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The MHD equations
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Conserved energies



Basic questions 

How energy cascades?
At what rate energy cascades?
At what direction?
What is the spectrum?
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The isotropic turbulent cascade



Weak turbulence theory, Galtier (2000)
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The wave resonance 
conditions

If smooth E(k||,k┴) across k||=0



Weak turbulence theory, Galtier (2000)
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Models in MHD

Iroshnikov-Kraichnan E~k-3/2

Goldreich-Shridhar E~k┴-5/3 , k║ ~ k┴2/3 

Bhattacharjee-Ng           E~k┴-2k║-1 

Zhou-Matthaus-Dmitruk T-1 = TA
-1 + TNL

-1

Galtier et al.                    E~k┴-5/3 , k║ ~ χk┴2/3 

Boldyrev E~k┴-3/2 , k║ ~ k┴2/3 

All assume local interactions



Measuring Fluxes

Energy Flux kz
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Partial Fluxes

Partial Energy Flux kz
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A decaying MHD run.
B0=0, B0=1, B0=5 and B0=15 (Bigot et al)



Partial energy Fluxes I (k┴ direction)

B=0
B=1
B=5
B0=15

Total Flux

Flux due to the 
kz=0 modes



Partial energy Fluxes II (k|| direction)

B=0
B=1
B=5
B0=15

Total Flux

Flux due to the 
kz=0 modes



Locality of transfer



A simple model
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Weak turbulence limit

Consider only cascade in the ┴ direction

Allow only wave numbers that satisfy the 
resonance condition 

or 
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Weak turbulence limit
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Stronger turbulence
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Stronger turbulence

“Stronger” turbulence 
theory spectrum

Energy cascades along the 
Lines

Interactions with the 
manifold:
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Conclusions

Non-locality is essential for MHD in the 
presence of guiding field
Flux is Anisotropic (not just the spectrum)
A simple assumption nonlocal model can be 
constructed
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