
Helium Burning Level Scheme



Additional Helium Burning Reactions



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.  



Neon Burning



Carbon and Oxygen Burning



Silicon/Sulfur Burning



Beyond Silicon Burning



Summary of Energies



  

14N(α,γ)18F(β+ν
e
)18O(α,γ)22Ne

● 14N is made as slowest reactant in CNO cycle

● It is made from initial metals, not as a primary product

● Depending on metallicity, the abundance can be come 
significant; it will be more important for more metal-rich stars.

● 14N burning occurs at the onset – before – central helium burning 
and can have its own convective burning phase, take a few % of 
helium burning time. 

Nitrogen Burning



net nuclear energy generation (burning + neutrino losses)

net nuclear energy loss (burning + neutrino losses)

convection semiconvection
total mass of star
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Mufti-Dimensional Convection

(Meaken & Arnett 2007)



  

Multi-Dimensional Convection

(Meaken & Arnett 2007)
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The Last Three Minutes of a Star
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