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Abstract. In this contribution, I present the results of a differential analysis of CH spectral
lines for the determination of carbon abundances with three- and one-dimensional model atmo-
spheres of late-type stars at various metallicities. 3D—1D abundance corrections are found to
be significant particularly at low metallicities and for turn-off stars. The dependence of 3D—1D
carbon abundance corrections on the stellar C/O ratio is also discussed.
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1. Introduction

Classical spectroscopic analyses of late-type stars usually rely on synthetic spectra
computed with one-dimensional (1D) stationary hydrostatic model stellar atmospheres
(e.g. Kurucz 1993; Gustafsson et al. 2008; Grupp 2004). Such models make use of ap-
proximate recipes such as the mixing-length theory (Béhm-Vitense 1958) for modelling
convective energy transport near the stellar surface and lack a proper description of gas
flows in stellar atmospheres.

In recent years, another class of model atmospheres based on three-dimensional (3D)
radiation-hydrodynamic simulations of stellar surface convection has emerged (Nord-
lund et al. 2009; Freytag et al. 2012; Vogler 2004). In 3D simulations, the inhomoge-
neous temperature-density stratification of the gas at the stellar surface is modelled
consistently with bulk gas flows, and convection arises naturally from the solution of
the basic radiation-hydrodynamics equations without the need for additional approxi-
mate recipes. Because of their inherent differences in the basic physical assumptions,
1D and 3D models predict different temperature stratifications for the atmospheres of
late-type stars, particularly at low metallicities (Asplund et al. 1999; Collet et al. 2007).
When used for spectral synthesis calculations and spectroscopic abundance analyses, 3D
model atmospheres can therefore lead to significantly different results compared with
traditional analyses based on 1D models, especially for molecular lines (Collet et al.
2007; Dobrovolskas et al. 2010). In this contribution, I present the results of a differ-
ential analysis of weak CH lines at 4300 A for the derivation of carbon abundances
with 3D and 1D models of late-type stars computed for different stellar parameters and
metallicities.

2. 3D spectral line formation calculations: results and discussion

I compute synthetic profiles for the CH 4300 A lines using a set of 3D STAGGER models
atmospheres (Magic et al. 2013) of red giants, turn-off stars, and dwarfs with a range of
solar scaled compositions with [Fe/H] from +0.0 down to —4.0 as well as 1D models that
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Figure 1. Left panel: 3D—1D carbon abundance corrections for late-type stars with different
stellar parameters and metallicities. Right panel: carbon abundance corrections for CEMP stars
with different atmospheric C/O ratios.

were generated for exactly the same stellar parameters. I vary the 1D carbon abundance
until the strength of the 3D line profiles is matched. I then compute the differences
between the 3D and the so derived 1D abundances and refer to them as the 3D—1D
carbon abundance corrections.

The left panel of Fig. 1 shows the 3D—1D abundance corrections computed for the
adopted set of model atmospheres. Corrections vary considerably depending on the stel-
lar parameters and tend to be largest at low metallicities and for turn-off stars. Oxygen
and nitrogen abundance corrections derived from OH and NH lines at 3100 A and 3360
A, respectively, are also found to be systematically negative and more pronounced than
for CH lines at low metallicities. Due to non-linearities and interdependencies among
chemical species in the molecular equilibrium network, the number densities of vari-
ous molecules hence the predicted strengths of molecular lines are sensitive to the at-
mospheric chemical composition. This is particularly relevant for carbon- and oxygen-
based molecules whose number densities are strongly controlled by the carbon-to-oxygen
C/O ratio via CO molecule formation. Consequently, 3D—1D carbon abundance cor-
rections are also a function of the C/O ratio. The right panel of Fig. 1 shows that
such corrections can vary dramatically with the value of the C/O ratio in the atmo-
sphere of a carbon-enriched metal-poor (CEMP) star. When evaluating the 3D—1D car-
bon abundance corrections for such objects it is therefore paramount to simultaneously
and consistently determine the oxygen abundance in order to avoid large systematic
errors.
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