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Neutrinos are needed !  

Pauli 

210Bi Ą210Po + e- + ne 
 
Neutrino required to conserve energy, 
momentum, angular momentum 
 
Neutrino must have no electric charge, 
little or no mass,  and interact weakly 
with matter  
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It took 25 years for the 
neutrino to be observed in 
the laboratory!  

In 1955, at the Savannah River nuclear reactor, Reines and 
Cowan used the reaction ne + p Ą n + e+ to detect anti -
neutrinos using a liquid scintillator detector  
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There are different 
kinds of neutrinos !  

In 1962, using a high -energy accelerator at Brookhaven 
National Lab.,  Lederman, Schwartz, and Steinberger 
showed evidence for two kinds of neutrinos ð one 
associated with the electron, and one associated with 
the muon (a heavy cousin of the electron)  



Neutrinos are produced by the òweakó interaction and 
are born with a òflavoró 
 
n Ą p + e- + ne 
 
p- Ą m- + nm 
 

B- Ą t- + nt 
 

 



The Sun  

Cosmic Rays Interacting  
in the Earthõs Atmosphere 

Accelerators  

Nuclear Reactors  
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 30 kilometers 

Sources of 
neutrinos  



Neutrino interaction  
in a bubble chamber at  
a high energy  
accelerator  



The òStandard Modeló 



Neutrinos do not have a well -defined mass, but 
are actually mixtures of 3 different mass states!  



Neutrino Oscillations  
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SuperKamiokande 





Core collapse of a massive star  





Atmospheric neutrinos  

Evidence for neutrino oscillations from SuperK  
nm Ą nt 



The Sun shines by nuclear fusion reactions!  

Fn = 2 x L sun/Q  
Lsun = 1.2 kW/m 2 

Q = 25 MeV  
Fn = 6x1010/cm 2/sec  
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1968 First Solar Neutrino Experiment  
 

Pioneers in Solar Neutrino Science  

37Cl + ne ­ 37Ar + e-
 



SuperKamiokande 


