PROCEEDINGS

OF SCIENCE

Complete nucleosynthesis calculations for
low—mass stars from NuGrid

M. Pignatari®®, F. Herwig?d, M. E. Bennett®, S. Diehl?f, C. L. Fryeraf, R. Hirschi@?9,
A. Hungerforda®, G. Magkotsios®", G. Rockefeller®f, F. X. Timmes®, and P. Young®"
8The NuGrid Collaboration
bAstrophysics Group, Keele University, ST5 5BG, UK
¢ Joint Ingtitute for Nuclear Astrophysics, University of Notre Dame, IN, 46556, USA
dDept. of Physics & Astronomy, Victoria, BC, VBW 3P6, Canada
®Theoretical Astrophysics Group (T-6), Los Alamos National Laboratory, Los Alamos, NM,
87544, USA
f Computational Methods (CCS-2), Los Alamos National Laboratory, Los Alamos, NM, 87544,
USA
91PMU, University of Tokyo, Kashiwa, Chiba 277-8582, Japan
hSchool of Earth and Space Exploration, Arizona State University, Tempe, AZ 85287, USA
E-mail:mar co@st r o. keel e. ac. uk

Many nucleosynthesis and mixing processes oftomass stars as they evolve from the Main Se-
guence to the thermal-pulse Asymptotic Giant Branch phEBe AGB) are well understood (al-
though of course important physics components, e.g. aotathagnetic fields, gravity wave mix-
ing, remain poorly known). Nevertheless, in the last yeags@ar grain measurements with high
resolution have presented new puzzling problems and strongtraints on nucleosynthesis pro-
cesses in stars. The goal of the NuGrid collaboration is¢sgmt uniform yields for a large range
of masses and metallicities, including lesinass stars and massive stars and their explosions.
Here we present the first calculations of stellar evolutiod high-resolution, postprocessing
simulations of an AGB star with an initial mass of 2:Mand solarlike metallicity (Z=0.01),
based on the posfprocessing codEBPN. In particular, we analyze the formation and evolution
of the radiative"*C—pocket between the 17th TP and the 18th TP. ¥peocess nucleosynthesis
profile of a sample of heavy isotopes is also discussed, &#fernext convective TP occurrence.
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1. Introduction

When He-burning is exhausted in the core, low mass stars {15 M) evolve along the
AGB. Late on the AGB, recurrent Thermal Pulses affect shell Burning history ([1]). After TPs
(time scale in the order of few hundreds years), the thirdigieeup events (TDU) mix He shell
material in the envelope, and fresh protons down in the-idrshell. A3C—pocket is formed
in the radiative He intershell phase, where t@(a,n)*®0 neutron source becomes efficient acti-
vating slow neutron capture process-fsocess, [2]). A marginal contribution is also given by the
partial activation of thé*Ne(a,n’*°Mg at the bottom of the He intershell (e.g., [3]).

As aresult of the TDU enriching the AGB envelope wsthrocess rich material, AGB stars provide
most of theselements beyond Sr observed in the Solar System. In patj¢be "main component”
between Sr and Pb is produced by seliilke AGB stars, while the "strong component" explain-
ing half of the solaf®Pb is produced by low metallicity AGB stars ([4], and refares therein).
Carbon is also dredged-up with s elements in the envelopkth@nAGB star may become a C-rich
star (C(N) star), meaning that carbon is more abundant tkegem in the envelope.
Spectroscopic observations and composition measurenmgorissolar grains formed in AGB stars
confirm this scenario ([5],[6],respectively), and providgortant insight to study and understand
those stars in more details. In particular, presolar greamsy the isotopic and chemical signature
of their parent stars (e.qg., [7],[6],[8]), providing a pafie tool to test and constrain stellar models
and nuclear physics inputs. ThNuGrid project (see Herwig et al. in this volume) has the goal
to generate uniform yields for a large range of masses andllinities including low-mass stars,
and to constrain them with observations. In this proceedirgoresent our first calculations of
stellar evolution and high-resolution, post-processiimgutations of a 2 M, Z = 0.01 AGB star,
based on the posiprocessing codEPN.

