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Role of plasma convection in relation to pressure gradient-driven Birkeland currents
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It is well known that field-aligned currents (FACs) play an important role in that they transfer electromagnetic energy and
momentum from the magnetosphere to the ionosphere. The research on FACs has a long history both in observations al
theoretical considerations. A convectional way to formulate FACs is to solve the charge continuity equatl)a@livging the
momentum (stress balance) equation [e.g., Sato and lijima, 1979; Vasyliunas, 1984]. In ideal magnetohydrodynamics (MHD)
the electromagnetic forcaXB force) balances with the pressure gradient force or the inertia force. Over decades, there have
been discussions on which force is responsible for FACs. Recent global MHD simulations indicate that in almost all cases the
pressure gradient force is the major factor [Tanaka, 2003, 2007]. The inertia force becomes appreciable only in special cases su
as the preliminary impulse (PI) in sudden commencements (SCs) [Fujita et al., 2003]. Thus the pressure gradient mechanis
is working universally in steady-state systems and is more essential than the inertia mechanism in magnetospheric physics. (
the other hand, in the above-mentioned conventional formulation, plasma flow does not appear in the pressure gradient-drive
FACs. Convection and FACs seem to have no relation. This is wrong, however. In fact, convection plays an critical role in
energy conversion. In order to maintain a stationary current system, a dynamo is necessary in which plasma thermal energy
converted to electromagnetic energy. This dynamo is generated by an expansion of plasma flow (posifjveritgrms of
the three basic MHD wave modes, the dynamo process corresponds to slow mode disturbances. In addition, at the time of FA
generation, a shear motion appears in the plasma convection, which corresponds to Alfven mode disturbances. The sequence
these processes is interpreted as a mode conversion in MHD waves from slow to Alfvenic. We discuss this interpretation showin
examples of global MHD simulation.
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