
2/14/19

1

2 steps required:

(1)Proton tunnels through 
Coulomb barrier

(1)Proton undergoes b+ decay 
and converts into neutron 
(which stay bound in the 
nucleus) and emits a positron 
and neutrino (which both 
escape the nucleus)

First step of the “p-p Chain” of reactions

b+ decay SLOW – controlled 
by the weak nuclear force.
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Mass

Charge

Spin

Fundamental Particles – Leptons

There are 3 “flavors” of neutrinos and a neutrino can “oscillate” 
between the flavors.  This affects the neutrino flux from the Sun

Unstable (2.2µs) Unstable (0.3ps)
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Neutrino Detector

dE/dt vs. Core Temperature

dE/dt ~ T4

dE/dt ~ T1
7

Stars with M < 1.5 Msun
dominated by p-p burning
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CNO Cycle

Triple Alpha Process
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12C 
Nuclear Energy 

Levels

Ground state ---------->

Excited state ---------->

Triple Alpha Process
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T Reaction

1 x 106 K 2H burning

10 x 106 K p-p chain

18 x 106 K CNO cycle

100 x 106 K triple alpha

>600 x 106 K C burning

Approximate Minimum Temperature for Nuclear Reactions
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56Fe is where fusion stops
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Number of protons+neutrons (nucleons)


