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

p 2 steps required:

(1)Proton tunnels through
Coulomb barrier

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

B* decay SLOW - controlled
e . by the weak nuclear force.
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PP Chains of Hydrogen Fusion in Sun-Like Stars
2
'H+'H—=H+e" +v

2 3
H+'H —°He +y

‘He +°He = *He +2'H  *He +*He = "Be +

"Be +'H =B+

8B = 3Be +et +

8Be =2*He
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Table 7.2

Thermonuclear energy-release parameters for the princip
cycle. The third column gives the energy carried off by th
reaction.

Average
Q value, v loss,

Reaction® MeV - MeV
The pp chain
H'(p,8*'»)D 1.442 0.263
D(p, y)H¢e’ 5.493
He'(He’, 2p)He! 12.859
He'(a, v)Be’ 1.586
Be'(e , »)Li’ 0.861 0.80
Li'(p, a)He* 17.347
Be'(p, v)B* 0.135
B'(8* »)Be'*(a)He' 18.074 7.2

Fundamental Particles — Leptons

Mass 0.511 MeV/c? %105.67 MeV/c? x1.7768 GeV/c?
Charge 1 { 1
- [= @ . @
electron tau
Unstable (0.3ps)
2 <2.2 eV/c? <1.7 MeV/c? <15.5 MeV/c?
0 0 0
El- @ (- @ |- @
& electron muon tau
- neutrino neutrino neutrino

There are 3 “flavors” of neutrinos and a neutrino can “oscillate”
between the flavors. This affects the neutrino flux from the Sun
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dE/dt vs. Core Temperature

Stars with M < 1.5 M,
dominated by p-p burning
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Jt A
12C JT T Ex (MeV]
Nuclear Energy S
Levels 1+ 1 <p(io

1+ 0 ————— 127

3-,0 — 9.64

Excited state ---------- > 0+, ———— 765

2+ 0 ———— 444

Ground state ---------- > 0+ 0 0.0

Triple Alpha Process

12 ~%
6 C
-------------------- ——  7.656 MeV
Hoyle resonance
~0.3 MeV bridgeable by thermal
energy of stellar interior Carbon
nucleosynthesis
2Be + JHe

7.367 MeV

The nuclear resonance of carbon increases the rate of carbon
production in stellar interiors.

Oxygen
1§C + gHe 160* nucleosynthesis
7.1616 MeV 8 21187 Mev

. e

O nuclear resonance

A nuclear resonance of oxygen is near, but below the energy of
the carbon - helium combination, so it does not act to increase
the rate of oxygen production at the expense of carbon.




Energy generation (cgs)

log T (K)

Approximate Minimum Temperature for Nuclear Reactions
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Binding energy per nucleon (MeV)

Fusion

Nucleon Binding Energy
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>6Fe is where fusion stops
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