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Observations of energetic particles
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‘ pre-RHESSI X-ray spectra (Kane et al, 1982)
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“Standard” model of a solar flare/CME

Energy release/acceleration

CME
front

Solar corona T ~10°K => 0.1 keV per
particle

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

Flare volume 10?” cm® => (10 km)?

Plasma density 10! ¢cm

Photons up to > 100 MeV
Number of energetic electrons 10°¢ per second
Electron energies >10 MeV

Proton energies >100 MeV
g—

Large solar flare releases about 1032 ergs
o—— / \s HXR (about half energy in energetic electrons)

sphere a p=> _Jemission 1 megaton of TNT is equal to about 4 x 10?2
photosphere

Temmer et al, 2009 ergs.
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‘ pre-RHESSI X-ray spectra (Kane et al, 1982)
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X-rays and radio

SOHO EIT 195, RHESSI, and NRH
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Limb flare event 6 January 2004
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Downward propagation
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Location of energy release

For acceleration rate 103¢ per
second
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Do we observe magnetic reconnection?
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The observed photon flux spectrum at the Earth:
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[ T 3) Centre-to-limb variations in solar flares
0.6 (Ohki (1969), Pinter (1969) at 10 keV, Datlowe
etal. (1977) etc)
4) Albedo as a probe of electron angular
distribution (Kontar& Brown 2006; Kasparova et
al 2007, Battaglia et al, this meeting)
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Compton scattering in pictures
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Electron anisotropy in flares

Collective effects of beam-plasma interaction? Related to the properties of
accelerated electrons?
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PIC simulations of electron transport X-point collapse was studied using
(Karlicky & Kasparova, 2009) kinetic, 2.5-dimensional, PIC code

(Tsiklauri and Haruki, 2008)




Neutron-capture line fluence (corrected) (ph cm™)
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Electron vs ion acceleration

lon acceleration >30 MeV
Is correlated with
relativistic electron
acceleration >300 keV

lon acceleration >30 MeV
is poorly correlated with
electron acceleration >50
keV, with the possibility of
two separate classes of
flares

(Shih et al, 2009)
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RHESSI Terrestrial Gamma-ray Flashes Positions
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Terrestrial gamma-ray flashes (TGFs) are very brief bursts of
gamma radiation (typically around 1 millisecond long) coming
upwards from the Earth's atmosphere from somewhere in the
vicinity of a thunderstorm (Smith et al, 2005)



