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ABSTRACT
We performed a uniform and detailed abundance analysis of 12 refractory elements (Na, Mg,
Al, Si, Ca, Ti, Cr, Ni, Co, Sc, Mn, and V) for a sample of 257 G- and K-type evolved stars from
the CORALIE planet search programme. To date, only one of these stars is known to harbour
a planetary companion. We aimed to characterize this large sample of evolved stars in terms of
chemical abundances and kinematics, thus setting a solid base for further analysis of planetary
properties around giant stars. This sample, being homogeneously analysed, can be used as
a comparison sample for other planet-related studies, as well as for different type of studies
related to stellar and Galaxy astrophysics. The abundances of the chemical elements were
determined using an local thermodynamic equilibrium (LTE) abundance analysis relative to
the Sun, with the spectral synthesis code MOOG and a grid of Kurucz ATLAS9 atmospheres. To
separate the Galactic stellar populations, both a purely kinematical approach and a chemical
method were applied. We confirm the overabundance of Na in giant stars compared to the field
FGK dwarfs. This enhancement might have a stellar evolutionary character, but departures from
LTE may also produce a similar enhancement. Our chemical separation of stellar populations
also suggests a ‘gap’ in metallicity between the thick-disc and high-α metal-rich stars, as
previously observed in dwarfs sample from HARPS. The present sample, as most of the giant
star samples, also suffers from the B − V colour cut-off, which excludes low-log g stars with
high metallicities, and high-log g star with low [Fe/H]. For future studies of planet occurrence
dependence on stellar metallicity around these evolved stars, we suggest to use a subsample of
stars in a ‘cut-rectangle’ in the log g–[Fe/H] diagram to overcome the aforementioned issue.

Key words: methods: observational – techniques: spectroscopic – stars: abundances –
planetary systems.

�Based on observations collected at the Paranal Observatory, ESO (Chile)
with the Ultra-violet and Visible Echelle Spectrograph (UVES) of the VLT,
under programmes 085.C-0062 and 086.C-0098.
†E-mail: vadibekyan@astro.up.pt

1 IN T RO D U C T I O N

The precise chemical and kinematic characterization of
intermediate-mass, evolved stars is very important for different
fields of both Galactic and stellar astronomy, and the emerging
field of planetary sciences.
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Many studies observed significant differences in chemical abun-
dances between main-sequence dwarf and evolved stars (e.g. Friel
et al. 2003; Jacobson, Friel & Pilachowski 2007; Villanova, Carraro
& Saviane 2009; Santrich, Pereira & Drake 2013). While these dif-
ferences for some elements might by astrophysical, having a stellar
evolutionary character (e.g. Tautvaišiene et al. 2005, for sodium),
several authors however suggested that the differences may arise
also in the analysis, being dependent on the particular method and
line-list used (e.g. Santos et al. 2009). Along the same line, one
should consider also non-local thermodynamic equilibrium (non-
LTE) effects which are stronger for giants than for dwarfs and may
have a strong influence on the analysis (e.g. Bergemann et al. 2013;
Alexeeva, Pakhomov & Mashonkina 2014; Bergemann, Kudritzki
& Davies 2014).

Understanding the mentioned issues, will not only allow us to
improve of stellar atmosphere models, but also will have very im-
portant implications in several fields of astrophysics. For instance,
it would help us shed light on the statistical and evolutionary prop-
erties of planetary systems around giant stars, e.g. on the possible
absence of the correlation between stellar metallicity and formation
efficiency of giant planets (e.g. Pasquini et al. 2007; Takeda, Sato
& Murata 2008; Ghezzi et al. 2010; Maldonado, Villaver & Eiroa
2013; Mortier et al. 2013c; Jofré et al. 2015)1 which was found for
main-sequence dwarf stars (e.g. Gonzalez 1997; Santos, Israelian
& Mayor 2001, 2004; Fischer & Valenti 2005; Johnson et al. 2010;
Sousa et al. 2011; Mortier et al. 2013b).

Several explanations have been suggested for the aforementioned
lack of metallicity enhancement for giant stars hosting a giant planet.
Higher stellar mass of giants may compensate the lack of metals
(e.g. Ghezzi et al. 2010), possible spectroscopic analysis issues in
giant stars (e.g. Hekker & Meléndez 2007; Santos et al. 2009), selec-
tion biases in giant star samples (Mortier et al. 2013c). However, one
should note that some studies reported an enhanced metallicity of gi-
ant stars with planets, but with small samples of planet hosts (Hekker
& Meléndez 2007; Quirrenbach, Reffert & Bergmann 2011). We
refer the reader to Alves et al. (2015, and reference therein) for more
detailed review on the topic.

In this paper, we focus on the chemical and kinematic properties
of a sample of 257 field giant stars which are observed within the
context of the CORALIE extrasolar planet search programme. The
main characteristics of the sample along with the homogeneously
derived stellar atmospheric parameters are presented in a parallel
paper (Alves et al. 2015). The uniform chemical analysis of these
giant stars is very important to explore the specific chemical re-
quirements for the formation and evolution of planetary systems
around them. The paper is organized as follows: in Section 2, we
briefly introduce the sample used in this work. The method of the
chemical abundance determination and analysis will be explained in
Section 3. The distinction of different Galactic stellar populations
and kinematic properties of the stars are presented in Section 4.
Then, after discussing the metallicity distribution of the stars in
Section 5, we summarize our main results in Section 6.

