Supersubstorms in the strong magnetic storm on 10-11 October 2024
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The aim of this study is to conduct a detailed analysis of two strong geomagnetic disturbances (so-called supersubstorms) during the severe magnetic storm of October 10–11, 2024. This was one of the strongest geomagnetic storms (Dst ~ −333 nT) in solar cycle 25. The storm was triggered by an isolated coronal mass ejection (ICME), characterized by distinct sheath and magnetic cloud structures. Studying this isolated event allows us to investigate the geoeffectiveness of both the sheath and the magnetic cloud, namely, to compare the features of supersubstorms that occurred under the influence of the sheath or magnetic cloud of the CME. The interplanetary shock was recorded at ~15:20 UT on October 10, 2024, and near ~15:50 UT the extremely large magnetic disturbance occurred (SML ~ −4000 nT). This extremely intense geomagnetic disturbance could be referred to so-called supersubstorms (SML<−2500 nT). There were 3 supersubstorm events recorded during the October storm with peaks at ~15:55 UT and ~17:06 UT on 10 October, at ~08:15 UT on 11 October 2024. In this work we will conduct a comparative analysis of two supersubstorm events, the SSS-1 and SSS-3, one of which was observed during the Sheath and the other in the magnetic cloud. Analysis was carried by the data collected from the ground-based networks (SuperMAG, INTERMAGNET and IMAGE) as well as from the magnetic registrations by the Iridium constellation of 66 satellites at 780 km altitude, distributed over six orbit planes spaced equally in longitude (AMPERE project). It was established that the supersubstorm observed in the initial phase of the magnetic storm shortly after the shock was atypical, because it began in the daytime rather than nighttime sector, it was near the polar rather than equatorial boundary of the auroral oval, during the expansion phase the ionospheric current rapidly propagated to lower rather than higher latitudes, the peak amplitude of the substorm reached about 4000 nT in a very local region in the absence of the extended westward electrojet in night sector. Whereas the supersubstorm during MC demonstrated the typical features of substorm. Possible reasons for the differences related to the characteristics of this coronal mass ejection are discussed.
