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Simultaneous all-sky and multi-satellite observations of auroral breakup and magnetic
reconnection
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A substorm is a large-scale disturbance including auroral breakup in the ionosphere and magnetic reconnection in the ma
netotail. Two predominant models of the substorm time history have been proposed: the near-Earth neutral line (NENL) mode
and the current disruption model. The former is of outside-in type with tailward propagation of the disturbance, whereas the
latter is of inside-out type with earthward propagation of the disturbance. To determine such time histories of such substorm
using aurora all-sky and magnetotail multi-satellite observations, the National Aeronautics and Space Administration (NASA) is
conducting a mission named the "Time History of Events and Macroscale Interactions during Substorms (THEMIS)”.

The time history of a substorm is expected to be best clarified when satellites are aligned along the tail axis. A substorn
occurred under such a satellite distribution on 0743:42 UT February 27, 2009, and we investigated the auroral breakup and fa
plasma flows produced by the magnetic reconnection in this substorm. The THEMIS satellites observed that a northward mag
netic field variation propagated earthward. Because this earthward propagation is consistent with the NENL model, observatio
of a substorm onset after the magnetic reconnection was expected. However, the substorm onset was observed in the all-s
images before the magnetic reconnection, as noted in a previous study.

In this study, we report that another earthward fast plasma flow occurred before the substorm onset, indicating that anothe
magnetic reconnection occurred before the substorm onset. In addition, we confirm that the above mentioned post-onset ma
netic reconnection occurred simultaneously with auroral poleward expansion, within a 1-min period. These results support th
NENL model and further suggest that the two-step development of magnetic reconnection is a key component of the substort
time history.
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