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Abstract

Context. Pismis 18 is a moderately populated, intermediate-age open cluster located within the solar circle at a Galactocentric distance of about seven kpc. Few open clusters have been studied in detail in the inner disc region before the Gaia-ESO Survey.

Aims. New data from the Gaia-ESO Survey allowed us to conduct an extended radial velocity membership study as well as spectroscopic metallicity and detailed chemical abundance measurements for this cluster.

Methods. Gaia-ESO Survey data for 142 potential members, lying on the upper main sequence and on the red clump, yielded radial velocity measurements, which, together with proper motion measurements from the Gaia Second Data Release (Gaia DR2), were used to determine the systemic velocity of the cluster and membership of individual stars. Photometry from Gaia DR2 was used to re-determine cluster parameters based on high confidence member stars only. Cluster abundance measurements of six radial-velocity member stars with UVES high-resolution spectroscopy are presented for 23 elements.

Results. The average radial velocity of 26 high confidence members is −27.5 ± 2.5 (std) km s−1 with an average proper motion of pmra = −5.65 ± 0.08 (std) mas yr−1 and pmdec = −2.29 ± 0.11 (std) mas yr−1. According to the new estimates, based on high confidence members, Pismis 18 has an age of [image: equation] Myr, interstellar reddening of [image: equation] mag and a de-reddened distance modulus of [image: equation] mag. The median metallicity of the cluster (using the six UVES stars) is [Fe/H] = +0.23 ± 0.05 dex, with [α/Fe] = 0.07 ± 0.13 and a slight enhancement of s- and r-neutron-capture elements.

Conclusions. With the present work, we fully characterized the open cluster Pismis 18. We confirmed its present location in the inner disc. We estimated a younger age than the previous literature values and we gave, for the first time, its metallicity and its detailed abundances. Its [α/Fe] and [s-process/Fe], both slightly super-solar, are in agreement with other inner-disc open clusters observed by the Gaia-ESO survey.
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⋆ Full Table 2 is only available at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/626/A90



1. Introduction
Open clusters (OCs), being simple populations with relatively easily determined ages, are among the best tracers of the chemical evolution of the Galactic thin disc from its outer regions to the Galactic bulge (e.g. Friel 1995; Sestito et al. 2008; Yong et al. 2012; Donati et al. 2015; Magrini et al. 2015; Cantat-Gaudin et al. 2016; Netopil et al. 2016; Casamiquela et al. 2017).
The inner disc (RGC <  8 kpc) is an area of particular importance as it constitutes a link between the properties of the bulge and of the thin/thick disc. In order to probe the chemical evolution of the inner disc one needs information both on ages and on abundances of stars or stellar populations, which can be provided by a detailed study of chemical abundances of intermediate age and old clusters with known ages (see, e.g. Jacobson et al. 2016). Relatively old OCs are quite rare in these high density regions due to high mortality rates (Portegies Zwart et al. 1998; Kruijssen et al. 2011). Thus the percentage of OCs with ages larger than about one Gyr in the inner disc is only ≃11%, based on the catalogue of inner disc clusters by Morales et al. (2013). Moreover, inner disc clusters are often difficult to observe due to high field contamination and heavy and/or differential reddening.
Pismis 18 (IC 4291) is considered to be an intermediate age OC with an age of about one Gyr, located in the inner disc, at a distance of about 2.77 kpc (according to a new determination by Cantat-Gaudin et al. (2018a) based on Gaia DR2 parallaxes and proper motions) from the Sun in the direction of the Galactic Centre. It lies within the fourth quadrant of the Galactic plane on the Sagittarius arm. In the study of Morales et al. (2013) it is classified as a totally exposed cluster with no correlation with sub-millimetre dust continuum emission.
Pismis 18 is included in the Gaia-ESO survey (GES), which is a large, public spectroscopic survey of the Galaxy carried out with the high-resolution multi-object spectrograph Fiber Large Array Multi-Element Spectrograph (FLAMES; Pasquini et al. 2002) on the Very Large Telescope (ESO, Chile). The aim of the survey is to provide accurate radial velocities and detailed element abundances for about 105 stars covering the bulge, thick and thin discs, and halo components, as well as a sample of about 65 OCs of all ages, metallicities, locations, and masses (cf. Gilmore et al. 2012; Randich & Gilmore 2013). Pismis 18 is the seventh inner disc open cluster individually studied within the framework of the GES, the other clusters being NGC 4815 (Friel et al. 2014), NGC 6705 (Cantat-Gaudin et al. 2014), Be 81 (Magrini et al. 2015), Tr 20 (Donati et al. 2014), Tr 23 (Overbeek et al. 2017) and NGC 6802 (Tang et al. 2017). Other studies have focused more on the general properties of the cluster population as a whole (see, e.g. Magrini et al. 2015, 2017; Spina et al. 2017; Bravi et al. 2018; Randich et al. 2018).
The purpose of this paper is to present our GES observations of Pismis 18, with the aim of providing a detailed membership analysis, abundances for 23 elements and revised cluster parameters (age, distance, metallicity and reddening) based on high confidence members. Previous studies of Pismis 18 are summarized in Sect. 2. In Sect. 3 we describe the target selection, observations and data analysis, while in Sect. 4 we perform the selection of high confidence members based on their proper motions (from the Gaia Second Data Release; hereafter, Gaia DR2, Gaia Collaboration 2018b) and GES radial velocities. Sect. 5 provides atmospheric parameters for the high confidence member stars. Based on Gaia DR2 photometry of the high confidence cluster members, along with the newly determined metal abundance of the cluster, a revised set of cluster parameters is determined in Sect. 6, and the element abundance measurements are discussed in Sect. 7. Our results are summarized in Sect. 8.
2. Pismis 18 in the literature
The only published optical photometry for Pismis 18 is the CCD BVI photometry of Piatti et al. (1998), who also obtained an integrated spectrum for this cluster. Their colour–magnitude diagram (CMD) reveals a well-defined main sequence (MS) and red clump (RC) with relatively little contamination by field stars, partly due to the small field of view (4 × 4 arcmin2). They have estimated the age of Pismis 18 at 1.2 ± 0.4 Gyr (on the basis of the CMD and the integrated spectrum), with a reddening value of E(B − V) = 0.50 ± 0.05 and a distance of 2.24 ± 0.41 kpc, assuming solar abundance. More recently, Tadross (2008) has analysed 2MASS data to construct JHK CMDs. He has estimated an age of 0.8 Gyr (using solar metallicity isochrones from Bonatto et al. 2004), interstellar reddening of E(B − V) = 0.61 and a distance of 1790 ± 82 pc. He has also provided revised values for the cluster central coordinates and extent, giving a diameter of 5.6 arcmin, larger than the one tabulated in Dias et al. (2002). The estimates provided by the two studies for the age, reddening and distance of the cluster are marginally consistent within the errors (see Sect. 6). Kharchenko et al. (2013) have redetermined the cluster parameters using 2MASS photometry, proper motions, and solar metallicity isochrones. There is no spectroscopic determination of the metallicity of Pismis 18 based on individual stars, although Piatti et al. (1998) obtained a rough estimate of the metallicity, [Fe/H] = 0.0, from the width of CaII triplet lines in integrated spectra.
Pismis 18 is too distant to be included in the Gaia-TGAS catalogue (Gaia Collaboration 2017; Cantat-Gaudin et al. 2018b). However, as mentioned in the Introduction, it is featured in Gaia DR2 (see e.g. Cantat-Gaudin et al. 2018a) and we use the information in the present paper (relevant parameters from this study are shown in Col. 6 of Table 1). Table 1 summarizes the literature values of the Pismis 18 parameters, together with the ones derived in the present paper (described in Sect. 6).
Table 1.

Pismis 18 basic parameters.


Finally, 16 stars in Pismis 18 have been observed by Carlberg (2014) with the MIKE spectrograph at a resolution of ∼44 000. These spectra are part of a study of rotation in open clusters, so their S/N is low and only permitted derivation of radial velocities (RV) and vsini. Twelve stars have been classified as members of the cluster with ⟨RV⟩= − 27.9 ± 0.8 km s−1. We have seven stars in common with this study, indicated in Col. 18 of Table 2.
Table 2.

Photometry and radial velocities for all observed targets.


3. Observations and data reduction
The target selection, observation, data reduction, atmospheric parameter determination and abundance measurements were handled within the GES collaboration by specific working groups (WGs). The targets in Pismis 18 were selected following the strategy applied for all intermediate-age OCs with prominent red clumps (RC) (see, e.g. Bragaglia 2018). Briefly, the RC stars, which have high cluster membership probability, were observed with UVES with the aim of determining precise chemical abundances. Stars on the MS were observed with GIRAFFE, using the HR9B setup primarily for stars of spectral type A to F and the HR15N setup for cooler stars (see below for more details). The selection of GIRAFFE targets was aimed at observing an inclusive and unbiased sample of cluster star candidates rather than only high probability members, with the purpose of defining cluster membership using the RVs obtained with the larger GIRAFFE sample.
The MS targets were selected from the MS turnoff down to V ≃ 19. The GES observations nicely complement with RV the precise astrometric information of the Gaia mission for stars not reached by the Gaia RVS instrument (Gaia DR2 has RVs only for stars brighter than G = 12, Gaia Collaboration 2018d) and permit a complete chemical characterisation of the cluster with the giants observed with UVES.
The targets were selected on the basis of the VPHAS+ ESO survey data (Drew et al. 2014) in the r and i-bands (Vega system), as VPHAS+ provides homogeneous spatial coverage over the entire extent of the cluster. In total, we observed ten stars in the RC region and 132 stars on the MS. The left panel of Fig. 1 displays the r vs. (r − i) CMD over a region of 15 arcmin around the centre of Pismis 18. We also mark the selected targets on the MS and the RC. On the right panel of Fig. 1, we show a similar diagram based on Gaia DR2 photometry. It must be emphasized that not all targets (selected on the basis of VPHAS+) have Gaia DR2 photometry in all three bandpasses. It is noted that on the diagram on the right the main sequence is somewhat narrower for fainter magnitudes, although a direct comparison is not possible due to the different filters used.
	[image: thumbnail]	Fig. 1.
Left panel: VPHAS+ colour magnitude diagram of Pismis 18 over the entire field of view of FLAMES, marked as small grey filled circles. The targets observed with UVES are marked with red filled squares, while targets observed with GIRAFFE are marked with blue filled circles. High confidence cluster members are indicated with black crosses and the possible binary star with a black filled triangle. Right panel: same, but for Gaia DR2 photometry.




