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What the 
Big Bang

made…  



(The solar abundance pattern)

What We 
Find Today  



Relative Abundance by Weight

Universe Humans

Hydrogen 73%

Helium 25%

Oxygen 1%Other 1%

Oxygen 64%

Carbon 20%

Hydrogen 
10%

Nitrogen 5%Calcium 2%





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 M
and 25 M
stars



Nuclear burning stages
(e.g., 20 solar mass star)
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net nuclear energy generation (burning + neutrino losses)

net nuclear energy loss (burning + neutrino losses)
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Explosive Nucleosynthesis
in supernovae
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IMF of the First Stars
Predicted to be heavy to very heavy

by theory – insufficient cooling due to lack of metal 
(e.g., Larson 1999)

and by numerical simulations
(Bromm, Coppi, & Larson 1999, 2002;
Abel, Bryan, & Norman 2000, 2002;
Nakamura & Umemura 2001)
with a typical mass scale of ~100 M

The first stars may have had a 
significant very massive population



Additional Ingredient
Essentially negligible 

mass loss in Pop III 
stars

in contrast:
The Pistol Star
• Galactic star / solar+ metallicity
• Extremely high mass loss rate
• Initial mass: 150-200 M (?)
• Will die as much less massive 

object





Pair-Instability 
Supernovae

Many studies in literature since more than 3 decades, e.g.,
Rakavey, Shaviv, & Zinamon (1967)
Bond, Anett, & Carr (1984)
Glatzel, Fricke, & El Eid (1985)
Woosley (1986)

Some recent calculations:
Umeda & Nomoto 2001
Heger & Woosley 2002





Production factor of massive and very massive Pop III stars
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