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Geocoronal atomic hydrogen number density: Estimation using energetic ions ob-
served by the Arase satellite
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The geocorona is a part of the neutral atmosphere of the Earth above an altitude of 2000 km. It consists of low-energy
hydrogen atoms and plays a key role in controlling the decay rate of geomagnetic storms through charge-exchange reac-
tions with high-energy ions. However, the number density of geocoronal hydrogen shows discrepancies of up to a factor of
two among models based on ultraviolet satellite observations and numerical simulations, and its density during geomagnetic
storms remains poorly understood. In this study, we estimate the geocoronal hydrogen density using high-energy (10 - 100
keV) ions measured by the Arase satellite. The apogee of Arase is 6 Earth radii, with an orbital period of 9.4 hours. Our
method includes comparing ion fluxes between a given pass and subsequent passes one to two orbits later to calculate ion
decay rates. The decay rates, together with charge-exchange cross-section models, are then used to derive the geocoronal
density. Because this method requires the absence of ion injections, it is best suited for analyzing the recovery phase rather
than the main phase of geomagnetic storms.

We analyzed the geomagnetic storm that began on May 10, 2024, with a particular focus on intervals when Arase stayed
near the magnetic equatorial plane. At that time, the magnetic position of Arase corresponded to L= 3 Earth radii. Accord-
ing to existing models, the geocoronal density at this location is estimated to be 5 - 10 x 10"8 m”™-3. Our results show that
during the early recovery phase (May 12), the geocoronal density reached 50 x 10”8 m”-3, several times higher than the model
prediction. In contrast, during the late recovery phase (May 14), the density was 8 x 10”8 m"-3, consistent with the model.
These findings suggest that the negative ionospheric storm occurring in the early recovery phase may have caused heating
and expansion of the neutral atmosphere, thereby enhancing the hydrogen density.
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