
The late/gradual/second phase
of solar flares and implications

for solar energetic particles

i.e., what is the evidence for nonthermal acceleration in the 

low corona during the gradual phase, and does it play a role 

in SEPs that reach the Earth? 

Convenors: Hilary Cane and Stephen White



Frost & Dennis 
1971: the original 
“gradual phase”

(nonthermal)

Huge hard X-ray flare 20 

degrees behind the limb: 

MeV electrons in the 

corona for almost an 

hour – not as rare as we 

once thought.



Impulsive versus gradual
Similar separation has appeared in virtually every diagnostic:

•Impulsive versus gradual in time

•Impulsive nonthermal, gradual thermal 

•SEP people gave up: now impulsive means 3He-rich.

Prior to SMM and regular g-ray observations, the argument 

for a second phase of  acceleration was that we only saw 

electrons (i.e., radio bursts, hard X-rays) in the impulsive 

phase

Still true that the e/p “importance” seems to be different: 

more e in impulsive phase, more p in gradual phase. 

Abundances can change between the 2 phases.



Late non-thermal signatures (Hudson)

• Routine metric radio bursts (types II, IIIl, IV)

- Meudon siren presentation

• Coronal hard X-ray sources (Frost & Dennis 1971;

Krucker et al 2008)

- Meudon siren presentation

• Some SEP injections

• Energetic neutral atoms?

- Mewaldt et al. 2009

• Late γ-ray sources (e.g., π0)

- Lord of  the Fat Photons presentation

• Other?



Jim Ryan
Lord of the Fat Fotons

Did not really get to a debate on the role of  low-corona 

versus CME acceleration in production of  SEPs.

really embracing his new title with gusto



Long-

lived 

gamma-

ray 

emission 

– requires 

ongoing 

accelerati

on of  

ions



Tracing electron sources at the Sun
Dalmiro Maia

•Applies a propagation model with scattering to 

deduce injection profile at the Sun from the time 

profiles and anisotropy  of  electrons at L1, then 

relate to solar phenomena

•Finds that there are several sources of  electrons:

•low-energy electrons from extended Type III 

bursts

•higher energy electrons in impulsive bursts

•electrons from gyrosynchrotron sources at 

CME



Green = 300 keV electrons

Black = ~30 keV electrons 





Hughõs epiphany! 

Heõs a convert to the one-driver picture.



Implications for SEPs

Did not really get to a debate on the role of  low-corona 

versus CME acceleration in production of  SEPs:

something for a future meeting.


