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Abstract. We present a new collection of spectra of 35 carbon stars, obtained as part of the X-Shooter Spectral Library project. The sample contains stars with a broad range of (J − K) colours and pulsation properties,
located in the Milky Way and the Magellanic Clouds. Two families of
spectra emerge when (J − K) is larger than 1.6, characterised by the presence or absence of the absorption feature at 1.53 µm, generally associated
with HCN and C2 H2 . We compare the observations with a new set of highresolution synthetic spectra based on hydrostatic model atmospheres. The
full spectrum fit of the observations to the grid of models allows us to identify the most likely atmospheric parameters. Those parameters, derived
independently in the optical and near-infrared, are generally very consistent for (J − K) < 1.6. For the reddest stars showing the 1.53 µm feature,
which are all large amplitude variables, the effects of pulsation are strong
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and the spectra are poorly matched with hydrostatic models. Dynamical
models are needed to interpret those observations.
Keywords : X-Shooter – carbon stars – atmospheres – spectrum fitting

1.

Introduction

On the thermally pulsing asymptotic giant branch (TP-AGB), some (lucky) stars experience a drastic change of their spectral appearance. Thanks to the third dredge-up,
some additional carbon is brought up from the core to the surface, which changes
the chemical composition of the envelope. These oxygen-rich stars then change into
carbon-rich stars, with bands of carbon-bearing molecules, such as CN and C2 , dominating the spectra. Carbon stars (C stars) contribute significantly to the near-infrared
light of galaxies, but only small collections of C-star spectra exist to represent this
emission. Thanks to the X-Shooter Spectral Library (hereafter XSL, Chen et al. 2014),
we obtained 35 C-star spectra covering the wavelength range 400–2400 nm, at R ∼
8 000. Figure 1 illustrates the high quality of our spectra.
Our sample presents quite a diversity of spectral shape and absorption-line characteristics. It exhibits a bimodal behaviour for the reddest carbon stars. Indeed, some
of our carbon stars with (J − K s ) > 1.6 display an absorption band at 1.53 µm that is
usually associated with HCN and C2 H2 (Gautschy-Loidl et al. 2004) (see the example
in Figure 2). This feature is thought to be an overtone of a strong absorption feature
at 3 µm. In our sample, this feature appears essentially only in Miras, though not all
our Miras show it.

Figure 1. Some classical bands of carbon-bearing molecules for our sample (Gonneau et al.
2016)
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Furthermore, the presence of the 1.53 µm
feature is also associated with a smoother appearance of the near-infrared spectrum for our
data. Our favoured interpretation is that red carbon stars are still enshrouded in hot circumstellar
dust that they have produced, which causes veiling.

2.

Comparison with models

Figure 2.
A close-up of the
HCN+C2 H2 feature (Gonneau et al.
2016).

By using a grid of synthetic spectra to fit the full
observed spectra, we estimated the most likely
values for the stellar atmospheric parameters T eff , log(g), [Fe/H] and C/O. These
state-of-the-art models are C-rich COMARCS model atmospheres, hydrostatic and
dust-free (Aringer et al. 2016). They are are known to reproduce well the colours of
the warmer carbon stars ((J − K) < 1.5) that have weak pulsation.

We performed a χ2 minimisation (with a multiplicative polynomial) over two
wavelength ranges: 1) VIS, from 0.4 to 1.0 µm, and; 2) NIR, from 1.0 to 2.4 µm. The
purpose was to check the compatibility of the stellar parameters that we had estimated
from both regions. This analysis was done at an intermediate spectral resolution:
R ∼ 2 000, to avoid any velocity discontinuities driven by the pulsation.
We divided our sample into four groups, based on the (J−K s ) colour of our targets
and the presence of the 1.53 µm feature (see Gonneau et al. 2017 for more details).
The left panel of Figure 3 shows our near-infrared colour indices, overplotted with the
synthetic colours.

Figure 3. Left: Colours for our sample of stars (filled symbols) and for the grid of hydrostatic
models (open diamonds). Right: Comparison of the weighted averaged values found for the
effective temperatures for both wavelength ranges. (Gonneau et al. 2017).

For stars from Groups A to C, the effective temperatures derived separately from
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the VIS and NIR wavelength ranges overlap in general (typically within ±100K of
each other), but the VIS-based temperatures tend to be warmer (see right panel of
Figure 3). Furthermore, the favoured surface gravity is log(g) = 0 and the favoured
metallicity [Fe/H] = −0.5, values which are satisfactory for TP-AGB stars and for
a sample consisting mostly of LMC, SMC and Milky Way halo stars. It becomes
progressively more difficult to obtain reasonable matches of the data for the redder of
our observed spectra, in particular for stars from Group D, as they are increasingly
affected by pulsation. The use of hydrostatic models is then a clear limitation.

3.

Conclusion

The next obvious step is to compare the observations with dynamical models, i.e.,
models that take into account the pulsating stellar interior as well as the development
of dust-driven winds (Eriksson et al. 2014). It will also be interesting to revise the
line lists corresponding to the main carriers (see Figure 4: C2 on one hand, HCN and
C2 H2 on the other).

Figure 4. Next challenges: the C2 feature (left panel) and the 1.53 µm feature (right panel)
(Gonneau et al. 2017).
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