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Also: On the flaring γ-ray activity of quasar 3c279, A. Mastichiadis et al. 
  

Böttcher et al., 2013 
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Leptonic Model 

• electrons 

• ICS 

• low B 

• See poster: On the 
connection of radio and γ-
ray emission of blazars,       
S. Boula et al. 
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Hadronic Model 

• protons/nuclei 

• 𝜋0 decay 
• CR acceleration 
• high energy 

• neutrinos … 

• See poster:  Modeling the 
rapid flare of 3C279 June 2015,  
I. Florou et al. 
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p p 

photopair  production 



pp collisions 
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Kelner et al., 2006 

E (TeV) 
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Dimitrakoudis et al., 2012 + Mastichiadis & Kirk, 1995 

The kinetic equation approach 
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IIn 

Petropoulou et al., 2016 

𝑀 ≥ 0.1 𝑀ʘ/𝑦𝑟
① 

𝑣𝑤~ 100 𝑘𝑚/𝑠𝑒𝑐
② 

 𝑅𝑤~1016 cm ② 

𝑣𝑠ℎ~10000 𝑘𝑚/𝑠𝑒𝑐
③ 

n ~ 107 − 1012 𝑐𝑚−3 ②,③  

 

①Smith et al., 2008, ②Fasia et al., 2000, ③Murase et al., 2014 



Application to SN IIn  
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• 𝑛 𝑅 =  𝑛0
𝑅0
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▫ 𝑛0  ≈ 2 × 1012  
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𝑅0 =  10
14 𝑐𝑚 

𝑝 = 2 
𝐿𝑝 =  10

41 𝑒𝑟𝑔/𝑠 

L𝑒 = 0.01 𝐿𝑝 

𝑡 = 𝑑𝑎𝑦𝑠 

𝑩𝟎  = 𝟒𝟔 𝑮 
𝜶𝚩 = 𝟏 

𝝊 ≈ 𝟎. 𝟎𝟑𝒄 
𝒅 = 𝟓 𝑴𝒑𝒄  

~ 500 𝑀𝑒𝑉 ~ 1 𝑘𝑒𝑉 
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𝑩𝟎  = 𝟒𝟔 𝑮 
𝜶𝚩 = 𝟏 

𝝊 ≈ 𝟎. 𝟎𝟑𝒄 
𝑇 =  105 𝐾  

𝐿𝜈>1 𝐺𝑒𝑉 ∝ 𝑡−1 
107 

Kantzas et al. 2016 | arXiv:1607.05847 



Take Home Note  

• pp → γ-rays, e & ν 

• photon – photon absorption  

• 𝑑 < 10 𝑀𝑝𝑐 or  𝑛0 > 1010𝑐𝑚−3 

 

 

• neutrinos 
   (e.g. Aartsen et al. 2015 &  
 Petropoulou et al.,2017) 
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