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On the ionospheric feedback instability in dipole magnetic field geometry
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The ionospheric feedback instability has been presented for the Alfven wave penetrating into the ionosphere, where it destab
lizes due to a modulation by means of energies of electric drift convections [Sato, 1978; Lysak, 1991; Watanabe, 2010]. Watanak
[2010] performed the linear eigenmode analysis in slab field geometry and the non-linear simulation with a reduced-MHD model.
They demonstrated that some spontaneous behaviors such as rolling-up of vortices appear in the non-linear saturation phase. |
tending the model into dipole field geometry, we made the linear eigenmode analysis including strong non-uniformity of the
Alfven velocity, in which it is confirmed to be feedback unstable [Hiraki and Watanabe, SGEPSS fall meeting 2009]. Lysak
[1991] has already performed a similar linear analysis, limited to the ionospheric cavity region, by considering a decrease in th
Alfven velocity below a height of "1 Re; the frequency range is comparable to that of short-period magnetic fluctuations (0.1-1
Hz). They indicated dependences of the growth rate on the Pedersen conductivity, convection field, and perpendicular wav
number. However, the relationship between magnetic field, plasma density, and the Alfven velocity distribution is not so clear
because they use slab geometry with a constant magnetic field. In their analysis, the effects on the magnetospheric cavity [e.
Chen and Hasegawa, 1974], a decrease in the Alfven velocity above a height of "1 Re, are not considered.

The purpose of this study is to compare linear eigenmodes of our case in dipole geometry with those in Lysak’s case, and t
investigate further the variations of the form of eigenfunctions and the growth rate by varying the distribution of Alfven velocity
(plasma density). We focus mainly the ratio of the Poynting fluxes for the ionospheric and the magnetospheric cavity modes. On
future target of this study is on the kinetic Alfven wave as well as auroral fine structures excited through formation of ionospheric
cavity modes [e.g. Rankin et al., 1999; Chaston et al., 2006; Sakaguchi et al., 2009]. The effects of collision processes that wel
not considered positively by Lysak [1991] are important for the perpendicular scale of field-aligned current or auroral luminosity,
and thus should be examined in details in this analysis. As the other target, the coupling between the drift-Alfven mode and th
kinetic ballooning mode has been suggested for a key process related to the substorm onset in the magnetosphere [Pu et al., 1¢
Cheng and Lui, 1998; Erickson et al., 2000]. After the wave amplitude penetrating into the magnetosphere is found clearly, the
ballooning mode should be included in our next analysis.
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