The late/gradual/second phase
of solar flares and implications
for solar energetic particles

1.e., what 1s 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
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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

e SEP people gave up: now impulsive means “He-tich.

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 nonrthermal signatureSHudson)

* Routine metric radio bursts (types 11, 111l 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 y-ray soutrces (e.g., m0)

- Lord of the Fat Photons presentation

* Other?



Jim Ryan
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really embracing his new title with gusto
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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 I.1, then
relate to solar phenomena

* Finds that there are several sources of electrons:

* low-energy electrons from extended Type 111

bursts

* higher energy electrons in impulsive bursts

* electrons from gyrosynchrotron sources at
CME



Green = 300 keV electrons;
Black = ~30 keV electrons§
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Type III related releases are somewhat softer. The “delayed™ emissions are
harder and are often related to type IV and other “long-duration™ emissions.
and to changes seen 1n contimuum radio sources.
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2001 April 15, Nancay observations at 410 MHz. Gyrosynchrotron emis-
sion from expanding CME loops.

Ref: Maia et al (2007). ApJ 660:874-881.



CMEless X-class flares

Table 1. X-class flares without CMEs during solar cyele 23 and their properties

#  Flare Start Peak Dur Imp Location AR # Ha IIT pfpk/flux
| 2000/06/06 13:30 13:30 16 X1.1 NIsELZ2 00267 N N  2.7/5h60

2 2000/09/30 23:13 23:21] = X1.2° NoTWOLo 916D N N L5 .4 /2800
3 2001/04 /02 10:04 10:14 6 X1.4 NITWAHED 09393 IE° Y L 5 l“l 20110
1 2001/06/23 04:02 04:08 9 X1.2° NI0E23 9511 1B N 5/ 100

5% 2001/11/25 09:45 09:51 9 X1.1° S16We0  0704" N N 15.4/130
G 2002/10/31 16:47 16:52 ® X1.2° N20WOD  0le2 N N I N
75 2004, ’ﬂ? [26 01:50 02:03 20 X1.1° N14WI15 0564 2N® N 15.4/830
82004 ’n“*l B85 1824 13 X1.6 S11E45 0640 N N /530
2004, ’ﬂ“* 16 01:43 02:06 20 X1.3 S11E41 0640 N N 15471900
10 2004/07/16 10:32 10:41 14 X1.1 S10E36 0640 1K Y 15.4/1200
11 2004/07/17 0T:51 07T:57 8 X1.0 S11E24 0640 aps N 5/820

12 2005/01/15 00:22 00:43 40 X1.2  NI4E08 0720 1 N 15.4/3000
13" 2005/00/15 08:30 08:38 16 X1.1  S12W14 0808 2NN 1544100

He 0 S

Gopalswamy et al. (Proc. IAU 257, 283, 2009)
(cf. de la Beaujardiére et al_, 1995)
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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.



