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Phase Mixing and Formation of Low Plasma Density Region by Nonlinear Am-
pere Force: Implication for IAWs Development
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Ionospheric Alfven Resonators (IARs), located in the upper terrestrial ionosphere, play crucial roles: they confine Alfven
waves due to the background Alfven velocity gradient and serve as acceleration regions for inertial or dispersive Alfven
waves. Thus, they have been regarded as one of the key regions for understanding the formation processes of auroral acceler-
ation regions. Previous observations in IARs have revealed the presence of low-density plasma structures, extending several
kilometers in the perpendicular direction and organizing in the altitude direction according to the resonance frequency, ac-
companied by electron and ion acceleration [Aikio et al., 2004; Chaston et al., 2006]. Among these findings, two aspects -
(1)the development of perpendicular fine structures and (2)the decrease in plasma density - are essential conditions for the
significant development of inertial Alfven waves. Based on this, a previous study [Lysak and Song, 2008] assumed the pres-
ence of density cavity regions and simulated Alfven wave propagation, demonstrating that phase mixing leads to the evolution
of perpendicular structures. Furthermore, other studies [Streltsov and Lotko, 2008; Sydorenko et al., 2008] focused on the
formation processes of low-density plasma regions via parallel nonlinear Lorentz force. Their simulations showed that the
parallel nonlinear force associated with standing Alfven waves in the IAR expels plasma from the antinodes of the standing
wave, thereby forming altitude-dependent density structures partially consistent with observations.

In this study, we extend these works by considering not only the parallel but also the perpendicular nonlinear Ampere
force. We hypothesize that this additional contribution can more efficiently generate low-density plasma structures that are
consistent with observations, both in the perpendicular and altitude directions. We perform two-dimensional multi-fluid MHD
simulations [Toth et al., 2009] to investigate the self-consistent process from formation of low-density plasma regions to the
subsequent development of perpendicular structures through phase mixing. Our results show that low-density regions formed
by the perpendicular nonlinear Ampere force play the similar role as the assumed density-depleted regions in previous studies,
leading to phase mixing and the perpendicular fine structures. In this presentation, we will report these results and discuss
future perspectives.
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