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Examination of electron density and temperature in the Earth’s magnetosphere
using the spacecraft potential observed by Arase
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Since March 2017, the Arase satellite has continuously acquired data that contributes to determining the electron density
and temperature in the geospace over a period of about seven years. Density and temperature are fundamental information
which defines the structure of the ionosphere, plasmasphere, and magnetosphere. These parameters also play a dominant role
in the growth, decay, and propagation of waves through their influence on the dispersion relation.

On the Arase satellite, the electron density is determined using the electric field spectrum (10 kHz to 10 MHz) from the
PWE/HFA (Plasma Wave Experiment/High Frequency Analyzer), where the UHR (Upper Hybrid Resonance) frequency is
identified through a combination of automatic detection and manual inspection (temporal resolution: 1 min), in conjunction
with the background magnetic field strength. This method can determine the electron density with high accuracy, including
low temperature components below 10 eV. However, there are many regions where electron density cannot be determined,
such as in areas where other strong waves are observed near the UHR frequency or in low-density regions where UHR waves
are weak. While low-energy ion and electron data have been used on other satellites, the electrostatic plasma analyzers LEPe
and LEPi on Arase have difficulty measuring energies below “20 eV. In deriving density from particle measurements, assump-
tions are required for the distribution function of low-temperature plasma, which is abundant in the orbit of Arase near Earth.

Satellite potential can also serve as an indicator of electron density. The floating potential of a satellite in plasma is
determined by the balance between photoelectron emission due to solar ultraviolet radiation and electron influx from the
surrounding plasma. This potential is influenced by factors such as the efficiency of photoelectron and secondary electron
emission depending on the satellite’s surface material, the shape of satellite and orientation, and the surrounding electron
temperature, which results in low accuracy for electron density inferred from satellite potential. However, since observational
data can be obtained with a resolution of 1-spin (about 8 seconds) without relying on manual inspection or specific assump-
tions, it is possible to consistently derive electron density with a certain degree of reliability, except during shadow periods
when there is no photoelectron emission.

Compared to the plasma density (determined by direct ion measurement) versus satellite potential relationship observed
with the Geotail and Cluster satellites, the UHR-derived electron density versus satellite potential relationship on Arase shows
particularly low accuracy below 1 /cc. This may be due to the low accuracy of UHR-derived electron density in low-density
regions and the short antenna length of 15 m (Geotail and Cluster have 50 m), which in low-density regions where ’Debye
length >antenna length’ may cause the probe potential to be influenced by the satellite potential.

To verify these findings, we have conducted a comparison of plasma density derivation using multiple methods across the
entire orbit of the Arase satellite and verified their accuracy. The study covers the period from April 2017 to April 2022,
during which electron density information based on UHR frequencies is provided. We also evaluate the dependence on or-
bital position and aim to assess the impact of different plasma temperature environments on density estimation depending
on the region. In our analysis so far, we have found cases where UHR-derived electron density is clearly underestimated in
low-density regions, and we are examining specific cases. Additionally, there is better correlation during magnetically quiet
periods compared to magnetically disturbed periods, particularly in low-density regions. Further investigation is needed from
this perspective due to its potential impact on plasma temperature.

Based on the above, we will explore the causes of data that deviate from the theoretically predicted ’electron density
exp(satellite potential)’ relationship and from prior cases observed with Geotail and Cluster. Specifically, we will refer to the
distribution functions of low-energy electrons and ions provided by LEPe and LEPi to clarify their relationship with plasma
particle information. Furthermore, we plan to compare with the provisional low-temperature electron density and temperature
data provided by LEPe to verify the consistency and reliability of different plasma density estimation methods.

We will also examine the comparison with the amount of bias current applied to the probe and its relation to solar UV
flux, including verification of the stability of probe potential. This stability is also a factor in the accurate determination of
electric fields in the magnetosphere and ionosphere as well as low-frequency waves. This research contributes to the pursuit
of accuracy in Arase’s electric field measurements, which have been the subject of heated debate, and also lays the foundation



for ensuring the accuracy of electron density and electric field measurements using similar probes on the BepiColombo/Mio
Mercury exploration mission, which will begin orbiting in 2026.
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