PROCEEDINGS

OF SCIENCE

GCE AND SOLAR S-PROCESS ABUNDANCES:
DEPENDENCE ON THE 3C-POCKET
STRUCTURE

Bisterzo, S.*

INAF - Astrophysical Observatory Turin, Turin, Italy

University of Turin, Physics Department, Turin, Italy

E-mail: bisterzo@to.infn.it, sarabisterzo@gmail.com

Travaglio, C.
INAF - Astrophysical Observatory Turin, Turin, Italy
B2FH Association, Turin, Italy

Gallino, R.
University of Turin, Physics Department, Turin, Italy

Wiescher, M.
Joint Institute for Nuclear Astrophysics (JINA), Physics Department, University of Notre Dame,
Notre Dame, IN

Kappeler, F.
Karlsruhe Ingtitute of Technology (KIT), Institut fuer Kernphysik, Karlsruhe, Germany

We investigate the impact of asymptotic giant branch (AGBlj&r yields computed with different
internal structures of th&C pocket (which may influence the efficiency of the major nemitr
source of thes process) on Galactic Chemical Evolution (GGE)rocess predictions at the epoch
of the solar system formation. The aim of this work is to inmpént the analysis given by [6].
We extend the analysis at different metallicities, and wegare the GCE results with updated
spectroscopic observations of selected neutron captensseits.

X1 Nuclei in the Cosmos,
7-11 Jduly, 2014
Debrecen, Hungary

“Speaker.

(© Copyright owned by the author(s) under the terms of the @e&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



GCE AND SOLAR S PROCESSABUNDANCES Bisterzo, S.

1. GCE SOLAR s-PROCESS PREDICTIONS

We study the solar abundancessa$otopes A > 90) in the framework of the chemical evo-
lution of the Galaxy. We focus our analysis on one of the magblematic issues of theprocess
nucleosynthesis in low-mass AGB models: the formation ef-fic pocket, where the major neu-
tron source (thé3C(a, n)*®0 reaction) burns radiatively in the interpulse phase. Aknown
mechanism allows partial mixing of a few protons from thettot of the convective H-rich enve-
lope into the top layers of the radiative He- and C-rich isitetl at the quenching of a Third Dredge
Up (TDU) episode. When the star contracts, the H shell redagrand protons in the intershell are
captured by the abundattC nuclei to form primary*3C according to the profile of diffused hy-
drogen. In the outer layers, for’8C > 1, a region of primary**N may form by further proton
captures orC. Subsequently, the temperature in th8 pocket increases to1x 10 K, neutrons
are released radiatively within the pocket at quite low raautiensities and produce the s isotopes.
The internal structure of th€C pocket may depend on the characteristic of the star (e@®B A
initial mass and initial chemical composition), and on thieiplay between various physical mech-
anisms that may compete (e.g., overshooting, rotationnetagfields, gravity waves; [16, 22, 11,
36, 38, 31, 8, 42)).

For a given metallicity, spectroscopic observations imaically peculiars-rich stars show a
scatter (see e.g., MS, S, C(N), Ba stars, post-AGB starsefaay nebulae, CEMP-s). This spread
has been recognized since the first studies by [7, 1] (sedte@secent review [20, 19]).

Rotation may be regarded as a possible explanation of thenadab scatter in the-process distri-
bution (see e.g., [31] and references therein). Studies agnetic fields may provide additional
information on the*C-pocket structure [30].

The solais-process abundances must account for the complex chemadatien of the Galaxy,
which includes AGB yields of various masses, metallicjteswell as the observesprocess scat-
ter. For this reason we adopt a range*¥¢-pocket strengths in our AGB models (the adopted
AGB yields are presented by [5, 6]). The range-#-pockets is constrained by comparing spec-
troscopic abundances sfrich stars at each metallicity with AGB predictions (se@, g20], their
Figure 12).

