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Storm-time electric fields and field-aligned currents in the inner magnetosphere
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Recent satellite observations have revealed that the strong ambient electric field from 5 mV/m to 47 mV/m appears in the
inner magnetosphere during geomagnetic storms [Wygant et al., 1998; Shinbori et al., 2005]. The statistical study by using th
Akebono/EFD data has revealed that most enhanced electric fields from 1.5 to 4.0 mV/m appear in the dawn and dusk regions
a localized L-shell range from 2 to 8 [Nishimura et al., 2006]. Since the convection electric field only reaches up to 2 mV/m in
this region [Maynard and Chen, 1975], it is indicated that some sources of the electric field exist in the inner magnetosphere.

According to the hydromagnetic theory, the electric field is associated with field-aligned currents (FACs). During substorms,
the association between the electric field and FACs has been identified [e.g. Fujii et al., 1994]. Itis inferred that plasma boundarie
would play an essential role on the generation of the electric field. However, the relation between the storm-time electric field anc
FACs has not been clarified yet. In the present study, relationship between the electric field and FACs has been studied by usit
the electric and magnetic field measurements by the Akebono satellite. FACs are calculated from the Ampere’s law by assumin
infinite current sheets aligned with the ambient magnetic field [Fukunishi et al., 1991]. Charge densities along the satellite patl
are obtained from the Coulomb’s low.

During the quiet time before the March 12-14, 1990 geomagnetic storm, both the electric field and the field-aligned current is
small. The field-aligned current begins to enhance around L=10 during the initial phase, while the electric field remains less thal
1mV/m. During the main phase, the amplitude of the electric field reaches 7 mV/m at L=4, and it is embedded in the region-1
and region-2 FACs. Positive and negative charges correspond to the downward and upward FACs, respectively. The electric fie
does not perfectly shielded by the R2 FACs but penetrate into the inner magnetosphere within L=4. During the recovery phase
both the electric field and the FACs move outward to L=8 and are significantly reduced, maintaining the association with eact
other with weak enhancement.

This result shows that the electric field is intensified associated with the field-aligned current during geomagnetic storms. The
polarity of the charge and current indicates that the generator of the electric field and the current locates in the magnetospher
and the ionosphere acts as a load. Therefore the electric field enhances between the field-aligned currents. The electric field
produced in the boundary plasma region, and induces strong FACs on the circuit connected to the ionosphere. However, it do
not constitute a perfect circuit in a limited MLT and L-shell region, but some part of the electric field penetrates into the lower
L-shell region.

Some questions are raised against this interpretation. The magnitude of the electric field does not proportional to that of th
field-aligned current. Another control factor is required to determine the relationship between the electric field and the FAC.

The recent MHD simulations have shown that the generator of the field-aligned current located at the high-latitude cusp [Sisco
and Siebert, 2006]. However, during the main phase, the electric field and the current enhances in the inner magnetosphere
L=4. It is difficult to imagine that the magnetic field line at 4 Re does not pass through the equator but is closed in the high-
latitude region. In the next step, the structure of the magnetic field line and the source region of the field-aligned current shoulc
be investigated to understand the source of the electric field.

1. Introduction
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2. Results
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3. Discussion
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