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Multi-Scale Nature of Reconnection
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Impact of Dissipation Mechanism

Ugali, Phys. Plasmas, 1995
MHD simulations

Uniform 7

Slow Reconnectlon

10
X




Numerical
resistivity only

® Slow reconnection

® Quasi-steady
configuration

® Fast reconnection

® Quasi-periodic
process

Nongyrotropic
correction case




Dissipation in 2D Kinetic Reconnection

PIC simulations
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Inertia Resistivity & Current Sheet Width

Ey = ninjy  at the x-line

Ey = -V, B;, outside the current layer
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Unreconnected field lines

Probe arrays \
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Implication of Anomalous Effects:

Satellite Observation
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lication of Anomalous Effects

Ey = (0in +m) jy at the x-line

Ey = —VinBy,  outside the current layer
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Dynamical Current Sheet (2D PIC simulation)
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Instabilities In the Harris Current Sheet

B, = -B, tanh(z/A)
J, = -J, sech?(z/4)

Ne

Tearing instability

v, i, ity

Lower hybrid
drift instability

(LHDI)
Kjre~1

Y~ O,

¢ Kink-type
instability

kL ~1



AMR-PIC Simulations

[Fujimoto, JCP, 2011]

yo_HoutputTzTmgbndippAart4)_1111ing

homedkeizo/AMR_code/2d_wmain_c

L00_D5T_111Linp

yzxl,

e

P

iRiERIn;

g i

e st

el

RS S R

10

de/3d main_cyc

AT T T T
T

e

[H-

3.8
1.9

=178 -1.56 -1.34 =112 -0a0 —0.66 —0:48 -0:24 -0oz 0.z20

-z.00

0.0

-1.9
-38

05 10 14 19 24 29 34 38

0.0

0.00 0.0 020 030 0,40 0.50 060 070 080 080 1.00



Simulation Setup

B, = -B, tanh(z/A)
J, =

<\> Sl 812, ~ 10Re

m./m_ = 100

Max resolution:
4096 X 512 % 4096 ~ 1010

Max number of particles
lon + Electron ~ 101!

Max memory used
~6TB

13



Time Evolution of the Current Sheet

Surface: |J|, Line: Field line
Color on the surface: Ey, Cut plane:Jy
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Anomalous I\/Iomentum Transport
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Plasmoid-Induced Turbulence

Information
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Plasmoid-Induced Turbulence
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Wave Properties

O = +Iy Simulation results

Linear analyses

Profiles taken from
simulation
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Linear Analyses
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Summary

Large-scale 3D PIC simulations using AMR-PIC code

The EM turbulence has a significant impact on the
dissipation mechanism during the fast reconnection, in
association with plasmoid formations.

The properties of the EM mode responsible for the
turbulent electron flow.

O < O < Oy

Shear driven instability

Large growth rate even for m/m_=1836
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