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Scl-1013644: a CEMP-s star in the Sculptor dwarf spheroidal galaxy
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ABSTRACT
Recent studies of the Milky Way and its satellites have paid special attention to the importance
of carbon-enhanced metal-poor (CEMP) stars due to their involvement in Galactic formation
history and their possible connection with the chemical elements originating in the first stellar
generation. In an ongoing study of red giants in the Sculptor dwarf galaxy, we have discov-
ered a star with extremely strong CN and CH molecular bands. This star, Scl-1013644, has
previously been identified by Geisler et al. as a star with an enrichment in the heavy elements.
Spectrum synthesis has been used to derive the carbon, nitrogen and barium abundances for
Scl-1013644. Our findings are [C/Fe] = +0.8, [N/Fe] = −0.3 and [Ba/Fe] = +2.1 with the lat-
ter result consistent with the value found by Geisler et al. These results reveal Scl-1013644 as a
CEMP-s star, the third such star discovered in this dwarf galaxy.

Key words: Galaxy: abundances – galaxies: abundances – galaxies: dwarf – galaxies: individ-
ual: (Sculptor dwarf spheroidal).

1 IN T RO D U C T I O N

The study of metal-poor stars provides clues about the early phases
of star formation and chemical evolution in the Universe. In order to
understand the history of Galactic formation, many studies of metal-
poor stars in the oldest structures, such as the Galactic halo and the
ancient dwarf galaxies, have been made (e.g. Beers & Christlieb
2005; Frebel & Norris 2013, 2015).

Studies of the Galactic halo have shown that it has a popula-
tion of carbon-rich stars, defined as [C/Fe] ≥ 0.7 (Aoki et al.
2007), and that the frequency of these stars increases with de-
creasing metallicity (Beers & Christlieb 2005). The definition of
carbon-enhanced metal-poor (CEMP) stars encompasses different
sub-groups: CEMP-s stars that show an excess of heavy elements
produced by slow neutron capture (e.g. Ba); CEMP-r stars, which
are dominated by rapid neutron capture elements (e.g. Eu); and
CEMP-no stars which do not show any enhancement of neutron
capture elements. Around 80 per cent of the observed CEMP stars
can be defined as CEMP-s stars making it the most common sub-
class of CEMP stars (Aoki et al. 2007).

The data suggest that the origin of CEMP-s stars is due to
the mechanism of exchange of mass between a carbon-enhanced
asymptotic giant branch (AGB) star and its binary companion,
which is the star observed as the CEMP-s star today (Lucatello
et al. 2005; Cohen et al. 2006; Izzard et al. 2009; Starkenburg et al.
2014). The chemical abundances present in CEMP-s stars do not
reflect the interstellar medium from which they are formed.
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Many studies of carbon abundances in different environments
have been performed. An example of these is Kirby et al. (2015),
who presented results for carbon abundances of red giants in several
globular clusters and dwarf spheroidal galaxies. In their study, 11
very carbon rich stars were identified, of which 8 were previously
known. The stars were found in three of the four dwarf galaxies
studied but not in Sculptor. In this and the other dwarf galaxies,
Kirby et al. (2015) studied a large sample of red giant stars in order
to understand the relation between the dwarf spheroidal galaxies
(dSphs) and the Galactic halo and their chemical enrichment. As
regards the non-carbon enhanced stars ([C/Fe] < +1) in the dSphs,
they compared the trend of [C/Fe] versus [Fe/H] with the trend for
Galactic halo stars. They found that the ‘knee’ in [C/Fe] occurs at a
lower metallicity in the dSphs than in the Galactic halo.

Additional interesting results for Sculptor have been obtained
by Skúladóttir et al. (2015, hereafter AS15), who reported the first
CEMP star in this dwarf galaxy, a star which does not show any
overabundance of neutron capture elements. This finding adds to
the previous CEMP-no stars found in Segue 1 (Frebel, Simon &
Kirby 2014), which has three CEMP-no stars, and Boötes I which
has one (Gilmore et al. 2013).

