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Understanding the formation and development of auroral particles and their acceleration mechanisms is a subject of interest
in both theoretical and observational studies. Previous research has explored the double layer hypothesis and kinetic Alfven
waves [Ergun et al. 2004, Chaston et al. 2002] to explain the formation of these particles. Recent observations from the ERG
satellite have provided evidence that auroral particle acceleration occurs at altitudes above 30,000km [Imajo et al. 2021].
However, the physical processes responsible for the formation and evolution of these acceleration regions remain unclear.

This study focuses on the Auroral Cavity region, which is observed concurrently with the acceleration region, and aims
to understand the development of the electromagnetic field and accompanying plasma diffusion based on the plasma density
depletion in the Ionospheric Alfven Resonator (IAR) [Streltsov et al. 2008, Sydorenko et al. 2008]. As a first step in our
research, we are currently developing a 3-D collisional Hall MHD simulation that can accurately describe the evolution of
the electromagnetic field in M-I coupling system. Unlike the thin-layer approximation, our simulation incorporates the mo-
mentum exchange due to collisional effects between the ionic and neutral fluids and provides a more realistic the ionospheric
response [ Yoshikawa, 2013]. Additionally, the simulation enables us to illustrate electron field-aligned acceleration and pon-
deromotive forces acting on the MHD fluid, which are associated with the nonlinear evolution of Alfven waves under the fluid
approximation. This description allows us to explore the structure formation theory as a preliminary step towards introducing
kinetic theory. In this presentation, we will outline the simulation scheme and present initial results.
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