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Concurrence of the Dungey and interchange cycles during northward interplane-
tary magnetic field periods
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When the interplanetary magnetic field (IMF) is southward, the geomagnetic field lines on the dayside magnetopause trans-
mute from closed to open and transported tailward. They become closed again in the magnetotail and transported sunward
to finally return to the dayside, thus forming a magnetic flux circulation called the Dungey cycle. The two reconnection
processes associated with the Dungey cycle are both called Dungey-type. Topologically, in Dungey-type reconnection, four
distinct regions meet together on a separator. In contrast, when the IMF is close to due north, another magnetic flux cir-
culation called the interchange cycle is formed. The interchange cycle is characterized by a pair of “reverse” convection
cells on the dayside ionosphere whose circulation directions are opposite to those driven by the Dungey cycle. The name
“interchange” comes from the fact that the magnetic flux circulation consists of two interchange-type reconnection processes
(i.e., IMF-to-lobe reconnection and lobe-to-closed reconnection). The interchange-type reconnection is a process in which
two topological regions meet together on a separatrix excluding the separators. Although the Dungey cycle for southward
IMF and the interchange cycle for northward IMF appear to be mutually exclusive, they can coexist One example is the IMF
By-dependent ionospheric convection that appears occasionally on the nightside when the IMF is northward. This convection
system is interpreted as a manifestation of the partial Dungey cycle, and is concurrent with the twin reverse cells on the day-
side that characterize the interchange cycle. From global magnetohydrodynamic (MHD) simulations, we reproduced the IMF
By-dependent convection system on the nightside and investigated how the two magnetic flux circulations can coexist. The
magnetic topology of the magnetosphere for northward IMF consists of two magnetic nulls and two separators connecting
them. When the IMF is close to due north, the two separators bend sharply in the vicinity of the magnetic nulls. This bend
enables both types of reconnection to coexist in the neighborhood of the null point. However, the geometry of Dungey-type
reconnection is quite different from that for southward IMF. In our talk, we discuss the separator configuration in detail that
allows the concurrence of the two magnetic flux circulations.
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