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The solar distribution

Fusion reactions between
charged particles
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Galactic Cosmic Rays
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Origin of the heavy elements

A large neutron flux is difficult to be maintained!!!!
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AGB structure
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FUIl-Network Repository of Updated Isotopic

F.R.UIT.Y.

Tables & Yields
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A platform dedicated to stars!
arfini

martini.oa-abruzzo.inaf.it (soon online)

s-process-AGBs r-process-NSMs Dust-AGB

Click on the button to download AGB yields. Click on the button to download NSM yields. 1 the button to download AGBE Dust

Go to data Go to data

ATZ2017gfo ¢ z0.076

o
.——-|.'-..__._- \
“J\ " .-:: -4 B2
\'(\“--- & ij. - Li+3
KNe-lightcurves

e button to visualize Kilonovae

e button to aownio 1 Ch
Op Lig %
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A wider project also including atomic physics
(see M. Bezmalinovich talk)



Third to second s-process peak

CONSTRAINTS (I)

(spectroscopy)

—— M=1.5M, -~ M=2.0M, --- M=2.5M, — - M=3.0M_

SC+ 2011

Is/Fe]=[Sr,Y,Zr/Fe]
hs/Fe]=[Ba,La,Ce,Nd/Fe]
hs/ls]=[hs/Fe]-[ls/Fe]




Third to second s-process peak

CONSTRAINTS (I)

OBSERVATIONS
(spectroscopy)

Second to first s-process peak

SC+ 2011

Is/Fe]=[Sr,Y,Zr/Fe]
hs/Fe]=[Ba,La,Ce,Nd/Fe]
hs/ls]=[hs/Fe]-[ls/Fe]




AGB stars and presolar SiC grains
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CONSTRAINTS (1)
LABORATORY (presolar grains)
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CONSTRAINTS (1)
LABORATORY (presolar grains)
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CONSTRAINTS (1)
LABORATORY (presolar grains)
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The effectiveness of presolar grain measurements

Correlated Sr and Ba isotope analyses of more
MS grains using the new generation of
instruments are needed to better quantify the
MS grain distribution to determine the data

variability, which will help to assess the primary 750 - . ; .
mechanism responsible for the 13C formation a |
500 - [ . ; h:[@() lao*lRUITY Magnetic -
g —7-7.
Nuclear Experiments: AGB model predictions n i —— 7= 002 |
for 688Sr and 6138Ba rely directly on the MACS Q_ 2501 o o
values of 86Sr, 88Sr, 136Ba, and 1%®Ba & — Il !
T Of etV
S— 1 —
Current AGB model uncertainties in 6%85r and _o50k = |
&138Ba are controlled by uncertainties in the 1 i :
86Gr (£10%) and 1%¢Ba (£3%) MACS values, =00 . B
respectively, which correspond to ~200%o. and —oUU™ ; — ' — ' '
~50%o0 uncertainties, respectively 600 —400 —200 0 200
5 (138Ba,/!¥6Ba)

As the full range of 28Sr values observed
among MS grains is only ~400%o, new
measurements of 8Sr MACS values are needed
to reduce model uncertainties



Second effective constraint for the s-process:

s-only Solar distribution
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Second effective constraint for the s-process:

s-only Solar distribution

Mazzone+ 2020 Tessler+2021
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Branchings in the s-process: Cesium isotopes

« The chain of branching points at the
Cs isotopes is of particular interest

not only for understating the pisterzoaclo RINEAS
135Cs/133Cs ratio in the Early Solar 1345, 35g, 136g,
System w1 sl Kol
« It affects the isotopic composition 113(35
of Ba and in particular the relative i
abundances of the two s-only nuclei |EE_
134B3 and 136Ba — important for B

64.6 mb

explaining their measured ratio in
meteorites (e.g., Busso+ 21,
Palmerini+21, Taioli+ 22)

. The half lives of both 134Cs and 3°Cs decrease by orders of magnitude in stellar
conditions = act as branching point

« The branching point at 13#Cs (T1/2 = 2 Myr) allows the production of the long-living
isotope 13°Cs



Branchings in the s-process: Cesium isotopes

> The neutron-capture cross section
of 13°Cs has been experimentally
determined, while the 134Cs(n,y)
cross section has only been semi-
empirically estimated (Patronis+
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> Re-evaluated cross sections, = systematically higher due to the new (higher by
~5%) adopted gold cross section as a reference



Branchings in the s-process: Cesium isotopes

Neutron sources B decays
« 2°Ne(a,n)**Mg reaction rate uncertain by . Theoretical 134Cs B rate is reduced
a factor ~3: direct and indirect up to a factor of 8 for T > 108 K
measurements (e.g., Adsley+21, Shahina+ w.r.t Takahashi & Yokoi 87 (Li+ 21,
24) Taioli+ 22)
- o oo  osna ] 45 | DHF-FD —— K
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/ <04
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Branchings in the s-process: Cesium isotopes