The data for Pismis 18 were obtained in May and June 2014 with FLAMES on the VLT-UT2 telescope at the European Southern Observatory. The ten candidate RC stars were observed with the high-resolution spectrograph Ultraviolet and Visual Echelle Spectrograph (UVES, Pasquini et al. 2002) using the U580 setup (4800–6800 Å and R = 47 000), with total exposure times of either 12 ks or 15 ks.
Spectra were obtained with the medium-resolution multi-fibre spectrograph GIRAFFE for 51 MS stars with 13 <  V <  16 (12.7 <  r <  15.6) using the HR9B setup (5143−5356 Å and R = 25 900), while 91 MS stars with 15.5 <  V <  19 (15.1 <  r <  18.5) were observed using the HR15N setup (6470−6790 Å and R = 17 000). It is noted that ten stars were in common between the two configurations. The total exposure times were 15 ks for the HR15N setup and 12 ks for the HR9B setup. The median signal-to-noise ratio was 116, 74 and 52 for the UVES, GIRAFFE HR15N and GIRAFFE HR9B spectra, respectively.
Data reduction included sky subtraction, barycentric correction and normalisation, as well as calculation of radial and rotational velocities. For details on the data reduction pipeline, specifically for the UVES spectra, see Sacco et al. (2014).
Parameter and abundance determinations for each target were typically performed by multiple nodes (WG sub-groups) in charge of abundance analysis. The results of individual nodes were combined within each WG; the WG values were then homogenized by WG15 (Hourihane et al., in prep.) to yield final recommended parameters, using a set of calibrators to define a common scale (Pancino et al. 2017). This structure produced homogeneous parameter determinations while allowing WGs to specialize in different types of stars. More details can be found, for example, in Overbeek et al. (2017) and references therein. The data described here came from the fifth internal data release (GES iDR5) which comprises a re-analysis of all available spectra until December 2015 using an updated linelist (Heiter et al. 2015) and state-of-the-art analysis techniques.
In Table 2, available only at the CDS in its entirety, we provide for the 142 observed stars, the GES ID number (CNAME), the Gaia DR2 ID, the equatorial coordinates (J2000) in degrees, the setup used for the observations, the derived radial velocities, the Gaia DR2 magnitudes BP, G and Rp, the gri magnitudes from VPHAS+, the 2MASS JHK magnitudes, the WEBDA (a site devoted to Stellar Clusters in the Galaxy and the Magellanic Clouds, developed and maintained by Ernst Paunzen and Christian Stütz, Institute of Astronomy of the University of Vienna (Austria)1) identification number whenever available, the Piatti et al. (1998)BVI photometry, the angular distance from the cluster centre (rcentre) (in arcmin), the radial velocity from Carlberg (2014) for the common stars, and the parallax (in mas) and proper motion (in mas yr−1) according to Gaia DR2. The label “m” indicates high confidence membership assigned according to the analysis described in the next section.
4. Membership determination
As field contamination is quite significant in OCs, membership determination using radial velocities and proper motions is very important for the derivation of high confidence values for the cluster parameters. Accurate proper motions are now available from Gaia DR2 (Gaia Collaboration 2016, 2018b).
4.1. Proper motions
The Gaia DR2 recently provided useful information for the assessment of cluster membership of the targets in our sample. A recent study by Cantat-Gaudin et al. (2018a) analysed the Gaia DR2 catalogues to derive the membership of stars in a large sample of open clusters, including Pismis 18. They employed the unsupervised membership assignment code UPMASK (Krone-Martins & Moitinho 2014) to give a membership probability to each star from proper motions and parallaxes, by taking into account all errors and correlations between the parameters. We took advantage of this analysis to identify a set of probable cluster members among our observed stars. To this aim, our target list was matched with the Gaia DR2 catalogue using the 2MASS identifiers and the pre-computed crossmatch between Gaia DR2 and 2MASS (“gaiadr2.tmass_best_neighbour”). The latter was preferred as the result of a careful analysis by the Gaia team, including proper motion propagation and epoch correction (Marrese et al. 2019). Only stars with a 5-parameter solution were considered. We found 132 stars in common with Gaia DR2, whose proper motions are plotted in Fig. 2 (blue dots). Then, our catalogue was matched with the results of Cantat-Gaudin et al. (2018a) using the unique Gaia DR2 identifiers. We selected the spectroscopic targets with membership probability P >  0.5 to define a sample of 35 probable members based on astrometry. These are plotted as red dots with error bars in Fig. 2. Using this sample we computed the average value and standard deviation of proper motions, μα* = −5.66 ± 0.10 (std) mas yr−1 and μδ = −2.29 ± 0.15 (std) mas yr−1.
	[image: thumbnail]	Fig. 2.
Proper motions of stars in our Pismis 18 spectroscopic sample in common with the Gaia DR2. Red dots represent the probable members according to the analysis of Cantat-Gaudin et al. (2018a), with proper motion errors in the Gaia DR2. A blue square marks a suspect binary star observed with UVES (CNAME 13365001-6205376, see discussion in the text). Only a limited range of proper motions is shown here to highlight the locus of cluster member candidates.




The selection of probable cluster members is refined in the next sub-section using the radial velocity information. The proper motions have not been corrected for the systematic uncertainty of the order 0.035 mas yr−1 found by Gaia Collaboration (2018c).
The Gaia DR2 also provides parallaxes for our 35 cluster member candidates. The mean parallax is quite well defined at 0.335 ± 0.054 (std) mas. However, we refrained from using this value to compute a geometric distance to Pismis 18 since there is evidence from previous studies that parallaxes in Gaia DR2 are affected by systematic errors of the order 0.03–0.05 mas in the parallax absolute zero point (Lindegren et al. 2018; Luri et al. 2018). The distance to the cluster is discussed in Sect. 6.
We mention here a special case represented by a UVES star (CNAME=13365001-6205376, marked with a square in Fig. 2), which has a proper motion close to that of the probable members, yet it is not present in the Cantat-Gaudin et al. (2018a) list. This star might possibly be an unresolved binary, in which case its parallax and proper motion as well as radial velocity could be incorrect. In fact, in Gaia DR2 all sources were treated as single stars in deriving the astrometric solution (Lindegren et al. 2018; Gaia Collaboration 2018b). Although not considered as a probable member in the following analysis, this star is included in our tables for future reference as a possible cluster member.
4.2. Radial velocities
The 35 proper motion likely members selected in the previous sub-section, were further analysed on the basis of their radial velocities, in order to construct the final catalogue of high confidence members based on both proper motions and radial velocities. The entire sample of the 142 observed Pismis 18 targets, given in Table 2, shows a wide range of radial velocities (from −63 to +186 km s−1) with a broad peak around −24 km s−1 with a standard deviation of 26 km s−1 (shown in grey in Fig. 3). The 35 proper motion likely members have a much tighter radial velocity distribution (from −61.7 to −13.9 km s−1), with an average of −28.0 and a standard deviation of 7.4 km s−1. It must be noted that the radial velocity errors for individual stars are quite low, specifically, the median error was ∼0.51 km s−1 for HR15N, 0.54 km s−1 for HR9B and 0.36 km s−1 for UVES (these values refer to the entire sample of observed targets). Stars with high rotational velocities or low signal-to-noise ratios can have significantly higher errors (several km s−1, cf. Jackson et al. 2015). We have thus excluded from further analysis stars with radial velocity errors larger than 5 km s−1.
	[image: thumbnail]	Fig. 3.
Distribution of radial velocities of all 142 observed stars (in grey). The distribution of the GIRAFFE radial velocity members is shown in blue and that of the UVES radial velocity members in red. The patterned bars show the distribution of radial velocities of Galactic stars in the direction of Pismis 18 according to the Besançon star count model for the Galaxy. For the normalization of this curve see text.




