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Resonant cavity mode with ionospheric inhomogeneity
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The feedback instability in the IAR (lonospheric Alfven Resonator) region in Earth’s magnetosphere has been investigated by
many researchers. Inhomogeneity of the Alfven speed in the IAR causes a resonance known as a cavity mode (Lysak [1991]
Most of previous studies have neglected inhomogeneity of the ionosphere and treated it as a height-integrated conductive lay:
assuming that the thickness is much shorter than wavelength of the Alfven waves. However, a recent work claims that the heigl
dependence of ionosphere parameters has stabilizing effects of the feedback instability (Sydorenko and Rankin [2017]). On tt
other hand, low-frequency and long-wavelength modes associated with the field line resonance (FLR) have unstable solutior
even with the inhomogeneous ionosphere (Watanabe and Maeyama [2018]).

The purpose of this study is to elucidate what kind of influence the height dependent of ionospheric inhomogeneity has on th
cavity modes. In particular, we focus on the ion-neutral collision frequency in the ionosphere, and investigate the influence of
stabilization in each mode. In the study by Sydorenko and Rankin (2017) with the inhomogeneous ionosphere, they performed
linear numerical simulation where time development of plasma density is calculated from an arbitrary initial value. In contrast,
we performed the linear eigenvalue analysis so that we could distinguish the cavity modes due to IAR and other modes related
FLR, and could investigate them independently. It is expected to reveal differences between the two results, that is, Sydorenk
and Rankin (2017) and Watanabe and Maeyama et al (2018).

In the present study, we extend study the model used in Watanabe and Maeyama et al (2018) including the height dependence
the Alfven speed (Lysak [1991]) so that we can deal with the cavity and long-wavelength modes simultaneously. For comparisol
with the height-integrated ionosphere model, we employ the same normalization and numerical box size as those in Lysak (1991
Our linear analysis confirms that the ionospheric inhomogeneity strongly stabilizes the cavity mode. In a weak ionospheric
inhomogeneity, however, the cavity mode remains unstable. Simultaneously, we find that the ionospheric inhomogeneity ha
no serious impact on the low-frequency and long-wavelength modes related to FLR, which is also consistent to Watanabe ar
Maeyama (2018).

Furthermore, we has been working on the initial value analysis including the inhomogeneous Alfven speed profile. In the work
by Sydorenko and Rankin (2017), it was not clearly which modes are included in the simulation because the initial condition is
given by an arbitrary density perturbation. In contrast, our initial value analysis starting from the initial condition given by the
linear eigenfunction enables us to find time-development of the cavity mode related to IAR.
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