2. Post—processing calculations

The main input parameters for the post-processing calonkare given by a2 Mand Z =
0.01 star (EVOL Code, [9], mod@&T2). In the stellar model the overshoot paramétéras been
semi-empirically determined, where ttieapplied at the base of the convective TP in the He shell
(f = 0.008) has been constrained to explain the He/C/O ratierebd in H deficient post-AGB
stars of type PG1159 and in WC central stars of planetarylael{{L0]), and thef at the bottom
of the envelope { = 0.128) is calibrated to reproduce the mass offf@pocket to reproduce
the observed overabundancesgrocess elements [11]. Notice that, according to [9] (R2gn
that paper), the present model is in agreement with the betticrmagnitude (M) observed for
TP—AGB stars (e.g. [12])PPN is described in Herwig et al. (this vol.) and includes dynzatty
all species from H to Bi. Concerning the simulations showthig proceeding, [13] (NACRE com-
pilation) is used for the main charged patrticle reactiotig] [Kadonis compilation) for neutron
capture reactions and [15] for unstable isotopes not imtlud Kadonis. [16] and [17] are used
for stellar 3-decay rates of light unstable isotopes, and [18]Beidecay rates of heavy unstable
isotopes (the terrestrial rates are used if not availablldrprevious references).
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Figurel: Panel (a,b,c,d): Formation and evolution of i€-pocket after the 17th TP for the 24VZ = 0.01
star. The profile for the mixing coefficient D (it is differefnbm zero only in Panel (a)) and for a sample of
light isotopes is provided.

In Fig. 1 we show the"3C-pocket forma-
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nal shape is shown, since protons are fully

consumed. The pocket size is2x10~°> M. Moving outward, a prominertN-pocket is formed

just after the'*C-pocket, as expected. After about 40000 years from theéquev P, the temper-
ature in the radiativé3C-pocket is high enough to efficiently activate tH€(a,n)'e0 reaction,
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producing neutrons for theprocess. In Panel (d) we show th&C-pocket region oncé3C has
been burnt and theprocess is not anymore efficiefeMg is the main neutron poison in tHéC-
pocket, and it has been partially depleted by the neutron @uxthe other hand, in tHéN-pocket
14N(n,p)*4C is the main neutron poison as it is well known, and the neutapture efficiency of
25Mg (and of the mairs-process see®fFe) quickly decreases with increasing 8l abundance.
In the 13C-pocket ashes th€F abundance profile mimics tHéC profile. In particularl®F is de-
pleted by neutron capture and bycapture if13C is more abundant thalfN or, in case*N is
more abundant thal*C, 19F is produced starting froffN [20]. Finally, in Fig. 2, we report the
final overabundance profile in tAéC-pocket ashes for a sample of isotopes at the Sr neutrorcmagi
peak f587883r) at the Ba neutron magic pedR¥3®Ba, 13°La) and at the Pb neutron magic peak
(?06208B3). Thels peak species (e.g. [5]) show a maximum of overproductionbofit5x 10°,
while thehs peak and the Pb peak species show an overproduction of abeuitf. Sr isotopes
show a double peak in coincidence of #%€e depletion tails. At 0.58758 Mthe13C abundance
is rapidly decreasing and as a consequence a lower amouetiwbns are produced. On the other
hand, at 0.587595 M the poisoning effect o#*N is increasing, until th&%Fe neutron capture
efficiency is negligible. The Ba peak and the Pb peak are mm@uped in the center of tHéC-
pocket, where lighter Sr peak elements are feedimgcleosynthesis of heavier elements. The next
convective TP will mix thes-process rich pocket in all the He intershell, which will bartally
dredged up in the envelope by the next TDU event.

The analysis presented in this work shows part of the capabilof PPN applied to AGB nu-
cleosynthesis. At present, we may calculate isotopic amtheht abundances from H to Bi at any
position and at any time in a complete stellar track. Furtfzee, in the nuclear network every reac-
tion rate may be automatically chosen between differenleansources, or a multiplication factor
can be applied or the reaction may be not considered. Thissaje possibilities to systematically
take into account the effect of nuclear uncertainties innuaeosynthesis calculations.
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