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The Isotopic Landscape
and 

Cosmic Sources

• ~300 Stable and
   ~2400 Radioactive Isotopes 
• Cosmic Nucleosynthesis
   Covers Much of this Range
• Knowledge of Nuclear Physics
•  is Incomplete 





s-process!



Elemental 
Abundances



One of the Key Tools of Astrophysics:
Where do specific atomic nuclei and

their abundance originate?

– ... the current 'lithurgy'
-> how much do we understand?



How do we understand:
 solar system abundances..

galactic
evolution?

s-, r-, p-process

SNe II
and Ia

low metallicity stars ...



From Atomic to Nuclear Physics

– Cosmic Nucleosynthesis Produces New Isotopes
• Diagnostics of Nuclear Fusion Reactions
→ Thermodynamic Variables in Hot (GK) Sites



s- and r-processes

The Origin of the Heaviest
Elements





s- and r-process Decomposition



The Heavy Elements

s-process
r-process
p-process

(from Anders & Grevesse) ‏Solar abundances (Anders & Grevesse)‏
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in low and intermediate mass stars the H- and He-shells are located at small
distances. They do not burn in a constant fashion. If the H-burning zone is on, it
creates He fuel. After sufficient He is produced in an unburned He-rich zone
(leading to sufficient densities and temperatures), He is ignited. The burning is
not stable, as the amount of energy created in a shallow zone is not sufficient to
lift the overlaying H-shell which would cause expansion + cooling, i.e. steady
burning. Instead He-burning, being dependent on the density squared burnes
almost explosively (flash), causing then a stronger expansion which even stops
H-burning in the H-shell. This behavior repeats in recurrent flashes. H is mixed
into the unburned He fuel.



s-process reaction paths in core He and C-burning



higher temperatures and neutrons densities lead to different
branchings (The et al. 2007)‏





r-process

Site?



Readdressing Chemical Evolution in Galaxies as a
function of metallicity:
CS22892-052: A pure r-process star at [Fe/H]=-3.1

(Cowan et al. 2005)‏



High neutron densities lead to
nuclei far from stability

......



Transmutation by Rapid Neutron Addition


