
Georg Raffelt, MPI Physics, Munich Astrophysical Neutrinos, ISAPP 2019, 28 Mayς4 June 2019 

Crab Nebula 

Astrophysical Neutrinos 

ISAPP 2019, Heidelberg, 28 Mayς4 June 2019 

Georg G. Raffelt  
 

Max-Planck-Institut f ür Physik, München , Germany  



Georg Raffelt, MPI Physics, Munich Astrophysical Neutrinos, ISAPP 2019, 28 Mayς4 June 2019 

Where do Neutrinos Appear in Nature? 

Nuclear Reactors V 

    Particle Accelerators V 

Earth Atmosphere 
(From Cosmic Rays) 

V 

     Earth Crust 
(Natural Radioactivity) 
V 

Sun V 

Supernovae 
(Stellar Collapse) 
                  SN 1987A V 

Cosmic Big Bang    
(Today 336 n/cm3) 
           Indirect Evidence 

Astrophysical 
Accelerators                V 
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Grand Unified Neutrino Spectrum 

Christian Spiering 
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Neutrinos from the Sun 

Reaction- 
chains 

Energy 
26.7 MeV 

Helium  

Solar radiation: 98 %  light (photons) 
                                2 %  neutrinos 
At Earth 66 billion neutrinos/cm2 sec 

Hans Bethe (1906-2005, Nobel prize 1967) 

Thermonuclear reaction chains (1938)  
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Sun Glasses for Neutrinos? 

8.3 light minutes 

 Several light years of lead  
 needed to shield solar 
 neutrinos 

 Bethe & Peierls 1934: 
  Χ this evidently means 
  that one will never be able 
  to observe a neutrino. 
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First Detection (1954 ς 1956) 

Fred Reines 
(1918 ς 1998) 
Nobel prize 1995 

Clyde Cowan 
(1919 ς 1974) 
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Heisenberg 1936 

Instead [of protons and neutrons] Pauli's 
hypothetical 'neutrinos' should contribute 
substantially to the penetrating radiation. This 
is because in each shower ... neutrinos should 
be generated which then would lead to the 
generation of small secondary showers. The 
cross section for the generation of these 
secondary showers would likely not be much 
smaller than 10-26 cm². Contrary to the low-
energy neutrinos from b decay one should be 
able to detect the energetic neutrinos from 
cosmic rays via their interactions. 

 

Werner Heisenberg  
Zur Theorie der Schauerbildung in der Höhenstrahlung  
Zeitschrift für Physik 101 (1936) 533 

Slide adapted from Christian Spiering 
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Detection of First Atmospheric Neutrinos 1965 
ω YƻƭŀǊ Gold Field (KGF) Collaboration 
   Japan-India-UK group, 7500 mwe 
   Plastic scintillator, Flash tubes 
 

ω Chase-Witwatersrand-Irvine (CWI) Coll. 
   Mine in South Africa, 8800 mwe 
   Liquid scintillator, Horizontal tracks 

First neutrino sky map with celestial coordinates 
of 18 Kolar Gold Field neutrino events  
(Krishnaswamy et al. 1971)  


