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BRI AT R A T PIC U 7 % O BE e TR BRI TR SRIRR, ke 7 EMA
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BT HIETE (cell) MO ZFI 7,

PIC 7B B AR AR P ST R S HLZR & BN 5 OB KL BURL - 2 (super particle
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T (pseudo-particle, HI—EREZAMHRLTAIR) Mizsh RHEELED =55 &%
FER T LA SR 88 T8 FE S A48 B AR 15 LR 22 )R LA P 0 Bt

b) 2D 4x4 Grid

T oa) =42 x 2 MAREE: b) 44 x4 BAUREE: c—e) BRI S B oTkl. T
B C I Lo AL B U AR B IR

B 3 PIC rZxSigia, Ba. BxEHl. Bxfkdd,. BErEE

[cZ9, ©30]

LA BUE 1, 72 PIC J5E, KL B sl tRas o R 55 0 44 Js Ak 5 W AN 77 T fo 42 1
TIRERGE : W T BURKERZITRE (BRI RE) M MHD J5 s (R TTRE).
2.1 SDHERHSBNT

PIC J5 320 T34 e B A6 5 58 43 T Gt 0 22 B HORL TR 5 A — Le X, i
P304 R B B B A S Ge it 22 AR, B 7 b g SCRVE FEDRE 7 Mt & S i PRI
fitle X6 RRUBE T i LK ) L, K 3B OR %2 A ) g R A 0 Pl T BT A QR R R 7 [) £ A
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C1/a? -1 4lp|? -

T T (H'az(l/a?-—l)2 1) ’ @)

v(p) = — ! ®)

— 2 2 ’
1 Q(meﬂLm*O

- (3) "

g L=
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RS AT — I Z BB 1M 2 (B L o (p) AL BRI vy (o, t) XA, BT FER#E—
AR RIS

1
atfs + ;'U : Va:fs +

1 e,

— [E(t,z) + o’v x B(t,z)] - V., fs

- gvv : (vvfs + vfs) . (12)

2 (12) B DUBRL 170 A bR ORISR B B R e 5 5 A i 2 s A ) (19 AR LAl 3
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1 1 e,
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Abstract: The particle-in-cell (PIC) method, employed since the 1940s, has become one of
the preferred tools since 1980s in Magnetohydrodynamics numerical simulation field. In this
work, the history, fundamentals, recent advances and future challenges of PIC are introduced
from the statistical mechanics and solar fractal turbulent magnetic reconnection aspect. The
fractal turbulent current sheet (FTCS) structure as a source for both small-scale reconnec-
tions, leading to nano-flares and to larges-scales one, leading to long-duration flares or giant
arcades. It becomes now very attractive in solar flare and flare-like (e.g. CME) phenomena
research as it can address many open issues in coronal heating and particle acceleration field.
The large scale single FTCS involving multiple current sheets inevitably inherit the same size-
and time-step problems, allowing us to simulate macro turbulent and particle acceleration in
only a very small region. PIC, a full kinetic approach, is suitable to exploring the turbulent
dynamic mechanism and multiple turbulent fractal properties. But the narrowness of the
simulation region still imposes strong limitations on the number of particles being accelerated
in PIC simulations.

In the paper, the improved PIC algorithm is given through combined Yee Grid and
Lattice Grid in Boris pusher and finite-difference time-domain (FDTD) framework, and rel-
atively hybrid PIC and Lattice Boltzmann (HPIC-LBM) numerical simulation approach is
established. In HPIC-LBM, the super-particle is re-defined to permit simulating high particle
density of # plasmoid (photosphere, chromosphere and corona), the simulation regime up
to size compatible with observations; The distribution function is re-defined to extend the
computating region well beyond the null point, to explore the effect on the acceleration of
different magnitudes of the transverse magnetic filed, to investigate self-consistently include
the electric and magnetic fields induced by the acceleration particles, to analyze the electric
and magnetic filed induced by the particles acceleration as well as background field in the
whole computation region. All these new features of HPIC-LBM will make the PIC based

virtual test of large scale FTMR can be done on Tianhe series supercomputer platform.

Key words: kinetic theory; particle in cell method; lattice Boltzmann method; large scale

fractal turbulent magnetic reconnection; solar flare and CME
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