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A Generalized Quasi-Neutral Fluid-Particle Hybrid Plasma Model
and Its Application to Energetic-Particle-Magnetohydrodynamics

Hybrid Simulation

Takanobu Amano∗

Department of Earth and Planetary Science, University of Tokyo, Tokyo, 113-0033, Japan

Abstract

A generalized fluid-particle hybrid model for collisionless plasmas under the assumption of
quasi-neutrality is presented. The system consists of fluid ions and electrons as well as arbi-
trary numbers of species whose dynamics is governed by the Vlasov equation. The proposed
model is thus a generalized version of the well-known standard hybrid plasma simulation model,
in which the ions are fully kinetic whereas the electrons are assumed to be a fluid. Since the
proposed model employs the exact form of the generalized Ohm’s law, the mass and energy den-
sities, as well as the charge-to-mass ratio of the kinetic species, are taken to be arbitrary. In the
absence of the kinetic species, it reduces to the quasi-neutral two-fluid model [1]. In the opposite
situation where the mass and energy densities of the kinetic species are much larger than the fluid
ions, it is nothing more than the standard hybrid model with finite electron inertia effect. If the
kinetic species is an energetic particle (EP) population having negligible mass density but sub-
stantial energy density and the scale size is much larger than the ion and electron inertial lengths,
it describes the self-consistent coupling between the magnetohydrodynamics (MHD) and the
EP dynamics. The energetic-particle-magnetohydrodynamics (EP-MHD) hybrid model is thus a
special case of the more general model described in this paper. Advantages of this approach over
the existing models are discussed. A three-dimensional simulation code solving the proposed set
of equations is described. The code combines the Particle-in-Cell scheme for solving the kinetic
species and a Riemann-solver-based code for the two-fluid equations. Several benchmark sim-
ulation results are shown to confirm that the code successfully captures the dynamics of the EP
population interacting self-consistently with the MHD fluid.
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1. Introduction1

Collisionless space, astrophysical, and laboratory plasmas are known to exhibit a rich vari-2

ety of phenomena with a wide range of temporal and spatial scales. The standard magnetohy-3

drodynamics (MHD) description has been quite successful in modeling macroscopic dynamics.4
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