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Progenitor
(massive slar)

Toroidal wisps

Knots 3 )
Jet \".“-.’ 4 Relativistic Jet

\ : ref ) Tchekhovskoy, McKinney, Narayan
g (2012), JphCS,372.

Pulsar Wind Nebula
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2. Magnetic Reconnection & Sweet-Parker model
Parker, (1957; 1963)
Sweet-Parker model

= steady reconnection model with uniform resistivity

Reconnection rate:

Uin ~ca/l /S
S=Lcal/n

In many astrophysical objects,

S=Lca/n>>1

* U~ cal v S << ca

very slow ....
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f ) Lazarian & Vishniac, (1999),Ap], 517, 700.
3. Turbulent Sheets o o, Ay 200,55,

?J'ﬂ _ Pout Vout 0
CA  pPin_caA L

\_

Turbulent motions enhance
magnetic field diffusion.
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f ) Lazarian & Vishniac, (1999),Ap], 517, 700.
3. Turbulent Sheets o o ao0as A Too ey

?J'ﬂ _ Pout Vout 0
CA  pPin_caA L

broadened by turbulent eddies
=> faster ! (vr/ca is independent of resistivity)
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4.Theoretical Explanation

ALl
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Simulation Setup

Initial condition:
*Harris Current Sheet
*mesh number:

512%512*1024

(resolving MHD turbulence) 2)\1
*parameters:
| )injection velocity of turbulence

2)O-parameter

3)resistivity
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*Resistive Relativistic MHD approximation

ref ) Takamoto & Inoue, (201 1),ApJ ,735, 1 13
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&Y 5.Turbulent Reconnection

O=5

Volumes/NUMSTAurb_reciturb_testAl6/sdata test173DRM

Current Sheet
t=  0.00000E+00 t= 0.00000E+00

’:A
-
U
N
v
-
=
a
V]
£
5
N
a
o
=
E
=
F
=
[.
E
4
o
-
<
4
<
-
=
P
<‘

e ke T/mc? = |
e driven turbulence
injected around central region
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& 6. Lundquist Number Dependence

Av=0.3cC o=5

slow?

—— turbulence
turbulence ——+—
Sweet-Parker X

$ V -

rno turbulence

1000 10000
Lundquist number: S
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fast & resistivity independent
mechanism




saturated!!
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9. Compressible Effects: 2

Uin L Pout Vout

CA Pin CA

Incompressible: 9 .
— ~ min

(LV99) T

compressible:
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|0. PIC Simulation Setup

Initial condition:
*Harris Current Sheet

(Bx=Bo tanh[z/A],
n = no/cosh?[z/A]
A=AN/2 )
* total number of particles
=10'0
* Mi/ me =100
® Nbackground /Nsheec = 0.0875
e plasma 3 = 0.02
* 1024MPI*60OpenMP=6144core

2D AMR-PIC code

ref ) Fujimoto & Machida, (2006), JCP, 214, 550-566.
Fujimoto, (201 1), JCP, 230, 8508-8526.
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Summary

[ * We investigated various kinds of relativistic reconnection
in Poynting-dominated plasma

*We found that the reconnection rate is highly enhanced
( dissipation time ~ 20 - 30 Alfvén crossing time )

—Turbulent Reconnection : vR/cA ~ 0.05

* Reconnection rate becomes independent of
the Lundquist number (resistivity)

* Too strong turbulence reduces reconnection rate

! because of the compressibility!!