Recently, Lardo et al. (2016, hereafter L16) presented carbon and
nitrogen abundance ratios and CH and CN index measurements for
94 red giant branch (RGB) stars in Sculptor. They reported that
the [C/Fe] abundance decreases with increasing luminosity across
the full metallicity range in the dSph, with the measurements of
[C/Fe] and [N/Fe] in excellent agreement with theoretical model
predictions (Stancliffe et al. 2009). They also reported the discovery
of two CEMP stars in Sculptor, both of which show an excess of
barium consistent with s-process production.
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Table 1. Details of the observations.

Blue (GMOS-S) Red (AAOmega)

Grating B 1200 2000 R
Resolution (Å) 2.3 0.8
Na 45 161
Central wavelength 4400 Å and 4350 Åb 6050 Å

aNumber of Sculptor stars with usable spectra.
bEach mask was observed at two different central wavelengths.

Studies of carbon abundances have been also made in ultrafaint
dwarf galaxies. Some remarkable results were found by Norris
et al. (2010) and Frebel et al. (2014) in Segue 1. They found that
the metal-poor red giants in this dwarf galaxy have the highest
relative proportion of CEMP stars: of the seven metal-poor red
giants studied, four were found to be CEMP stars of which three
stars are CEMP-no and one is CEMP-s.

In this work, we present further results for the Sculptor dwarf
spheroidal galaxy, which is dominated by old (age >10 Gyr) metal-
poor stars with no star formation having occurred for at least ≈6 Gyr
(De Boer et al. 2012). The galaxy is relatively faint, with MV

≈ −11.2, and has a distance from the Milky Way of 86 ± 5 kpc
(Pietrzyński et al. 2008). As has been mentioned, many studies of
carbon abundances have been made in Sculptor (e.g. Frebel, Kirby
& Simon 2010; Kirby et al. 2015). In general, the presence of CEMP
stars is relatively infrequent in the classical (L >105L�) dSph com-
panions to the Milky Way (Salvadori, Skúladóttir & Tolstoy 2015).

In this paper, we report on the star Scl-1013644 (ID from Kirby
et al. 2010), which has a metallicity [Fe/H] = −1.0, and which
shows a substantial enhancement of carbon. This star also pos-
sesses a strong s-process element enhancement, which is compati-
ble with the results from the high-resolution study of Geisler et al.
(2005, hereafter DG05). We have estimated the abundances of car-
bon, nitrogen and barium for Scl-1013644 from comparisons of the
observed data with synthetic spectra.

2 O B S E RVAT I O N S A N D DATA R E D U C T I O N

Our sample of RGB members of the Sculptor dwarf spheroidal
galaxy was selected from the work of Walker, Mateo & Olszewski
(2009), Coleman, Da Costa & Bland-Hawthorn (2005) and Battaglia
et al. (2008). Our data are composed of two sets of observations that
cover two distinct wavelength regions. Spectra of the blue region,
centred at 4300 Å, were collected with Gemini-South telescope on
Cerro Pachon, Chile, using the multi-object spectrograph (GMOS-
S; Hook et al. 2004). Six masks were observed with each mask
observed twice at slightly different central wavelengths to compen-
sate for the inter-chip gaps. The red spectra, which cover 5800–
6255 Å approximately, were obtained with the Anglo–Australian
Telescope (AAT) at Siding Spring Observatory using the 2dF multi-
object fibre positioner and the AAOmega dual beam spectrograph
(Saunders et al. 2004; Sharp et al. 2006). The red spectra are the
combination of multiple 1800 s exposures obtained across three
nights. Details of the observations are shown in Table 1. The blue
spectra were reduced, extracted and wavelength calibrated with
standard IRAF/Gemini software.1 These spectra permit the analysis
of the G band of CH (λ ≈ 4300 Å) and of the λ ≈ 3883 Å and λ

1 IRAF is distributed by the National Optical Astronomy Observatories, which
are operated by the Association of Universities for Research in Astronomy,
Inc., under cooperative agreement with the National Science Foundation.

