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Magnetic topology of polar cap bifurcation
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The global magnetic topology of the magnetosphere consists of two magnetic nulls and two separators connecting them
(the so-called 2-null, 2-separator structure). This basic structure is stable and is seen persistently, in particular, during periods
of northward interplanetary magnetic field (IMF). In this topology, the polar cap is a circle at ionospheric altitudes. On
the other hand, in numerical simulations, an “island” of closed magnetic flux appears inside the polar cap occasionally; or
conversely, an “island” of open magnetic flux emerges in the closed field line region equatorward of the polar cap boundary.
We call this phenomenon “polar cap bifurcation.” Although polar cap bifurcation can occur even for periods of steady solar
wind and IMF conditions, we have learned from numerical simulations under various solar wind and IMF conditions that it
occurs almost certainly, and that extensively, with a timelag of 60-80 min after a solar wind or IMF jolt. Evidently, polar
cap bifurcation indicates the breakdown of the basic 2-null, 2-separator structure, but its underlying magnetic topology is
far from understood. From our topological analysis so far, we know that (1) there are no magnetic nulls in the magnetotail
up to 80 Re from the Earth, and (2) the two nulls on the dayside become clustered with multiple nulls (mostly the same
type of null). In order to elucidate the magnetic topology of the bifurcated polar cap, we extend the search region of nulls
beyond 80Re. We also consider the possibility for nulls to be located outside the simulation region. At the same time, since
numerical analysis seems hopeless in determining the internal null cluster structure, we try theoretical approach, for example,
asymptotic expansion of the magnetic field in the vicinity of the magnetic nulls. We will report the results of these attempts
in the presentation.
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