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Investigation of the response of magnetic and electric fields in mid-latitude

to the development of CW during substorms
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The purpose of this study is to comprehensively understand the evolution of global 3D current system from polar to
equatorial ionosphere during substorms.

There are two types of current systems in the polar ionosphere: the R1-current linked to the magnetospheric convection
system, and the R2-current linked to the pressure gradient in the inner magnetosphere [lijima and Potemra, 1976, 1978].
In addition to these currents, when a substorm onset is occurred by a strong plasma injection, a current wedge (CW) is
generated by the plasma vorticities at the edge of the plasma flow. It has the same current polarities as the R1-current system.

Magnetic field variations generated by field-aligned currents (FAC) associated with CW development are significant in the
nightside mid- and low-latitude, and these variations was modeled by McPherron et al. [1973]. We capture the development
of CW current systems during substorm by using MAGDAS and SuperMag magnetic field data, and by comparing them
with the electric field data from the FM-CW installed at Kyushu University in Paratunka, Russia, we are analyzing the
electromagnetic dynamic responses in the mid- and low-latitude regions.

By comparative analysis of the ionospheric electric and geomagnetic field on isolated substorms that occurred from
September 21, 2006, to December 31, 2010, we found that there are three patterns of electric field variations at mid-latitudes
near the current wedge. The amplitude of the electric field variation is correlated with the westward auroral electrojets
strength. The direction of the electric field cannot be explained by the electric field associated with the CW current system,
however, it reflects the electric field caused by the Hall polarization effect due to the ionospheric current induced by CW
(simulated by Yoshikawa et al. [2013]). In this presentation, we report the results of a more detailed analysis of the
characteristics of the electric field amplitude associated with the development of the CW structure and the difference from
the inner and outer boundaries of the CW.
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