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Nucleosynthesis – tales from the past













Let‘s irradiate matter with neutrons!
Seed: 100% 56Fe



the s-process
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Neutron exposure time: 1 1011 s ~ 104 yrs
Neutron density: 2 105 n/cm3





Neutron exposure time : 1 1012 s ~ 105 yrs
Neutron density: 2 105 n/cm3





Neutron exposure time: 1 1013 s ~ 106 yrs
Neutron density: 2 105 n/cm3





Neutron exposure time: 2 1013 s ~ 106 yrs
Neutron density: 2 105 n/cm3





Neutron exposure time: 4 1013 s ~ 106 yrs
Neutron density: 2 105 n/cm3





Neutron exposure time: 2 1014 s ~ 107 yrs
Neutron density: 2 105 n/cm3





Equilibrium in the s-process
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Exponential irradiation

∫=
pulset

thermaln tvn
0

dτwith:

( ) ( ) ( )∏
=

−









+=

A
seed

i
GNANA

56i

1

00

11
τστ

σSolution:

( ) 0e
0

ττ

τ
τ −= seedGNNAnsatz:



exp-astro.de/classical-s-process

A tool …

Reifarth et al, Journal of Physics G 41 (2014) 53101









branch point in the s-process path
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Radioactive isotopes in the s-process



Radioactive isotopes in the s-process



Radioactive isotopes in the s-process

Reifarth et al, Journal of Physics: Conf. Series 940 (2018) 012024



Meteorites and presolar grains

By H. Raab (User:Vesta) - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=226918



Meteorites and presolar grains

By H. Raab (User:Vesta) - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=226918



The stellar site of the s-process

P. Merrill, Science 115, 484 (1952)
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The main component in AGB stars

Reifarth et al, The Astrophysical Journal, 614:363–370, 2004



Red Giants become White Dwarfs

Ring nebula illuminated by the White Dwarf in the center.



s-process nucleosynthesis
Two components were identified and connected to stellar sites:
Main s-process 90<A<210 Weak s-process A<90

TP-AGB stars 1-3 M⊙ massive stars > 8 M⊙

core He-burning       shell C-burning 
3-3.5·108 K ~1·109 K
kT=25 keV kT=90 keV
106 cm-3 1011-1012 cm-3

22Ne(α,n)

shell H-burning         He-flash 
0.9·108 K 3-3.5·108 K
kT=8 keV kT=25 keV
107-108 cm-3 1010-1011 cm-3

13C(α,n)                        22Ne(α,n)

http://observe.arc.nasa.gov/nasa/space/stellardeath/graphics/redgiant.jpg
http://observe.arc.nasa.gov/nasa/space/stellardeath/graphics/redgiant.jpg


85Kr (10 yr)

s-process models - classical s-process

βλλ >n



95Zr (64 d)

s-process models – T-AGB stars, 22Ne phase

Couture & Reifarth, ADNDT, 93 (2007) 807

βλλ >n



exp-astro.de/sensitivities

Yet another tool …

Koloczek et al, ADNDT 108 (2016)



exp-astro.de/netz

Another one???

Weigand et al, Physical Review C 94 (2015) 045810



OK, ok…

exp-astro.de/tools



• More tomorrow …. 
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