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Energetic electron precipitations observed through VLF/LF standard radio waves during
substorms-associated ULF waves
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During geomagnetic storms, a lot of studies have been reported that energetic electrons precipitate into atmosphere at the hi
latitudes. It is known that the low latitude limit of the particle precipitations is L-4.0 (Berkey et al., 1974). However, several
studies reported that the particle precipitations occurred at the mid and low latitudes (L-1.3-2.8) (Kikuchi and Evans, 1989:
Clilverd et al., 2008). In this study, we investigate the precipitations of energetic electrons into the atmospheres during substorm
of 27 April, 2017 and 7-8 September, 2017, using a network of very low frequency (VLF)/low frequency (LF) subionospheric
radio propagation from the low and high latitudes. As for the substorm of 27 April, 2017, the transmitters are NAA (USA, 24.0
kHz, L = 2.88), NLK (USA, 24.8 kHz, L = 2.88), NDK (USA, 25.2 kHz, L = 2.98) and WWVB (USA, 60.0 kHz, L = 2.26),
while the receivers are ATH (Athabasca, L=4.31) and PKR (Poker Flat, L=5.95). As for the substorm of 7-8 September, 2017,
the transmitters are NRK (lceland, 37.5kHz, L = 4.05) and NPM (Hawaii, 21.4kHz, L = 1.15), while the receivers are NYA
(Ny-Alesund, L=17.2) and PKR. The substorm occurred at 05:35 UT, 27 April, 2017. Based on the wavelet analysis, we found
that the radio intensities for the NDK-ATH, WWVB-ATH, and NLK-ATH paths show oscillations with a period of 4-6 minutes
during the substorm growth phase (05:00-06:00 UT). Magnetic field variations at ATH also show the same period, indicating that
the radio intensity variations with the period of 4-6 minutes were caused by Pc5 modulations. We also analyzed the substorr
occurred at 19:40 UT on 7 September, 2017. Variations in the radio intensities (3-4 dB) for NRK-NYA, NRK-PKR and NPM-
NYA paths due to precipitations were seen during 23:20 UT, 7 September &amp;#8211; 01:00 UT, 8 September, 2017. Base
on the wavelet analysis, the radio intensities for above 3 paths show oscillations with periods of 30-40 minutes. Magnetic field
variations along the subionospheric propagationpaths, the IMF Bz, and AE index also showed the same periods of 30-40 minute
In the presentation, we will discuss the cause of these radio variations in detail.
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