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Out-Line

e General concept and definitions

e Hydrogen burning sequences

e Nucleosynthesis in late stellar evolution

e Nucleosynthesis in explosive burning in supernova
e EXxplosive burning in cataclysmic binary systems

e Nucleosynthesis in Big Bang and Cosmic Rays
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Nuclear Signatures & Nuclear Physics

Observational Signatures

Abundances

Light-curves & radioactivity

Nuclear energy production rate

Nuclear reaction cross sections

Nuclear reaction mechanisms

Techniques for determining cross sections




Abundance
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stellar H-, He, C, O, Si-burning
stars, supernovae

S-process
He-burning in AGB stars,
massive stars

r-process

type Il supernovae,
merging neutron stars
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Meteorites

Chondrites: Chondrules - small
~1mm size spherical inclusions in matrix
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Figure I-2. Woodcut depicting the fall of the Ensisheim LL chondrite on 7

November 1492. A literal translation of the German caption (by Sebastian Brant) SU pe rnovae. novae
’ ’

is “of the thunder-stone (that) fell in xcii (92) year outside of Ensisheim.” This

meteorite, which is preserved in the city hall of Ensisheim, Alsace, is the oldest Ste”ar Wl nds AG B Sta rs

recorded fall from which material is still available.
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Cosmo_-Chemlstry of Metorltes
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Light and Light-Curves

Light intensity correlates with energy-output
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| L:ight"curve follows the radioactive decay law °°Ni, °6Co, 44Ti



Galactic Radioactivity - y-Radiation

Gamma-Ray Astronomy; R Ramaty, R E Lingenfelter,
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Nuclear Reactions in Stars

* generate energy
e create new 1sotopes and elements
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reaction probability = 0: reaction cross section



Cross Section — a reminder!
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Transmission through the barrier
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Cross section for charged particles

Resonance

V

direct
capture

\

c
0
i3]
QL
n
0
0
o
| -
G

direct

capture Resonance

energy

Exponential decline towards lower energy due to Coulomb barrier




Resonant Reaction Mechanism

resonance capture: population of unbound state in compound nucleus




Direct Capture Mechanism

one-step reaction mechanism through e-m interaction

P, is the penetrability through the Coulomb
and orbital momentum barrier

/

Y energy changes with particle energy



cross section for neutron capture
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Cross section for neutral particles
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£=0, s-wave follows 1/v law,
£=1, p-wave experiences orbital momentum barrier




Hauser Feshbach Approach

assumption of many resonances!
(high level density p in particle
unbound region of compound nucleus)
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T . transition probability

Smooth Coulomb barrier determined energy dependence!



inverse reactions
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or
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detailed balance theorem |

C,
e

identical matrix elements for transition
through same compound configuration
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detailed balance theorem |

C,

theorem allows to calculate

) B+b reaction cross section from
known cross section of the
Inverse reaction process!
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Conclusion

e observational indication for nuclear processes
In the past and present universe!

e |ow energy reaction processes through
resonant and non-resonant reaction channels

e Cross section determination through
0 single resonance formalism
0 direct capture or transfer formalism
0 statistical model formalism
0 detailed balance approach
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