Figure 1. Upper panel: observed GMOS-S spectrum of Scl-1013644.
Lower panel: normalized spectrum of Scl-1013644. The locations of the
CH, at λ ≈ 4300 Å, and the CN, at λ ≈ 3883 Å and λ ≈ 4215 Å, bands are
marked.

≈ 4215 Å bands of CN. The red spectra were reduced with the 2dF
data-reduction pipeline 2DFDR2 and are useful for investigating
s-process element abundances. Blue spectra are available for 45 Scl
stars and red spectra are available for 161 Scl stars.

2.1 Line strengths

When the reduced blue spectra were inspected, we noticed imme-
diately that the spectrum of star Scl-1013644 showed very strong
CH and CN features. The observed spectrum (not flux calibrated)
and the normalized spectrum are shown in Fig. 1. The appearance
of these spectra immediately allows the classification as a CH-star.
The star has been included in previous studies under different IDs.
It is star 10_8_2607 in Coleman et al. (2005), star 982 in Schweitzer
et al. (1995) and Geisler et al. (2005), and Scl-1013644 in Kirby
et al. (2010). These studies have unambiguously classified the star
as a Sculptor member on the basis of radial velocity and/or proper
motion.

3 SY N T H E S E S A N D A BU N DA N C E A NA LY S I S

Prior to the abundance analysis, it is necessary to normalize the
continuum of the observed spectra (red and blue) of Scl-1013644.

The observed blue spectrum is the combination of two exposures
taken at slightly different central wavelengths. As seen in the upper
panel of Fig. 1, the extensive CH and CN bands make the normal-
ization of the spectrum difficult. We fitted a low-order polynomial to
the (pseudo)-continuum points between ≈3900 and ≈4500 Å. The
resulting continuum normalized spectrum is shown in the lower

2 https://www.aao.gov.au/science/software/2dfdr
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Table 2. Derived abundances for Scl-1013644 ([Fe/H]
= −1.0)

Species logε Sun logε star [X/Fe]
(1) (2) (3) (4)

C (CH) 8.43 8.26 +0.83
N (CN) 7.83 6.55 −0.28
O 8.69 8.43 +0.74
Ba 2.18 3.28 +2.10

panel of Fig. 1, and it has been used to compare with the synthetic
spectrum calculations described below.

The observed red spectrum is a combination of a series of individ-
ual exposures obtained during the AAT observing run. Because the
wavelength coverage of the red spectrum lacks any strong CH and
CN features, the continuum normalization was considerably easier.
As before a low-order polynomial fit was used for the normalization.

The abundance analysis has been performed using the local ther-
modynamic equilibrium spectrum synthesis program MOOG (Sne-
den 1973; Sobeck et al. 2011) utilizing ATLAS9 model atmospheres
(Castelli & Kurucz 2003). We adopt solar abundances from Asplund
et al. (2009).

The stellar parameters used as input to generate the synthetic
spectra are Teff = 3980 K, log g = 0.5, [Fe/H] = −1.0, taken from
DG05, and ξ = 4.0 km s−1. The stellar parameters have been also
estimated by Kirby et al. (2010) who lists: Teff = 4200 K, log g
= 0.41 and [Fe/H] = −0.96 dex. These values are consistent with
those of DG05. We have adopted the parameters estimated by DG05
in order to compare with more confidence our estimation of [Ba/Fe]
and [O/Fe] with their values. The synthetic spectra of the CH and
CN features were smoothed with a Gaussian kernel of 3.0 Å full
width at half-maximum.

