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Abstract. Approximately 20% of very metal-poor stars ([Fe/H] < –2.0) are strongly enhanced
in carbon ([C/Fe] > +1.0). Such stars are referred to as carbon-enhanced metal-poor (CEMP)
stars. We present a chemical abundance analysis based on high resolution spectra acquired with
UVES at the VLT of three dwarf CEMP stars: SDSS J1349-0229, SDSS J0912+0216 and SDSS
J1036+1212. These very metal-poor stars, with [Fe/H] < −2.5, were selected from our ongoing
survey of extremely metal-poor dwarf candidates from the SDSS.

Among these CEMPs, SDSS J1349-0229 has been identified as a carbon star ([C/O] > +1.0).
First and second peak s-process elements, as well as second peak r-process elements have been
detected in all stars. In addition, elements from the third r-process peak were detected in one
of the stars, SDSS J1036+1212. We present the abundance results of these stars in the context
of neutron-capture nucleosynthesis theories.
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1. Introduction & analysis
The objects SDSS J1349-0229, SDSS J0912+0216 and SDSS J1036+1212 were selected

as candidates from the Sloan Digital Sky Survey as part of our ongoing survey of stars at
low metallicity. High resolution UVES spectra were obtained which revealed that these
are dwarf CEMP stars with [C/Fe]> 1.0. Figure 1 displays the CH G bands of all three
stars, showing clearly the C enhancement.

The atmospheric parameters were determined using an LTE 1D analysis. ATLAS model
atmospheres and SYNTHE (Kurucz, 1993) synthetic spectra have been employed in the
analysis. Lines of CH, NH and OH were used to determine the carbon, nitrogen and
oxygen abundances. We employed 3D model atmospheres, computed with the CO5BOLD
code (Freytag et al. 2002; Wedemeyer et al. 2004). The spectral synthesis calculations
were performed with the code Linfor3D. Details regarding the 3D molecular calculations
and results can be found in Behara et al. (2009). Other elements were investigated using
1D model atmospheres. Adopted stellar parameters and a summary of the abundances
measured are listed in Table 1.

Table 1. Adopted stellar parameters and abundances, where [ ] denotes 3D abundances.
Star Te f f log g [Fe/H] [C/Fe] [N/Fe] [O/Fe] [Sr/Fe] [Ba/Fe] [Eu/Fe]

J1349–0229 6200 4.00 –3.0 2.82 [2.09] 1.60 [0.67] 1.88 [1.69] 1.35 2.26 1.67
J0912+0216 6500 4.50 –2.5 2.17 [1.67] 1.75 [1.07] 0.53 1.58 1.25
J1036+1212 6000 4.00 –3.2 1.47 [0.96] 1.29 [0.51] –0.51 1.26 1.31
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Figure 1. Left figure: Observed spectra of the CH G band. Right figure: Equivalent width
contribution function plotted as a function of optical depth for the 3D model (grey) and the
1DLHD model (black) for two different C/O ratios. Scaled solar C/O is plotted as a solid line,
while a C/O ratio typical for a CEMP star is plotted as a dot-dashed line. Overplotted are the
average temperature profile of the 3D model (solid line) and of the 1DLHD model (dashed line).

Figure 2. Left figure: We compared [C/Fe] of our stars (star symbols) to a sample of CEMP
stars from Sivarani et al. (2006). Excluding the two most metal-poor stars, a clear correlation is
seen between [C/Fe] and [Fe/H]. The two exceptions are SDSS J1036+1212 from this work and a
CEMP-no/s star CS 29528-041. Right figure: We attempt to classify our stars by comparing their
[Ba/Sr] abundance against the different families of CEMP stars. We classify SDSS J1349-0229
and SDSS J0912+0216 as CEMP-r+s stars due to their high Ba and Eu (both > 1.0). SDSS
J1036+1212 becomes the third member of the CEMP-no/s class, due to its low Sr abundance.

2. Abundances and comparison with similar stars
The calculated 3D correction for OH is quite small compared to values found in liter-

ature for metal-poor stars (Asplund & Garcia Perez, 2001). The corrections for OH are
very sensitive to the carbon enhancement in the atmosphere. In Fig. 2 we plot the con-
tribution function for an OH line computed for two different C/O ratios. In the typical
CEMP case, no OH is formed higher in the atmosphere, since due to the high C content,
the oxygen is tied up in CO in this region. The stars of this work are presented in the
context of the different classes of CEMP stars in Fig. 2.
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