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Energetic electron precipitations and their impact to the middle atmosphere
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Electrons in the radiation belts have attracted attention as a source of
energetic particles affecting the middle atmosphere. However, the precipitation into the atmosphere
and its effects on the middle atmosphere have not been elucidated. The objectives of this study were

(1) to understand the physical processes that cause the precipitation of radiation belt electrons,
and (2) to observe their effects on the middle atmosphere. We conducted low-frequency radio
observations to detect the precipitation with other ground-based and satellite-based observations.
We identified the electromagnetic ion cyclotron and whistler mode chorus waves that caused the
electron precipitation and confirmed that ionization is occurring in the mesosphere. Millimeter-wave

spectrometer observations at Showa Station confirmed a few 10s% ozone depletion in the mesosphere
during the recovery phase of the magnetic storm that occurred in July 2022.
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