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In a series of our studies, the time development of Earth’s magnetosphere during substorms has been investigated statistica
using the Geotail data. In those studies, we could confirm various variations which relevant models of substorm predict. How-
ever, none of them could perfectly explain our results. Thereby we proposed a new model called Catapult (Slingshot) Curren
Sheet Relaxation model. In this model, the initial variation starts at X “14 Re in the magnetotail rather than X "-8 Re as predictec
by the current disruption model, or X "-20 Re as predicted by the near-Earth neutral line model.

During the growth phase of substorm, the Poynting flux toward the plasma sheet center enhances the cross-tail current. The
the highly stretched current sheet with small dipole field relaxes resulting in the earthward motion of that current sheet. Simul-
taneously, the reduction of the total pressure progresses around the flow region at X “-16 Re, and the Poynting flux toward th
plasma sheet center further enhances about 4 min before the auroral breakup. Those variations work as a seed for the disturbar
in the inner magnetosphere which was in a marginal state against the instability such as ballooning instability. The occurrence c
the instability produces the current disruption and dipolarization of the magnetic field. Meanwhile, the earthward flows produce
a very thin current sheet at the boundary between the current sheet with highly stretched dipole field lines and the Harris-typ
current sheet at X "-20 Re. The magnetic reconnection starts in this very thin current sheet located at X "-20Re. Based on thos
results, we performed a case study of substorm events observed by THEMIS spacecraft.

In the event observed on February 27, 2009, the earthward flows were observed to start at 0218 UT by P2 probe located
X "-18 Re. At 0225 UT, earthward flows were detected by P3, P4 and P5 probes all located at X “-9Re. These earthward flow
were accompanied by notable enhancement of the northward magnetic field, which corresponds to the dipolarizaton. At the san
time, P1 probe located at X "-23 Re observed the tailward flows with the southward magnetic field. As for the total pressure (the
sum of the plasma pressure and the magnetic pressure) , its decrease was observed in association with the precursor earthw
flows at P2 location. The total pressure decrease was also detected by P3, P4 and P5 probes simultaneously with the appeara
of the earthward flows. Meanwhile, the total pressure enhancement was detected at P1 location in the downtail region prior t
the total pressure decrease synchronized with the tailward flows.

Those characteristic variations are consistent with those predicted by the catapult (slingshot) current sheet relaxation mode
which strongly supports the validity of our model.
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