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Introduction

• Flares are associated with magnetic reconnection in the 
corona

• Reconnection is related with plasma and magnetic field 
disturbances and hot plasma outflows 

• These processes can lead to MHD waves and hot proton 
beams, which, in turn, can cause excitation of kinetic Alfven 
waves – KAWs (e.g., Hasegawa 1976; Voitenko 1998) 

• Due to parallel electric field component KAWs can 
heat/accelerate electrons (e.g., Hasegawa & Chen 1974; Wu 
& Fang, 1999; Fletcher & Hudson 2008; Artemyev et al. 
2015) 

• The goal of the work is to show that warm/hot electrons 
trapped by KAWs can principally be accelerated up to ~102-
103 keV in course of the transport to footpoints of flare flux 
tubes (loops)
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Some properties of KAWs

• - ion-cyclotron frequency

• Perpendicular wavelength:                                                                    cm  

• KAWs are dispersive: ,  where

• In case of the kinetic plasma     , i.e.                                         , dispersion relation is reduced 

to 
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Some properties of KAWs

• Polarization of KAWs: 
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(e.g., Stasiewicz et al. 2000)

(Zhao et al. 2013)
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Electron trapping by KAWs in converging magnetic field

• Landau resonance condition for trapping of e- by a wave: 

• If 

• If 

• Energization is due to joint action of KAWs electric field force and magnetic 
mirror force 

• Parallel kinetic energy is converted to perpendicular energy
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( ) constvconsthB e =→=0

( ) constvhB e ≠→≠∇ 00||

System of dimensionless equations of e- motion  
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Magnetic field and plasma concentration profiles
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(Newkirk, 1961)

(Gary 2001)

Some examples of e- acceleration profiles: dependence on 
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Dependence on friction term     Transformation of energy distributions       
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Maximal and average energy gained by e-
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Conclusions

• KAWs of reasonable amplitudes can trap and accelerate e- to ~102-103 keV
in converging flare flux tubes

• Acceleration is coupled with e- transport 

• Acceleration is quite slow (t~1-10 s) 

• It is expected that accelerated e- are distributed mainly perpendicular to 
magnetic field

• More detailed modeling (taking into account more realistic n(h) and B(h), 
pitch angle scattering of e-, and wave transport effects) is necessary
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