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Multi-event analysis of simultaneous observation of isolated proton auroras using

all-sky cameras and the Van Allen Probes
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Proton auroras are generated by energetic protons precipitating from the magnetosphere through charge exchange collisions
with atmospheric particles in the ionosphere. In particular, isolated proton aurora (IPA), which has a thinly east-west stretched
structure, appears at subauroral latitudes associated with Pc1 geomagnetic pulsations. Previous studies suggested that the IPA
is caused by electromagnetic ion cyclotron (EMIC) waves which scatter pitch angle of energetic protons into the loss cone in
the magnetosphere and making their precipitation into the ionosphere. EMIC waves are considered to make rapid loss of the
radiation belt electrons into the atmosphere through wave-particle interaction. The IPA is the projection of the wave-particle
interaction region on the ionosphere. Thus, simultaneous observation of magnetospheric EMIC waves and IPAs is important
to understand the scale sizes and the mechanisms of the wave-particle interaction region. Nakamura et al. [JGR, 2020;
doi: 10.1029/2020JA029078] reported the correspondence between two IPAs observed at Athabasca and two localized EMIC
waves in the magnetosphere. In this study, we detected three events of simultaneous observation of IPAs and plasma and
electromagnetic variations in the magnetospheric source region of IPAs by using all-sky cameras deployed by the PWING
project (Athabasca, Gakona, Husafell, Magadan, Nyrola, Kapuskasing, Tromsoe, and Istok), ISEE Magnetometer Network,
and the Van Allen Probes satellites. As a result, we could find out three events during which the footprints of the Van
Allen Probes satellites passed near or over IPAs at Kapuskasing and isolated EMIC waves were observed by the satellites.
The events are on March 22 ("08:30 UT), April 22 ("06:40 UT), and September 7 ("04:00 UT), 2018. All events were
observed during geomagnetically quiet times. The equatorward boundaries of the EMIC waves correspond to the increase of
the energetic proton flux. The poleward boundaries of the EMIC waves correspond to the cliff-like plasma density decrease.
These characteristics were common to all three events. Large electromagnetic DC field variations, which are usually observed
during ordinary auroral arc crossings, were not observed during these IPA crossings. Based on these results, we will discuss
possible cause of localization of IPAs and EMIC waves in the magnetosphere.
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