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Magnetohydrodynamic modeling of a polar cap bifurcation (exchange cell
configuration) for northward interplanetary magnetic field
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When the interplanetary magnetic field (IMF) is northward, there occurs occasionally a bifurcation of the polar cap (an open
magnetic flux region) associating a large-scale transpolar arc. Upon the basis of observations, Watanabe et al. [2004] propos
the 'exchange cell’ configuration for a bifurcation process. The exchange cell configuration is a consequence of sequential recol
nection described as follows. First, Dungey-type reconnection on the dayside in one hemisphere produces open magnetic flu
The open flux is stacked on the dayside magnetopause, resulting in an overdraped lobe. Subsequently, in order to facilitate tl
tailward open flux transport, lobe-to-closed reconnection takes place in the same hemisphere. In the ionosphere in the oppos
hemisphere, this sequential reconnection produces an intrusion of open magnetic flux into the flankside plasma sheet (a clos
magnetic flux region) and creates the bifurcation of the polar cap. In numerical modeling, Tanaka (1999) demonstrated a magn
tohydrodynamic simulation indicative of the exchange cell configuration. However, subsequent simulation codes developed b
Tanaka have not been successful in reproducing the exchange cell configuration even for the same IMF conditions. It appears tf
the exchange cell does not occur under simple IMF conditions. For the purpose of reproducing the exchange cell configuratior
we performed the following simulation. In order to promote the overdraped lobe formation, we tilted the Earth’s dipole axis by
25 degrees (boreal winter). Similarly, in order to further Dungey-type reconnection in the summer hemisphere, we set the IMF
to Bx=5nT By=0, and Bz=5nT. We produced a quasi-stationary magnetosphere under these conditions and after that rotated tl
IMF clock angle from due north by 40 degrees in about 30 minutes without changing the IMF magnitude. With this simulation,
we obtained a solution with a polar cap bifurcation that is similar to the exchange cell configuration. In the presentation, we
report the detailed analysis of the simulation results. From this modeling, it is suggested that the Earth’s dipole tilt plays an
important role in forming the exchange cell configuration.
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