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Magnetic field topology of polar cap bifurcation

#Masakazu Watanabe!) ,DongSheng Cai?) ,Peikun Xiong?),Shigeru Fujita®), Takashi Tanaka®

(IDepartment of Earth and Planetary Sciences, Graduate School of Science, Kyushu University, Institute of System
and Information, University of Tsukuba,(®Joint-support center for data science research/The Institute of Statistical
Mathematics, “International Research Center for Space and Planetary Environmental Science, Kyushu University

The polar cap is defined as the region of closed magnetic fields in the ionosphere and forms usually a simply connected
disk. In global magnetohydrodynamic simulations for northward interplanetary magnetic field (IMF), there often occurs
a phenomenon in which the simple connectivity is broken. For example, an "island” or “exclave” of the open flux region
emerges inside the dawnside or duskside auroral oval. Interestingly, under this configuration, closed field lines and IMF
lines are tangled in the magnetotail. We refer to such a non-disk polar cap as just described as a “bifurcated” polar cap.
Although polar cap bifurcation can occur even for steady solar wind or steady IMF conditions, it occurs almost certainly
with a 40-50min timelag after a solar wind or IMF jolt impinges on the magnetosphere. The basic magnetic field structure
of the magnetosphere consists of two magnetic nulls and two separators connecting them (the 2-null, 2-separator structure).
Polar cap bifurcation indicates the breakdown of the basic structure. In this study, we propose a magnetospheric magnetic
topology model that produces the polar cap bifurcation. Although the basic structure with the two nulls (an A type null in
the Northern hemisphere and a B type null in the Southern Hemisphere) is still retained, each null becomes multiple to form
a cluster (a null cluster of A type in the Northern Hemisphere and a null cluster of B type in the Southern Hemisphere).
The multiplied nulls are expected to be higher order in the sense that they cannot be expressed by linear approximation.
Although the internal structure of the null cluster is still unclear, this null clustering model can successfully explain the polar
cap bifurcation and the associated tangling of closed lines and IMF lines in the magnetotail.
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