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Abstract

Geomagnetic storms, typical space weather phenomena, are caused by the interaction between solar activity and the Earth's magnetosphere. On May 10, 2024, multiple Coronal Mass Ejections (CMEs) impacted the magnetosphere, triggering the strongest
G5-level geomagnetic storm in the past two solar cycles. This study focuses on the 10onospheric electron density response within the South Atlantic Anomaly (SAA) region during this storm. By analyzing ground-based GNSS Total Electron Content (TEC)
and the Rate of TEC Index (ROTI), along with amplitude scintillation (S4) index from GNSS radio occultation onboard the Macau Science Satellite-1 (MSS-1) and both S4 and TEC data from the Constellation Observing System for Meteorology,
Ionosphere, and Climate follow-on mission (COSMIC-2) observations, we conducted a comprehensive analysis from 2D ground-based to 3D space-based perspectives. The results show that a prompt positive 1onospheric storm emerged in the SAA region
immediately following the sudden storm commencement (SSC) at 17:00 UT on May 10. Significant TEC enhancements were observed by both ground-based and occultation data, persisting through the main and early recovery phases until midday on May
11. During the main phase, the Equatorial Ionization Anomaly (EIA) peaks extended beyond their typical latitudinal boundaries. Notably, MSS-1 observations in the northern hemisphere of the SAA region revealed a super plasma fountain effect triggered by
a strong penetration electric field (PPEF), induced by a rapid southward turning of the interplanetary magnetic field (IMF) Bz component. Furthermore, 3D occultation profiles showed that PPEF uplifted the 1onosphere, resulting in significantly increased
TEC at higher altitudes. This uplift created favorable conditions for the development of 10onospheric irregularities, with both the occurrence rate and intensity of scintillation increasing markedly with altitude. These findings demonstrate that combining MSS-
1 with ground-based and COSMIC-2 observations provides a comprehensive understanding of 1onospheric responses to geomagnetic storms.
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