For the remaining 32 proper motion likely members with radial velocity errors less than 5 km s−1, we applied an iterative 2σ clipping procedure on the mean, until no stars could be eliminated as outliers. This was achieved in just four iterations, providing a catalogue of 26 stars, which are considered to be high confidence cluster members. Based on this sample of high confidence members, the average radial velocity of Pismis 18 becomes −27.5 km s−1 with a standard deviation of 2.5 km s−1 and a median of −27.8 km s−1. It is noted that no systematic differences were found between radial velocities derived with different setups, within the corresponding errors.
Among the 26 high confidence members, there are six stars observed with UVES, for which there are also detailed metal abundances, discussed in Sect. 7. Radial velocities for these six stars have also been obtained by Carlberg (2014) (see Col. 18 of Table 2). These values are in good agreement with our measurements within the quoted errors. A seventh UVES star in common with Carlberg (2014), CNAME13365001-6205376, also mentioned in Sect. 4.1, shows a discrepancy since it has RV = −27.3 km s−1 in Carlberg (2014) and −18.4 km s−1 in our study. This discrepancy could be accounted for by the possible binary nature of this object. Although it might be a cluster member, it has not been included in the analysis of high confidence members.
In Fig. 3 we show the distribution of the radial velocities of the 20 GIRAFFE and six UVES high confidence member stars (blue and red histogram, respectively), as well as the radial velocity distribution of all 142 observed stars (indicated in grey). The patterned bars correspond to the distribution of the radial velocities of Galactic stars in the direction of Pismis 18 according to the Besançon star count model for the Galaxy2 (Robin et al. 2003). The predicted distribution is scaled to the total number of observed stars divided by the number of stars in the VPHAS+ photometry, in the same V mag range and the same sky area. The scaled model predicts that ≃60 field stars fall within the selected boundaries of the cluster area, while 6–7 of these fall within the radial velocity range of the Pismis 18 members.
Figure 4 shows the location of the 26 radial velocity members on the RA–Dec plane. The stars assigned cluster membership according to their proper motion and radial velocity show a clear concentration close to the cluster centre, with the majority (24 of the 26) lying within a radius of 3.3 arcmin. The remaining two stars lie at distances up to ≃5 arcmin (3.6 pc for the estimated distance of the cluster, see Sect. 6) from the cluster centre. Although the list of cluster members considered here is not exhaustive, as only high confidence members have been included, it seems that the radius of the cluster is close to 5 arcmin, similar to the estimate of Tadross (2008). Cantat-Gaudin et al. (2018a) have estimated that the radius enclosing half the high probability members (based on Gaia DR2 proper motions and parallaxes) is 2.88 arcmin. Following a similar approach, we derived a radius 1.48 arcmin enclosing half the high confidence members in our sample. This value is significantly lower than that of Cantat-Gaudin et al. (2018a) and remains unchanged if we consider all 35 proper motion members (i.e. without the RV selection). Apart from the small size of our sample, our targets were selected on the basis of their location on the CMD, without attempting a homogeneous spatial coverage of the field of view. Therefore, statistically the derivation of the radius is not very meaningful, and comparisons with values derived from larger and homogeneous samples are not informative.
	[image: thumbnail]	Fig. 4.
Distribution of stars with assigned cluster membership, on the RA–Dec plane. With small grey filled circles we indicate all observed stars, with large blue filled circles the GIRAFFE radial velocity members, with red filled squares the UVES radial velocity members, with a green filled triangle the possible binary star discussed in the text and with a black cross we indicate the location of the cluster centre (as determined in Sect. 6). With open grey circles we indicate stars with RVs consistent with cluster membership, although their proper motions lie outside the 3-σ acceptance radius discussed in Sect. 4.1 and shown in Fig. 2




It must be noted that proper motions are of paramount importance in assigning cluster membership, as there are several objects with radial velocities consistent with cluster membership (open grey circles in Fig. 4), but which are generally scattered over larger distances from the cluster centre and have inconsistent proper motion values. The average proper motion of the 26 high confidence members of Pismis 18 is pmra = −5.65 ± 0.08 (std) mas yr−1 and pmdec = −2.29 ± 0.11 (std) mas yr−1.
To summarize, six out of the ten UVES target stars and 20 out of the 132 GIRAFFE targets are considered as high probability cluster members on the basis of their proper motions, parallaxes and RV. The calculated cluster radial velocity dispersion of 2.5 km s−1 is higher than the ≃1 km s−1 expected for a typical OC (e.g. Mermilliod et al. 2009). The larger dispersion could be caused by the fact that our sample consists mostly of upper main sequence stars which are more likely to rotate than the solar-type dwarf stars used by Mermilliod et al. (2009). If we use only the six UVES high confidence members lying on the red clump, the velocity dispersion falls to 0.7 km s−1.
5. Atmospheric parameters
The iDR5 database provides effective temperatures, Teff, for a total of 133 of the 142 observed stars, and surface gravities (logg) and metallicities ([Fe/H]) for 123 of them. Metallicities based on GIRAFFE data are highly uncertain and therefore they are not used in our analysis. Of the 20 GIRAFFE high confidence radial members, 17 have measured Teff and 14 of those have logg measurements. We provide the atmospheric parameters for the high probability member stars in Table 3; we have kept the probable binary in this table and following ones even if its values were not used to compute cluster averages. Based on the six UVES members, the median metallicity of the cluster is [Fe/H] = 0.23 ± 0.05 dex. This value was adopted as the cluster metallicity in the cluster parameter determination described in the next section. It is noted that the metal abundance derived for the likely binary star is entirely consistent with the cluster value. It is noted that the global metallicity [Fe/H] of Pismis 18 derived in the present work is higher than that given in previous papers that adopt the results of Gaia-ESO DR4 (0.11 ± 0.02 and 0.10 ± 0.03, respectively, in Jacobson et al. 2016; Magrini et al. 2017). The difference is due to the improved process of homogenization and combination of Node results followed in iDR5. In particular, during iDR5 a lower number of Nodes participated in the analysis of the UVES WG11 spectra, compared to DR4. Most of the Nodes considered in the homogenization of [Fe/H] for iDR5 based their derivations on the Equivalent Width (EW) analysis and tend to obtain a slightly higher [Fe/H] than that obtained using spectral synthesis (see Jofré et al. (2017) for a discussion of systematic differences between different methods of metal abundance derivation). On the other hand, the [Fe I/H] and [Fe II/H] abundances recomputed by Nodes after the homogenization of the stellar parameters is much closer to the results of the DR4 release (see Table 8, 0.04 ± 0.06 and 0.08 ± 0.07, respectively).
Table 3.

Atmospheric parameters for high confidence members.


