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Studies on auroral arc structure formation with simplified MHD model including
feedback processes of planetary ionosphere
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We perform a three-dimensional MHD simulation in order to understand what controls the auroral arc structure and latitudinal-
scale of oval, and how the transition region of arc and diffuse auroras at low latitude is balanced. These are fundamental problen
in ionosphere-magnetosphere coupling region. For the progress our understanding in the spatial scale of oval we try to construc
simple model where an active and non-linear response of planetary ionosphere is treated. In contrast with a large-scale simulati
to focus global feature of the system, this kind of modeling seems to be essential to focus fundamental physical processes. Wats
abe et al. (1993) showed that in a quiet phase of Earth’'s magnetosphere a small-scale striation structure of arc is formed froi
a stable oval due to saturation in electron density through recombination process; it means that the closing scale of positive ar
negative field-aligned currents is very small. They also proposed that the inverted-V shaped resistivity is formed self-consistentl
through ion-acoustic instability due to strong field-aligned current and it affects largely the ionospheric potential pattern. These
are defined as the feedback processes of planetary ionosphere.

We also try to compare characteristics of the feedback process and the arc structure in several planets as Earth and Jupiter.
can see the stable and co-rotated oval with some striation from observed images of auroral ultra-violet emission by the Hubbl
Space Telescope (Grodent et al., 2003) and of night-side visible emission by the Galileo spacecraft (Vasavada et al., 1999). Tt
co-rotation of the structure is concerned with the relative position of its formation in a corresponding magnetosphere and is als
one of fundamental problems. Nichols and Cowley (2004) proposed a simple one-fluid plasma model for Jupiter’s auroral ova
formation. They treat the conductivity change due to ionization caused by precipitated hot electrons as a feedback process. Ho
ever, self-consistency of the model seems to be too weak to discuss the oval scale because of some constraints as axisymms
and neglect of perturbed magnetic field.

Our purpose is to investigate dependence of the spatial scale of auroral arc structure (or oval) on several parameters char:
terizing ionosphere and magnetosphere by performing a similar MHD simulation as Watanabe et al. (1993). We neglect the
curvature of magnetic field line and spherical morphology for simplicity and use the Cartesian coordinatesmdty being
longitude and latitudez direction being field-aligned; boundariesodlirection correspond to ionosphere and magnetic equator.
Assuming the velocity and magnetic fields at magnetic equator we solve the equation of one-fluid incompressible plasma motio
with resistivity and the induction equation. At ionospheric boundary the velocity field is assumed to be a combin&tiéh of
drift and collisional drift (Pedersen and Hall mobilities); the height-integrated continuity equation including recombination and
ionization processes and the charge conservation equation are solved under the field. For application to Jupiter's case we firs
change the inherent magnetic field magnitude from Earth’s case but consider possibility of several improvements of the formula
tion.
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