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Nonlinear simulation of structuring of auroral arcs

# Yasutaka Hiraki[1]
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The structuring of auroral arcs has been vigorously studied in the context of magnetohydrodynamic instabilities and their
nonlinear evolution in the magnetosphere-ionosphere coupling system. The feedback instability was proposed for a mechanis
[Sato, 1978; Lysak, 1991], where a slight slippage and over-reflection of shear Alfven waves occur due to the ionospheric
convection. Recently, two-dimensional simulations showed formation of small-scale arcs and ionospheric cavity modes [Streltso
and Lotko, 2004, Lu et al., 2008]. Three-dimensional simulation including proper nonlinear terms showed that Kelvin-Helmholtz
type vortex structures are spontaneously excited in the magnetosphere [Watanabe, 2010]. Linear analysis of Alfven eigenmode
considering the velocity cavities, clarified feedback properties of the field line and ionospheric Alfven resonances [Hiraki and
Watanabe, 2011; 2012; Hiraki, 2013].

The purpose of our modeling studies is to get a comprehensive understanding for evolution of auroral arcs and the relate
nonlinear wave activities. The model basically treats Alfven wave dynamics driven by the magnetosphere-ionosphere couplin
process and covers a local dipole flux tube in the auroral region. The magnetospheric plasma is described by the reduced-MH
equations of electric and magnetic perturbations in a global convection electric field. The ionospheric plasma motion is describe
by the compressible two-fluid equations and is characterized by the Pedersen and Hall currents. Field-aligned current carried |
the Alfven wave flows into the ionosphere, producing an internal non-uniformity of plasma density or conductivity, which in turn
pulls back new waves to the magnetosphere to affect the vortex formation. Our 3D simulations reproduced auroral structurin
such as splitting of arcs and vortices observed in the pre-breakup phase [Donovan et al., 2006; Liang et al., 2008; Sakaguc
et al., 2009]. The points to be addressed in the next step are 1) the relationship between ionospheric cavity modes and aurol
vortex, 2) deformation from arc to vortex by feedback modes, and 3) the role of the two-sphere coupling on auroral structuring.
In this talk, we would present the recent results of calculations focusing on the above topics 1) and 2).
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