6. Redetermined cluster parameters
Using our membership assessment, we re-evaluated the fundamental parameters of Pismis 18. This evaluation has been based on a relatively small number of stars, spanning a relatively limited range in masses (upper main sequence and clump stars). However, as they are high confidence members, they provide a good comparison against other methods, which may be affected by contamination from field stars.
The centre of the cluster was determined to be at RA = 13h36m58.1s, Dec = −62 ° 05′35″ from the median values of the coordinates of the 26 high confidence members (Table 1: all coordinates are J2000). The right ascension agrees with all previous studies (including the WEBDA value) within ∼1′, except for the study of Piatti et al. (1998) where a large difference of about 7′ is noticed. In declination, the agreement with WEBDA and Tadross (2008) is excellent (within ten ″), while there are discrepancies from two to seven arcmin with the other studies. The good agreement with the results of Tadross (2008) in both coordinates is encouraging in view of the different sample and method used.
The stellar population parameters (age, reddening, and de-reddened distance modulus) were derived by comparing Pisa theoretical isochrones (computed on purpose) with the recently made available Gaia DR2 photometry (Gaia Collaboration 2018b), by adopting the same maximum-likelihood technique described in detail in Randich et al. (2018). To show the robustness of the derived parameters we compared the cluster sequence obtained with the best fit set of parameters in several observational planes, using the BV-bands from Piatti et al. (1998), the JHKs (2MASS) and the gri (VPHAS+) photometry, along with the GBP, GRP and GGaia magnitudes. All available photometric information is provided in Table 2 for all 142 observed stars (including the 26 high confidence members).
We computed stellar models using the Pisa evolutionary code (Degl’Innocenti et al. 2008; Tognelli et al. 2011; Dell’Omodarme et al. 2012), with the same input physics described in Randich et al. (2018) and Tognelli et al. (2018), except for the initial chemical composition, for which we adopted the value obtained from the six cluster members oberved with UVES (see Sect. 5). More specifically, we built a grid of models using three values of [Fe/H], namely the fiducial value [Fe/H] = +0.23 dex, and the two extremes (lower and upper limit) obtained assuming the estimated uncertainty Δ[Fe/H] = ±0.05 dex. We assumed the solar-scaled metal distribution given by Asplund et al. (2009; hereafter AS09), thus [α/Fe] = 0, which is consistent with that measured for the six members observed with UVES (i.e. [α/Fe] = +0.07 ± 0.13, see Sect. 7). In addition, we verified that for the adopted metallicity, a change in [α/Fe] by ±0.1 has a negligible impact on the derived parameters. Adopting the AS09 solar-scaled metal distribution, a helium-to-metal enrichment ratio of two (Casagrande 2007) and a primordial helium abundance of Yp = 0.2485 (Cyburt 2004), we derived an initial helium and metallicity of (Y, Z) = (0.291,0.0212), (0.287,0.0191), and (0.296,0.0235), for the fiducial, lower and upper [Fe/H] values, respectively.
For the model computation we used our solar-calibrated mixing length parameter (αML = 2.0), which was assumed to be the same for stars with different masses and/or in different evolutionary stages. We included a step core overshooting in the models, for M ≥ 1.2 M⊙, with a standard value of βov = 0.150 (Valle et al. 2017). From the evolutionary tracks we obtained the isochrones in the age range 300 Myr–2 Gyr with a grid spacing of ten Myr, a good compromise between a dense enough and not extremely large grid to achieve a good age resolution.
To derive the cluster parameters, we opted for Gaia DR2 photometry, which has small uncertainties (Δm(G) < 0.001 mag and Δm(BP) and Δm(RP) < 0.01 mag), thus resulting in well constrained values for these parameters. To properly account for the extinction/reddening in the Gaia bands, we adopted the extinction law given in Eq. (1) in Gaia Collaboration (2018a). In addition to Gaia DR2 photometry, we also applied the same method using VPHAS+ photometry. The derived parameters are fully compatible with those obtained using the Gaia DR2 photometry. We did not use the Piatti et al. (1998)BVI and the 2MASS photometry in the same manner, because, for the former the uncertainties were not available, while for the latter the CMD shows significant scatter leading to large uncertainties for the values of the derived parameters.
 As already mentioned, we adopted the maximum-likelihood technique described in Randich et al. (2018), which they applied to young clusters in the TGAS catalogue. However, instead of assuming a fixed cluster distance based on TGAS parallaxes as was done in Randich et al. (2018), we treated the cluster distance as a free parameter, as Gaia DR2 parallaxes for relatively distant objects may suffer from non-negligible systematic errors of the order of 0.05 mas or more (see e.g. Cantat-Gaudin et al. 2018a; Riess et al. 2018; Stassun & Torres 2018; Zinn et al. 2018). Such a systematic error would affect significantly the cluster distance and, as a result, the quality of the isochrone fitting, as is further discussed later.
We recall that in the adopted maximum-likelihood technique the best values of the vector of cluster parameters (age, reddening, distance) = (τ, E(B − V), DM0) are estimated together. To properly evaluate the confidence interval (hereafter CI) of such quantities, we adopted a Monte Carlo procedure. We perturbed independently the photometric data for each star in each band using the available information on the uncertainty (which we assumed to be Gaussian) to obtain N representations of the same cluster. We set N = 100, which is large enough to guarantee convergence. Thus, for each perturbed sample j we derived the vector (τj, E(B − V)j, DM0, j)). The best value for each one of the parameters and its CI were obtained from the ordered sample of the N simulations, by taking the mid value of the distribution (best value), and the 16 and 84 percentile (which define the confidence interval, i.e. the uncertainty). This approach could account only for the observational uncertainties on the photometric bands. However, we wanted to give an estimation of the uncertainties in τ, E(B − V) and DM0 due to the adopted chemical composition. To this purpose, we computed models for the upper and lower limit of [Fe/H] and used these two grids to re-derive the cluster parameters and their CI (using Monte Carlo simulations for the photometry). The effect of adopting a different chemical composition was to shift the best values of the derived parameters with respect to that estimated using the fiducial value of [Fe/H]. We assumed this shift to be representative of the errors due to Δ[Fe/H], and incorporated in the errors caused by photometry alone. We found that Δ[Fe/H] accounted for about one half of the uncertainty on the estimated age, reddening and distance modulus.
We show the comparisons between the best set of isochrones (best τ, E(B − V and DM0) and data in several photometric bands in the panels of Fig. 5. Our best estimate led to an age of [image: equation] Myr, a reddening of [image: equation] mag and a de-reddened distance modulus of [image: equation] mag (i.e. a mean distance of [image: equation] kpc and a mean parallax of [image: equation] mas). The quoted distance error encompasses the uncertainties related to our choice of stellar models. Indeed, a quick independent interactive isochrone fit with different sets of evolutionary models (PARSEC, BaSTI and Dartmouth) confirmed the given distance modulus within 0.1 mag. As a general comment, we note that the best isochrone achieved a very good agreement with the data in all the adopted photometric bands for both MS and RC stars, with the exception of the 2MASS CMD which shows large scatter; however, even in this case, the best isochrone could reproduce the RC stars. As discussed in Sect. 5, the metallicity of Pismis 18 according to GES DR4 is significantly lower (around [Fe/H] = +0.10 dex) than the value derived in the present paper. Adopting this lower metallicity and applying the same procedure, we derived a distance modulus of DM0 = 11.91 mag, which is 0.05 mag lower than the one obtained for [Fe/H] = +0.23, but within the formal uncertainties. Similarly, the derived age was reduced by ten Myr, again within the quoted errors. However, the reddening value obtained was higher by about 0.038 mag, which is about 3σ larger than the value for obtained for [Fe/H] = 0.23.
	[image: thumbnail]	Fig. 5.
Comparison between the Pisa best isochrone (corresponding to [image: equation] Myr, [image: equation] mag and [image: equation] mag) and the observations in several photometric bands, namely BV (Piatti et al. 1998), JHKs (2MASS), GBPGRPG (Gaia DR2), and gri (VPHAS+). The uncertainties in magnitude and colour are too small to show on the two right-most diagrams. No uncertainties were available for the BV photometry.




Table 4.

UVES members light and α-element abundances.


Table 5.

Iron-peak abundances for UVES members.


Table 6.

UVES members neutron-capture element abundances.


The redetermined parameter values given in the last column of Table 1 are in good agreement with previous studies. The reddening we found is compatible within the uncertainties with the values given by Piatti et al. (1998) and Kharchenko et al. (2013) and a bit lower than that derived by Tadross (2008), who however does not give the associated uncertainty. Also the distance is in very good agreement with that given in Piatti et al. (1998) and Kharchenko et al. (2013), while that found by Tadross (2008) is much smaller than the others. The ages given in the literature are a bit larger than that we found in the present work. We note that the larger age (still consistent within the errors) adopted by Piatti et al. (1998) is due to their averaging the results obtained from isochrone fitting and integrated spectroscopy. Their photometry-based age is about 0.9 Gyr, in reasonable agreement with our findings.
We also show a comparison between our best fit isochrone and the data in the (logTeff, logg) plane (see Fig. 6). The relatively large scatter displayed by the MS stars is expected as in this case the atmospheric parameters (given in Table 3) were derived from GIRAFFE low resolution spectra. Despite this scatter, the best isochrone is fully compatible with the data for both MS and RC stars (for which the atmospheric parameters are much better constrained, as they are based on high resolution UVES spectra).
	[image: thumbnail]	Fig. 6.
Comparison between the Pisa best fit isochrone (corresponding to [image: equation] Myr, [image: equation] mag and [image: equation] mag) and the determined logTeff and logg values.




The location of the RC stars on the CMDs strongly affects the distance determination and limits the acceptable values of DM0. The uncertainty in DM0 is asymmetric around the best value. The best value of the distance modulus is obtained when using the upper part of the central helium burning phase. Adopting a larger distance would cause these RC stars to move away from the isochrone, thus producing a worse fit. Another possible solution would be to fit such stars with the lower part of the theoretical RC, which is still acceptable in the fitting procedure and gives a relatively good quality fit. This latter case corresponds to a smaller distance. Thus, this simple statement should qualitatively explain the asymmetry in the uncertainty on DM0. Another point concerns the large discrepancy between the parallax provided by Gaia DR2 and what we derived here (similar to that used in the literature). We found a mean parallax of [image: equation] mas (corresponding to 2.47 pc), to be compared with the 0.338 ± 0.043 mas (corresponding to 2.94 kpc) we derived using the Gaia parallaxes. The difference between the two determinations is about 0.068 mas. We tried to use the Gaia distance as a prior in our isochrone fitting, but the results were not satisfactory. The isochrones tended to drastically underestimate the magnitude of the MS stars, while the Turn-Off region and the RC were not well reproduced. Therefore, it seems very unlikely that the cluster could have such a large distance. It is noted that similar discrepancies have been reported for distant clusters (Lindegren et al. 2018). Such systematic effects are expected to be minimized at the end of the Gaia mission.
7. The chemical composition of Pismis 18
Tables 4–6 give elemental abundances in the form 12 + log(X/H) of six high confidence radial velocity members (plus the suspect binary) observed with UVES for light, α, Fe-peak, and neutron-capture elements. For each star, its elemental abundances were computed by combining the results of different nodes for each absorption line. The results of all lines of the same element are then combined to produce the final abundance per element per star. The corresponding errors were computed from line-by-line abundance variations, after combining the abundances of the various nodes (see Smiljanic et al. 2014 for a detailed description).
In Table 7 we show the Solar reference abundances by Grevesse et al. (2007), the GES iDR5 Solar abundances and the median abundances of M 67 giant stars. To compute the [X/H] ratios we adopted the Solar abundance scale of GES iDR5, using for most elements the homogenized Solar abundances provided in the final iDR5 table. For elements that are not measured in the Solar spectra (Nd and Eu) and for La, we adopted the abundances of member giant stars in the calibration open cluster M 67, which is known to have a chemical composition very close to Solar (see, e.g. Tautvaišiene et al. 2000; Shetrone & Sandquist 2000; Yong et al. 2005; Randich et al. 2006; Pace et al. 2008; Önehag et al. 2014; Bertelli Motta et al. 2017).
Table 7.

Reference element abundances.


The median abundances of Pismis 18 (for 22 elements, i.e. other than Li) and their standard deviations based on the six member stars are provided in Col. 2 of Table 8. In Cols. 3 and 4, we present the median [X/H] and [X/Fe] abundance ratios of Pismis 18 (the latter were calculated using Fe I and not [Fe/H], see discussion in Sect. 5).
Table 8.

Cluster average element abundances.


