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Slow recovery of the plasmaspheric electron density during the May and October
2024 severe geomagnetic storms
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The spatial distribution of electron density in the ionosphere shows a severe change during geomagnetic storms and sub-
storms driven by solar wind disturbances. Electron density variations and irregularities can cause total signal blackouts during
strong scintillation periods and enhance satellite positioning errors. We analyzed Global Navigation Satellite System (GNSS)
- total electron content (TEC) and Arase satellite observation data to elucidate the slow recovery of the plasmaspheric electron
density during the May and October 2024 geomagnetic storms. To identify the electron density variation in the ionosphere, we
calculated the ratio of the TEC difference (rTEC), which is defined as the difference from the 10-quiet-day average TEC nor-
malized by the average value. Additionally, we estimated the electron density in the plasmasphere and inner magnetosphere
from the upper frequency limit of the upper hybrid resonance (UHR) waves observed by the Arase satellite. Consequently, an
L-t plot of the electron density showed that the plasmasphere shrank up to L = 1.5-2.5 after a sudden commencement of both
geomagnetic storms. During the storm recovery phase, the plasmapause gradually shifted to a higher L-shell. The electron
density in the plasmasphere recovered the geomagnetically quiet-time level on a 3- or 4-day scale. The timescale of the plas-
maspheric refilling was much longer than that of other coronal mass ejection (CME)-driven geomagnetic storms during the
Arase era. The rTEC in the Northern Hemisphere showed that an enhancement in the rTEC value occurred at high latitudes
(60° - 70° in magnetic latitude (MLAT)) in the daytime (10 — 14 in magnetic local time (MLT)), approximately 1 h after
the storm onset. Subsequently, a tongue of ionization (TOI) formed in the polar cap owing to the enhancement of two-cell
convection in the high-latitude ionosphere during the main phase of geomagnetic storms. Both geomagnetic storm events
showed that the rTEC was globally depleted during the recovery phase. The depletion indicates the occurrence of a negative
storm owing to a neutral composition (O/N2) change driven by the energy input from the magnetosphere in the high-latitude
thermosphere. Furthermore, it took more than 3 days for the plasmaspheric electron density to recover the geomagnetically
quiet-time level. The coincidence of the long refilling timescale of the plasmasphere and the depletion of the rTEC suggests
that a strong negative storm impedes plasmaspheric refilling for the severe geomagnetic storms.
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