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ABSTRACT

Context. Knowledge of the abundance distribution of star formingaeg and young clusters is critical to investigate a varifty
issues, from triggered star formation and chemical enrafirhy nearby supernova explosions to the ability to formetary systems.
In spite of this, detailed abundance studies are currendlifable for relatively few regions.

Aims. In this context, we present the analysis of the metallicftthe Gamma Velorum cluster, based on the products diseibut
the first internal release of the Gaia-ESO Survey.

Methods. The Gamma Velorum candidate members have been observeBIWAMES, using both UVES and Gifie, depending on
the target brightness and spectral type. In order to dersadid metallicity determination for the cluster, membépsif the observed
stars must be first assessed. To this aim, we use several mgdmigberiteria including radial velocities, surface gtséstimates, and
the detection of the photospheric lithium line.

Results. Out of the 80 targets observed with UVES, we identify 14 highbability members. We find that the metallicity of the
cluster is slightly subsolar, with a mean [A¢=—0.057%0.018 dex. Although J08095427-4721419 is one of the higivatility
members, its metallicity is significantly larger than thester average. We speculate about its origin as the restdteft accretion
episodes of rocky bodies 660 M., hydrogen-depleted material from the circumstellar disk.

Key words. Open clusters and associations: individual: Gamma VeloruiBtars: pre-main sequence — Stars: abundances —
Techniques: spectroscopic

Send offprint requests to: L. Spina

* Based on observations collected at the ESO telescopes prater 1 |ntroduction
gramme 188.B3002, the Gaia-ESO large public spectroscopiey.

** Full Tables 1, 2, 3 and 4 are only available in electronic fam Open clusters are excellent tracers of the chemical pattern
the CDS via anonymous ftp to cdsarc.u-strasbg.fr (13028095) or via the Galactic thin disk and its evolution (e.Q., Ftiel 1996he
httpy/cdsweb.u-strasbg/@gi-birygcat?JA+A/.
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youngest clusters, the so-called pre-main-sequence (BMS) 12004; [Johnson etal. 2010). In particular, Gilli et al. (206
ters with ages 50 Myr, are of particular interest since they ardeves et al. [ (2009), _Kang etlal. (2011) and Adibekyan et al.
still close to their birthplaces and contain a homogenetaligs (2012&,b) have shown that the chemicafatences between
population that has not had time to disperse through thecala stars with and without exoplanets are not limited to the zon-
disk. Thus, they are key objects to trace the current chémitant, but also to the abundance of some refractory elemers (
composition of the solar neighborhood and its evolutiorpace Mg, Al, Sc, Ti, V and Co). Thus, studying the metal content of
and time. nearby young clusters, hosting a number of T-Tauri starh wit
Furthermore, and more specifically, determination of thgircumstellar disks and likely on the verge of forming plene
chemical content of young clusters and star forming regiony provide useful constraints to studies of planet foromati
(SFRs) is critical for a variety of reasons that we summari&genarios and their timescales.
below. First, as originally discussed in the series of psybgr In spite of all these exciting aspects, relatively few stud-
Cunha and collaborators, knowledge of the abundance paiter ies have addressed the issue of the metal content of PMS clus-
lows us to investigate the common origin offerent subgroups ters and SFRs (see, e.g., James et al. 2006; Santos et &). 2008
in a given association and it sheds light on the possiblespiees [D’Orazi et al.| 2009; Biazzo et al. 20114a,b), rather mostly fo
of enrichment caused by the explosion of a nearby supern®using on well studied, nearby regions like Orion and Taurus
(Cunha et al. 1998; Biazzo etl/al. 20l 1a, and referencesithereAuriga. A metallicity close to or slightly lower than the so-
Indeed, in the triggered star formation scenario, newlynied lar value has been measured for all these regions; integhgti
massive stars belonging to a first generation of stars in rat gi@nd at variance with older clusters, none of them appears to b
molecular cloud and ending their lifetime with supernovilYS metal-rich(Biazzo et al. 2011a). Since, as mentioned, oy
explosions, disperse the parent molecular cloud, praevgfuir- tively few young clusters and only very few stars per regiaven
ther star formation to occur in the immediate surroundigs. high resolution abundance measurements, additionakstade
the same time, however, winds and SN-driven shock waves gtearly warranted.
thought to trigger new star formation events at larger dists; The  Gaia-ESO  Survey | (Gilmoreetal. | 2012;
since supernovae are major nucleosynthesis sites, these exRandich & Gilmore | 2013) is a large public spectroscopic
sions, may also chemically enrich parts of the surroundirg isurvey observing all the components of the Galaxy (bulge,
terstellar gas, and hence the newly formed second generatidin and thick disks, and halo). The project makes use of the
of stars[(Cunha & Lambert 1992, 1994 and references thereiRh AMES spectrograph mounted at the VLT to obtain spectra
Finding direct evidence of such selective enrichment inngpu of about 10 stars, including candidate members of 90-100
clusters and SFRs would clearly give insights into a protiests open clusters. This large sample of observations will alleswy
has occurred innumerable times in the past, not just in our o accurately study of the kinematical and chemical abuoelan
galaxy. distributions in the Milky Way and also to fully sample the
In addition, as in the case of old populations, the metal copge-metallicity-mageensity-Galactocentric distance parameter
tent of PMS clusters is a critical parameter for the deteaminSPace within the open clusters selected. In this framevtbek,
tion of their distance, age, and individual stellar masgehair Gaia-ESO Survey represents a unique opportunity not only to
members. Metallicity has arffect on the internal stellar struc-extend the sample of young clusters and star forming regions
ture and on the surface properties through opacity: even rayvith metallicity and abundance determinations, but also to
tively minor changes in the metal content could imply thatréh Perform a homogeneous study based on a large stellar sample
are diferences in the derived cluster ages, distances, and ma¥4#yn each region. The Gaia-ESO Survey will provide a com-
(Sherry et al. 2008). These parameters in turn are critizahie prehensive and homogeneous view on the chemical contents of
determination of the initial mass function (IMF) and ther§ta-  the youngest clusters in the Galaxy, based on the analysis of
mation history within each region, as well as for invesiiggt large sample of clusters only near its completion. In thegl
different properties such as disk lifetimes and the rotatiorm! e Stages of the survey, however, studies the abundancerpafter
lution of young stars. individual clusters are very valuable, not only to test melh

