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Multi-Scale Nature of Reconnection
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Impact of Dissipation Mechanism
Ugai, PoP, 1995
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MHD simulations
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Kuznetsova et al., J. Geophys. Res., 2007
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Dissipation in 2D Kinetic Reconnection

[Cai & Lee, 1997; Hesse et al., 1999]

PIC simulations
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Inertia Resistivity & Current Sheet Width
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Implication of Anomalous Effects: 
Lab. Experiment

[Ji et al., GRL, 2008]

e >> c/pe
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Implication of Anomalous Effects: 
Wave Activities [Zhou et al, JGR, 2009]
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[Ji et al, PRL, 2004]
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Implication of Anomalous Effects
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Dynamical Current Sheet

Thin current layer: Elongation

2D PIC simulation

Plasmoid formation

[Fujimoto, PoP, 2006; 
Daughton et al., PoP, 2006]
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Instabilities in the Harris Current Sheet

Bx = -B0 tanh(z/)
Jy = -J0 sech2(z/)
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Simulation Setup

Bx = -B0 tanh(z/)
Jy = -J0 sech2(z/)

81i ~ 10Re
10i ~ 1Re

81 i
mi /me = 100

Max resolution:
4096×

 
512×

 
4096 ~ 1010

Max number of particles
Ion + Electron ~ 1011

Max memory used ~ 6TB

AMR-PIC-3D code [Fujimoto, JCP, 2011]
on Fujitsu FX1 (1024 cores)
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Time Evolution of the Current Sheet
Surface: |J|,  Line: Field line
Color on the surface: Ey, Cut plane：Jy
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Wave Activity 
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Wave-Particle Interactions

Anomalous effects

3D reconnection

2D reconnection

Bx = 0

Stream func. of Ve

Bx
z



リコネクション研究会2013@愛媛大 16

Anomalous Transport at the X-line 
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Plasmoid-Induced Turbulence

LXO

t = 1.6 ci
-1

*

LXO = 0.95 i
*

Information 
propagates at

Vp ~ VA
*

(B* = 0.5B0)
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Plasmoid-Induced Turbulence

Wave 
amplification

Plasmoid formation

Local turbulence 
enhancement

Propagation along 
the field line

Intensified turbulence 
at the x-line
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Wave Properties


 
= r + i Simulation results

ci < |r | < ＬＨ

ＬＨ

ci

Vph ≈
 

VA

Linear analyses

Two-fluid 
equations 
Two-fluid 
equations

Electron

Ion

Profiles taken from 
simulation
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Wave Properties: Linear Analyses

e =c/pe
i > e

The wave survives even for mi /me =1836.The wave survives even for mi /me =1836.

~ ci 
~ ci

k 
 

(mi /me )1/4k 
 

(mi /me )1/4

  (mi /me )1/4  (mi /me )1/4

Dependence on the 
guide field (By) 

Shear driven 
mode rather than 

the drift mode 

Shear driven 
mode rather than 

the drift mode

Peak velocities are fixed.
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運動量の異常輸送

電磁波動による電子運動量の異常輸送

シミュレーション 線形理論

[Fujimoto & Sydora, in prep.]
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Summary

プラズモイドによって誘発される電磁的乱流

 が磁気拡散過程において重要な役割を果た

 すことがわかった。

大規模な3次元粒子シミュレーションを実施

 して、高速磁気リコネクション時における磁

 気拡散機構を調べた。

線形波動解析を実施することによって、乱流

 を引き起こす電磁波動の特性を調べた。


 

ci < r < LH


 
シアー駆動型不安定性


 

mi /me =1836 でも大きな成長率

[Fujimoto & Sydora, PRL, 2012]
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