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The three cycles of pp chain (ppI, 
ppII and ppIII) are each associated 
with a characteristic neutrino 
source. All three cycles begin with 
the fusion of two protons to form 
deuterium (2H), through the ‘pp’
and ‘pep’ reactions. 

n



CNO cycle is a closed-loop chain of nuclear reactions catalysed by 12C, 14N and 16O nuclei in which
four protons are converted into 4He.



n

pp chain: 99 % of Sun Energy CNO cycle: <1 % of Sun Energy

Original motivation of the first experiments on solar n was to test the 

Standard Solar Model (SSM)
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BOREXINO
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We measure the energy

carried away by the

electron!
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Before Borexino

Borexino now

From the measured interacton rates 

and assuming HZ-SSM fluxes we get:

• Pee(pp)=0.57±0.10

• Pee(7Be,862keV)=0.53±0.05

• Pee(pep)=0.43±0.11

• Pee(8B)= 0.36+0.08 <En>=8.9 MeV

Pee: Borexino impact





• With Phase-II data Borexino has entered the era of precision spectroscopy of solar neutrinos;

• Thanks to its exceptional radiopurity, Borexino has gone well beyond its original goal 

providing a complete study of solar neutrinos from the entire proton-proton chain;

The newest results:

First simultaneous extraction of pp, pep and 7Be neutrino rate from the same fit;

Improved precision in all flux measurements (notably 7Be precision is now 2.7%);

New determination of the 8B neutrino flux (precision increased by 55%);

> 5 evidence of the pep neutrino signal;

The future : CNO ?

Summary & Outlook


