Electron precipitation from the Earth's outer radiation belt: scattering mechanisms, efficiency for electrons of different energies, spectral and spatio-temporal characteristics
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 According to the NOAA POES/METOP satellites, statistics of relativistic and subrelativistic electrons precipitation from the Earth's outer radiation belt during various geomagnetic disturbances were collected. Two different magnetic storms were being considered: weak prolonged storm including the HILDCAA event on October 11-16, 2017, and powerful but rapidly fading storm on March 23-30, 2023. Precipitation caused by resonant interaction with whistler waves, EMIC waves, and scattering on the curvature of a magnetic line were considered. The main parameter studied was the slope of the integral energy spectrum (as a measure of the ratio of electron fluxes of different energies) of the precipitation. Energy channels: >40 keV, >130 keV, >287 keV, >700 keV.
Precipitation caused by scattering on the curvature of the magnetic line have a compact range of slope values of the integral energy spectrum and the distribution resembles a normal one. The results of the analysis for such precipitation events are expected. The scattering efficiency of such mechanism is the same for all energies (and is approximately equal to 1), therefore, the slope of these spectra corresponds to the slope of the spectrum of the radiation belt trapped particles. From the theoretical concepts of EMIC waves, the maximum scattering efficiency should be observed for relativistic electrons, and for subrelativistic electrons, the scattering efficiency should decrease to lower energies. Hence, a more rigid integral spectrum is expected for the EMIC events (compared to the scattering on the curvature of the magnetic line) and for most events this is the case. The unexpected soft events were caused by two reasons: too much flux of subrelativistic particles or “contamination” by other scattering mechanisms. The expected scattering efficiency, monotonously decreasing to lower energies, is not observed for all considerable events. Possibly, this indicates the constant presence of an additional mechanism of subrelativistic electron scattering.
Other precipitation (most likely caused by scattering by whistler waves) have the widest and most uniform distribution of the integral spectrum slope. Perhaps such a wide distribution is caused by several mechanisms at once, for example, by different types of whistler modes.
The spatial and temporal characteristics of precipitation events caused by different scattering mechanisms with different slopes of the integral spectrum during two various magnetic storms were also considered. 
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