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Abstract. We present an ongoing project to obtain a stellar library for
evolved Asymptotic Giant Branch (AGB) stars with different isotopic C
abundances. Thousands of AGB stars will be observed with APOGEE (H
band) in the next three years. The H-band spectra cover the 12 CO and 13 CO
bands and the isotopic 12 C/13 C ratios will be derived. This database will
be useful for the study of nucleosynthesis of evolved AGB stars (e.g., deep
mixing or Hot Bottom Burning) as well as to study the gradients of these
isotopes along the Galaxy.
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1. Introduction
We intend to study the nucleosynthesis in low- to intermediate-mass (1-8 M ) Asymptotic Giant Branch (AGB) stars (O- and C-rich) of our Galaxy by determining the
isotopic 12 C/13 C ratios, total CNO and metal (e.g., Fe, Ni, Si) abundances as well as
the abundances of other elements (e.g., Mg, Ca, and Al) that are altered by the nucleosynthetic processes experienced by AGB stars during their evolution. In particular,
the 12 C/13 C ratios (also overproduction of Al and Ca) can be used as an indicator of
“Hot Bottom Burning” (HBB) in the more massive (>4−5 M ) and O-rich AGB stars,
while strong overabundances of Mg are also expected in these stars as a consequence
of the activation of the 22 Ne neutron source at the site of production of heavy s-process
elements (e.g., Garcı́a-Hernández et al. 2006, 2007, 2009 and references therein).
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However, very different abundance patterns are expected in lower mass (1-3 M )
AGB stars (e.g., Lambert et al. 1995; Abia et al. 2001), because HBB is not active
and these stars experience s-process nucleosynthesis through 13 C as a neutron source.
Theoretical studies have tried to explain the relatively low 12 C/13 C ratios (<30) observed in a few low-mass AGB stars by using a non standard extra-mixing process
known as “Cool Bottom Processing” (CBP) but this is an open issue. Some SC stars
with C/O∼1 would connect the massive O-rich AGB stars (which suffer HBB) with
the less massive C-rich ones (which could experience extra-mixing). There are some
evidences that some SC-type AGB stars could represent the mass limit where the
HBB takes place but a study in a more extended sample is needed. In addition, the
nucleosynthesis (e.g., the mass limits for HBB activation and for the operation of
the 13 C and 22 Ne neutron sources) is strongly modulated by metallicity (e.g., Garcı́aHernández et al. 2009; van Raai et al. 2012) and abundance studies in a statistically
significant sample of AGB stars are mandatory before reaching firm conclusions about
the chemical evolution of AGB stars.

2. APOGEE
APOGEE will allow the analysis of a very large number (thousands) of high-quality
H-band spectra for a complete sample of Galactic AGB stars at different metallicities
(e.g., the Galactic Bulge, Disk, and Halo), with access to the inner and more extinguished regions of our Galaxy for the first time. These observations will allow us to
understand the chemical evolution of AGB stars as a function of their progenitor mass
and metallicity, posing important constraints on the current AGB stellar nucleosynthesis models (by comparing the observed abundance patterns with model predictions).
These results will be of great interest to many different areas in astrophysics such
as anomalous abundances of giants in globular clusters, galaxy formation and evolution, and the chemical composition of Solar System meteoritic samples, like presolar
grains, which show the imprint of AGB star nucleosynthesis. In particular, this project
will create a unique database (e.g., the isotopic 12 C/13 C ratios) that will be compared
with the isotopic composition of presolar grains in order to elucidate the role of these
stars to the early solar system composition.
APOGEE is creating a 3D map of the chemistry and kinematics of 100,000 individual red giant stars across the Milky Way. The dust in the Galactic plane obscures
visible light from the bulge and distant parts of the disc, a problem that APOGEE
circumvents by observing in the H-band (1.52-1.67 µm). The APOGEE spectrograph
delivers 300 spectra simultaneously with a resolving power R∼22,500, and S/N >
100. The stellar populations will be characterised by the abundances of 15 different
chemical elements.
The commissioning has taken place this summer, and the survey is just starting
and aims to complete a sample of 100,000 red giant stars by mid 2013.
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Figure 1. One of the first spectra obtained with APOGEE where the
marked.(This spectrum was made available by the APOGEE team).
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CO and OH band are

3. The sample and selection criteria
We will select all very cool (i.e., Te f f <4000 K) stars, with J-K > 0.5 magnitude and
H < 12.5 mag., and having a Galactic longitude between l = -5 degrees and l = -250
degrees. Truly AGB stars will be extracted from this initial sample according the the
following selection criteria:
1. Stars with long variability periods (e.g., ∼200-1000 days).
2. Stars with large amplitude variability (up to 8-10 magnitudes in the V band or
even 1-2 magnitudes in the near-infrared bands).
3. Stars with late-type spectral types (> M5), showing very different chemistries
(e.g., C-rich and O-rich).
We expect that 2-3 % of the whole APOGEE sample (2-3 thousands) will fulfill
these selection criteria.
Note that APOGEE can usefully probe the Galactic midplane. Therefore, the
bulge, bar, and inner and outer Galactic disk will be explored, including the Galactic
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Center, low latitude globular and open clusters. An unreddened H = 12.5 mag. star at
the tip of the AGB lies at a distance of 70 kpc, and at 25 kpc when seen through 2.5
magnitudes of H-band extinction.

4. Abundance analysis
The proposed project also incorporates the latest advances in our present understanding of the complex atmospheres of AGB stars (especially in dusty AGB stars), namely,
with the inclusion a circumstellar dust envelope and application of state-of-the-art of
hydrodynamical (3D) model atmospheres of late-type AGB stars. By applying these
improved model atmospheres and spectral synthesis techniques, we plan to derive the
isotopic C abundance (i.e., the 12 C/13 C ratio) for a large sample of AGB stars in our
Galaxy. To do this, we will fit synthetic spectra to the high-resolution, high S/N (>
100), H-band AGB spectra obtained by APOGEE. As shown in Fig. 1, the OH bands
are in the 1.55-1.56 µm region while the CO bands are located between 1.58 and 1.67
µm.
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