R006-06
B4&ig : 11126 PM2 (14:50-16:20)
16:05~16:20:00

UHR BEFEE T — X EFHRD Arase HEICH T H5HEBMU—BFEE DA
18 BERL 1), S8 HEIE D, 70 0 2), 50 1), R s D, R ), I B ), e A D
(LR, C Zti A%, O AEARBIAFTR ORI, (¢ SL T3k

Correlation of spacecraft potential to the latest electron density data observed by
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Recently, the electron density derived from the upper hybrid resonance (UHR) frequency onboard the Arase has been
fully updated, leading to a significant improvement in reliability. Using this latest data, we have re-examined the correlation
between spacecraft potential and electron density, with low-energy electron data.

Since March 2017, Arase has been orbiting in Geospace for about 7 years, continuously providing diverse datasets that
contribute to determining electron density and temperature. These plasma parameters are fundamental for understanding the
structure of the ionosphere, plasmasphere, and magnetosphere. Those are also important to control wave dispersion, growth,
damping, and propagation paths. On Arase, UHR frequencies are identified by a combination of automated detection and
visual inspection from the PWE/HFA (Plasma Wave Experiment/High-Frequency Analyzer) electric field spectra (10 kHz -
10 MHz), with a time resolution of 1 min. Electron density is derived from UHR frequency with the background magnetic
field strength measured by MGF. This method enables accurate determination of electron density, including low-temperature
electrons below 37 eV(the lower detection limit of the LEPe set from May 2017). However, difficulties arise in regions
where strong waves appear near the UHR frequency, or in low-density environments with weak UHR signals. Other previous
satellites have used direct particle measurements of low-energy ions (and electrons), but such instruments are generally
hard to capture cold populations. Cold plasma dominates in the inner magnetosphere, so the density estimation by particle
instuments require some assumptions for cold populations below the detection limit.

Spacecraft potential itself can serve as a rough indicator of electron density. The floating potential in plasma is determined
by the balance between photoelectron emission due to solar UV radiation and incoming plasma electron current. As it
depends on surface materials, secondary electron yield, spacecraft geometry and attitude, as well as ambient electron
temperature, the accuracy of density inferred from spacecraft potential is limited. However, it offers a useful density proxy
except in eclipse conditions as a direct measurement at 1-spin (~ 8 s) resolution without assumptions or visual identification.
Moreover, it may provide estimates of the temperature of cold electrons not measured by LEPe.

Previously, correlations between spacecraft potential and UHR-derived density appeared excessively poor in the low-
density regions (<1 /cc ; corresponding to electron plasma frequencies below "10 kHz). Consequently, the UHR electron
density data was comprehensively updated in 2024, yielding significantly improved reliability. In this study, we use the
updated datasets (April 2017 - December 2024) to re-evaluate potential — density correlations, incorporating low-energy
electron data.

First, we re-evaluated the correlation between spacecraft potential and UHR density after the update. Specifically, we
divided the MLT into 8 sectors and are investigating the correlations in each sector. Whereas the previous data showed large
scatter in the low-density regime (<1 /cc), the updated densities display much stronger convergence. A robust correlation
between spacecraft potential and log (electron density) is clearer in the dayside where hot electrons are not so many.
Nevertheless, in the nightside and outside the plasmasphere, deviations persist at low densities, where spacecraft potential
tends to appear lower than expected. This could be explained by enhanced inflowing electron currents in the plasma sheet.

Accordingly, we started the quantitative evaluation with LEPe moment data for electron density and temperature above
37 eV, for the influence of thermal conditions on spacecraft potential. Furthermore, we intend to investigate the relationship
with solar UV flux, which can affect the photoelectron outflow current.

The stability of probe potential is critical for the accurate electric field measurements in magnetospheric and ionospheric
plasmas. The present study will also provide a basis for the measurement accuracy of electric field and electron density
observations by similar probes onboard the BepiColombo/Mio Mercury orbiter, which commenced its orbital observations in
2026. Both Arase and Mio are equipped with relatively short antennas (15 m, compared with 50 m on Geotail and Cluster).
In low-density regions where the Debye length exceeds the antenna length, the probe potential may become biased toward
the spacecraft potential rather than the ambient plasma potential, leading to an apparent underestimation of the spacecraft
potential. Furthermore, the operational strategy of Arase, in which the bias current supplied to the probes had been limited to
50% of the photoelectron emission current, may have enhanced this effect. Since June 2025, the bias current has increased
to 80% of the photoelectron emission current, and a reassessment of these effects will be conducted once the updated UHR
electron density data become available.
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