The solars-process abundances are reproduced by using the GCE cantibdd<y [39, 41]
(we refer to these papers for further details on the GCE mo8ghrting from the computed range
of 13C-pockets, we have calibrated th¥C-pocket strengths to be included in the GCE analysis
in order to reproduce 100% of sol&°Sm, which is taken as reference isotope for the wisele
process distribution (see, e.g., Fig. 4 of [6]). In the framk of GCE, the weighted average
among the*C-pocket strengths is only constrained by the correct dption of the solas-only
150sm. However, a proper GCE weighted average among’gocket strengths may depend on
the choice of the internal structure of thi€ pocket.

We explore the impact of different shapes and sizes of thptadd*C pocket on the solas distri-
bution. From the tests provided in [6], we have found thateowe assume a different weighted
average of°C pockets, the GCE solar s predictions do not depend on thepstucture.

The aim of this work is to implement the analysis given by [€]n the base of the recent
studies on thé3C-pocket issue, we are encouraged to extend the study tdisgelitional tests.
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; 13(:-poc‘ket with 3 %ones; AM(‘pocket) = 6.001 M, (bur standa‘rd choice)‘

OCASE 1= 13C—pocket with 3 zones; AM(pocket) = 0.003 M,

OCASE 2 = 3C-pocket with 3 zones; 1.3 <= M/M, < 1.5 with AM(pocket) = 0.004 M,
ACASE 3= 13C—pocket with 5 zones (including 14N-pocket); AM(pocket) = 0.003 M,
¥ CASE 4 = the same 13C-pocket as CASE 3, but with a more efficient mass loss
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Figure 1 . Effect of thé3C-pocket uncertainties on solsgprocess predictions computed with the

GCE model. Thes-only isotopes are diplayed with filled circles. Isotopesvi < 90 (gray zone,

e.g.,%687Sr) receive an additional contribution from the wesgrocess in massive stars [32].

We present the most significant ones:

CASE 1 — in low-mass AGB models &1 = 1.3 to 3M., the mass of thé3C pocket is increased
by a factor of three with respect to our stand&t@-pocket mass (see, e.g., previous investigations
on CEMP-s stars by [25]), but keeping th¥€ and*N mass fractions unchanged:;

CASE 2 — in low-mass AGB models of = 1.3 to 1.5M., models, the mass of tHéC-pocket is
assumed a factor of four larger than in our standard modeds Ifeagnetic buoyancy might be at
the origin of the mixing process that produces an exteddéepocket, as [8, 26] suggest to occur
in M < 1.5M, models);

CASE 3 — we add two external zones in th€-pocket withX(**N) much higher tharX(*3C)
(which simulates the poison effect of#N-pocket, which may form where protons are enough to
complete the CN cycle througiC(p, y)**N, see, e.g., [13, 10]);

CASE 4 — the same as CASE 3, but we assume that a more efficientloss reduces the number
of thermal pulses with third dredge-up fer= 1.5, 2 and 3., models (in agreement with updated
opacities and a revised luminosity function of Galactidacarstars taking into account more recent
infrared observations of AGB stars [23, 10, 14]).

The internal structure of th&C pocket adopted in each test is given in Table 1. The range of
13C-pocket strengths is derived by multiplying the abundarafe*C and'*N from 0 to 2 times

the values of each zone given in Table 1.

We display the results of the above tests in Fig. 1. $oaly isotopes in the atomic mass
range betweeA = 96 to 208 show variations smaller thar10%.
Despite?%®Pb is not ars-only isotope, its solar abundance provides a strong cainsin the frame-
work of GCE.?%8pb, the double-magic nucleus (N = 126; Z = 82) located at theiteation point
of the s process, is characterized by a small neutron captoss section (0.376& 0.040 mb) and
is the most abundant Pb isotope in the solar system (58.8%lafBb is composed RPePb iso-



GCE AND SOLAR S PROCESSABUNDANCES Bisterzo, S.

