






Main Sequence nuclear reactions

lProton-proton chain

l
1
1H + 11H  ® 2

2He ® 2
1H + e+ + ne

l
2
1H + 11H  ® 3

2He

l
3
2He + 32He ® 4

2He + 2 (1
1H)

l4 (1
1H)  ® 4

2He +2 e+ + 2ne+ 24 MeV



total energy released  =  26.73 MeV
total local heating      =  26.21 MeV

Proton-proton chain

total mass of hydrogen =  4 𝑚# = 6.68 × 10+,- kg
total mass lost =  4.58 × 10+,0 kg (0.7%)
total local heating =  4.20 × 10+5, J

energy/mass =  6.28 × 1057 J/kg



Main Sequence nuclear reactions

lCNO cycle

l
12

6C + 11H  ® 13
7N + g

l
13

7N  ® 13
6C + e+ + ne

l
13

6C + 11H ® 14
7N + g

l
14

7N + 11H ® 15
8O + g

l
15

8O  ® 15
7N + e+ + ne

l
15

7N + 11H ® 12
6C + 42He

l4 (1
1H) ® 4

2He +2 e+ + 2ne+ 24 MeV
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Post-Main-Sequence nuclear reactions

lTriple-alpha process

l
4
2He + 42He  ® 8

4Be – 94 keV

l
8
4Be + 42He  ® 12

6C + 7.4 MeV

lAlpha capture

12
6C + 42He  ® 16

8O + 7.2 MeV

16
8O + 42He  ® 20

10Ne + 4.7 MeV

20
10Ne + 42He  ® 24

12Mg + 9.3 MeV



















Stellar Evolution Outcomes

l < 0.08 M¤ brown dwarf (degenerate H)

l 0.08−0.25 M¤ He white dwarf

l 0.25−8 M¤ CO white dwarf t ~ 1010 yr (M/M¤)-3

l 8−12 M¤ NeO white dwarf

l 12−20 M¤ supernova/neutron star t ~ 3-5 × 106 yr

l >20 M¤ supernova/black hole



Quantum gas
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