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What is happen at the magnetic equator in the Magnetosphere-Ionosphere coupling system? For example, Kikuchi [2000]
suggested that penetration electric field extends from high latitude to equatorial region and Pedersen current connects polar
regional current system and equatorial electrojet (EEJ). On the other hand, by two-dimensional potential solver, Yoshikawa
et al. [2012] proposed Cowling channel model, in which auroral electrojet and EEJ are coupled as a result of occurrence
of strong Hall polarization effect at the conductivity gradient region in sunlit / shadow region and magnetic equator, and
associated of it, predicted the significant deformation of ionospheric potential. However, it does not achieve the reproduction
of EEJ system in most previous studies about polar-equatorial coupling current system because they used two-dimensional
current closure and simplified magnetic field model.

Therefore, we develop a quasi-three-dimensional electrostatic potential solver, and we are now reproducing three-
dimensional current system at equatorial region in M-I coupling situation and analyzing to understand its excitation
mechanism. We use IGRF model [e.g., Alken et al., 2021] as geomagnetic field and successfully reconstruct more realistic
configuration of magnetic equator than earler M-I coupling simulations. In addition, we adopt the modified apex coordinates
[Richmond, 1995] so that we can obtain three-dimensional distribution of any quantity in the ionosphere assuming the
equipotentiality of magnetic field line although we calculate only two-dimensional second-ordered elliptic partial differential
equation for electrostatic potential. This method is used in ionosphere-atmosphere coupling model [e.g., Takeda and Maeda,
1980; Kawano-Sasaki and Miyahara, 2008] and called quasi-three-dimensional model.

We report the analysis results of global ionospheric current. The results are reproduced with region-1 FAC based on
Nakamizo et al. [2012] under the realistic three-dimensional conductivity from NRLMSIS-00 [Picone et al., 2002] and
IRI-2016 [Biliza et al., 2017] for density and temperature of neutral and plasma species, respectively, and from Ieda [2020]
for collision frequency. We analyze the calculation results of electrostatic potential and current density with the theory of
polarization [Yoshikawa et al., 2013]. Finally, we find that EEJ in the M-I coupling system is made by primary Hall current
from north-south component of penetration electric field. These results are quite different from the common theory that
eastward penetration electric field is important for EEJ in M-I coupling. In this meeting, we will show the potential and
current distributions from directly penetrate component.
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