regions where high-
energy electrons are precipitated along magnetic field lines due to chorus waves.

In this study, we used plasma observation data from the DMSP (Defense Meteorological Satellite Program) F16 satellite
to identify surface charging events on low-Earth orbit satellites. Furthermore, we analyzed data from the Arase satellite to
examine the potential role of plasma waves in surface charging. The data from these satellites were statistically analyzed over
the period from March 2017, when nominal observations by the Arase satellite began, through December 2022.

To identify surface charging events, we utilized the event list for 2017-2022 identified by the following criteria, which is
applied in Meng et al. [2017], : 1) a distinct ion line structure is visible in the ion spectrogram, 2) the flux of high-energy
electrons (above 14 keV) exceeds 1078 electrons cm”(-2) s™(-1) sr”(-1), 3) the satellite’s charging potential is between -2040
V and -95 V, and 4) the duration of the surface charging event was 3 seconds or longer. Arase-DMSP conjunctions were
defined as instances where the two satellites were on the same magnetic field line. Surface charging events that occurred
concurrently with conjunctions were designated as surface charging-conjunction events. Additionally, we checked whether
the Arase satellite observed chorus waves during these events.

The analysis revealed that 21 of the 24 detected surface charging-conjunction event exhibited valid data. Among these, 8
events were identified in which the Arase satellite observed chorus waves. The locations of the Arase satellite during these
observations were near the magnetic equator, in the morning sector (MLT around 1-7 hours), and 4 - 6 RE. This region is
consistent with generation regions of the chorus waves. Furthermore, for 2 of the 8 events where electron density data were
available, we estimated the energy of electrons resonating with chorus waves from the magnetic equator to the satellite’s posi-
tion. The estimated energies were 7.41-81.20 keV and 3.28-10.29 keV, respectively. We also confirmed that the electron flux
observed by the electrostatic analyzer (SSJ5) onboard the DMSP F16 satellite in the corresponding energy range increased.
These findings indicate that electrons in the energy range responsible for surface charging precipitate into the Earth’s atmo-
sphere due to chorus waves. This suggests that surface charging may be caused by electrons originating from precipitation
induced by chorus waves.
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