7.1. Light elements
7.1.1. Lithium
Lithium was measured in stars along the MS and in all RC stars. Figure 7 gives the dependence of Li abundance on Teff, that is on evolutionary phase. All Li-rich stars, and all upper limits, are MS stars. Instead, all of the six evolved members have true measurements, not upper limits. Their values are all low, as expected from their evolutionary phase, after the first dredge-up. The star just below the RC and the probable binary have the highest Li abundances (Table 4) even if they do not qualify as “Li-rich” in the absolute sense (see e.g. the Li-rich stars discussed by Smiljanic et al. 2018a, discovered among GES targets)
	[image: thumbnail]	Fig. 7.
Abundance of Li as a function of temperature (filled symbols with error bars indicate specific measured values, while empty triangles indicate upper limits.




7.1.2. Sodium
Sodium is the only elemental abundance which is significantly super-solar, with [Na/Fe] = +0.31. However, this is the value in LTE, and NLTE corrections for RC stars are about −0.1 dex (see, e.g. Smiljanic et al. 2016). A similar overabundance in giant stars (it is noted that the UVES targets are evolved stars) has been routinely observed and can be attributed to evolutionary mixing of products of the Ne-Na cycle during the first dredge-up phase. Smiljanic et al. (2016) discuss this using GES clusters, showing that a value of about 0.2 dex is normal for clusters of similar age/turnoff mass (see their Table 2 and Fig. 5).
7.2. α-elements
As far as α-elements (Mg, Si, Ca, Ti – even if only the first traces exclusively massive-stars nucleosynthesis, while others, especially Ti, come from several channels) are concerned, the abundances over H measured for Pismis 18 are close to solar values or slightly over-abundant (see Table 8, for instance [Si I/H] = 0.20 ± 0.06). Also [Mg/Fe], [Ca/Fe], [SI/Fe] and [Ti/Fe] range from slightly sub-solar to super-solar, with a mean value of [α/Fe] = 0.07 ± 0.13. The individual abundances and abundance ratios are provided in Table 8.
Due to the different timescales involved in the production of the α elements and of iron and to the different star formation rates in the inner and outer part of the Galactic disc- the so-called inside-out formation of the disc- classical chemical evolution models predict a depletion of the [α/Fe] ratio in the inner disc coupled with an enhancement in the outskirts. This is indeed predicted by several chemical evolution models (see, e.g. Magrini et al. 2009, 2015; Kubryk et al. 2013; Minchev et al. 2014). For this reason, it would be expected that clusters located in the inner disc should present a depletion in α-elements over iron with respect to solar values. However, observations of young populations, as shown for instance by Chiappini et al. (2015), Martig et al. (2015), Magrini et al. (2017), and Casamiquela et al. (2018) seem to contradict the expectations of chemical evolution models built on an inside-out scenario (see for example Fig. 10 of Minchev et al. 2014). However, the point is that these results do not invalidate the inside-out formation of the disc, but indicate that the nucleosynthesis of some elements is more complex than believed in the past. In particular, Chiappini (2005) already pointed out the Mg problem concluding that larger quantities of Mg should have been produced at recent epochs to explain the trend of [Mg/Fe] vs. [Fe/H]. This can be achieved either by different SNIa models or by SNII metallicity dependent yields, as done in Magrini et al. (2017). Pismis 18, which is located at ≃6.8 kpc from the Galactic Centre, allows us to check the presence or not of such depletion. With [α/Fe] = 0.07 ± 0.13 it is in agreement, within the errors, with both the model predictions and the observations of the GES DR4 clusters shown in Fig. 8 of Magrini et al. (2017).
7.3. Iron-peak elements
We measured the abundances of several iron-peak elements such as Sc, V, Cr, Mn, Co, and Ni, whose abundance ratios are all roughly solar. For some of them we could compare the theoretical and observational results of Magrini et al. (2017). In Fig. 8, we compare the abundance ratios of Pismis 18 with those presented in Magrini et al. (2017) and with the results of their chemical evolution model. The agreement is good for Cr, V and Ni, while the model predictions for [Sc/Fe] are not able to explain the observational results.
	[image: thumbnail]	Fig. 8.
Abundance ratios as a function of galactocentric distance (RGC) for Pismis 18 (green star) compared with the results of Magrini et al. (2017) for both clusters (grey circles – the youngest clusters, age < 2 Gyr, and in blue the oldest ones) and models (red-present time- and blue – 5 Gyr ago – curves).




7.4. Heavy elements
The slow-(s-) and rapid-(r-) neutron-capture elements are slightly enhanced, with [Y II/Fe] = 0.06 ± 0.10, [Zr II/Fe] = 0.20 ± 0.07, [Ba II/Fe] = 0.08 ± 0.12, [La II/Fe] = 0.09 ± 0.13, and [Ce II/Fe] = 0.07 ± 0.10 for the s-process elements and [Nd II/Fe] = 0.09 ± 0.13 and [Eu II/Fe] = 0.11 ± 0.10 for the r-process elements. The abundances of neutron capture elements for Pismis 18 are also included in the Magrini et al. (2018; hereafter M18) study. The small differences between the results presented here and in M18 are related to the more strict selection of stars included to compute the average value by M18, in which stars with large errors on individual abundances were not considered. In addition, for Eu, M18 adopted the solar value from Grevesse et al. (2007). An increase of the abundance of slow neutron capture elements is expected in the youngest stellar populations (D’Orazi et al. 2009; Maiorca et al. 2012; Spina et al. 2017) due to the strong contribution of low mass Asymptotic Giant Branch (AGB) stars, which, given their long lifetimes, restore their material to the interstellar medium at late times and hence can be incorporated only in the youngest generation of new born stars. In M18, we have studied the effect of the use Fe II instead of Fe I to compute the abundances for elements with singly ionized atoms, which, in principle, would be more appropriate. However, there is a remarkable agreement between log(Fe I/H) and log(Fe II/H) in GES iDR5 samples. Thus, since the Fe II abundances are affected by larger uncertainties, we adopted in this paper the Fe I abundances to compute the [X/Fe] abundance ratios.
As stated in the Introduction, OCs are considered to be simple stellar populations. This implies that all stars in the cluster share the same initial chemical composition and that any differences found should be attributed solely to evolutionary effects (e.g. diffusion, mixing) or to the presence of a companion. This homogeneity in chemical composition prompted the suggestion of chemical tagging, that is, of identifying the common origin of apparently unrelated stars (see e.g. the review by Freeman & Bland-Hawthorn 2002). While no dedicated study, such as the one by Ness et al. (2018) on several APOGEE open clusters, has been performed for the GES cluster sample yet, we have not found any compelling indication of unexplained intrinsic spreads (see e.g. Cantat-Gaudin et al. 2014; Donati et al. 2014; Overbeek et al. 2017, just to cite M11, Trumpler 20, and Trumpler 23). The case of Pismis 18, although based only on six stars, does not differ from this trend, as it shows significant homogeneity in all elemental abundances: the error on the mean abundance (see Col. 2 of Table 9) ranges from 0.01 dex for several elements (e.g. Al I, Si I, Ca I, Ti I, Fe I, Fe II), to 0.02–0.04 dex (e.g. for Ti II, Cr II, Ba II), and rarely is larger than 0.05 dex. The dispersion slightly increases when introducing the conversion to elemental ratios with respect to H and Fe (Cols. 3 and 4 of Table 9). As shown in Fig. 9, none of the 23 species shows any significant dispersion (see the error bars, indicating the average error on each star). As a further check, we plot in Fig. 10 the ratio of the rms of the log[X/H] values and the average error, using the values in Tables 4–6 for the calculations. In almost all cases the dispersion is smaller than the error, indicating homogeneity in composition. A few discrepant cases are indicated, with ratios larger than 1. Generally, this occurs for elements difficult to measure (e.g. Ba, with very strong lines, or Ce, with only a few weak lines).
	[image: thumbnail]	Fig. 9.
Distribution of [X/Fe] ratios as a function of [Fe/H] for 23 species including light (cyan), α (green), Fe-peak (magenta) and n-capture (red for s-process and blue for r-process) elements. The grey points correspond to field MW stars in GES (see text; it is noted that no Y measurements are available for them).




	[image: thumbnail]	Fig. 10.
Histogram of the ratio between average error and standard dispersion for all species (Li excluded) measured for the high probability members of Pismis 18.




Figure 9 also shows the distribution of elemental ratios as a function of iron abundance for field MW stars observed by GES, for homogeneous comparison. We selected only stars observed with UVES (setup U580) and in the metallicity range −0.4 to 0.4; there are about 1700 stars, almost all dwarfs (the giants are about 20 in total). This paucity of giants explains the large difference (> 0.2 dex) we see for [Na/Fe]; in fact, giants of mass about 2–2.5 M⊙, such as those in Pismis 18, are expected to show enhanced Na abundance with respect to MS stars, due to mixing (see e.g. Smiljanic et al. 2016, 2018b for a discussion). For all other cases the distributions of cluster values fall within the range of field values.
8. Summary and conclusions
We have conducted an extended radial velocity and proper motion membership study as well as spectroscopic metallicity measurements for 142 stars in and around the inner disc Galactic cluster Pismis 18, using Gaia-ESO Survey iDR5 data, as well as Gaia DR2 data. Of the 142 stars, we could confirm high confidence membership for 26 stars, out of which six lie on the red clump and 20 on the upper MS of the cluster. These stars were used to determine the systemic velocity of the cluster, −27.5 ± 2.5 km s−1. Gaia DR2 photometry was used to re-determine cluster parameters based on high confidence member stars only. According to these new estimates, Pismis 18 has an age of [image: equation] Myr, interstellar reddening of [image: equation] mag and a de-reddened distance modulus [image: equation] mas (corresponding to [image: equation] kpc). Using abundance measurements for 22 (i.e. not including Li) elements based on high-resolution spectra of the six radial-velocity member stars on the red clump, we determined that the median metal abundance of Pismis 18 is above solar (using all measured elements) at 0.23 ± 0.05 dex, with the ratio of the α elements to iron about solar (within the errors) at [α/Fe] = 0.07 ± 0.13. A slight enhancement was observed for neutron-capture elements, which is expected for younger disc populations.


