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Development of MHD-PIC simulation for Reproducing multiscale coupling phe-
nomena.
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The evolution of large-scale structure in the Earth’s magnetosphere has been understood by assuming that the ideal MHD
conditions are approximately satisfied. Global MHD simulations have reproduced the behavior of the global magnetosphere-
ionosphere based on this concept, and have contributed to the understanding and prediction of plasma dynamics and space
weather phenomena. However, for phenomena such as magnetic reconnection and other phenomena that involve a violation of
the ideal MHD, the only way to describe the effect is to use the electric anomaly resistance and viscosity coefficient in Ohm’s
law, and to reproduce the phenomena, parameterization of the various coefficients based on observation facts and empirical
laws is generally required. In order to reproduce the phenomena, parameterization of the coefficients based on observed
facts and empirical rules is common practice. Naturally, this parameterization is not always consistent with the universality
of plasma physics based on kinetic theory.For example, in the diffusion region, PIC simulation calculations have confirmed
the formation of a peculiar electromagnetic field structure produced by the difference in inertial length between ions and
electrons [Zenitani et al. 2016]. It has also been observed that in the nightside magnetosphere, the explosive flow structure
formed by magnetic reconnection can cause secondary magnetic reconnection [Wang et al.,2014 ], and it has been shown
that for the development of macro-scale electromagnetic field structure and plasma dynamics, the underlying plasma kinetic
behavior of the underlying plasma particles is considered to be an essential contribution to the development of macroscale
electromagnetic field structure and plasma dynamics.

The ideal global simulation is a first-principles three-dimensional PIC simulation of the full particle-electromagnetic
field interaction evolution, but this is not possible due to computational resource constraints. In this study, we are developing
a MHD-PIC coupled hierarchical simulation, in which a dynamic PIC method calculation domain is embedded in a part of
the global MHD simulation, aiming at a smooth connection between micro and macro phenomena. In this presentation, we
will report the current status of the development and discuss future prospects and problems.
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