Our results of the abundance analysis are presented in Table 2.
Carbon, nitrogen, oxygen and barium abundances have been derived
by comparison of the observed and theoretical spectra. The best fit
is that which has the lowest residuals between the observed and
synthetic spectra. Carbon was determined in the region of CH G
band between 4250 and 4340 Å. In the same region we investigated
the effect of changing [O/Fe] on the derived [C/Fe]. Nitrogen was
estimated using wavelengths between 4120 and 4290 Å and the
value for barium comes from the region 6138–6144.5 Å, which
contains the λ6141.7 Å line of Ba II. Figs 3 and 4 show parts of
these regions. We now discuss the details of the abundance analysis.

3.1 Carbon, nitrogen and oxygen abundances

The abundance of oxygen (and nitrogen to a lesser extent) can affect
the measurements of carbon because they form diatomic molecules
with carbon and/or can contribute to the opacity of the stellar at-
mosphere. Unfortunately, it was not possible to measure these ele-
ments independently with our spectra. We performed the spectrum
synthesis to estimate the carbon abundance, which was refined by
exploring different assumed oxygen abundances. In particular, the
sensitivity of the derived carbon abundance to the assumed oxy-
gen abundance was tested by varying the oxygen abundance from
[O/Fe] = −0.3 to [O/Fe] = +1.3. The lower value corresponds to
the value given by DG05 from the strength of the 6300 Å [O I]
line. The upper value for [O/Fe] comes from the highest abundance
of [O/Fe] found by Kennedy et al. (2011) in their sample of 57
CEMP-s stars. Not surprisingly, we found that there was a substan-
tial correlation between the [C/Fe] value derived from the synthetic

Figure 2. Spectrum synthesis of CH. The observed spectrum is represented
by dots. The solid line represents the best fit for abundances [O/Fe] = −0.3
(DG05) and [C/Fe] = −0.17. The dashed blue lines show carbon values
±0.15 dex about the central value.

spectrum fit and the assumed [O/Fe] value – higher [O/Fe] values
required a higher [C/Fe] for a satisfactory fit.

The procedure used to derive the final values for carbon and oxy-
gen was first to make a rough estimation of the carbon abundance
(assuming [O/Fe] = 0) based only on the similarities between the
synthetic and observed spectra. The range of values that we consid-
ered reasonable was between [C/Fe] = +0.7 and [C/Fe] = +1.0.
The next step was to refine the carbon abundance by introducing
values of the oxygen abundance in the range defined above. We
found that the best fit, which has the lowest residuals between the
synthetic and observed spectra, is the pair [C/Fe] = +0.8 and [O/Fe]
= +0.7.

Our attempts to use the value for oxygen given by DG05, [O/Fe]
= −0.3, were unsuccessful due to poor agreement between the
observed and synthetic spectra for this oxygen abundance. In Fig. 2,
we show a synthetic spectrum for CH using [O/Fe] = −0.3 dex.
In order to generate an acceptable fit, it was necessary to change
the value of carbon to [C/Fe] = −0.17 dex. However, such a low
abundance ratio would appear to be inconsistent with the obvious
strength of the CN and CH features in the observed spectrum shown
in the panels of Fig. 1.

In order to investigate this difference further, we computed the
strength of the oxygen line at ≈ 6300 Å using our preferred oxygen
abundance [O/Fe] = +0.7 and the oxygen value from DG05, [O/Fe]
= −0.3 dex. In performing the calculation, we used the same stellar
parameters and resolution (R=22 000) that DG05 adopted. Due to
the strong presence of CN molecular features in the neighbourhood
of the [O I] line, we also included in the synthesis our adopted values
for carbon and nitrogen. A synthesis with [O/Fe] = 0.74, [C/Fe] =
0.83 and [N/Fe] = −0.28 gives an equivalent width (EW) for the
[O I] line of 72.1 mÅ. We repeated the synthesis calculation using
the oxygen value given by DG05, [O/Fe] = −0.30, and used carbon
and nitrogen abundances that allow an acceptable fit like that in
Fig. 2, namely [C/Fe] = −0.17 and [N/Fe] = −0.42. The EW of the
[O I] line with this trio of abundances is 21.2 mÅ, which is roughly
three times smaller than the EW using our abundance values. The
EW of the 6300 Å [O I] line listed by DG05 is 86 mÅ, which
is completely consistent with our estimation with the large [O/Fe]
value. If we consider [O/Fe] = 0.74 then the location of this star
in fig. 3 of DG05 becomes inconsistent with the trend for the other
stars in the DG05 sample. However, we have to consider that the
abundances of this star do not represent the original ones because it
most likely has suffered a mass transfer from a companion.

