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Turbulent particle acceleration 
models for solar flares

(e.g., Miller et al 1997) • Reconnection triggers MHD turbulence

• Key questions:
• what are the properties of this 

turbulence?
• is it good at accelerating electrons?
• is it good at accelerating ions?

energy injected at large
scales (small k)



Approach: weak turbulence theory
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• assume β = 8πp/B2 ! 1

• Alfvén waves, ω = k‖vA

• Fast magnetosonic waves (”fast waves”), ω = kvA

• AAA interactions = interactions among 3 Alfvén waves

• FFF interactions = interactions among 3 fast waves

• AFF interactions — 2 fast waves and one Alfvén wave

• AAF interactions — 2 Alfvén waves and one fast wave

Ak = Alfvén-wave power spectrum
Fk = fast-wave power spectrum



Wave kinetic equations 

   
• analytic results for nonlinear time scales
• solve equations numerically 

 



Energy cascade mechanisms. I.
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Energy cascade mechanisms. II.
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AAF and AFF interactions
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Structure of solution
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off steeply

Fk ∝ k−7/2 (”Kraichnan spectrum”)
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⊥



Numerical solutions to wave kinetic equations
(Chandran, Phys. Rev. Lett., 2005)
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Numerical solutions to wave kinetic equations
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Numerical solutions to wave kinetic equations
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Structure of solution without counter-propagating 
waves
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Ak negligible

Ak ! Fk ∝ k−7/2



(Ng & Bhattacharjee 1996,
 Maron & Goldreich 2001) 


