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Formal theory of the substorm
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It has been believed that the substorms is a manifestation of extraordinary plasma processes in the magnetosphere such as
instability, anomalous resistivity and reconnection. In this paper, we show that this belief is a misleading concept and that
substorm must be understood as the development and transition of the convection system. Major observed signatures of the
substorm have all become reproducible by the recent magnetosphere-ionosphere (M-I) coupling simulation. In the ionosphere,
these reproductions include enlargement of the oval and quiet arc during the growth phase, the onset that strat from the
equatorial edge of the oval together with Pi2 and positive bay, and the westward traveling surge (WTS). Also in the
magnetosphere, the plasma sheet thinnning, the dipolarization, the D-deflection, earthward propagating dipolarization are
reproduced successively. In order to understand the substorm as the change in convection system, we first study from these
numerical solutions the energy conversion driving the convection and the generation mechanism of field-aligned current (FAC)
namely the formation process of the dynamo. Based on these results, we investigate how the structure of the convection would
change from the quiet state to the growth phase and further to the expansion phase. Then we clarify how the various substorm
signatures in the magnetosphere and the ionosphere are related with the corresponding developments in the convection system.
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