
Fuel Main
Product

Secondary
Product

T
(109 K)

Time
(yr)

Main 
Reaction

H He 14N 0.02 107 CNO

4 H  4He

He O, C 18O, 22Ne
s-process

0.2 106 3 He4  12C
12C(α,γ )16O

C  Ne,
 Mg

Na 0.8 103 12C + 12C

Ne O, Mg Al, P 1.5 3 20Ne(γ ,α)16O 
20Ne(α,γ )24Mg

O Si, S Cl, Ar,
K, Ca

2.0 0.8 16O + 16O

Si,S Fe Ti, V, Cr,
Mn, Co, Ni

3.5 0.02 28Si(γ ,α)…

Nuclear burning stages
(20 MꙨ stars)



Once formed, the evolution of a star is governed by gravity: 
 continuing contraction 

to higher central densities and temperatures

Evolution of 
central 
density and 
temperature 
of 15 MꙨ

and 25 MꙨ 
stars
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Hydrogen-Burning: pp Chains



Hydrogen Burning: CNO Bi-Cycle



Hydrogen Burning: CNO Bi-Cycle



Competition of Hydrogen-Burning Modes



Hydrogen Burning by CNO Cycle

12C 13C

13N 14N 15N

15O14O

(p,γ )
β+

(p,α)

β+

(p,α)

“normal” CNO cycle “hot” CNO cycle

SLOW SLOW

temperature-sensitive

16O 16O15O14O

13N 14N 15N

12C 13C

T > 8× 107 KT < 8× 107 K

temperature-insensitive

8× 107 K

T

(p,γ )

time for an eddy to burn its 
hydrogen content by hot CNO cycle 
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