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Supernovae (SNe) 

IIn 



https://www.cfa.harvard.edu/supernova/spectra/sn200
8cg_comp.gif 

n ~ 107 − 1012 𝑐𝑚−3  
(Kiewe et al., 2012) 

IIn 

Credit : S. Gabici 



Leptonic Model 

• electrons 
• ICS 
• low Β 
• see talk of M. Petropoulou  
and S. Dimitrakoudis … 
 

SN 1680/Cas A 



Hadronic Model 

• protons/nuclei 
• 𝜋0 decay 
• high Β – amplification (Vink 2006 - Bell 2004) 

• CR acceleration (>0) 
• high energy (<0) 
• neutrinos (…) 
 
 

https://astronomicamens.wordpress.com/2015/08/05/icecube-vede-il-neutrino-piu-energetico-mai-rivelato/ 

Crab 



Φωτοπαραγωγή πιονίων 

http://homepage.uibk.ac.at/~c705282/intro.html 

&      

http://www.hardhack.org.au/book/export/html/76 

p p 



Kelner et al.,  
2006 

pp collisions  



Dimitrakoudis et al., 2012 + Mastichiadis & Kirk, 1995 



Application to SNe IIn 
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𝑅0 =  1014 𝑐𝑚 
𝑝 = 2 

𝐿𝑝 =  1041 𝑒𝑟𝑔/𝑠 

L𝑒 = 0.01 𝐿𝑝 

𝑡 = 𝑑𝑎𝑦𝑠 



 

𝑅0 =  1014 𝑐𝑚 
𝑝 = 2 

𝐿𝑝 =  1041 𝑒𝑟𝑔/𝑠 

L𝑒 = 0.01 𝐿𝑝 

𝑡 = 𝑑𝑎𝑦𝑠 

𝑩𝟎  = 𝟒𝟔 𝑮 
𝜶𝚩 = 𝟏 

𝝊 ≈ 𝟎. 𝟎𝟑𝒄 
𝒅 = 𝟓 𝑴𝒑𝒄  

~ 500 𝑀𝑒𝑉 ~ 1 𝑘𝑒𝑉 

TIE fighter 
Fermi/LAT 



 

𝑩𝟎  = 𝟒𝟔 𝑮 
𝜶𝚩 = 𝟏 

𝝊 ≈ 𝟎. 𝟎𝟑𝒄 
𝑇 =  105 𝐾  

𝐿𝜈>1 𝐺𝑒𝑉 ∝ 𝑡−1 
107 



Take Home Note 

• pp → γ-rays, e & ν 
• photon – photon absorption  
• 𝑑 < 10 𝑀𝑝𝑐 or  𝑛0 > 1010𝑐𝑚−3 

+ 
• thermal & relativistic bremsstrahlung   

+ 
• optical light 
 
 

ΚΑΛΟ ΚΑΛΟΚΑΙΡΙ!!! 

N49 @ LMC 


