
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



  

Nuclear Burning 
Stages in Stars
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Nuclear burning stages
(20 MꙨ stars)



Hydrogen-Burning: pp Chains



Hydrogen Burning: CNO Bi-Cycle



Hydrogen Burning: CNO Bi-Cycle



Competition of Hydrogen-Burning Modes



Hydrogen Burning by CNO Cycle
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Nuclear burning stages
(20 MꙨ stars)



Helium Burning



Helium Burning Level Scheme



Additional Helium Burning Reactions



Competition of Helium Burning Reactions



  

12C Production
as a function of 

12C(α,γ) and 3α 
reaction rates

Carbon mass fraction 
at the end of helium 
burning depends the 
reaction rates and the 
mass of the star

~2000 stellar models

(West+ 2013)
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Carbon and Oxygen Burning



Neutrino losses from 
electron/positron pair annihilation

• This is an important energy loss with

εν-1015 (T/109K)9 erg g-1 s-1

• For carbon burning and beyond,
each burning stage gives about the 
same energy per nucleon, thus the 
lifetime goes down as T-9

The sun as 
seen by 
Kamiokande

• Important for carbon burning 
and beyond

• For T>109 K (about 100 keV), 
occasionally:

γ→ e+ + e-

and usually

e+ + e- → 2γ
but sometimes

e+ + e- → νe + νe

•

• The neutrinos exit the stars at the 

speed of light while the e+, e-, 
and the γ’s all stay trapped.  


