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SIntroduction

Magnetic reconnection 1s
* Very powerful energy converter
* Very common in the universe

e.g., Solar Flares

21—Feb—1992
Flare on The East Limb



§§Astrophysical Reconnection

Astrophysical Reconnection is characterized by

huge dynamic range of expansion

e.g., Solar flares

Initial system scale ~ 10V m|
(Initial Current Sheet Thickness )

A
Final system scale ~ 107 [m]

(Maximum scale of reconnection system )

4

intrinsically Time-Dependent
Should be treated as

Spontaneous Evolution in Free Space

Cannot be described by previous models!

Aim of this work
Suitable reconnection model

for astrophysical application?
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Selt-Similar Evolution




SEvolution Process

1) Onset (Resistive Stage) t< D /VA

Sweet-Parker-like or tearing
4
Formation of

v Fast-mode Rarefaction Wave
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Formation of Slow-Shock
&
Fast-mode Rarefaction Dominated
(Petschek-like) Fast Reconnection




§Numer1ca1 Approach
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Parameters & Normalization

Parameters
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88§Simulation Result

Magnetic Pressure
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Self-Similarly Expanding !

with Fast-mode Rarefaction Wave Front



SAnalytical Approach
S§Inflow Region

Zoom-out coordinate
= (VAi)T_;
7=V +7¢
p=pplr')
= Vay/ropoB'(r')
P =3/2pVi*P'(r)
where 8 = (Cy/Vy)?
Linear perturbation method

Equilibrium (Oth)+Deviation (1st) by reconnection

Grad-Shafranov Eq.
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§ Solution for Inflow Region

Flux Function
Analytic Simulation

Flux Function (lst order) Difference in Flux Function (Sim.

™
Analytic Simulation
Density (=Pressure/gamma) (lst order) Difference in Density (Sim.)
1.0+ T © = =
LS [
Velocity (y—comp.)
Analytic Simulation
Velocity (y-comp.) Velocity y-comp. (Sim.)
B

1.0

Féirly Consistent!



§§Reconnection Outflow

Quasi-1D structure divided by
several discontinuities

Reconnection jet collides with current sheet plasma

\Y% .
Structure of reconnection outflow

Slow Shock
Reverse Fast Shock \

X-Slow Shock

Contact Discon.

Current
Sheet

region 2 \ f region 3
Xf Xc

/
Shock tube approximation

22 egs. (Junction conditions)

for

22 unknowns
4
Quantities in outflow

spontaneously determined!!



§§Reconnection Rate

Reconnection Rate vs. beta
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Rec. rate R ~ 0.05 for low B

(almost const. indep. of B)
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Spontaneous inhalation of inflow

(induced by fast-mode rarefaction)



Reconnection Rate vs. Mag. Reynolds Num.
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-Vyp*Bxp+Vxp*Byp

(Rem*= Wg/ Vir™)
converging inflow: [Vxpl T as Rem* 1
= Vp, Bp — parallel at inflow region
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R =VpxBp ccRem™*/¥(-1)




SObservational Inspection
We can inspect Self-Similar Model

by Solar-B

“Dimming” around reconnection point
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SSummary

Spontaneous Evolution of

Fast Magnetic Reconnection in Free Space

4

Self-Similar Solution

(verified by numerical simulation/analytical

study)
A new model of Magnetic Reconnection

@l e °1 —

Setf=-Stmitar Evolution of Fast Reconnection

Properties
- Expanding with propagation of FRW
- Petschek-like structure in central region

(Fast-mode rarefaction dominated)
- Reconnection rate R ~ 0.05

(for small Rem*<20, insensitive to )
<= spontaneous inhalation of inflow

- Reconnection rate R «cRem*A(-1)

(for large Rem* > 20, insensitive to )
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§§Simulation Result

Evolution in Zoom-Out Coordinate

y Self-similar Evolution
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Features of
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Reconnection Jet

Self-Similarly Expanding !

with propagation of Fast-mode Wave Front



Reconnection Rate vs. Mag. Reynolds Num.
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SIntroduction

Magnetic reconnection 1s
* Very powerful energy converter
* Very common in the universe

e.g., Solar Flares

Detalled Structure (Magnetlc Pressure)
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