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Timing relation between positive bay onsets, Pi 2 onsets, auroral initial brightenings ano
auroral breakups
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There are two major scenarios for the triggering of substorms, that is, the near-Earth neural line (NENL) model and the curren
disruption (CD) model. In both scenarios, the formation of substorm current wedge is essential to complete the substorm onse
process. In other words, understanding how and when does the SCW form in the substorm onset process is most important po
to settle the substorm arguments.

Morioka et al. [2008][2010] have investigated the dynamic behavior of AKR (Auroral Kilometric Radiations). They reported
that the field aligned auroral acceleration shows a distinct two-step evolution at substorm onset: the activation of the low-altitude
acceleration which corresponds to auroral initial brightening and the subsequent abrupt breakout of high-altitude acceleratio
which corresponds to auroral breakup. While, the relation between the two-step evolution of field aligned auroral acceleratior
and the global onset of the substorm in the magnetosphere is unclear.

The most reliable indicator of the SCW is most likely a positive bay at mid to low latitudes. However, since the initial move-
ment of the positive bays is quite gradual, it is difficult to determine the precisive timing of their onsets.

Thus, there is no meticulous discussion about their onset timing in the sequence of substorm onset process. Recently, Tokuna
et al.[2010a][2010b][2011] developed the change-point detection method named MSST (Multivariable Singular Spectrum Trans
formations) and showed MSST is powerful for determining the onset time of positive bays. In this paper, we investigated the
timing relation between bay onsets, Pi 2 onsets, auroral initial brightening and auroral breakups. Analyzed ground-magnetomet
data obtained at KAG (Kagoshima, GLAT: 27.15, GLON: 142.30), which is one of the CPMN (Circum-pan Pacific M agnetome-
ter Network) (PI: Prof. Kiyohumi Yumoto of the Kyushu University) stations provided by Space Environment Research Center of
Kyushu University [Yumoto and the CPMN Group, 2001]. The start timing of auroral initial brightening and auroral breakups are
determined by checking UVI (Ultra Violet Imager) data obtained at Polar satellite (Dr. G. Parks of the University of Washington
is P. I. on Polar UVI).

The algorithm for determining bay onsets and Pi 2 onsets from ground-magnetometer data consists of four steps. The firs
step is for detecting Pi 2 events automatically from ground-magnetometer data. This step is achieved by applying SVT (Singula
Value Transformations), which is proposed in Tokunaga et al.[2011]. The second step is for the event screening. In this step, F
2 events that accompanied with positive bay are selected for the following step. The third step is the determination of the ba:
onset by applying MSST. The final step is the determination of the Pi 2 onset. The Pi 2 onset is estimated by applying the metho
proposed in Fukuyama et al.[2004].

Obtained results were as follows: (1) Breakups and Pi 2 pulsations at KAG began almost simultaneously. (2) The delay time
of Pi 2 onset to bay onsets was 216+-91s on an average. (3) The positive bay and the initial brightening began almost simultan
ously. (4) The delay time of Pi 2 onset to the initial brightening was 218+-116s on an average.
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