
γγ  Absorption and 
Pair Production



γγ Absorption and Pair Production
Threshold energy εthr of a γ-ray to interact with a background 
photon with energy ε1:

εthr = 
2

ε1 (1 – cosθ)
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γγ Absorption
Delta-Function Approximation:

VHE gamma-rays interact 
preferentially with IR photons:
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EBL Absorption

(Finke et al. 2010)



γγ Absorption Intrinsic to the Source
Importance of intrinsic γγ-absorption is estimated by the 
Compactness Parameter:

Radiation Transfer Equation gives:

≈
Fνint         if    τγγ « 
1

Fνint / τγγ   if    τγγ » 
1



γγ-Absorption Internal to the Source

νFν ∼ ν1-
αx
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Break in the γ-ray 
spectrum at (or 

beyond) energy εγ 
→ Limit on Doppler 

factor!
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Pair Production Spectrum

Interaction of two power-law photon 
spectra with indices α = 1.5

Simplest approximation: 
γ+ = γ- = (ε1 + ε2)/2

(ε0 = 2γ)



Pair Cascades
• The produced e+/e- may have enough energy to radiate 

new γ-rays (Compton), possibly with enough energy to be 
subject to γγ-absorption + pair production …

• (Deflected) IC cascades may be detectable in GeV 
γ-rays, lead to extended halos -> Limits on B-field



Magnetic-Field Limits
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Several VHE (> 100 GeV)  
γ-ray blazars are not 

detected by Fermi (100 
MeV – 100 GeV γ-rays)!
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