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Multi-Scale Nature of Reconnection
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MHD vs. Kinetic Reconnection

MHD Reconnection (Petschek Model [Petschek, 1964])

Acceleratiqn at ’ ¢
Slow Ny -
¥ -

Fast reconnection
Compact diffusion region
Acceleration at slow shock

Reproduced in MHD simulation
[Ugai & Tsuda, 1977; ...etc]

Slow shocks were observed.
[Feldman et al., 1984; ...etc]
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Fast reconnection
lon/electron Speiser accel.
Hall electric current

Reproduced in PIC simulation
[Birn et al., 2001; ...etc]

Hall field was observed.
[Nagai et al., 2001, ...etc]
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AMR-PIC Model| [Fujimoto, JCP, 2011]

(Adaptive Mesh Refinement — Particle-in-Cell)
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AMR-PIC Simulations
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Performance of AMR-PIC Simulation

Massively parallelized for a reconnection problem.
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Simulation Setup

With an open boundary condition [Fujimoto, GRL, 2014]
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Slow Mode Shocks?
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lon Acceleration

Trajectory

1. ExB drift without
acceleration

2. Speiser
acceleration in the
current sheet

Trajectory

1. Speiser =
acceleration in the
current sheet

2. Drlftln% along field
line without
acceleration
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lon Acceleration
Hotqutflow

Consistent with hybrid simulations (Lottermoser
et al, 1998) and PIC simulations (Hoshino et al,
1998) around the x-line.
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® NoO ion acceleration at slow
shock-like structure.

® Speiser-type acceleration in
the current sheet.

= Acceleration mechanism
different from the Petschek’s.
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Speiser [1965]
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ldeal MHD Condition

ldeal MHD condition breaks down over broad area in
the outflow exhaust.

- Hall term is dominant in the generalized Ohm’s law.
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Hall Current

Equations of motion
dv
dt
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Summary

Collisionless reconnection differs from MHD reconnection
even in the region far downstream of the x-line.

Collisionless Reconnection

® No slow shock. Speiser—type
acceleration of ions in the extended

current layer

® Hall electric current in broad area in
the outflow exhaust.

MHD Reconnection (Petschek model)

® Plasma acceleration at slow
shock

® | ocalized current layer around
the x-line
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