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Numerical
resistivity only

® Slow reconnection

® Quasi-steady
configuration

® Fast reconnection

® Quasi-periodic
process

)

Nongyrotropic
correction case

Time = 08:05:00 y= 0001,
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Acceleration Collision
T. = 1/v,
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Dissipation Mechanism in 2D Reconnection
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Dissipation Mechanism in 2D Reconnection
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Fluid Particle
[Fujimoto & Sydora, 2009] | Speiser [1965]

Electron inertia resistivity

_ me 1 7. Transit time through the electron diffusion
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Dissipation Mechanism In 2D Reconnection

Very thin current
layer!
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Implication of Anomalous Effects:

Lab Experiment

O NPIC (MRX BC, M=10)
O NPIC (MRX BC, M=25)
| - NPIC (MRX BC, M=75)
>> C/(D - O NPIC (MRX BC, M=150)
pe O NPIC (MRX BC, M=400)
{ NPIC (Open BC, M=1836)

[Ji et al., GRL, 2008]
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Implication of Anomalous Effects:
Satellite Observation
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lication of Anomalous Effects

By = (Min +n) Jy

me 1 me V;

Min = R
“n ne€? Ty, Nee? de

1 B;,

Ey = —VinBin,  Jy~
Yy mm-in JY 1o 56

A A\ 2 c
de R 5 + \/() + A2 > A =—  [Vasyliunas, 1975]

2

C()pe

__n .
A= oV, (Resistive length)
Could be caused by wave-particle
Interactions.

Plasma Seminar




B, = -B, tanh(z/1)
J, = -J, sech?(z/4)

Ne

Lower hybrid
drift instability

(LHDI)
Kyoe ~ 1
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Tearing instability
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Kink-type
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3D Reconnection Researches (8~ 1)

» LHDI and magnetic reconnection

Enhances the tearing mode growth rate [Scholer et al. (2003), Ricci et al. (2004)],
No impact on the quasi-steady process [Zeiler et al., (2002), Fujimoto (2009)].

» Kink-type instability and magnetic reconnection

" @ Driftkink (k6~1, @ ~ ®,;) [Pritchett & Coroniti, 1996]
® Current sheet kink instability (k(A,A,)Y? ~ 1) [Suzuki et al., 2002]
| ® Electromagnetic LHDI  (k(p;p,)'*~ 1) [Daughton, 2003]

Drift )
mode

Triggers magnetic reconnection [Horiuchi & Sato (1999), Scholer et al. (2003)],

No impact on the quasi-steady process
[Pritchett & Coroniti (2001), Karimabadi et al. (2003)],

Gives anomalous dissipation during the quasi-steady reconnection
[Fujimoto (2009, 2011)].
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[Fujimoto & Machida, JCP, 2006;

AMR-PICO—F  “miimoto, icP, 2011]

(Adaptive Mesh Refinement — Particle-in-Cell)
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Simulation Setup

AMR-PIC-3D code on Fujitsu FX1 (1024 cores)

B, = -B, tanh(z/1)

J, = -J, sech?(z/4)
By

— .

812, ~ 10Re
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m,/m_ = 100

Max resolution:
4096 X 512 % 4096 ~ 1010

Max number of particles
lon + Electron ~ 101!

Max memory used ~6TB



Time Evolution of the Current Sheet

Surface: |J|, Line: Field line
Color on the surface: Ey, Cut plane:Jy

t=12.00
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Wave-Particle Interactions

— — 3D reconnection -
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Plasmoid-Induced Turbulence I
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Wave Pro perti €S In collaboration with R. Sydora (U. Alberta)

= tly Simulation results

— Fitting func.

------ Simulation

Two-fluid
equations

ky?l.i Inconsistent with drift mode
property
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Perspective In Near Future
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