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Solar flares: basics
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Figure from Krucker et al, 2007
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1. Solar flares as a SDO AAL3 171 Z4—Feb—2011 7
diagnostic to study
fundamental
processes in solar
atmosphere (e.qg.
conversion of magnetic
energy into particle
energy, turbulence,
particle acceleration,
physics of shocks)

2. Sun-Earth connection
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Solar flares are more
SDOAAS 171 24=Fsb—2011 07:29:00.340 UT prominent in X-rays
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Uan@l’SltY Solar flares and their impact
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Most GPS receivers in the sunlit
hemisphere failed for ~10 minutes. (P.
Kintner) at Dec 6™, 2006

2 20} | (tracking less than 4 s/c)

See Gary et al, 2008
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nNStandardo model

Energy release/acceleration

CME
front

Solarcorona T~10K => 0.1 keV per
particle

Flaring region T ~4x10K => 3 keV per
particle

Flare volume 167 cm3 => (10*km)3

Plasma density 1&®cm3

Photons up to > 100 MeV

Number of energetic electrons 18 per second
Electron energies >10 MeV

Proton energies >100 MeV

eruptive
\ prominence

> {—

Large solar flare releases about 13 ergs
— / 'y HXR (about half energy in energetic electrons)
sphere ‘ P /TSSO 1 megaton of TNT is equal to about 4 x 29
photosphere ergs.

. Figure from Temmer et al, 2009
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Observed X-rays  Unknown electron distribution Emission cross-sections
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Solar flare geometry
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July 19, 2002 flare
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Battaglia & Kontar, ApJ, 2013



X-ray emission from typical flares

Soft X-ray coronal source
W HXR chromospheric
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Foot-point structure and radiation
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14 Aschwanden et al, 2002
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Higher energy
sources appear
lower in the
chromosphere
n=10"cm S——  (consistent with
simple collisional
transport)
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n=10"cm”

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