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Stability of auroral arc in convection electric field and self-current shear
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The dynamics of auroral arcs in the magnetosphere-ionosphere coupling system has been vigorously studied on the ba:
of magnetohydrodynamic instabilities and their nonlinear evolution. The feedback instability was proposed for a mechanism
[Sato, 1978; Lysak, 1991], where destabilization of shear Alfven waves is induced through a resonant coupling with density
waves propagating in the ionospheric convection electric field. Recently, two-dimensional simulations demonstrated formatior
of small-scale arcs and ionospheric cavity modes [Streltsov and Lotko, 2004; Lu et al., 2008]. Treating nonlinear terms appro
priately, a three-dimensional simulation showed that Kelvin-Helmholtz type vortex structures are spontaneously excited in the
magnetosphere [Watanabe, 2010]. A linear analysis with non-uniformity of the Alfven velocity clarified eigenmode properties
of the field-line and cavity resonances [Hiraki and Watanabe, 2011; 2012]. Furthermore, their relationship to the occurrence o
auroral vortices has been investigated with nonlinear simulations.

The motivation of this study is to give a theoretical suggestion to the essential question "Auroral arc initially has an east-
westerly elongated anisotropic structure, does an unstable mode therein hold some directivity?” It can be stated that eas
westward modes, if dominated, are involved in wavy and bead structures in observable levels, whereas north-southward mod
are related to splitting of arcs. Here, we take into account the arc-inducing field-aligned current and magnetic shears and exar
ine changes in the characteristics and stability of feedback eigenmodes. Analyses in the southern hemisphere clarified that t
growth rate of westward modes decreases by an order due to the southward current shear under the westward convection elec
field. Southward modes (in the frame of convection drifts) are still unstable because of the properties of shear waves, while ea:
and northward modes are feedback stable by nature. It is found that arcs are apt to split in poleward side rather than form int
vortices. We further drew a diagram of westward mode growth rates as functions of electric field and current shear. A switching
phenomenon of fast-growing mode from fundamental to the first harmonic mode is found in response to the field strength, a
well as structures in the stable/unstable transition. In this talk, we will discuss suggestions to the behavior of observed aurorz
arcs.
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