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massive stars... or
22Ne(a,n)25Mg

Production Factors
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Stellar yields:
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Low-mass AGB stars... or

13C(a,n)160 & 22Ne(a,n)25Mg
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Elemental production factors for a low mass AGB star, a massive AGB stars,

and a massive star (Z=0.01).



Abundance relative to the Sun
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Open-source GCE codes
http://nugrid.github.io/NuPyCEE
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Nuclear rates from experiments

«

S-process pattern

r-process pattern in the Sun

r-process pattern in old stars

Nuclear rates from experiments

e

S-process pattern

¢

non s-process pattern in the Sun.
Multiple nucleosynthesis components?

v

|dentify different components in old stars




Jones+ 2019 ApJ
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The i-process triggered by H-ingestion in He-burning regions:
(Roederer+ 2016 ApJ, Clarkson+ 2018 ApJ, Banerjee+ 2018 ApJ, etfc)
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Roberts et al. 2010 ApJ, Wanajo et al. 2011 ApJ, Wanajo et al. 2018 ApJ, etc



Observation of s-process signatures in AGB
stars and In massive stars

CEMP-s & Presplar
CEMP-sr stars (binary) grains
Presolar
grains

Barium stars and S stars
(binary/extrinsic or intrinsic/Tc-rich)

Anomalous

Post-AGB stars & Planetary Nebulae

|
[Fe/H] Solar system v 0

Solar system



Presolar grains: first observational evidence of the s-process at
play in massive stars
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At low metallicity ...
s-process In fast-rotating
massive stars or something else?

Cescutti+ 2013 A&A
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Conditions for the s-process
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Ne22(a,n)Mg25: main neutron source of the weak

s-process ih massive stars.

neutron number

-13

1-14

1—15

q1—16

=L

—18

-19

—20

—21

log,(f)

Ne22 nucleosynthesis
iIn He-burning conditions
{19 - 0.3)

Ne22 nucleosynthesis
in C-burning conditions

(T9 ~ 1)

13 T == = T

12}a 4
o
L]
g1 1
=
=
5
g 10 1
o

9

0 11 12 13 14 15

neutron number




13

Nuclear uncertainties have large impact
on the s-process products of massive stars

Rauscher et al. 2002 ApJ Ne22+a
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22Ne(a,n)25Mg rate (cm* mol™ s™) &
22Ne(a,y)26Mg (cm?* mol™ s™)

~ Ota+ 2020
T9 Longland+2012 Talwar+2016 Adsley+2021 Massimi+ 2017*
(with TAMU)

0.3  3.36e-111.13e-11  3.10e-115.20e-11  1.05e-11 8.60e-12  4.52e-11 5.82e-13
1.0 6.64e-02 4.11e-04 B8168e-02 4.17e-04 [1.33e-01 3.85e-04 BA5602 1.43e-04

(*) upper limit
0.06<T9<1

* In low-mass AGB stars: only partial 22Ne(a,n)25Mg activation
* In massive stars:
* At 0.3 GK both rates and their relative ratios are important
* At 1.0 GK the 22Ne(a,y)26Mg is not relevant
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22Ne(a,n)25Mg rate (cm* mol™ s™) &
22Ne(a,y)26Mg (cm?* mol™ s™)

~ Ota+ 2020
T9 Longland+2012 Talwar+2016 Adsley+2021 Massimi+ 2017*
(with TAMU

0.3 # |# 4.52e-11 5.82¢-13
10 ooae0z «jfeos  moe0z o os  mgifeon s giféos DR 1.ae 00

x & (*) upper limit
@ 0.06<T9<1
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@

* In low-mass AGB stars: only partial 22Ne(a,n)25Mg activation
* In massive stars:
* At 0.3 GK both rates and their relative ratios are important
* At 1.0 GK the 22Ne(a,y)26Mg is not relevant
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The s process in massive stars, a benchmark for neutron capture
reaction rates

Marco Hgnamﬂl'3'3'“-h, Roberto Gallino4, Rene Reifarth>®

Sensitivity study: 86 neutron-capture rates
in the mass regions C-Si & Fe - Zr
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1 ZN68 + 1 n -> 1 ZN69 + y
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Isotopic abundance ratio
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... all data available in Zenodo:

https://zenodo.org/records/10124711

MNuGrid Nucleosynthesis Grid collaboration

Published November 14, 2023 | Version v1 m
66 4

) . @ VIEWS & DOWNLOADS
Output from paper: The s process in massive stars, a benchmark for neutron capture

reaction rates

* Show more details

; Gallino, Roberto®; Reifarth, Rene?

Show affiliations

Versions

Title: "The s process in massive stars, a benchmark for neutron capture reaction rates”; Authors: Marco Pignatari, Roberto Gallino, Rene Reifarth
Version v1 Now 14, 2023
10.5281/zenodo. 10124711

Content: tar.gz package including a README file and two folders. The folders contain all the abundance plots associated to the work Pignatari, Gallino & Reifarth, 2023 The
European Physical Journal A, Special lssue on: 'From reactors to stars’ in honor of Franz Kaeppeler. Cite all versions? You can cite all versions by using the DOI
10.5281/zenodo.10124710. Thi sents all versions, and will

z always resolve to the latest one. Read mo
Files i =
Files (1 -
: External resources
Name Size B Download af
Indexed in
impact_cross_sections_weaks.targz
16.0 MB G OpenAIRE
Additional details
Communities

Identifiers Dol NuGrid Nucleosynthesis Grid collaboration

10.5281/zenodo. 10124711

Dates Created Details

2023-11-14 Dol
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Enhanced s process due to rotation

IN massive stars at low metallicity
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See also Pignatari+ 2008 ApJL, Frischknecht+ 2016 MNRAS
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22Ne+q:
Impact on the s-process in fast-rotating massive stars
3 et
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X(**Ne)x 10-* consumed in the He core via “’Ne(a,n)*"Mg
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13C(a,n)160 and s-process in massive stars?

Neutron source activated in the convective C core, For high C12+C12 rates, the

but not in the C shell (Chieffi+ 1998 ApJ). convective C core may overlap with
the C shell boosting the s-process.
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13C(a,n)160 and s-process in massive stars?

At the beginning of central He burning,

for Z < Zsun/1000 (Baraffe+ 1992 A&A)
and in WR progenitor stars
(Prantzos+1987 AnJ. Brinkman+2021 ApJ).
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Baraffe+ 1992 A&A
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Convective He shell in low Z rotating
massive stars (Limongi & Chieffi 2018 ApJS)
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13C(a,n)160 and s-process in massive stars?

Convective He core in low Z fast-rotating
massive stars (quasi-chemical homogeneus,
v =0.3/0.7 v_ ), Banerjee+ 2019 ApJ.

crit

log(Yz)

The s-process production in
rotating massive stars at low Z:
really uncertain!
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Conclusions

More general definition of the classical residual method;
First direct observation of the weak s-process in action confirmed:;

22Ne( «, 7 )26Mg: we need a rate + errors compatible with the upper limits
Massimi+ 2017;

For comprehensive implementation of the 22Ne( «, 7 )26Mg upper limit in
stellar yields calculations, we need it up to at least 2 GK;

Sensitivity study for the weak s-process & propagation effect;
The s-process in massive stars at low metallicity

The 13C( « ,n)160 in massive stars
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