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2. Data Structure

]1. Introduction

Local kinetic processes in space and laboratory plasmas are, in many cases, consid- The hierarchical cell structure 1s supported by a set of pointers.

ered to have a significant impact on global-scale energy transport and conversion pro-

The AMR technique subdivides only cells that satisfy some refinement
criteria and enhances the local spatial resolution. The data sets for the

cesses. Magnetic reconnection 1s a typical case in which microscopic processes in the child cells are added onto the parent cell and develop a hierarchical tree Octp 01T1ters Oct : Oct |

diffusion region, formed around the magnetic X-line, can control the MHD-scale dy- structure. 1Pr (to parent cell) Level L Cell ¢  Cell ‘ Cell +  Cell

namics. Generally, it is very difficult to describe in numerical approach such a phe- N iND (to parent cell of the / \OctCh 7!

nomenon that includes a number of physical scales which can couple with each other. \ neighboring Oct) iPr

The adaptive mesh refinement (AMR) technique is one of the promising methods to 4 | . .

overcome the difficulties. It subdivides the computational cells locally in space and s ”_ ~ = inp (to a particle belonging s \/

dynamically 1n time. In this study, we apply the AMR to the electromagnetic particle- o { = ; . = // | to Oct) Level L+1 Cell ; Cell ‘ Cell'} Cell ‘

in-cell (EM-PIC) model for both the 2D and 3D systems, and successfully achieve L s ol 7 Cell pointers Oct Oct

efficient high-resolution simulations on the nonlinear evolution of the plasma sheet. s ~ // — OctCh (to child Oct) inp inp inp inp
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3. Particle Splitting & Coalescence

The number of particles per cell 1s controlled by splitting particles in fine cells and
coalescing them 1n coarse cells.

(a) Splitting in 2D (b) Splitting in 3D (c) Coalescence
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4. Basic Equations |
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N y We have successfully developed a new EM-PIC code with the AMR both in the 2D and 3D sys-

tems. In order to control the number of particles per cell, the present code also performs the par-
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ticle splitting and coalescence.
E;=-V¢; Vd=-p/e
g+l _ pn Bl o gr grtl _ g We have demonstrated that the AMR and particle splitting-coalescence techniques, combined
T N L — 2V x > — gt gy, ghTUR — gntl2 gL N L with the EM-PIC code, enable efficient high-resolution simulations of the plasma sheet, and
gntl _ gn gt 4 g can be a promising method for studying physical phenomena which include a number of physi-
A = -V x — > L cal scales that can be coupled with each other.
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