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Solar flares
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Their frequency is modulated by 
the 11-year solar cycle 

 flashes of light with time scales of minutes to hours, 

releasing up to 1032-33 ergs.

Cycle 24



Class Flux (peak) 
0.1-0.8 nm [W/m2]

A 10-8-10-7

B 10-7-10-6

C 10-6-10-5

M 10-5-10-4

X >10-4

Solar flare classification
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Standard model of solar flares

Fundamental ingredients 
 for energy release: 

• reconnecting magnetic field lines

• accelerated particles


Model proposed by  
Kopp and Pneuman 

(1976)

Emission over a very wide 
range of energies: 

soft and hard X- rays, radio
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Open questions and main motivations

• Understanding the fundamental physics of the phenomenon

• Laboratory on smaller scale of phenomena like stellar flares

• Space weather
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-Trigger of the magnetic instability

-Acceleration mechanisms

-Association with Coronal Mass Ejections 
(CMEs) and Solar Energetic Particles (SEPs)




Accelerated electrons mainly responsible 
for X-ray (and radio) emission
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Gamma-ray emission

Nuclear de-excitation lines (e.g. 4.428 
MeV, 6.129 MeV)

Neutron capture line (2.223 MeV)

Positron annihilation (0.511 MeV)

Neutral meson decay (peak at 67.5 MeV)

Electron bremmsstrahlung

Some gamma radiation mechanisms 

Experimental results 

from different experiments: 


SMM and EGRET, (in the past) 
RHESSI, Fermi 

Non-thermal electrons
thermal electrons Energetic electrons and ions

(Lin,2011)
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Some events from Fermi

Power law

Power law + cut off

2.23 MeV neutron capture

0.511 MeV positron annihilation

nuclear de-excitation lines

pion decay

pion decay component

electron bremsstrahlung

ArXiv1111.7026

(The Astrophysical Journal, 787:15 (13pp), 2014)  



Measurements with e-ASTROGAM

-Temporal evolution 

-Energy spectrum 

-Polarization


-Source localization

Distinguishing between short and long duration 
events, comparison with emission in different 
wavelengths

Optimal sensitivity and energy resolution to detect 
the de-excitations lines, distinguish between 
leptonic and hadronic origin of the emission.


Possibility of a detailed study. New! In the past: 
gamma-ray polarimetry studied by RHESSI, but 
only for two solar flares. 


Not in details, but interesting to see for constraining 
emission and acceleration processes 

(0.2° at 1 GeV, a factor 4 better than Fermi)
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Solar flares in the MeV-GeV domain!



9

Interesting to complement information from dedicated experiments! 

Interesting multiwavelength and multimessenger observations!

Credits: NASA/SDO/Goddard