1 https://www.univie.ac.at/webda/


2 http://model.obs-besancon.fr/
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	[image: thumbnail]	Fig. 1.
Left panel: VPHAS+ colour magnitude diagram of Pismis 18 over the entire field of view of FLAMES, marked as small grey filled circles. The targets observed with UVES are marked with red filled squares, while targets observed with GIRAFFE are marked with blue filled circles. High confidence cluster members are indicated with black crosses and the possible binary star with a black filled triangle. Right panel: same, but for Gaia DR2 photometry.
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	[image: thumbnail]	Fig. 2.
Proper motions of stars in our Pismis 18 spectroscopic sample in common with the Gaia DR2. Red dots represent the probable members according to the analysis of Cantat-Gaudin et al. (2018a), with proper motion errors in the Gaia DR2. A blue square marks a suspect binary star observed with UVES (CNAME 13365001-6205376, see discussion in the text). Only a limited range of proper motions is shown here to highlight the locus of cluster member candidates.
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	[image: thumbnail]	Fig. 3.
Distribution of radial velocities of all 142 observed stars (in grey). The distribution of the GIRAFFE radial velocity members is shown in blue and that of the UVES radial velocity members in red. The patterned bars show the distribution of radial velocities of Galactic stars in the direction of Pismis 18 according to the Besançon star count model for the Galaxy. For the normalization of this curve see text.
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	[image: thumbnail]	Fig. 4.
Distribution of stars with assigned cluster membership, on the RA–Dec plane. With small grey filled circles we indicate all observed stars, with large blue filled circles the GIRAFFE radial velocity members, with red filled squares the UVES radial velocity members, with a green filled triangle the possible binary star discussed in the text and with a black cross we indicate the location of the cluster centre (as determined in Sect. 6). With open grey circles we indicate stars with RVs consistent with cluster membership, although their proper motions lie outside the 3-σ acceptance radius discussed in Sect. 4.1 and shown in Fig. 2
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	[image: thumbnail]	Fig. 5.
Comparison between the Pisa best isochrone (corresponding to [image: equation] Myr, [image: equation] mag and [image: equation] mag) and the observations in several photometric bands, namely BV (Piatti et al. 1998), JHKs (2MASS), GBPGRPG (Gaia DR2), and gri (VPHAS+). The uncertainties in magnitude and colour are too small to show on the two right-most diagrams. No uncertainties were available for the BV photometry.
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	[image: thumbnail]	Fig. 6.
Comparison between the Pisa best fit isochrone (corresponding to [image: equation] Myr, [image: equation] mag and [image: equation] mag) and the determined logTeff and logg values.
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	[image: thumbnail]	Fig. 7.
Abundance of Li as a function of temperature (filled symbols with error bars indicate specific measured values, while empty triangles indicate upper limits.
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	[image: thumbnail]	Fig. 8.
Abundance ratios as a function of galactocentric distance (RGC) for Pismis 18 (green star) compared with the results of Magrini et al. (2017) for both clusters (grey circles – the youngest clusters, age < 2 Gyr, and in blue the oldest ones) and models (red-present time- and blue – 5 Gyr ago – curves).
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	[image: thumbnail]	Fig. 9.
Distribution of [X/Fe] ratios as a function of [Fe/H] for 23 species including light (cyan), α (green), Fe-peak (magenta) and n-capture (red for s-process and blue for r-process) elements. The grey points correspond to field MW stars in GES (see text; it is noted that no Y measurements are available for them).
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	[image: thumbnail]	Fig. 10.
Histogram of the ratio between average error and standard dispersion for all species (Li excluded) measured for the high probability members of Pismis 18.
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    Table 1. 

Pismis 18 basic parameters.




	Property
	WEBDA
	Piatti et al. (1998)
	Tadross (2008)
	Kharchenko et al. (2013)
	Cantat-Gaudin et al. (2018a)
	Present study





	RA (J2000)
	13:36:55
	13:36:32 (a)
	13:36:56
	13:36:55.8
	13:36:54.5
	13:36:58.1



	Dec (J2000)
	−62:05:36
	−62:12:48 (a)
	−62:05:45
	−62:03:54
	−62:05:28
	−62:05:35



	D (kpc)
	2.24
	2.24 ± 0.41
	1.79 ± 0.08
	2.3
	2.77 (b)
	[image: equation]



	RGC (kpc)
	
	−
	7.53
	−
	
	6.8 ± 0.1 (d)



	z (pc) (c)
	
	
	
	
	15.1
	13 ± 2



	Radius (arcmin)
	
	−
	5.6
	−
	2.88 (e)
	≃5



	Age (Gyr)
	
	1.2 ± 0.4
	0.8
	0.94
	
	[image: equation]



	E(B − V)
	0.50
	0.50 ± 0.05
	0.61
	0.52
	
	[image: equation]



	[Fe/H]
	
	0.0
	−
	−
	
	0.23 ± 0.05 dex






Notes.

(a) Converted from the B1950 coordinates given in the paper.


(b) Most likely distance.


(c) Distance from Galactic midplane.


(d) The adopted distance of the Sun to the Galactic Centre is eight kpc (see Malkin et al. 2013).


(e) Radius including 50% of the cluster stars.





  
    Table 2. 

Photometry and radial velocities for all observed targets.




	CNAME
	Gaia DR2 ID
	
	RA
	Dec
	Setup
	RV (1)
	BP
	G
	RP
	g
	r
	i
	J
	H
	K
	ID (2)
	V
	B − V
	V − I
	rcentre(3)
	RVc(1)
	Parallax (4)
	pmra (5)
	pmdec (5)



	
	
	
	(deg)
	(deg)
	
	
	Gaia DR2
	VPHAS+
	2MASS
	
	
	
	
	
	
	
	
	





	13364831-6206517
	5865731192321534848
	m
	204.2012917
	−62.1143611
	U580
	−26.78
	14.543
	13.610
	12.653
	
	13.574
	12.734
	11.156
	10.515
	10.274
	44
	14.24
	1.529
	1.723
	1.48
	−27.0
	0.363
	−5.668
	−2.192



	13365001-6205376 (6)
	5865734142929735424
	m
	204.208375
	−62.0937778
	U580
	−18.39
	14.704
	13.800
	12.785
	15.336
	13.75
	12.889
	11.061
	10.548
	10.144
	86
	14.395
	1.509
	1.779
	0.58
	−27.3
	0.492
	−5.497
	−2.128



	13365321-6210050
	5865729989730573696
	
	204.2217083
	−62.1680555
	U580
	−40.28
	14.789
	13.877
	12.926
	15.377
	13.833
	12.99
	11.408
	10.733
	10.532
	
	
	
	
	4.49
	
	0.351
	−8.204
	−2.633



	13365597-6205130
	5865734181618835456
	m
	204.2332083
	−62.0869444
	U580
	−28.13
	14.356
	13.416
	12.454
	14.978
	13.387
	12.545
	10.968
	10.248
	10.02
	26
	14.035
	1.571
	1.735
	0.4
	−27.8
	0.320
	−5.711
	−2.251



	13365882-6205197
	5865731226681330560
	m
	204.2450833
	−62.0888055
	U580
	−27.38
	14.832
	13.903
	12.941
	15.451
	13.884
	13.034
	11.449
	10.746
	10.556
	22
	14.546
	1.538
	1.745
	0.52
	−27.3
	0.324
	−5.690
	−2.430



	13370214-6206095
	5865731157961823360
	m
	204.2589167
	−62.1026389
	U580
	−26.82
	14.460
	13.570
	12.638
	15.048
	13.527
	12.714
	11.084
	10.548
	10.306
	18
	14.161
	1.472
	1.675
	1.01
	−26.5
	0.319
	−5.645
	−2.165



	13370523-6206433
	5865731325431190400
	m
	204.2717917
	−62.1120278
	U580
	−27.79
	14.268
	13.350
	12.400
	14.877
	13.31
	12.475
	10.931
	10.252
	10.02
	9
	13.977
	1.527
	1.724
	1.64
	−27.1
	0.350
	−5.535
	−2.250



	13371182-6206030
	5865731364120257024
	m
	204.29925
	−62.1008333
	U580
	−28.32
	14.214
	13.247
	12.270
	14.856
	13.231
	12.36
	10.737
	10.036
	9.779
	2
	13.907
	1.593
	1.783
	2.02
	−29.4
	0.301
	−5.639
	−2.206



	13372623-6204585
	5865731501559248768
	
	204.3592917
	−62.0829167
	U580
	−5.87
	14.825
	13.881
	12.922
	15.476
	13.828
	12.991
	11.417
	10.711
	10.444
	
	
	
	
	3.71
	
	0.349
	−11.095
	−2.397



	13372876-6202527
	5865737651952931328
	
	204.3698333
	−62.0479722
	U580
	−33.90
	14.841
	13.918
	12.967
	15.445
	13.888
	13.046
	11.483
	10.787
	10.585
	
	
	
	
	4.8
	
	0.395
	−3.964
	−1.979






Notes. The full table is available at the CDS. Column 22 gives the radial velocity determinations of Carlberg (2014). The letter “m” (Col. 3) indicates high confidence membership, according to the analysis described in Sect. 4. Errors are provided (whenever available) for the magnitudes, radial velocities, parallaxes and proper motions in the electronic version of the table.

