
Energetic Particle Properties from GammaEnergetic Particle Properties from Gamma--Ray Ray 
Line Observations in Solar FlaresLine Observations in Solar Flares

J. J. KienerKiener (CSNSM (CSNSM OrsayOrsay))

V. V. TatischeffTatischeff (CSNSM (CSNSM OrsayOrsay))
M. M. GrosGros ((SApSAp/CEA /CEA SaclaySaclay))
G. G. WeidenspointnerWeidenspointner (CESR Toulouse)(CESR Toulouse)
M. Harris (CSNSM M. Harris (CSNSM OrsayOrsay))
A. A. BelhoutBelhout (USTHB Alger)(USTHB Alger)
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Composition solar atmosphere :
H (90%), He(10%), O(0.06%) C(0.03%) etc.
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synthetic flare gammasynthetic flare gamma--ray sray spectrumpectrum
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SPI observation of the 28 October 2003 solar flareSPI observation of the 28 October 2003 solar flare
( 4 November 2003 / 7 September 2005 )( 4 November 2003 / 7 September 2005 )
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spectra and time historyspectra and time history

lines: 2.223 MeV [1H(n,γ)], 4.4 MeV (12C), 6.1 MeV (16O)
others: ~7 MeV (16O) ~1.5 MeV (20Ne,24Mg,28Si)
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spectrum fitspectrum fit

line fluences

Φ2.223 = 1286±132

Φ4.4 = 140±21
(141)

E = 4407±4 keV
FWHM = 88±10 keV

Φ6.1 = 130±21
(130)

E = 6102±7 keV
FWHM = 133±17 keV
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The 2.2 The 2.2 MeVMeV -- 4.4 + 6.1 4.4 + 6.1 MeVMeV line emissionline emission

⇒ Accelerated particle composition and 
energy spectrum (α/p, S)

⇒ Ambient abundances

⇒ (flare geometry, ambient 3He <- timing)

Tatischeff et al. (2005)
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acceleratedaccelerated--particle compositionparticle composition
solar energetic particle (SEP) observations

data: Reames Sp.Sc.Rev. 1999
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total nuclear line emission + leptonstotal nuclear line emission + leptons
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total nuclear line emission + leptonstotal nuclear line emission + leptons
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interactions particles interactions particles -- solar atmospheresolar atmosphere
pitch-angle scattering →

loss cone v ~ ||B
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Composition solar atmosphere :
H (90%), He(10%), O(0.06%) C(0.03%) etc.
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gammagamma--ray line shaperay line shape

s = 3.5
α/p = 0.1
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line shiftsline shifts

λ = 300    α/p = 0

λ = 30   α/p = 0.5
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