To compare the quality of our fits with respect to the observational
data, we computed the root mean square (rms) of the difference
between the observed and synthetic spectra for the fits shown in
Fig. 2 ([C/Fe] = −0.17, [O/Fe] = −0.3) and in the upper panel
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Figure 3. Spectrum synthesis of CH (top panel) and CN (bottom panel)
features for Scl-1013644. In both panels the observed spectrum is repre-
sented by dots. Upper panel: the solid line represents the best abundance
fit with [C/Fe] = +0.8 and [O/Fe] = +0.7. The dashed blue lines show
carbon values ±0.15 dex about the central value. Lower panel: the solid line
represents the best abundance fit with [C/Fe] = +0.8, [O/Fe] = +0.7 and
[N/Fe] = −0.3. The dashed blue lines show nitrogen values ±0.2 dex from
the best fit.

of Fig. 3 ([C/Fe] = +0.83, [O/Fe] = +0.74). In the range 4315–
4345 Å, where we see larger differences, we found rms = 0.11
for Fig. 2 and rms = 0.07 for the upper panel of Fig. 3. If we
consider the region 4250–4345 Å, the results for the rms are very
similar, rms = 0.19 for Fig. 2 and rms = 0.18 for Fig. 3 upper panel.
Quantitatively, the differences between the fits are not so strong in
the range 4250–4345 Å, but in the region 4315–4345 Å we see that
the fit in the upper panel of Fig. 3 is significantly better than that in
Fig. 2.

The CH(λ 4300) index for this star is CH(λ 4300) = 1.4, which
was calculated using the same method as that employed by L16.
With this value it is clear that Scl-1013644 does not lie with the
other relatively metal-rich giants in fig. 3 of L16. Further, with our
results for carbon and nitrogen, Scl-1013644 lies well away from
the location of the Scl metal-rich giants in fig. 7 of L16. Together
these differences reinforce the unusual nature of the star and support
our interpretation that it is a CH star.

Due to the difficulty in obtaining a correct normalization of the
observed spectrum in the vicinity of the G band, we have consid-
ered a range of carbon abundance of ±0.15 dex from the central
abundance of [C/Fe] = +0.8 to be the fitting error.

The nitrogen abundance was estimated from the region of the λ ≈
4216 Å band of CN, more specifically in the region 4125–4190 Å.
For the estimation of N, we left fixed the values of carbon and
oxygen. From the CN lines it is difficult to obtain an accurate value
for the nitrogen abundance. Therefore, in order to get an estimate of
the nitrogen abundance we show in the lower panel of Fig. 3 three
nitrogen abundances that vary by ±0.2 dex from the central value
of [N/Fe] = −0.3 dex. The results are summarized in Table 2.

3.2 Barium abundance

CEMP-s stars are characterized by an excess of elements heavier
than zinc and which are formed by the slow neutron capture process.
The spectrum of Scl-1013644 around 6142 Å shows a strong line

Figure 4. Spectrum synthesis of the λ6141.7 Å Ba II line for Scl-1013644.
The observed spectrum is represented by dots. The solid line represents
the best fit which has [Ba/Fe] = +2.1. The dashed blue lines show barium
values that differ by ±0.15 from the best fit.

of Ba II (see Fig. 4), which may indicate a substantial s-process
element enhancement. Such an enhancement is consistent with the
definition of CEMP-s star.

