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Energetic ion acceleration deep in the magnetosphere at the sudden

commencement of the May 2024 super magnetic storm
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The Arase satellite observed repetitive acceleration of energetic ions associated with electric and

magnetic field fluctuations deep (L ~ 5.5) in the late afternoon sector (MLT ~ 16h) of the Earth’s

magnetosphere upon the sudden commencement of the May 2024 super magnetic storm. Our previous

study revealed that energetic proton fluxes periodically intensified over an energy range of a few tens up

to ~120 keV with a period of ~3 minutes, in synchronization with dumping oscillations of the electric and

magnetic field with the same period. Taking a closer look at each of the flux intensifications, we also

identified that its higher energy part (~70 to 120 keV) consisted of repeated, impulsive flux enhancements

with a period of ~30 s, each of which show clear energy and pitch-angle dispersion. The impulsive nature

accompanied by dispersion signatures implies that ion acceleration took place somehow impulsively

every ~30 s around the magnetic equator and dispatched a range of energy and pitch angle of energetic

protons along the field line toward Arase at a magnetic latitude of ~20 degree in the northern hemisphere;

ions with different energies and pitch angles arrived at the satellite with different time-of-flights. As an

extended study, we proceed to analyze high-time resolution (64 Hz) data of the magnetic field and have

found that the magnetic field fluctuation also contains a significant toroidal component with a period of

~30 s (in the Pc3 frequency range), the same as that of the fine-scale proton flux enhancements. This fact

allows us to speculate that some Pc3-range ultra-low frequency (ULF) waves are excited locally at or

propagate from the dayside to the particular field line where Arase was situated and plays a role in

causing the repeated acceleration of energetic protons. We examine in more detail the wave property of

the observed ULF wave and discuss how they are excited in association with the rapid compression of the

magnetosphere impinged by the interplanetary shock.
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