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Substorms are explosive disturbances in the magnetosphere and ionosphere of Earth. Substorm onsets are often identified us
sudden auroral brightenings (auroral breakup) or geomagnetic Pi2 pulsations. These auroral brightenings and Pi2 pulsations &
supposed to occur simultaneously within approximately 1 min of each other. However, as auroral brightenings typically include
a two-stage development, this simultaneity is not straightforward.

In this study, we clarify the correspondence between Pi2 pulsations and auroral brightenings, including the two-stage devel
opment. The first stage of the development is the sudden brightening of an auroral arc near the midnight (initial brightening)
and the second stage is the poleward expansion of the auroral arc. We compared all-sky images (3 s resolution) in Canada a
geomagnetic observations (0.5-1 s resolution) in North and Central America, using data from the THEMIS project. In this study,
we examined three substorms events that exhibit evidence of the two-stage auroral development.

In the first event (4 March 2008), an auroral initial brightening occurred at 0533:57 UT and a poleward expansion was observe
at 0538:12 UT (4 min after the initial brightening) in Gillam (magnetic latitude:66.@ngitude:333 , MLT:22.9). In contract,
the Pi2 pulsation started at 0539:30 UT, which is closer to the time of the poleward expansion, in Carson City (magnetic lati-
tude:45.0 , longitude:304 ). and San Juan (magnetic latitude:27,%ongitude:6.53 ). Thus, we consider this Pi2 pulsation as
corresponding to the poleward expansion rather than the initial brightening. This correspondence was also seen in the other tv
events, suggesting that it is not exceptional. We interpret that the Pi2 pulsation corresponds to the poleward expansion becau
both are caused by the magnetic field dipolarization, which is a drastic change that propagates from low- to high-latitude fielc
lines.
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