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Solar flares and accelerated particles 



Solar flares: basics 
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Figure from Krucker et al, 2007 

Solar flares are rapid localised 

brightening in the lower 

atmosphere.  

 
More prominent in X-rays, UV/EUV 

and radioé. but can be seen from 

radio to 100 MeV 



Motivations 

1. Solar flares as a 

diagnostic to study 

fundamental 

processes in solar 

atmosphere (e.g. 

conversion of magnetic 

energy into particle 

energy, turbulence, 

particle acceleration, 

physics of shocks) 

 

2. Sun-Earth connection 

and óspace weatherô 



Solar Flares and energetic particles 

Solar flares are more 

prominent in X-rays, 

UV/EUV and radioé. 

but can be seen from 

radio to 100 MeV 

Energy ~2 1032 ergs 

From Emslie et al, 2004, 2005 

From Battaglia & Kontar, 2011 



Solar flares and their impact 

Ionising 

radiation and 

impact on 

ionosphere 

Most GPS receivers in the sunlit 

hemisphere failed for ~10 minutes. (P. 

Kintner) at Dec 6th, 2006 

(tracking less than 4 s/c) 

See Gary et al, 2008 



ñStandardò model of a solar flare/CME 

Solar corona   T ~ 106 K   =>  0.1 keV per 

particle 

Flaring region   T ~ 4x107 K => 3 keV per 

particle 

Flare volume     1027   cm3      => (104 km)3 

Plasma density   1010 cm-3      

 

Photons  up to > 100 MeV 

Number of energetic electrons 1036  per second 

Electron energies  >10 MeV 

Proton energies    >100 MeV 

  

 Large solar flare releases about 1032  ergs 

 (about half energy in energetic electrons)  

1 megaton of  TNT is equal to about 4 x 1022 

ergs. 

Energy release/acceleration 

Figure from Temmer et al, 2009 



Electrons in flare energetics 

Enrique 

Perez 

results 

Magnetic Energy 

Turbulence/Fluctuating E fields  

Acceleration/Heating  

Electrons/Ions 

Radiation 

Energy Deposition/Evaporation 

Petrosian (2012) cartoon 



X-rays and flare accelerated electrons 

Observed X-rays Unknown electron distribution  Emission cross-sections  

Thin-target case: For the electron 

spectrum F(E)~E-ŭ ,  

bremsstrahlung (free-free 

emission) 



X-ray spectrum of solar flares 

Thermal X-rays 

Non-thermal X-rays  

Gamma-ray lines 

Typical energy-range                           

Ramaty High Energy Solar Spectroscopic Imager (RHESSI) spectrum 

July 23, 2002 flare 



  

Solar flare geometry 



July 19, 2002 flare 

Figure 6: AIA 131 Å image  
overlaid with RHESSI 30%, 50 %, 
70 % contours  

Figure 7: Mean electron flux 
spectra of  the 3 sources. The 
dotted lines indicate a 
Maxwellian distribution with 
Tfp= 18 MK, Tcshxr=5 MK, 
Tcs=10 MK 

AIA  

AIA  

AIA  
HXR footpoints 

above loop-top source  

coronal SXR source  

AIA 131 Å image overlaid with RHESSI 30%, 50 %, 70 % contours  

3 X-ray sources: coronal SXR source, above the loop-top 
HXR source, HXR footpoints 

Battaglia & Kontar, ApJ, 2013 



X-ray emission from typical flares  

Footpoints 

Coronal Source 

Soft X-ray coronal source  

HXR chromospheric  

footpoints  



Foot-point structure and radiation 

Aschwanden et al, 2002 

Higher energy 

sources appear 

lower in the 

chromosphere 

(consistent with 

simple collisional 

transport) 

 

Saint-Hilaire, P. et al  2010, Battaglia etal , 2011 


