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circulation mode in the magnetosphere
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When the interplanetary magnetic field (IMF) is southward, the so-called Dungey cycle [Dungey, 1961] is excited in the so-
lar wind-magnetosphere-ionosphere coupling system. On the dayside, IMF lines reconnect with closed geomagnetic field line
(IMF-closed reconnection), and open geomagnetic field lines are created. On the nightside, in contrast, north lobe field line
and south lobe field lines reconnect (lobe-lobe reconnection), and closed geomagnetic field lines are created. The Dungey cyc
is the coupling of IMF-closed reconnection and lobe-lobe reconnection. As a result, there appear twin large-scale vortices it
the ionosphere. As a paradigm of magnetospheric phenomenology, this Dungey’s picture has lost none of its luster even half
century after its original proposal.

Recently, it became gradually clear that a new type of magnetic reconnection exists in the Earth’s magnetosphere to which n
regard has been given by the researcher. It is reconnection of open geomagnetic field lines and closed geomagnetic field lin
(lobe-closed reconnection). Reconnection of this type is well known in the solar physics community by the name 'interchange re:
connection.’ In the magnetospheric physics community, however, interchange reconnection has not been recognized at all. Whe
the IMF BY component is dominant, interchange reconnection plays an important role in magnetospheric physical processe:
One such process is the magnetic flux circulation mode called 'hybrid cycle’ in which interchange reconnection is incorporated
into the Dungey cycle. Theoretical consideration indicates that the hybrid cycle has many features that are different from the
pure Dungey cycle, for example splitting of the crescent cell and the interhemispheric difference of merging cell potential drops
(the crescent merging cell potential in one hemisphere is less than the round merging cell potential in the opposite hemisphere
Some observations support these theoretical predictions; however, observations can provide only circumstantial evidence. Tl
purpose of this study is to investigate whether the hybrid cycle can be reproduced by numerical magnetohydrodynamics simulz
tions. One method to verify the hybrid cycle is to show the existence of an open field line that convect with the solar wind whose
ionospheric foot jumps one place to a remote place abruptly. Although this phenomenon is difficult to understand intuitively,
we analyze the simulation results in detail and visualize the magnetic flux circulation mode using recently-developed compute
graphics techniques. In addition, we also refer to observations that are relevant to the hybrid cycle and discuss to what exte
simulations can reproduce observations.
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