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The (Kolmogorov, 1941-type; HIT) energy cascade  

Magnetic reconnection in a turbulent plasma (visualisation by J. Beattie).
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The dream MHD energy cascade  

Magnetic reconnection in a turbulent plasma (visualisation by J. Beattie).
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Magnetic reconnection in a turbulent plasma (visualisation by J. Beattie).

The incompressible MHD energy cascade
Goldreich & Shridar (1995)??

Critical balance

High-resolution simulations and solar wind observations
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WIND spacecraft (taken at L1) 
Chen+(2013), Chen+(2016)
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Magnetic reconnection in a turbulent plasma (visualisation by J. Beattie).

The incompressible MHD energy cascade
Goldreich & Shridar (1995)??

Critical balance

High-resolution simulations and solar wind observations
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Maron & Goldreich (2001)
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WIND spacecraft (taken at L1) 
Chen+(2013), Chen+(2016)
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ℰ(k) ∝ ε 2/3k −5/3sin θ −2/3 ∼ k −3/2

How to deplete the nonlinearities? Dynamic alignment!  

Magnetic reconnection in a turbulent plasma (visualisation by J. Beattie).

Boldyrev (2006)
Mallet+ (2015)

Chandran+ (2015)
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How to deplete the nonlinearities? Dynamic Alignment!  

Magnetic reconnection in a turbulent plasma (visualisation by J. Beattie).

Boldyrev (2006)
Mallet+ (2015)

Chandran+ (2015)
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Reminder (nonlinearity):

Mason+2006
θ ∼ ℓ1/4
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Reminder 

k∗L ∼ Rm4/7
crit, Rmcrit ≈ 105

An emergent asymptotic regime?

Dong+ (2022)

tnl ∼ (γtearing)−1







Alignment PDFs: simulations + MMS data        
Pecora et al. (2023) for MMS data. 

Great agreement 
with no net-flux!

Great agreement 
with no net-flux!

Strong force-free 
states in both sims.

Alfvénization Taylorization Beltramization

Beattie & Bhattacharjee (2026; PRL). Local 
relaxation and scale-dependent alignment in 
compressible, magnetized turbulence 
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Patchy / cellular alignment
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How does alignment change with scale?

Measure increments in the local eddy frame
δf = f(x + ℓ ) − f(x)
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Alfvénic alignment: one quarter or one eighth? Ekin(λeq) = Emag(λeq)

Quarter-power prediction: Boldyrev (2006), PRL 96, 115002

dynamica
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θu,B(λ) ∼ λ1/8
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v (2

006)

Measured also 
recently in K. Jha + (2026) 
Scientific Reports





Small departures from an Alfvénic state 
below the energy equipartition scale

A distance to the nearest aligned state  
(a criteria for cross-helicity conserving relaxation)

Nearly equal amplitudes
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Crank the constant flux argument

small angles



Small departures from an Alfvénic state 
below the energy equipartition scale
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Flux of Alfvénic departures

Flux of Beltrami departures

Energy flux

Just as constant as energy!

Ask me how to compute  
this after the session…
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Flux transfers are dominated by local k space interactions  
(i.e., energy and Alfvénic departures undergo cascade)
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Small departures from an Alfvénic state 
below the energy equipartition scale

A distance to the nearest aligned state

Nearly equal amplitudes

𝒟A(λ) = min
σ=±1

|δuλ − σδBλ |2

|δuλ |2 + |δBλ |2 ≃
1
2

θ2
u,B

Ekin(λeq) = Emag(λeq)

Crank the constant flux argument

small anglesLet’s test!!!

δuℓ⊥
∼ ℓ1/4

⊥ ⟹ θu,B ∼ ℓ1/8
⊥εDA

∼
δu2

ℓ⊥
𝒟A

tnl
≃ const .



Weaker alignment raises the reconnection-mediated threshold

Eddy cross-section

B2006 alignment

λ

ξ

λ

ξ

BB2026 alignment

θλ ∼ λ1/4

θλ ∼ λ1/8

Conditional critical magnetic Reynolds 
number

Rmc ∼ 105 ⟶ 𝒪(108)

k∗L : Rm4/7 ⟶ Rm2/3

Rmc, new ∼ (Rmc, old)12/7

Same tearing / resistive scale ratio

tnl ∼ (γtearing)−1
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ℰ(k) ∝ ε 2/3k −5/3sin θ −2/3 ∼ k −3/2

Magnetic reconnection in a turbulent plasma (visualisation by J. Beattie).

tcascade ∼ tnl ∼ tA

Summary. MHD turbulence becomes aligned.  
A cascade of departures keeps it alive. 
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