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Overview 

 Introduction

 3D PIC simulation
Wave activities around the X-line
Impact of plasmoid formations

 Linear wave analysis

 Summary
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Multi-Scale Nature of Reconnection
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Observations of Wave Activities

[Zhou et al, JGR, 2009]

ωLH

ωci
[Ji et al, PRL, 2004]

ωLH

Magnetotail Lab. Exp.
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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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Purpose of This Study

 Generation mechanism of the waves at 
the X-line.

 Impact of the plasmoids in 3D system.
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Simulation Setup

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

81λi ~ 10Re
10λi ~ 1Re

81 λi
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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Dissipation Mechanism

Anomalous effects

3D reconnection

2D reconnection

Bx= 0

Stream func. of Ve

Bx
z

[Fujimoto & Sydora, PRL, 2012]
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Anomalous Transport at the X-line 
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Plasmoid-Induced Turbulence

LXO

∆t = 1.6 ωci
-1

*

LXO = 0.95 λi
*

Information 
propagates at

Vp ~ VA
*

(B* = 0.5B0)
[Fujimoto & Sydora, 
PRL, 2012]
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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
ω = ωr + iγ Simulation results

ωci < |ωr| < ωＬＨ

ωＬＨ

ωci

Vph ≈ VA

Linear analyses

Two-fluid 
equations

Electron

Ion

Profiles taken from 
simulation

[Fujimoto & Sydora, PRL, 2012]
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Wave Properties: Linear Analyses

δe=c/ωpe
δi > δe

The wave survives even for mi/me=1836.

γ ~ ωci

k ∝ (mi/me)1/4

ω ∝ (mi/me)1/4

Dependence on the 
guide field (By) 

Shear driven 
mode rather than 

the drift mode

Peak velocities are fixed.

γ
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Summary

Plasmoid formations are important to enhance the EM 
turbulence relevant to the magnetic dissipation.

Large-scale 3D PIC simulation has been performed to 
investigate the dissipation mechanism of collisionless
magnetic reconnection under anti-parallel and symmetric 
configuration.

The linear analyses revealed the properties of the EM 
mode:
 ωci < ωr < ωLH, 

 Shear-driven instability, 
 Large growth rate even for mi/me=1836.
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