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Multi-Scale Nature of Reconnection

Dissigation Hall effect Topology
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Impact of Dissipation Mechanism

Ugali, PoP, 1995
MHD simulations

Uniform 7

Slow Reconnection
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Numerical
resistivity only

® Slow reconnection

® Quasi-steady
configuration

® Fast reconnection

® Quasi-periodic
process

Nongyrotropic
correction case
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Dissipation in 2D Kinetic Reconnection

PIC simulations
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[Cai & Lee, 1997; Hesse et al., 1999]
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Inertia Resistivity & Current Sheet Width

/ X-line N /Inflowregion N

Ey,ajline = Nin Jy E

y,an flow

— —VinflowBPinflow

\_ /

me 1 _ Me Vz’nflow

Min = ~
o ne€? Ty nee? e

y,xline Y,in flow

Very thin current
layer!

JaARD AV MES20130Z5HE K




Implication of Anomalous Effects:
Lab. Experiment

Inreconnected field lines

m MRX(H)
@ MRX(D,)
MRX (H,)

Reconnected field lines

0 NPIC (MRX BC, M=10)

00 NPIC (MRX BC, M=25)
NPIC (MRX BC, M=75)

O NPIC (MRX BC, M=150)

O NPIC (MRX BC, M=400)

{ NPIC (Open BC, M=1836)

[Ji et al., GRL, 2008]
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Implication of Anomalous Effects
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Dynamical Current Sheet [rujmoto, Pop, 2006;
_ _ Daughton et al., PoP, 2006]
2D PIC simulation

Jhome fkeizo/AMR_code/2d_main_cyc_r/output/x 1029mg Ibnddppart 03569.71d
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Thin current layer: Elongation

Plasmoid formation
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Instabilities In the Harris Current Sheet

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

AMR-PIC-3D code [Fujimoto, JCP, 2011]

on Fujitsu FX1 (1024 cores)

BX

J, =

-B, tanh(z/ 1) 81 A;
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Max resolution:
4096 X 512 X 4096 ~ 1010
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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-Particle Interactions
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Anomalous Transport at the X-line
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Plasmoid-Induced Turbulence

Information
propagates at
Vp ~V,
(B =0.5B))
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Plasmoid-Induced Turbulence

)

Plasm0|d formation
Wave
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Local turbulence
enhancement

Propagation along
the field line

Intensified turbulence
at the x-line
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Wave Properties

O = +Iy Simulation results

Linear analyses

Profiles taken from
simulation

— Fitting func.
------ Simulation
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Peak velocities are fixed.

Shear driven

mode rather than ‘ The wave survives even for m/m,=1836.
the drift mode —
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Dependence on the
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[Fujimoto & Sydora, in prep.]
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sSummary

[Fujimoto & Sydora, PRL, 2012]
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