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Magnetic Reconnection

Solar & Stellar Flare,
Magnetosphere,
Accretion Disks,
Pulsar Wind-Nebula,
Astrophysical Jets,….

Plasma Heating & Nonthermal
Particle Acceleration



Relativistic Current Sheet Instability

VA/c~ O(1),  T/mc2 ~ O(1),
Electron and Positron Plasmas

Reconnection Mode Drift Kink Mode

Faster Growth RateSlower Growth Rate
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Relativistic Reconnection
(Particle-in-Cell simulation)

Zenitani & MH, ApJ (2001)



Energy SpectrumEnergy Spectrum
(near the X(near the X--type region)type region)
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PowerPower--Law Spectrum in ReconnectionLaw Spectrum in Reconnection

• Acceleration rate

• Loss rate

• Energy Spectrum
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Jaroschek et al. ApJ 2004

Large-Scale Evolution of MRX
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Drift Kink Instability
(Current Driven Instability)

Reconnection Mode Drift Kink Mode
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Drift-Kink Mode (early stage)

Initial condition: relativistic Harris solution



Drift-Kink Mode (nonlinear stage)

E・J > 0   strong magnetic energy dissipation
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Zenitani & MH, ApJ (2005)

Hot Thermal



Reconnection

Drift Kink
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Isosurface of N,  Color contour of N at neutral sheet

B

3D Current Sheet Evolution

As we expected, Drift-Kink grows faster than Reconnection
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Nonlinear Stage of 3D Current SheetNonlinear Stage of 3D Current Sheet

Transition to 
Turbulence is fast 
in 3D than in 2D

t/tc = 140

t/tc = 110

No Reconnection Mode 
and Relativistic 
Thermal Plasma



Relativistic Current Sheet Instability

VA/c~ O(1),  T/mc2 ~ O(1),
Electron and Positron Plasmas

Reconnection Mode Drift Kink Mode

Faster Growth RateSlower Growth Rate



3D Reconnection with Guide Field (By)

Drift-Kink is suppressed
due to magnetic tension force
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3D Reconnection with Guide Field
t/tc = 160

t/tc = 200

t/tc = 160

t/tc = 200

Zenitani & MH, PRL 2005
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Application of Relativistic Current Sheet

• Interaction between Shock Wave and 
Current Sheet
– Fast Shock-Tangential Discontinuity (TD)

• Interaction between CurrentSheet & 
Current Sheet
– TD-TD Interaction



Striped Wind

Coroniti, ApJ 1990, 
Lyubarsky & Kirk 2001,
Kirk et al. PRL 2003

Meridional plane

Equatorial plane

equator

rotation axis magnetic axis

neutron star
faster slower



CurrentSheet-CurrentSheet Interaction
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Shock Model
Rees & Gunn (’74)
Kennel & Coroniti (’84)

Fast Shock

Nonthermal Particle
Synchrotron emission

Pulsar Wind
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Shock-CurrentSheet Interaction
downstreamupstream

preliminary

Nagata et al.
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SummarySummary

•• Current Sheet Instabilities (Magnetic Current Sheet Instabilities (Magnetic 
Reconnection, DriftReconnection, Drift--Kink Inst.)Kink Inst.)
–– MRX (nonMRX (non--thermal acceleration with a hard thermal acceleration with a hard 

spectrum)     spectrum)     
–– DKI (thermal heating)DKI (thermal heating)
–– Growth rate of DKI  >  MR in relativistic current Growth rate of DKI  >  MR in relativistic current 

sheet without guide B field,sheet without guide B field,
–– but MR > DKI for the case with guide B fieldbut MR > DKI for the case with guide B field

•• ShockShock--CurretSheetCurretSheet AccelerationAcceleration
•• CurrentSheetCurrentSheet--CurrentSheetCurrentSheet AccelerationAcceleration


