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Overview
•Presupernova Evolution

•Nucleosynthesis

•Varieties of Stellar Deaths



Universe Humans

Hydrogen 73%

Helium 25%

Oxygen 1%Other 1%

Oxygen 64%

Carbon 20%

Hydrogen 
10%

Nitrogen 5%Calcium 2%

Abundance by Weight



Isobars



Isotope Decomposition by Process
(for illustrative purposes only) 

(Chris West 2010)



  

Chapter One:

Pre-Supernova
Evolution and

Nucleosynthesis





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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Part One:

Nuclear Burning 
Stages



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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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)



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



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)16O

C  Ne,
 Mg

Na 0.8 103 12C + 12C

Ne O, Mg Al, P 1.5 3 20Ne)16O 
20Ne)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)…

Nuclear burning stages
(20 MꙨ stars)



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
(reduces by mass loss)ra

d
ia

ti
v

e
 e

n
v

e
lo

p
e

(b
lu

e
 g

ia
n

t)

convective envelope (red super giant)

H
 b

u
rn

in
g

H
e

 b
u

rn
in

g

C
 b

u
rn

in
g

(r
ad

ia
ti

ve
)

C
 s

h
el

l
b

u
rn

in
g

Ne O

burning

C shell burning

O
O O O shell burning

Si

Si


	Slide 1
	Slide 2
	Slide 3
	Relative Abundance by Weight
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide376
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide390
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide364

