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SOLAR ABUNDANCE

— Big Bang nucleosynthesis
Fusion of atomic nuclei

— Nuclear statistical equilibrium

—— Reactions with free neutrons
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SOLAR ABUNDANCE
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—— Reactions with free neutrons
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Let's irradiate matter with neutrons!
Seed: 100% °%Fe
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Neutron exposure time: 1 10 s ~ 10 yrs

Neutron density: 2 10° n/cm3
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Neutron exposure time : 1 102 s ~ 10° yrs
Neutron density: 2 10°> n/cm3
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Neutron exposure time: 1 1013 s ~ 106 yrs
Neutron density: 2 10° n/cm3



GOETHE @

UNIVERSITAT

FRANKFURT AM MAIN

0.9

0.a

07

0.6

08

0.4

0.1

:Egg : 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1
7h 100 125 150 175 200
Mass number

IS I NN NN NN NN EEE N EEE NN




GOETHE @

UNIVERSITAT

FRANKFURT AM MAIN

o o o o o
[ 2 IR =+ B = = R { = R

=]
.

=
.

884

CAMTTTTI T T I IT T T T T I T T I T T T AT T T AT T T T T T I T T I T T T I T T T T I T I T IITT1]

[

Mass number

Neutron exposure time: 2 103 s ~ 10 yrs
Neutron density: 2 10° n/cm3
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Neutron exposure time: 4 1013 s ~ 106 yrs

Neutron density: 2 10° n/cm3
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Neutron exposure time: 2 10 s ~ 107 yrs

Neutron density: 2 10° n/cm3
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s-process path s-process path

( dN A jdestruction B ( dN " jproduction
dt dt

destruction
(dNAj = AoeutronN A = M Vopermar (04 )N 4

dt — ““neutron n “thermal
d production d destruction
Local N A+l _ N A+l
Equilibrium: dt dt

<0A> N, = <6A+1> N i
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Exponential irradiation GOETHE $3
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Ansatz:

. Cputse
with: T = Lp N Vi orma At

Solution:a(A)N (A) GNseed H
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exp-astro.de/classical-s-process

Reifarth et al, Journal of Physics G 41 (2014) 53101
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— weak s-component, 7=0.05 1/mb
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branch point in the s-process path ONERSITAT

S-process path
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S-process path
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Reifarth et al, Journal of Physics: Conf. Series 940 (2018) 012024
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By H. Raab (User:Vesta) - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=226918
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By H. Raab (User:Vesta) - Own work, CC BY-SA 3.0,
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Red Giants become White Dwarfs
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Ring nebula illuminated by the White Dwarf in the center.




S-process nucleosynthesis
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Two components were identified and connected to stellar SifE§:RSITAT

Main s-process 90<A<210 Weak s-process A<90
TP-AGB stars 1-3 M massive stars > 8 M
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http://observe.arc.nasa.gov/nasa/space/stellardeath/graphics/redgiant.jpg
http://observe.arc.nasa.gov/nasa/space/stellardeath/graphics/redgiant.jpg
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Life Times for Unstable Isotopes, p,, = 10!t ¢cm

106L . ! I ! ' ! ' r Y T T —J
105é A 3
1045_ 4 VA (64 d)‘ A _
o} A
% 1035 A / A A " AA A 'sl
A A A ]
F 102E ® ‘ ‘ J
E : '.‘ t‘ a4 ©° AA A ?‘ A ;ﬂ/n > ﬂ/ﬂ
101% ¢ : 6 A A A _;
100; ® }. '. ‘“. .:‘ oo A 3
@ neutron capture © 0’0 ® oo TCAle®
[ O Se ' ]
IO'IFA B -decay 3
0 40 80 120 160 200
MASS NUMBER

Couture & Reifarth, ADNDT, 93 (2007) 807
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exp-astro.de/sensitivities

Koloczek et al, ADNDT 108 (2016)
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exp-astro.de/netz

Weigand et al, Physical Review C 94 (2015) 045810
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exp-astro.de/tools
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