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Solar neutrinos - PP chain

• The Sun shines by making hydrogen into helium. There are two main ways of 
doing this: pp chain or CNO cycle 

•

Sun most loses its energy (98.5 %) 
through pp-chain. This is pp-I chain and 
occurs around 85 % of the time 

pp-chain I 



pp-II chain occurs around 15 % of the 
time 

Solar neutrinos - PP chain

pp-chain II 

• The Sun shines by making hydrogen into helium. There are two main ways of 
doing this: pp chain or CNO cycle 

•



pp-III chain occurs around 0.3 % of the 
time 

Solar neutrinos - PP chain

pp-chain III 

• The Sun shines by making hydrogen into helium. There are two main ways of 
doing this: pp chain or CNO cycle 

•



Solar neutrinos - CNO cycle



• Many nuclear processes (pp chain and CNO cycle) produces electron neutrinos 

•

• Energies of the neutrinos will differ, depending on the reaction. 

•



Solar neutrinos

• 1964 Homestake experiment (headed by Davis & Bahcall) detected solar 
neutrinos but there were approximately 2/3 less than  expected from Bahcall’s 
Standard Solar Model prediction.  

•

• It was initially proposed that the solar models were wrong.

• As you can guess, the resolution to this problem is neither! 

•

• Or that two experiment Homestake and GALLEX were wrong! 

•



Neutrino Oscillations in matter
in oscillation in matteris affected by the background
For simplified two neutrino case ve Vu behave
differently in matter
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Neutrino Oscillations in matter
The background creates a MATTER POTENTIAL for tee
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Neutrino Oscillations in matter
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Neutrino Oscillations in matter
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Neutrino Oscillations in matter
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Neutrino Oscillations in matter
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Neutrino Oscillations in matter
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Neutrino Oscillations in matter

we can diagonalize Hm to find energy eigenstate in matter
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Neutrino Oscillations in matter
1,2 entry
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Neutrino Oscillations in matter
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Neutrino Oscillations in matter

and rearrangea bit



Neutrino Oscillations in matter
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Neutrino Oscillations in matter
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Neutrino Oscillations in matter
The matter potential create a mixinganglein matter Om
It also creates a mass squared splitting in matter Toderive
this recall the Hamiltonian in vacuum
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Neutrino Oscillations in matter
and are equal
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Solar neutrinos
• Confirmation of neutrino oscillations came in 2001 by the Sudbury Neutrino. They  

measured not only electron neutrino flux but all flavour neutrinos via NC 
interactions  

•
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Charged current (CC)

Neutral current (NC)

Elastic scattering (ES)