To determine the Ba abundance, we again used spectrum synthe-
sis, smoothing the synthetic spectra to 1 Å resolution to match the
observations. The barium abundance was computed by assuming
solar isotopic ratios from McWilliam (1998) and hyperfine spitting.
The neighbourhood of the Ba II line is affected by lines of Zr I, Si I

and Fe I among others but for the synthesis shown in Fig. 4 we fit
only the Ba II line. For our synthesis, we have assumed [Zr/Fe]=
+0.7; however, if we use [Zr/Fe] = +1.2 from DG05, the fit does
not noticeably improve. The fit shown in Fig. 4 is good, but we also
show in the figure barium abundances that differ by ±0.15 dex from
the best fit. Our value of [Ba/Fe] = +2.1 is slightly higher than the
value, [Ba/Fe] = +1.89, given in DG05, but considering the uncer-
tainties these results are consistent. Our derived abundance is again
presented in Table 2.

3.3 Error analysis

The total error is the combination of the errors from the uncertainties
in the stellar parameters, which we denote by σ SP and define in
equation (1), together with additional sources of error, σ fit, which
include the effects of signal-to-noise and the fitting uncertainty.
The total uncertainty, σ total, is then the combination, as given by
equation (2)

σSP =
√

σ 2
Teff

+ σ 2
logg + σ 2

ξ + σ 2
[m/H] (1)

σtotal =
√

σ 2
SP + σ 2

fit. (2)

We have estimated σ SP by repeating the abundance analysis varying
the atmospheric parameters by Teff = ±200 K, log g = ±0.2, [m/H]
= ±0.4 and ξ = ±0.2 km s−1. In the case of the spectrum synthesis,
σ fit corresponds to the uncertainties of the fit in an rms sense. It is
important to remark that the strength of the CH molecular features
is dependent on the oxygen abundance; therefore, the C and O
abundances are interdependent. They have been measured in the
same spectrum synthesis and as a consequence of this, σ fit for C
and O is the same. The σ total for carbon uses σ fit = ± 0.15 to
which has been added a further σ fit = ± 0.15 from the assumed
uncertainties in oxygen abundance. As the determination of the
nitrogen abundance from the CN features is subject to the adopted
value of carbon, which is also dependent on the adopted oxygen
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Table 3. Abundance errors from uncertainties in the atmospheric parame-
ters and fits.

Species � Teff � log g �[m/H] � ξ O σ fit σ total

(1) (2) (3) (4) (5) (6) (7) (8)

σ C 0.05 0.02 0.10 0.01 0.15 0.15 0.24
σ N 0.05 0.02 0.20 0.01 – 0.20 0.37a

σ O 0.07 0.02 0.05 0.01 – 0.15 0.17
σ Ba 0.01 0.07 0.15 0.09 – 0.15 0.24

aσ total of nitrogen considers an extra error source from carbon: σC= ± 0.24.

abundance, we have considered this dependence as an additional
source of error σ add. Therefore, only for the σ total of nitrogen, we
have added quadratically to the equation (2) the value of carbon
σ total = 0.24 as an extra error.

To summarize this section, we have considered the effects of
errors in the stellar parameters, the error of the fits and additional
sources (which just for nitrogen considers the dependence of C and
O). The values of these various uncertainties are listed in Table 3.

4 D I S C U S S I O N A N D C O N C L U S I O N

In this work, we present the discovery of Scl-1013644 as a pre-
viously unhighlighted CEMP-s star in the Sculptor dwarf galaxy.
This star stood out in the sample of 45 stars observed because of
the substantial strength of the CH and CN features in the star’s
spectrum.

An abundance analysis for carbon, nitrogen, oxygen and bar-
ium has been carried out for the star, via a comparison of
the low-resolution observed spectra from AAT/AAOmega and
Gemini/GMOS-S with synthetic spectra models.

