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1.  ray, neutron, and positron production in Solar flares

• Fermi measurement: ~10‐18 erg cm‐3

• Origin of background
– Blazars

– Star forming galaxies

– MSPs

– Dark matter

– Radio galaxies

• Luminosity function of ‐ray sources
• Space density of FSRQs (Gpc‐3)



 rays from Solar Flares
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lines

Diagnostics of continuum and line  rays, 
and particles in space requires comprehensive
time‐dependent model to understand flares



 rays from Solar Flares

Broad 
and 
narrow 
lines

c

Murphy et al. (1987)

3 June 1982 Solar Flare



Pion Production from Solar Flares



Neutrons from Solar Flares



Neutrons in Space and at Earth



Positrons from Solar Flares

• Fermi measurement: ~10‐18 erg cm‐3

• Origin of background
– Blazars

– Star forming galaxies

– MSPs

– Dark matter

– Radio galaxies

• Luminosity function of ‐ray sources
• Space density of FSRQs (Gpc‐3)



Radiation from Electrons and Positrons



2. Fate of Positrons: Spectral Calculations



Quench Ps 
when n >~ 1013 cm‐3



Annihilation Line Shapes



Annihilation Line Shapes



MeV-GeV Spectra



3. Observations and Comparison with Data

RHESSI observations of Solar Flares

Share et al. (2004)

28 October 2003







4. Positrons and  rays in SNRs

2nd Fermi Gamma‐ray Source
Catalog (Nolan et al. 2012)

62 SNR associations
6 identifications
W44, W51C, IC 443
W28, W30, Cygnus Loop

Weidenspointner et al. (2008)

Put in >100 MeV flux 
0.511 MeV flux

Thick target (maximum 
annihiliation flux)

Fermi 3 year (> 1 GeV) sky



Shock‐acceleration spectrum
s = 3; B2/nH large



Shock‐acceleration spectrum
s = 3; B2/nH small

Weak annihilation flux



Origin of bulge annihilation radiation

Purcell et al. (1997)
Weidenspointner et al. (2006)Weidenspointner et al. (2008)



Models for Galactic Annihilation Radiation

Prantzos et al. (2011)

Annihilation Fountain
Dermer & Skibo (1997)

Past episode of starburst 
activity

Ginga 6.7 keV

Quenching of Sgr A*

Radio/X‐ray structures

Fermi bubbles



Conclusions

Predict annihilation line intensity given >100 MeV flux from SNRs

Not likely to be tested soon

Prediction for annihiliation fountain

Width of the 20.511 MeV line from annihilation in hot
gas broader than Galactic disk 0.511 MeV line emission, 
and the 3 Ps continuum fraction f will be spatially varying



Measured: E, Q3/ Q2

Annihilation in the ISM

Medium: T, nH, XH+, 
XHe+, XHe++,

Annihilation on Dust
Guessoum et al. (2005)

OSSE data (Kinzer et al. 1999)