2 SAMPLE D ESCRIPTION AND STELLAR
PA R A M E T E R S

Our sample comprises 257 G- and K-type evolved stars that are
being surveyed for planets in the context of the CORALIE (Udry

1 Indeed, Reffert et al. (2015) claims a strong evidence for a planet–
metallicity correlation for giant planet host stars.

et al. 2000) extrasolar planet search programme. High-resolution
and high signal-to-noise (S/N) spectra were obtained using the
UVES spectrograph. Precise stellar parameters for the entire sample
were determined in Alves et al. (2015) by using the same spectra
as we did for this study. The spectroscopic stellar parameters and
metallicities were derived by imposing excitation and ionization
equilibrium. The spectroscopic analysis was completed assuming
LTE with a grid of Kurucz atmosphere models (Kurucz 1993),
and the 2002 version of the MOOG2 radiative transfer code (Sneden
1973). We refer the reader to Alves et al. (2015) and Sousa (2014)
for details.

Alves et al. (2015) derived the atmospheric parameters by using
three different line-lists of Fe I and Fe II (Hekker & Meléndez 2007;
Sousa et al. 2008; Tsantaki et al. 2013). Whilst showing that the
use of different line-lists gives compatible results, the parameters
derived following Tsantaki et al. (2013) were adopted, so we also
do for the rest of the present paper.

The stars in the sample have effective temperatures 4700 � Teff

� 5600 K, surface gravities 2.2 � log g � 3.7 dex, microturbulence
1 � ξ t � 3.2 km s−1and they lie in the metallicity range of −0.75
� [Fe/H] � 0.3 dex.

3 C H E M I C A L A BU N DA N C E S

For the abundance derivation, we closely followed the method de-
scribed in Adibekyan et al. (2012a).

3.1 Selection of the lines and abundance derivation

The initial line-list and the atomic data were taken from Adibekyan
et al. (2012a) and Neves et al. (2009). Neves et al. (2009) provided
the astrophysical (calibrated) oscillator strength and solar equivalent
widths of the lines. Since the spectra of cool evolved stars are
more line crowded (which cause strong blending) compared to their
unevolved hotter counterparts, we aimed to carefully select a subset
of unblended lines from Adibekyan et al. (2012a). For this purpose,
as a reference we used a very high S/N and high-resolution archival
spectrum of the K-type giant Arcturus observed with the NARVAL
spectrograph (Mortier et al. 2013c). We measured the equivalent
widths (EWs) of the selected lines both manually, using a Gaussian-
fitting procedure within the IRAF3 splot task, and automatically, by
using the ARES4 code (Sousa et al. 2007). We calculated the mean
relative difference ((EWARES − EWIRAF)/ EWIRAF) and standard
deviation of the relative difference of the EW measurements and
applied 2σ -clipping. We repeated this procedure a second time after
the outliers were excluded. Finally, 118 lines out of 164 were left
that show a relative difference in EW of less than 15 per cent. These
lines were once again checked by eye within IRAF to make sure that
they are not blended and hence the correspondence between the EW
measurements is not by chance.5

After selecting the isolated lines, the abundances for 12 elements
(Na, Mg, Al, Si, Ca, Ti, Cr, Ni, Co, Sc, Mn, and V) were determined

2 The source code of MOOG can be downloaded at http://www.
as.utexas.edu/∼chris/moog.html
3 IRAF is distributed by National Optical Astronomy Observatories, operated
by the Association of Universities for Research in Astronomy, Inc., under
contract with the National Science Foundation, USA.
4 The ARES code can be downloaded at http://www.astro.up.pt/
∼sousasag/ares
5 The line-list is available at the CDS: http://cdsarc.u-strasbg.
fr/viz-bin/qcat?J/MNRAS/
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Figure B2. [X/Fe] versus microturbulence plots. Each element is identified in the upper-right corner of the respective plot. The black dots represent the stars
of the sample and the grey small dots represent stars from Adibekyan et al. (2012a).
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Figure B3. [X/Fe] versus [Fe/H] plots derived from the ‘best’ lines. For Na I, Cr II, and Mn I there was no ‘best’ line(s) found. The black dots represent the
stars of the sample and the grey small dots represent stars from Adibekyan et al. (2012a) with Teff = T� ± 500 K. The red circle and blue square show the
average [X/Fe] value of stars with [Fe/H] = 0.0 ± 0.1 dex. Each element is identified in the upper-right corner of the respective plot.
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Figure C1. High-α and low-α separation histograms for the stars with
metallicities < −0.3 dex (bottom), −0.3 ≤ [Fe/H] ≤ 0.0 dex (middle), and
[Fe/H] > 0.0 dex (top). The dotted lines are the separation curves between
the thin and thick discs.

A P P E N D I X C : SE PA R AT I O N O F T H E
GALACTI C DI SCS BY α- E N H A N C E M E N T

For the separation of Galactic stellar population by the chemical
properties of the stars was done following the method presented
in Adibekyan et al. (2011). We first divided the sample into three
metallicity bins: [Fe/H] < −0.3 dex, [Fe/H] > 0.0 dex, and stars
in between. For the lowest and highest metallicity bins, we easily
identified the minima in the [α/Fe] histograms. For the interme-
diate metallicity, stars just plotting the [α/Fe] histogram will not
reveal the minima, because the stars at these metallicities show
a decrease of [α/Fe] with [Fe/H] (see Fig. C1). Thus, we first
detrended the [α/Fe] by applying a liner fit and subtracting it.
Then in the [α/Fe] histogram we identified the minima and by
adding it to the previously applied liner fit we obtained the line
which separates the high- and low-α stars at −0.3 ≤ [Fe/H] ≤
0.0 dex. The separation lines for each metallicity bin presented in
Fig. C1.
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