Scl-1013644 has [Fe/H] = −1.0 and our results indicate that it
is enriched in carbon with [C/Fe] = +0.8 ± 0.3. The derived value
for the nitrogen abundance is [N/Fe] = −0.3 ± 0.4 and, according
to our estimate, the oxygen abundance is [O/Fe] = +0.7 ± 0.2. In
addition, Scl-1013644 shows a strong enrichment in barium with
[Ba/Fe] = +2.1 ± 0.2.

Scl-1013644 is located near the tip of the RGB in the colour–
magnitude diagram. Therefore, due to the convective mixing that
occurs in these stars, material processed through the CN cycle has
been incorporated into the surface layers of the star. As a result,
an enrichment in N and a depletion in C relative to the original
abundances occurs at the surface. It is therefore necessary to take
this effect into account when considering the original surface C
abundance before the onset of the mixing process. Corrections to
the observed C abundance as a function of evolutionary state on
the RGB are discussed in Placco et al. (2014). For Scl-1013644,
given the relatively high overall abundance, the evolutionary mix-
ing correction to the observed C abundance is small, −0.02 dex,
well within the uncertainty of the C abundance determination. Nev-
ertheless, with [C/Fe] = +0.8, Scl-1013644 does lie marginally
above the limit adopted by Aoki et al. (2007), confirming the star
as a CEMP-star.

Masseron et al. (2010) present results of a statistical comparison
between [O/Fe] and [C/Fe] for CEMP stars. Not surprisingly, this
comparison shows that most of the stars studied, which cover a
range in metallicities between [Fe/H] = −4.0 and [Fe/H] = 0.0, are
oxygen enhanced relative to the solar abundance ratio. According
to Herwig (2004), the overabundance of oxygen becomes larger
with decreasing metallicity. Furthermore, that work states that the
carbon and oxygen abundances are higher for lower initial masses.

The overabundance of oxygen that we have found for Scl-1013644
is consistent with the Masseron et al. (2010) sample.

Many stars enhanced in carbon also show an enhancement of
nitrogen. Hansen et al. (2015), however, discuss a sample of CEMP-
s stars that have a [C/N] ratio greater than zero. According to our
findings, the [C/N] ratio for Scl-1013644 is larger than zero – [C/N]
= +1.1. The star then lies with other CEMP-s stars in fig. 4 of
Hansen et al. (2015). Our results of large [C/N] are also consistent
with the model of AGB evolution described in Herwig (2004) for
an AGB progenitor of mass between 2 and 3 M�.

Three CEMP stars are known in Sculptor from previous work
(AS15, L16). One is most likely a very metal poor CEMP-no
star (AS15), while the other two are probably CEMP-s stars with
[Ba/Fe] > +1 (L16). Our results for Scl-1013644 indicate that it
is the third CEMP-s star in this dwarf galaxy, and it is consider-
ably more metal rich compared to the others. Unlike the L16 stars,
which have [C/Fe] = +1.5 and +1.4 and [C/N] = 0.6 and –0.2
for stars 20002 and 90085, respectively, Scl-1013644 has a smaller
carbon enhancement but a higher [C/N] value and a higher overall
metallicity. CEMP-s stars are conventionally explained as the re-
sult of mass transfer to the current star when the original primary,
of mass 2–3 M�, evolves through the AGB phase. That phase
sees the dredge-up of substantial amounts of carbon and s-process
elements such as Ba (e.g. Karakas et al. 2012). We have no informa-
tion concerning possible radial velocity variability for Scl-1013644;
however, we see no reason to dispute the mass-transfer process as
the likely origin for this and the other CEMP-s stars observed in
Sculptor. Once a complete sample of CEMP-s stars is established
in Sculptor, it may be possible to use the frequency of occurrence
of such stars to constrain the binary fraction in this dwarf galaxy
(Starkenburg et al. 2014). Improved statistics on the occurrence
of CEMP-no stars in this dwarf may also shed light on the likely
different origin of such stars.
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