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Transition of Global Magnetospheric Topology at Substorm Onset
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Recent magnetohydrodynamic (MHD) simulations indicate that the magnetic field topology of the magnetosphere is basically
described by a torus representing the open-closed filed line boundary and a cylinder representing the open-interplanetary field
line boundary. The torus is inscribed in the cylinder with a tangent topologically equivalent to a circle. The circle consists of two
separators (which are also field lines) connecting two magnetic nulls on the circle. The torus surface consists of two separatrices,
namely the separatrix northward of the separator circle and the separatrix southward of the separator circle. Similarly, the
cylinder surface is divided into two separatrices by the separator circle. We call such structure of the magnetosphere the null-
separator topology. When the interplanetary magnetic field (IMF) is northward, the null-separator topology almost always
persists. For southward IMF, however, the null-separator topology is locally modified, sometimes drastically, although the global
null-separator topology is basically retained. In this paper, we investigate the magnetic topology change at the onset of substorms
simulated by global MHD modeling. In our simulation, a nonzero dawn-dusk component of the IMF was included in the upstream
conditions. We found the following. Just before the onset, at x = -20 ˜-30 Re on the nightside, the torus surface northward of the
separator circle and the torus surface southward of the separator circle are in contact with each other and reconnect. As a result,
unconnected (IMF) lines produced by reconnection pierce the closed field line region, making another hole on the torus (i.e., a
2-fold torus or a double torus). We discuss how the 2-fold torus is formed at the substorm onset by analyzing the simulation data
in detail.


