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S-process

Easy to be reproduced with
an exponential distribution
of neutron exposures.

Moreover, since neutron flow reaches equilibrium between nuclei with magic
neutron numbers, the product of the Maxwellian averaged stellar (n,y) cross
section of a nuclide, <¢>, and its corresponding abundance, N, remains almost
constant (the difference In the two product is much smaller than the magnitude of

either one of them): LOCAL APPROXIMATION
<o>ANp= <0>p511Nayy
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r-process residuals from s-process studies

—@—Sneden+ 2008 C.A.
—@— Bisterzo+ 2011 S.M.

== Bisterzo+ 2014 G.C.E.
—@=—Trippella+ 2016 S.M.
=M= Prantzos+ 2018 G.C.E.
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C.A.: Classical Analysis

S.M.: Stellar Model

G.C.E.: Galactic Chemical Evolution
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AGB structure
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Straniero, Gallino & Cristallo 2006




The s-process in AGB stars

CONVECTIVE ENVELOPE H, He, Fe etc.
SALTED WITH DREDGED UP MATERIAL
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The s-process in AGB stars

CONVECTIVE ENVELOPE
SALTED WITH DREDGED UP MATERIA

C-O CORE
13C(a,n)0 reaction

BUSSO et al. 1999
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The formation of the 13C pocket

1*N-pocket

14N strong neutron
poison via
14N(n,p)“C reaction 0.555

Cristallo+ 2009




Measurements of the 3C(a,n)'®O reaction

e Trippella+ 2017
e Avila+ 2015
e La Cognata+ 2013

e Xu+ 2013 ' 4.14 MeV
o La Cognata+ 2012 1°0+n
e Guo+ 2012 704y

e Heil+ 2008 l

* Kubono+ 2003 Cristallo+ 2018 170 o

e Angulo+ 1999
e Drotleff+ 1993

S. Urlass: 1°0(n,0)**C (n_TOF)
G.F. Ciani: 13C(a,n)1°0 (LUNA)



Reference rate (most recent direct measure): Heil+ 2008
AN

Substantial scatter of existing data, showing a

Lower case: *0.67 - *0.5 broad (up to a factor of 2) range of absolute
values for the astrophysical S-factor

o(E) = %S(E)e—m

Explored stellar models
M=1.5 Mg [Fe/H]=-0.15  Convective 13C burning
M=3.0 M¢\ [FE/H]=-0.15  s-process main component
M=4.0 Mg [Fe/H]=-2.15 Intermediate AGBs in GCs
M=1.3 Mg [Fe/H]=-2.85  Proton ingestions at low Z

[A/B]=10g(NA/Ng)star-109(NA/Ng)sun
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s-rich Globular Clusters:
the importance of intermediate AGBs

solid — At = 149 Myr IMF «a=2.35

dashed — AL = 205 Myr IMF a=-5




s-rich Globular Clusters:
the importance of intermediate AGBs
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Low-metallicity low-mass

Preton
Ingestion

AGB stars

Standard
AGB

Hollowell+ 1990
Fujimoto+ 2000
Ilwamoto+ 2004

Suda+ 2004

Campbell+ 2007

Cristallo+ 2009

Herwig+ 2014
Dardelet+ 2015
Hampel+ 2016
Cristallo+ 2016



M=1.3 Msun [Fe/H]=-2.85
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The importance of the 13C(a,n)®0 reaction (energetic point of view)
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M=1.3 Mg,y [Fe/H]=-2.85
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M=1.3 Mg,y [Fe/H]=-2.85

Thresold effect: not enough 3C mixed before shell splitting
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M=1.3 Mg,y [Fe/H]=-2.85

Thresold effect: not enough 3C mixed before shell splitting
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CONCLUSIONS

The 3C(a,n)!®0O reaction rate is important in low mass AGBs (M< 3.0 Mg,) at
close-to-solar metallicities, because it determines how much 13C burns in a
convective environment;

A variation of the 3C(a,n)*0O reaction rate does not change s-process abundances
In more massive AGBs (M> 3 Mg,), as well as in all masses at low metallicities;

The 3C(a,n)®0O reaction could be important for low mass AGBs at very low
metallicities, because in that case the convective 13C burning (together with the
subsequent neutron capture) affects the physical and chemical evolution of the
model. However, the treatment of mixing is equally important.




