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Expansion of the energetic particle boundary and its spatial relationship with the
plasmasheet and ring current
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It is well known that sharp increases of energetic charged particle fluxes are observed around the geosynchronous orbit durir
substorms. Such phenomena are interpreted as the consequence of particle injection from the tail to the inner magnetosphe
under the duskward electric field. However, the radial distribution of the flux enhanced region is poorly understood. Especially
the existence/dynamics of the outer boundary of the flux enhanced region (energetic particle boundary, EPB) has rarely bee
addressed. Therefore, we have investigated the behavior of energetic particles in the plasma sheet (PS) and ring current (R
outer region at mid-latitudes during substorms by utilizing the polar orbit perigee passes of the Cluster satellite. From the dat:
set of January-April in 2005 (the spacecraft separation is suitable for our analysis in this period), we found 3 events in which
energetic electron/ion fluxes simultaneously increased with a dispersionless feature near the substorm expansion onsets ("4-
min). From timing analysis, it is verified that the flux enhancements were not the "dispersionless injection”; from the talil,
although these were found near the outer edge of the RC region around the midnight sector. Rather, the flux enhancement w
caused by inbound crossing of the EPB. Our calculation shows that the EPB moved outward in terms of the magnetic shell
with speeds of 1-10 km/s. Most of the observed EPB were located inside the boundary between the PS and the lobe (LB), ar
the motions of the EPB were quite different to those of the PS-LB boundary; the PS-LB boundaries showed the tendency o
PS thinning. It suggests that the strong particle acceleration occurred at the outer edge of the RC inside the PS, not the PS-L
boundary.
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