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Hall-MHD 

  GEM Magnetic Reconnection Challenge (Birn+01) 
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PIC 

Resistive MHD 
too slow… 
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Viscosity 
 Turbulence, Dynamo (Schekochihin+04; 

Lesur+07; Brandenburg14; TM+15) 

 Related to ion diffusion? 
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Ion + ele. diff. region 
(e.g., Zenitani+11)  

Heat transfer 
 Field aligned beams 

(Hoshino+01; Fujimoto+06;) 

 Thermal conduction 
(Tsuneta+96; Yokoyama+97;) 

 Compressible effect (e.g., 
Birn+11,12) 

 



Resistivity η 
Kinematic viscosity ν 
Temperature conductivity α 

Prandtl number Pr=ν/α 
Magnetic Prandtl number Prm=ν/η 
Pr~10-3, Prm~10-5 T4/n>>1 (Spitzer62) 
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(Tenerani+15) 



Harris current sheet with 
localized perturbation 

η=10-3(fixed),ν,α are 
constant and uniform 
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Resistive 

Prm=10,
Pr=1/30 

Dissipative 

Visco-
resistive 

Prm=10 

Resistive
+cond. α=0.3 

η=10-3 

Density 
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Resistive 
Visco-Resistive, Pr > 1 

Prm>1 & Pr < 1 



Magnetic tension = Viscous diffusion 
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(2D, in-plane B) 

C) Excitation by 
decreasing density 

D) Upstream transport 
E) Excitation even 

outside of CS 
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Prm<1 
Broader current 
layer 

Broader vortex 
layer 

Prm>1 & Pr < 1 

Time 

Th
ic

kn
es

s 



Heat flux required to 
remove viscous heating 
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 Effective diffusion coefficients 
 

 
 

Evaluate MHD eqs. from kinetic solution 
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 Viscosity and thermal conduction control MRX 
when Prm>1 & Pr < 1 
 Decrease in plasma density inside a current sheet 
 Enstrophy excitation, feedback to upstream 
 Heat flux removes viscous heating 

 Reasonable condition in actual plasmas 
 Analogy to kinetic features, e.g, effective 

Prm >1 for two-scale diffusion region 

 Resistive MHD => Dissipative MHD 
 Control Prandtl numbers 
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