Table 1. Internal structure of tH€C-pockets adopted in the tests displayed in Fig. 1.

zone | zone |l zone lll zone IV zone V

Three-zone model witM(pocket) = 1.09E-3 M,
MassM.) 5.50E-4 5.30E-4 7.50E-6 - -
X(33C)  3.20E-3 6.80E-3 1.60E-2 - -
X(**N) 1.07E-4 2.08E-4 2.08E-3 - -
CASE 1: three-zone model witM(pocket) = 3<1.09E-3 M,
MassM,) 1.65E-3 1.59E-3 2.25E-5 - -
X(*3C) 3.20E-3 6.80E-3 1.60E-2 - -
X(*4N) 1.07E-4 2.08E-4 2.08E-3 - -
CASE 2: 1.3< M < 1.5M,, models withM(pocket) = 4<1.09E-3 M,
MassM.) 2.20E-3 2.12E-3 3.00E-5 - -
X(*3C) 3.20E-3 6.80E-3 1.60E-2 - -
X(**N) 1.07E-4 2.08E-4 2.08E-3 - -
CASE 3: five-zone model with externafN-rich zones
MassM,) 1.20E-3 1.05E-3 3.30E-4 3.30E-4 3.30E-4
X(13C) 3.20E-3 6.80E-3 1.60E-2 4.00E-2 4.00E-2
X(*4N) 1.07E-4 2.08e-4 2.08E-3 8.00E-2 1.49E-1

tope). Starting first studies by [12, 3], it was evident tHadat 50% of solaf’®Pb is missing when
low metallicity AGB models are not considered. GCE resujt$49] demonstrated that low-mass
AGB stars are the main producers of Pb in the Galaxy, with aptexndependence on metallicity
and a maximum efficiency at [Fe/H} —1. Specifically, they found that low-mass low-metallicity
AGB stars explain the missing 50% of sofafPb.

2. GCE s and r-process contributions versus [Fe/H]

We compare the GCE predictions of Y, Ba, and Pb (represeatafithe three peaks of the
process distribution), and Eu (among therocess elements), with the most updated spectroscopic
observations of [Ba/Fe], [Eu/Fe], [Y/Fe], [Pb/Fe] and thedtios [Ba/Eu], [Eu/Y], [Ba/Y] and
[Pb/Eu] versus [Fe/H] (see Figure 2). Different lines cepend to GCE results obtained with
different tests selected from Sectiontack line represents the standard three zoh&spocket,
blue line is CASE 1 andgreen line is CASE 3. We also display the result of a fldC-pocket
profile obtained by excluding the two exterddC-rich zones of the pocket (see [6]) withagenta
line.

Ther-rich stars with [Eu/Fe}> 1 at [Fe/H]< —2 ([27, 35]) are peculiar objects extremely
enhanced im-process elements, likely born from a cloud polluted by SN& same objects have
[Ba,Y,Pb/Fe] higher than the average of field stars. They prayide information on the pure
r-process contribution, but they do not represent the agethgmical evolution of our Galaxy.
The GCEr contribution is estimated with the residual metidd= N, — Ns. As discussed by [39],
ther-process contribution is assumed to derive from SNII of 8410 However, we do not exclude
different hypotheses owing to the poor knowledge on théaesteiass range that contributes to the
production of heavy r process elements (see e.g., [28, Rd¢ed, by adopting different ranges of
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Figure 2 . GCE s- and r-process contributions of [Ba/Fe]/Ifel) [Y/Fe] and [Pb/Fe] and their
ratios [Ba/Eu], [Eu/Y], [Ba/Y] and [Pb/Eu] versus [Fe/H]p&ctroscopic observations are taken
from the compilations by [20], as well as recent updates by$2 34, 35, 18, 29, 9, 27, 37, 33, 43,
4], which include the well studied sample of r-rich starshiEu/Fe}>+1. Stars with [Ba/Fe}
+0.6 and [Ba/Eu}> 0 are excluded (e.g., possible binaries as Ba stars, G-6tBMP-s stars).

stellar mass progenitors for the r process, the GCE pred&f r nuclei show marginal variations
for disk metallicities, and for the solar s distribution.

The solar abundances are plausibly reproduced within tla socertainties (10% for Y, 6%
for Ba, 5% for Eu and 7% for Pb; [24]) at [Fe/H] = 0. Larger véinas in [El/Fe] predictions (up
to ~0.2 dex, in agreement with an average uncertainty of spEmimc observations) are shown
by Ba, Y and Pb in the metallicity range betweend.4 < [Fe/H] < 0.1. Eu, which receives a
dominantr-process contribution (94%), is unaffected by the diffétests.
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