22Ne(a,n)*°Mg reaction rate from
Adsley+ 21 with indirect data and with
direct data only

1000+ 2 My Zs
134Ba(n,y) and 2°Ba(n,y) from ASTRAL

v0.2

134Cs B rate from Takahashi & Yokoi 87 0T - gl o T

and Taioli+ 22

|

ibii B “ |
ot

_500F T Adsley direct + Taioli

—e— Adsley direct + Taioli + ASTRAL v0.2
—o— Adsley direct + Takahashi

—e— Adsley indirect + Taioli

134B5/136B3 ratio decreases with
enhanced ?’Ne(a,n)*°Mg rate computed
from directed data only

) (134Ba/136Ba)
S

134B3/136B3 ratio decreases with new
134Cs B rate

—1000 F o .

134B3/136B3 ratio almost unchanged with T Adﬂeyl mdlrethlTakalfaShl .

revised n-capture rates —1000 —750 —500 —250 0
5 (135]38,/136]38,)

Better agreement: Adsley direct + Taioli
model



The 1-process

1. H-ingestion in low-Z low-mass AGB stars

2. H-ingestion in rapidly accreting WDs
3. Massive AGBs stars at low Z

4. He-accreting WDs



Proton Ingestion Episode (PIE) and the intermediate
neutron capture process (1-process)

» Low time steps = Time dependent mixing
* Rapid structure reaction = Coupling between phisical and chemical evolution
« Large neutron densities (n >10'> cm=) =700 isotopes & 1000 reactions

CONVECTIVE He-SHELL

A
- ™
CORE T — T ENVELOPE
T~2.3x108 K T T~5x107 K

T~1.3x103 K



Heavy (and light) elements in PIE episodes

Cristallo+2009
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PIEs: transient phase or destructive episode?

1.3 M, ; [Fe/H]=—2.85
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How can we distinguish processes?

| —*— r-process (solar) —&— i-process 1 M, FUNS
s-process 2 M. FUNS —o— i-process 1 M, STAREVOL
| —e— s-process 25 M, v=300 km/s FRANEC

Atomic Number (Z)



Can we use isotopic ratios?

Ref.

s-proc (Teramo)

i-proc (Bruxelles,
AGBs)

i-proc (Teramo, AGBs)
i-proc (Victoria; RAWDs)

r-process (residual)

r-process (polar)

r-process
(equatorial)

85Rb

13583+ 137B3

142Nd+ 144Nd

151Ey

totRp

tOtBa

tOtNd

tOtS 1n

tOtEu




Can we use isotopic ratios?

Ref 85Rb  13Ba+ 37Ba  '42Nd+ %4Nd 152§m+ 1545m  ?'Eu
er.
totRp totBa totNd totSm totE

s-proc (Teramo)

i-proc (Bruxelles,
AGBs)

i-proc (Teramo, AGBs)
i-proc (Victoria; RAWDs)

r-process (residual)

r-process (polar)

r-process
(equatorial)

N.B.: 13°Ba/13’Ba ratio largely changes among models!




Low metallicity low mass AGBs: an independent confirmation
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The effect of n-capture cross sections

s process SPYI"OU+2024

Element Reaction rp(fi, Xix/Xk0)

Ba 1341 +0.3689
137 Cs

§ |

La_ 139 CS
139Ba,

151Nd
TPm -0.4975

Denissenkov, et al, MNRAS (2019)




The effect of n-capture cross sections

S process

I

New 13°Ba(n,y)'4%Ba

Spyrou, Muecher et al, PRL 2024
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[Ba/La]




The effect of n-capture cross sections

[l New 83Kr(n,y)3°Kr Muecher+
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CEMP-s stars
CEMP-j stars
Default rates

logio N, (cm—3)

88Kr(n,y)®°Kr rate from present work

RAWD G model 100xdmdt: log;o N7 (cm~3) = 15.4, default rates
RAWD G model 100xdmdt: ®8Kr(n,y)®Kr rate from present work
RAWD G model 100xdmdt: ®Kr(n,y)®?Kr minimum rate

—0.4 ~0.2 0.0 0.2 0.4
[Sr/Y]




Take home message

* Presolar grains are powerful tools to calibrate
stellar models;

 Accurate nuclear data are needed to further
constrain stellar models;

* The i-process hosting site is still unknown and
difficult to be modelled;

* A new series of challenging measurements are
needed to constrain the i-process.
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