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Montpellier, France
4 Consejo Superior de Investigaciones Cient́ıficas, 28006 Madrid, Spain
5 Research School of Astronomy & Astrophysics, Australian National University, Canberra,
ACT 2611, Australia
6 Konkoly Observatory, Research Centre for Astronomy and Earth Sciences, Hungarian
Academy of Sciences, 1121 Budapest, Hungary
7 Monash Centre for Astrophysics, Monash University, VIC3800, Australia

E-mail: 1
vperezme@iac.es

Abstract. We report new abundances of Rb and Zr in a sample of massive Galactic asymptotic
giant branch (AGB) stars that were previously studied with hydrostatic models by using more
realistic dynamical model atmospheres. We use a modified version of the spectral synthesis code
Turbospectrum, and consider the presence of a circumstellar envelope and a radial wind in the
modelling of these Galactic AGB stars. The Rb and Zr are determined from the 7800 Å Rb I
resonant line and the 6474 Å ZrO bandhead, respectively, and they are compared with the AGB
nucleosynthesis theoretical predictions. The derived Rb abundances are much lower (∼1-2 dex)
with the new dynamical models, while the Zr abundances, however, are closer to the hydrostatic
values. The new model atmospheres can help to resolve the problem of the mismatch between
the observations and the nucleosynthesis theoretical predictions of massive AGB stars.

1. Observational data and models

We have used high-resolution optical echelle spectra (R ∼ 50,000) in a sample of 21 massive
Galactic AGB stars (see [1, 2]). The S/N ratios achieved in the reduced spectra strongly vary
from the blue to the red orders (typically ∼ 10−20 at 6000 Å and >100 at 8000 Å). By using
new dynamical model atmospheres recently developed by us [3], we obtain reliable Rb (and Zr)
photospheric abundances for 12 stars in our sample. The rest of stars displayed more than one
circumstellar contribution, which cannot be reproduced by our present modified version of the
Turbospectrum spectral synthesis code.

2. Results

The new Rb abundances derived from our dynamical models display an average decrease of
1 dex with respect to the static case. Fig. 1 shows that our dynamical atmosphere models
reproduce the observed 7800 Å Rb I line much better than the classical hydrostatic models.
However, the Zr abundances derived from dynamical models are similar to those obtained with

11th Pacific Rim Conference on Stellar Astrophysics IOP Publishing
Journal of Physics: Conference Series 728 (2016) 072003 doi:10.1088/1742-6596/728/7/072003

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1



the hydrostatic models because the 6474 Å ZrO bandhead is formed deeper in the atmosphere
and is less affected than the Rb I line [3].
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Figure 1. The Rb I 7800 Å (left panel) and ZrO 6474 Å (right panel) spectral regions in three massive Galactic AGB
stars. The dynamical model best fits (dashed lines) to the observations (solid lines) in three sample stars are shown. For
comparison, the hydrostatic models are also displayed (dotted lines). Note that the dynamical and hydrostatic models are
identical in the right panel.

A comparison with standard nucleosynthesis models for massive AGB stars shows that the
predicted Rb abundances range from [Rb/Fe] ∼ 0.00 up to 1.04 dex for solar metallicity stars
as those studied here; the maximum Rb is found for a 6.5 M� star [4]. On the other hand,
Karakas et al. [5] delayed the beginning of the superwind phase in massive AGB models and
this increases the Rb production up to [Rb/Fe]=1.34 dex (for the 6 M� case).

The Rb abundances and [Rb/Zr] ratios previously derived with hydrostatic models [1, 2]
represented a challenge for the theoretical models because both quantities are much larger than
theoretically predicted values. The Rb abundances were correlated with the OH expansion ve-
locity in the static case, while the Rb-Vexp(OH) distribution is now more flatter in the dynamical
case. In short, the Rb abundances and [Rb/Zr] ratios derived here could resolve the previous
mismatch between the observations of massive Galactic AGB stars and the theoretical predic-
tions.
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