(1) In km s−1;


(2) WEBDA numbering system;


(3) in arcmin;


(4) in mas;


(5) in mas yr−1;


(6) possible binary star in Pismis 18.





  
    
      Fig. 1. 

      
        [image: thumbnail]
      

      
Left panel: VPHAS+ colour magnitude diagram of Pismis 18 over the entire field of view of FLAMES, marked as small grey filled circles. The targets observed with UVES are marked with red filled squares, while targets observed with GIRAFFE are marked with blue filled circles. High confidence cluster members are indicated with black crosses and the possible binary star with a black filled triangle. Right panel: same, but for Gaia DR2 photometry.



    

  
    
      Fig. 2. 

      
        [image: thumbnail]
      

      
Proper motions of stars in our Pismis 18 spectroscopic sample in common with the Gaia DR2. Red dots represent the probable members according to the analysis of Cantat-Gaudin et al. (2018a), with proper motion errors in the Gaia DR2. A blue square marks a suspect binary star observed with UVES (CNAME 13365001-6205376, see discussion in the text). Only a limited range of proper motions is shown here to highlight the locus of cluster member candidates.



    

  
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
Distribution of radial velocities of all 142 observed stars (in grey). The distribution of the GIRAFFE radial velocity members is shown in blue and that of the UVES radial velocity members in red. The patterned bars show the distribution of radial velocities of Galactic stars in the direction of Pismis 18 according to the Besançon star count model for the Galaxy. For the normalization of this curve see text.



    

  
    
      Fig. 4. 

      
        [image: thumbnail]
      

      
Distribution of stars with assigned cluster membership, on the RA–Dec plane. With small grey filled circles we indicate all observed stars, with large blue filled circles the GIRAFFE radial velocity members, with red filled squares the UVES radial velocity members, with a green filled triangle the possible binary star discussed in the text and with a black cross we indicate the location of the cluster centre (as determined in Sect. 6). With open grey circles we indicate stars with RVs consistent with cluster membership, although their proper motions lie outside the 3-σ acceptance radius discussed in Sect. 4.1 and shown in Fig. 2



    

  
    Table 3. 

Atmospheric parameters for high confidence members.




	CNAME
	Teff
	Err
	logg
	Err
	[Fe/H]
	Err
	ξ
	Err
	Setup (1)





	13364831-6206517
	4983
	60
	2.85
	0.12
	0.23
	0.10
	1.545
	0.046
	U



	13365597-6205130
	4882
	60
	2.62
	0.12
	0.23
	0.10
	1.655
	0.127
	U



	13365882-6205197
	5045
	60
	3.01
	0.12
	0.14
	0.10
	1.695
	0.174
	U



	13370214-6206095
	4933
	60
	2.81
	0.12
	0.29
	0.10
	1.565
	0.104
	U



	13370523-6206433
	4861
	60
	2.64
	0.12
	0.22
	0.10
	1.655
	0.156
	U



	13371182-6206030
	4950
	60
	2.74
	0.11
	0.21
	0.10
	1.760
	0.082
	U



	13365001-6205376 (2)
	4955
	60
	2.81
	0.11
	0.22
	0.10
	1.390
	0.026
	U



	13361412-6206360
	7750
	51
	
	
	
	
	
	
	G



	13362510-6202004
	
	
	
	
	
	
	
	
	G



	13364117-6205166
	8520
	750
	3.55
	0.45
	
	
	
	
	G



	13364430-6205471
	7022
	120
	4,37
	0.16
	
	
	
	
	G



	13364687-6205483
	8981
	750
	3.96
	0.30
	
	
	
	
	G



	13364855-6205555
	7498
	96
	4.25
	0.21
	
	
	
	
	G



	13364946-6204100
	6633
	148
	4.21
	0.14
	
	
	
	
	G



	13365149-6207542
	
	
	
	
	
	
	
	
	G



	13365304-6204298
	6791
	102
	4.23
	0.13
	
	
	
	
	G



	13365318-6202181
	8378
	750
	3.7
	0.45
	
	
	
	
	G



	13365737-6206023
	8613
	750
	3.72
	0.45
	
	
	
	
	G



	13365917-6205472
	
	
	
	
	
	
	
	
	G



	13370162-6205086
	7961
	62
	
	
	
	
	
	
	G



	13370473-6204579
	8077
	750
	3.5
	0.45
	
	
	
	
	G



	13370693-6205236
	8801
	750
	3.80
	0.30
	
	
	
	
	G



	13370918-6206569
	8779
	750
	4.12
	0.20
	
	
	
	
	G



	13371063-6204512
	7004
	500
	3.72
	0.45
	
	
	
	
	G



	13371147-6205141
	7121
	92
	
	
	
	
	
	
	G



	13371180-6208085
	8613
	750
	3.63
	0.45
	
	
	
	
	G



	13371184-6205052
	7968
	750
	3.00
	0.70
	
	
	
	
	G






Notes.

(1) U:UVES, G: GIRAFFE;


(2) possible binary star.





  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
Comparison between the Pisa best isochrone (corresponding to [image: equation] Myr, [image: equation] mag and [image: equation] mag) and the observations in several photometric bands, namely BV (Piatti et al. 1998), JHKs (2MASS), GBPGRPG (Gaia DR2), and gri (VPHAS+). The uncertainties in magnitude and colour are too small to show on the two right-most diagrams. No uncertainties were available for the BV photometry.



    

  
    Table 4. 

UVES members light and α-element abundances.




	CNAME
	Li I
	Na I
	Mg I
	Al I
	Si I
	Si II
	Ca I
	Ca II
	Ti I
	Ti II





	13364831-6206517
	0.7 ± 0.05
	6.51 ± 0.05
	7.58 ± 0.14
	6.46 ± 0.06
	7.66 ± 0.08
	7.57 ± 0.13
	6.48 ± 0.08
	6.22 ± 0.05
	4.92 ± 0.08
	5.08 ± 0.11



	13365597-6205130
	0.53 ± 0.07
	6.51 ± 0.05
	7.59 ± 0.12
	6.43 ± 0.08
	7.69 ± 0.07
	7.63 ± 0.14
	6.44 ± 0.07
	6.47 ± 0.08
	4.87 ± 0.09
	5.08 ± 0.13



	13365882-6205197
	1.43 ± 0.06
	6.47 ± 0.06
	7.59 ± 0.17
	6.41 ± 0.08
	7.59 ± 0.09
	7.61 ± 0.16
	6.42 ± 0.08
	
	4.91 ± 0.11
	4.96 ± 0.12



	13370214-6206095
	0.20 ± 0.30
	6.48 ± 0.05
	7.61 ± 0.09
	6.45 ± 0.05
	7.70 ± 0.08
	7.57 ± 0.18
	6.47 ± 0.07
	6.37 ± 0.09
	4.90 ± 0.08
	5.12 ± 0.15



	13370523-6206433
	1.06 ± 0.05
	6.47 ± 0.07
	7.52 ± 0.14
	6.40 ± 0.07
	7.66 ± 0.09
	7.67 ± 0.23
	6.38 ± 0.08
	
	4.81 ± 0.09
	5.00 ± 0.16



	13371182-6206030
	0.58 ± 0.07
	6.53 ± 0.10
	7.60 ± 0.12
	6.52 ± 0.08
	7.69 ± 0.09
	7.51 ± 0.03
	6.46 ± 0.07
	6.12 ± 0.09
	4.96 ± 0.09
	5.08 ± 0.14



	13365001-6205376
	1.34 ± 0.05
	6.48 ± 0.07
	7.58 ± 0.09
	6.44 ± 0.05
	7.67 ± 0.08
	7.64 ± 0.08
	6.49 ± 0.06
	6.26 ± 0.01
	4.93 ± 0.09
	5.09 ± 0.11







  
    Table 5. 

Iron-peak abundances for UVES members.




