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3-dimensional coupling between field-aligned currents and ionospheric currents
#Yuto Yand’,Yusuke Ebihar&
(IRISH, Kyoto Univ.(?RISH, Kyoto Univ.

By developing a simplified 3-dimensional Hall-MHD simulation, we investigated the coupling between field-aligned cur-
rents (FACs) and the ionosphere with horizontally-homogeneous (Case 1) and horizontally-inhomogeneous (Case 2) electron
number density. Since the ion-neutral collision frequency depends on the altitude, two layers appear, one dominated by the
Pedersen current (Pedersen layer) and the other dominated by the Hall current (Hall layer). We imposed electric fields to the
topside boundary to excite the Alfven waves and FACs. When the electron density is horizontally homogeneous (Case 1),
most of the FACs are connected with the Pedersen current. A few of them are connected with the Hall current. When the
electron density is artificially enhanced in a longitudinally elongated region (Case 2), the convergent (divergent) Hall current
appears near the leading (trailing) edge of the high-density band, resulting in divergent (convergent) polarization electric
field. The rotationally-flowing plasma associated with the polarization is confirmed to perform negative work against the
Lorentz force associated with the Hall current. As a consequence of the negative work, magnetic energy and localized FACs
are generated in the Hall layer. The localized FACs are found to bridge between the Hall and Pedersen layers. Some current
lines originating in the topside boundary of the simulation box are connected to the Hall current by way of the localized
FACs. The current lines can pass underneath those flowing in the Pedersen layer. Such "intersection” is not allowed in the
traditional thin-layer assumption. These results suggest that the current lines are fully 3-dimensional, primarily due to the
localized FACs that bridge the Pedersen and the Hall layers. The localized FACs are thought to play an important role in the
magnetosphere-ionosphere coupling, in particular, the formation of a traveling surge of aurora during substorms.
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