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Solar flare mechanisms



Non-thermal H ionisation & 
excitation and its effect on Ni
 By beam electrons (Hudson, 1972, Aboudraham & Henoux, 

1986,87; Zharkova & Kobylinsky, 1989,91,Sol.Phys,93; 
Zharkova et a;., 2007)

 By beam protons (Henoux et al, 1993, Voigt et al., 1996)

 Full non-LTE radiative transfer for 5 level plus continuum 
Hydrogen atom

 Predicted increase in Hydrogen lines and especially in 
Pashen continuum

 Recent review by Fletcher et al (2010) – much more 
attention was paid to non-thermal effects
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Non-thermal hydrogen excitation/ionisation rates
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H excitation/ionisation rates by e-beam
(Zharkova and Kobylinskij, Solar Phys., 1993)
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Zharkova and Kobylinskij, Solar Phys., 1993)



Lyman line profiles  
affected by non-thermal excitation
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Balmer line profiles  
affected by non-thermal excitation
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Balmer continuum 
affected by non-thermal ionization
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Pashen continuum 
affected by non-thermal ionization
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Fokker-Planck equation

self-induced (return current) electric field

collisions with ambient 
plasma

converging magnetic 
field

t – time
s – column depth
E – energy
μ – pitch angle cosine

n(s) and T(s) are taken from the hydro-dynamic model (Zharkova, V. & Zharkov, S., ApJ, 664, 573, 2007)‏



Impulsive injection
F0= 1010 erg cm-2 s-1. Power law index is 3. Impulse length is 1.7·10-3s.

Only collisions are taken into account.

γ = 3 → 4



Stationary injection

Relaxation time is ≈ 0.07- 0.1 s

Initial power law index of high energy electrons γ = 3
Initial pitch angle dispersion Δμ = 0.2
Lower energy cut-off E

0
= 12 keV

Energy flux on the top boundary is F
0

= 1010 erg cm-2 s-1

Distribution function of the injected beam
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25 July 2004:The pre-flare (left) and main flare (right)

(Zharkova et al. MNRAS, 2010) 1485–1492)
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Images of the first phase of the flare                         

(Zharkova et al. AdvSpace Res., 39 (2007) 1485–1492)



HXR spectra for the 1st peak

Zharkova et al. MNRAS, 2010
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Photon energy spectrum as function electron 
beam parameters (RHESSI nugget 25)



Correction of HXR photon flux for Ohmic losses –burst 1

Zharkova et al. MNRAS, 2010



HD models for the burst one
Zharkova et al. MNRAS, 2010
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H line intensity (non-thermal +thermal excitation)

Kernels 1 и 3 (fit very well   electrons are the agents)



Conclusions
 Electron and proton beams naturally occur during a 

magnetic reconnection process
 Electrons and protons precipitate towards the 

chromosphere and photosphere
 High-energy particles have multiple  effects on a flaring 

atmosphere: 
 High energy emission (HXR, radio/MW)
 Particles carry a charge  hence, electric field
 Variations of electron electric field in space causes a transient 

magnetic field
 Deposit energy into the ambient plasma via hydrodynamics  
 Produce non-thermal ionization and excitation white light 

flares  Pashen emission, Stark wings in Balmer emission, 
change Balmer increments, and many more appearing within 
seconds from HXR emission

 As result electrons produce H-alpha emission increase prior 
any hydrodynamic heating
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