	CNAME
	Sc I
	Sc II
	V I
	Cr I
	Cr II
	Mn I
	Fe I
	Fe II
	Co I
	Ni I
	Cu I
	Zn I





	13364831-6206517
	3.26 ± 0.07
	3.43 ± 0.09
	4.11 ± 0.07
	5.69 ± 0.10
	5.71 ± 0.10
	5.50 ± 0.05
	7.53 ± 0.07
	7.63 ± 0.09
	4.98 ± 0.08
	6.31 ± 0.10
	4.11 ± 0.06
	4.66 ± 0.03



	13365597-6205130
	3.19 ± 0.06
	3.39 ± 0.12
	4.06 ± 0.09
	5.64 ± 0.11
	5.69 ± 0.11
	5.48 ± 0.05
	7.50 ± 0.07
	7.59 ± 0.07
	4.96 ± 0.05
	6.30 ± 0.11
	4.16 ± 0.09
	4.51 ± 0.01



	13365882-6205197
	3.28 ± 0.07
	3.37 ± 0.23
	4.13 ± 0.09
	5.68 ± 0.12
	5.69 ± 0.16
	5.46 ± 0.08
	7.45 ± 0.09
	7.55 ± 0.11
	4.94 ± 0.12
	6.23 ± 0.13
	4.13 ± 0.10
	4.53 ± 0.19



	13370214-6206095
	3.22 ± 0.07
	3.44 ± 0.19
	4.09 ± 0.08
	5.69 ± 0.10
	5.77 ± 0.10
	5.48 ± 0.09
	7.52 ± 0.08
	7.66 ± 0.08
	4.99 ± 0.07
	6.32 ± 0.09
	4.25 ± 0.10
	4.55 ± 0.01



	13370523-6206433
	3.16 ± 0.09
	3.32 ± 0.09
	4.01 ± 0.09
	5.61 ± 0.10
	5.73 ± 0.05
	5.41 ± 0.09
	7.44 ± 0.08
	7.58 ± 0.11
	4.91 ± 0.06
	6.23 ± 0.12
	4.20 ± 0.14
	4.41 ± 0.11



	13371182-6206030
	3.31 ± 0.06
	3.42 ± 0.14
	4.18 ± 0.08
	5.69 ± 0.11
	5.72 ± 0.06
	5.53 ± 0.06
	7.53 ± 0.08
	7.58 ± 0.09
	5.03 ± 0.06
	6.33 ± 0.10
	4.25 ± 0.16
	4.44 ± 0.10



	13365001-6205376
	3.26 ± 0.06
	3.42 ± 0.13
	4.12 ± 0.08
	5.67 ± 0.11
	5.71 ± 0.09
	5.47 ± 0.07
	7.53 ± 0.07
	7.63 ± 0.09
	4.97 ± 0.05
	6.33 ± 0.10
	4.19 ± 0.09
	4.72 ± 0.08







  
    Table 6. 

UVES members neutron-capture element abundances.




	CNAME
	Y II
	Zr I
	Zr II
	Ba II
	La II
	Ce II
	Nd II
	Eu II





	13364831-6206517
	2.32 ± 0.07
	2.63 ± 0.04
	2.84 ± 0.10
	2.41 ± 0.04
	1.12 ± 0.08
	1.97 ± 0.05
	1.71 ± 0.08
	0.53 ± 0.02



	13365001-6205376
	2.32 ± 0.08
	2.63 ± 0.05
	2.75 ± 0.07
	2.40 ± 0.04
	1.01 ± 0.03
	1.86 ± 0.01
	1.64 ± 0.13
	0.55 ± 0.02



	13365597-6205130
	2.25 ± 0.07
	2.55 ± 0.03
	2.69 ± 0.05
	2.26 ± 0.08
	1.09 ± 0.07
	1.76 ± 0.02
	1.65 ± 0.08
	0.58 ± 0.02



	13365882-6205197
	2.20 ± 0.14
	2.66 ± 0.05
	2.75 ± 0.14
	2.27 ± 0.08
	1.06 ± 0.07
	1.65 ± 0.05
	1.65 ± 0.08
	0.53 ± 0.02



	13370214-6206095
	2.37 ± 0.09
	2.57 ± 0.06
	2.80 ± 0.08
	2.43 ± 0.02
	1.09 ± 0.05
	1.91 ± 0.01
	1.70 ± 0.10
	0.57 ± 0.03



	13370523-6206433
	2.22 ± 0.08
	2.50 ± 0.06
	2.78 ± 0.09
	2.31 ± 0.03
	1.03 ± 0.09
	1.72 ± 0.02
	1.62 ± 0.09
	0.51 ± 0.02



	13371182-6206030
	2.31 ± 0.07
	2.68 ± 0.06
	2.79 ± 0.08
	2.31 ± 0.08
	1.17 ± 0.08
	1.85 ± 0.02
	1.73 ± 0.07
	0.58 ± 0.01







  
    
      Fig. 6. 

      
        [image: thumbnail]
      

      
Comparison between the Pisa best fit isochrone (corresponding to [image: equation] Myr, [image: equation] mag and [image: equation] mag) and the determined logTeff and logg values.



    

  
    Table 7. 

Reference element abundances.




	Element
	Atomic number
	Grevesse et al. (2007)
	iDR5-solar
	M67





	Na
	11
	6.17 ± 0.04
	6.17 ± 0.05
	



	Mg
	12
	7.53 ± 0.09
	7.51 ± 0.07
	



	Al
	13
	6.37 ± 0.06
	6.34 ± 0.04
	



	Si
	14
	7.51 ± 0.04
	7.48 ± 0.06
	



	Ca
	20
	6.31 ± 0.04
	6.31 ± 0.12
	



	Sc
	21
	3.17 ± 0.10
	3.27 ± 0.06
	



	Ti
	22
	4.90 ± 0.06
	4.90 ± 0.08
	



	V
	23
	4.00 ± 0.02
	4.00 ± 0.09
	



	Cr
	24
	5.64 ± 0.10
	5.61 ± 0.09
	



	Mn
	25
	5.39 ± 0.03
	5.39 ± 0.06
	



	Fe
	26
	7.45 ± 0.05
	7.47 ± 0.06
	



	Co
	27
	4.92 ± 0.08
	4.83 ± 0.08
	



	Ni
	28
	6.23 ± 0.04
	6.23 ± 0.07
	



	Cu
	29
	4.21 ± 0.04
	4.12 ± 0.10
	



	Zn
	30
	4.60 ± 0.03
	4.60 ± 0.06
	



	Y
	39
	2.21 ± 0.02
	2.19 ± 0.12
	



	Zr
	40
	2.58 ± 0.02
	2.53 ± 0.13
	



	Ba
	56
	2.17 ± 0.07
	2.17 ± 0.06
	



	La
	57
	1.13 ± 0.05
	
	0.97 ± 0.07



	Ce
	58
	1.70 ± 0.10
	1.70 ± 0.11
	



	Nd
	60
	1.45 ± 0.05
	
	1.56 ± 0.02



	Eu
	63
	0.52 ± 0.06
	
	0.42 ± 0.01







  
    Table 8. 

Cluster average element abundances.




	Element
	Abundance
	[X/H]
	[X/Fe]





	Na I
	6.50 ± 0.02
	0.33 ± 0.05
	0.31 ± 0.11



	Mg I
	7.59 ± 0.02
	0.08 ± 0.07
	0.04 ± 0.16



	Al I
	6.44 ± 0.01
	0.10 ± 0.04
	0.08 ± 0.13



	Si I
	7.68 ± 0.01
	0.20 ± 0.06
	0.16 ± 0.13



	Ca I
	6.45 ± 0.01
	0.14 ± 0.12
	0.11 ± 0.13



	Sc II
	3.41 ± 0.05
	0.14 ± 0.08
	0.10 ± 0.16



	Ti I
	4.91 ± 0.01
	0.00 ± 0.08
	−0.05 ± 0.13



	V I
	4.10 ± 0.01
	0.10 ± 0.09
	0.04 ± 0.13



	Cr I
	5.69 ± 0.01
	0.08 ± 0.09
	0.03 ± 0.15



	Mn I
	5.48 ± 0.02
	0.09 ± 0.06
	0.06 ± 0.12



	Fe I
	7.51 ± 0.01
	0.04 ± 0.06
	



	Fe II
	7.59 ± 0.01
	0.08 ± 0.07
	



	Co I
	4.97 ± 0.02
	0.14 ± 0.08
	0.11 ± 0.12



	Ni I
	6.31 ± 0.01
	0.07 ± 0.07
	0.03 ± 0.15



	Cu I
	4.18 ± 0.03
	0.06 ± 0.11
	0.05 ± 0.14



	Zn I
	4.52 ± 0.07
	0.06 ± 0.07
	−0.11 ± 0.12



	Y II
	2.38 ± 0.02
	0.09 ± 0.12
	0.06 ± 0.13



	Zr II
	2.79 ± 0.03
	0.26 ± 0.13
	0.23 ± 0.13



	Ba II
	2.31 ± 0.03
	0.14 ± 0.07
	0.15 ± 0.12



	La II
	1.09 ± 0.01
	0.12 ± 0.06
	0.09 ± 0.13



	Ce II
	1.80 ± 0.02
	0.10 ± 0.11
	0.07 ± 0.10



	Nd II
	1.68 ± 0.01
	0.12 ± 0.01
	0.09 ± 0.13



	Eu II
	0.55 ± 0.01
	0.13 ± 0.01
	0.11 ± 0.10







  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
Abundance of Li as a function of temperature (filled symbols with error bars indicate specific measured values, while empty triangles indicate upper limits.



    

  
    
      Fig. 8. 

      
        [image: thumbnail]
      

      
Abundance ratios as a function of galactocentric distance (RGC) for Pismis 18 (green star) compared with the results of Magrini et al. (2017) for both clusters (grey circles – the youngest clusters, age < 2 Gyr, and in blue the oldest ones) and models (red-present time- and blue – 5 Gyr ago – curves).



    

  
    
      Fig. 9. 

      
        [image: thumbnail]
      

      
Distribution of [X/Fe] ratios as a function of [Fe/H] for 23 species including light (cyan), α (green), Fe-peak (magenta) and n-capture (red for s-process and blue for r-process) elements. The grey points correspond to field MW stars in GES (see text; it is noted that no Y measurements are available for them).



    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
Histogram of the ratio between average error and standard dispersion for all species (Li excluded) measured for the high probability members of Pismis 18.
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