Third, recent theoretical studies have suggested that-me@{'d t00Is, but also because, as mentioned, few young custer
licity has an important impact on the evolution of circum$© far have solid abundance determination. Adding infoionat
stellar disks and their ability to form planets. For exampl@nd statistics it is hence very important.

Ercolano & Clarke[(2010) have shown that disks should dissi- " particular, in this paper we present the products retéase
pate quickly in a metal-poor environment. Observationadist internally to the Gaia-ESO Survey consortium on the first ob-
ies on the disk lifetime at low-metallicity are controvaision Served PMS cluster: Gamma Velorum. The cluster properties,
the one hand, support for the theoretical predictions has bdhe target selection and spectral analysis are detailedeh[3.
provided byl Yasui et al/ (2010) who found that the disk fracLN® comparison between the main stellar parameters derived
tion (fg) in low-metallicity clusters (with [@H]~—0.7) declines With the two diferent spectrographs, UVES and Giieqis given
rapidly and approacheg ~10% in <1 Myr, significantly ear- I Sect[3. The identification of the cluster members is preese

lier than solar-metallicity clusters for which the timelecis ~5- 1N Sect[#, while the results of the elemental abundance-dete
7 Myr (Sicilia-Aguilar et al. 2006|_Mordasini et 81, 2012).n0 Mination are discussed in Segl. 5. Finally, the conclusémes

the other hand, based on Hubble Space Telescope mass aQylined in Secl.
tion rate measurements, Spezzi etlal. (2012) suggest thieg di
in metal-poor clusters of the Large Magellanic Cloud may
long lived with respect to the Milky Way.

Finally, it is worth mentioning the correlation betweerThe work presented in this paper is based on the results of the
metallicity and elemental abundances and the presenceawf ganalysis of the spectra obtained during the first six months o
planets around old solar-type stars (Gonzalez 1998; Sahtdls observations (January - June 2012) and released intemaitig

bf. Observations and data processing
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GESviDR1Final catalog (August 2013). In the following, wes d
scribe the properties of Gamma Velorum, the target seledtie
observations, and the spectroscopic analysis.

2.1. The Gamma Velorum open cluster

Gamma Velorum is a nearby-850 pc) open cluster for which
Jdtries et al (2009) originally claimed an age ©5-10 Myr,

but that could instead be older than 10 Myr (but younger than
20 Myr; see discussion in ffees et al. 2014). Its low-mass
members are distributed around a double-lined spectrasbep
nary system (hereafter Vel, as in_ Jéfries et al! 2009), com-
posed of a Wolf-Rayet (hereafter WR) WC8 star (the closest
Wolf-Rayet star to the Sumn;_Smiith 1968) and an O8 massive 0 1 2 3 4
star (Schaerer etial. 1997). Pozzo etlal. (2000) first rezedni (v=1)

the presence of low-mass stars around the more massive ob-

jects. Because of the low extinction and reddening=£A.131

andEg y=0.038 ; JéTries et al. 2009), the sparse disk popula-

tion and youth of the Gamma Velorum association, the sequeRgy 1 color-magnitude diagram of the 1283 stars observed in
gf the cluster is clzagly visible '? tg(e)otéptlcal color-magiie 53 mma Velorum (in red), along with all the stars (in black) lo

lagrams presented byfiies et al. ( )- cated in the field of view centered gt Vel with photometry
é&ported in_Jéries et al.|(2009). The known members from this
Jagper are shown in blue.

On a larger scale Gamma Velorum lies in the so-call
Vela complex (see Pettersson 2008; Sushchletall2011)ya
composite region characterizethter alia, by the presence
of a number of PMS clusters (e.g, Gamma Velorum, Tr 10,
and NGC 2547), three OB associations (Humphreys |1978;

Brandt & Maran 1971; Slawson & Reed 1988) and two supep-2. Target selection and Observations

nova remnants (the Gum Nebula and the Vela SNR). The latter Gaia-ESO S b . ‘ d with th
have been created by two or more supernovae explosionsthat e Laa- urvey observations are performed with the
ulti object optical spectrograph FLAMES on the VLT

curred 1-6 Myr and 11400 yr ago (Pettersson 2008). The shocks = g
from the latter SN have not yet reached the Gamma Veloriaasauini et&l. 2002). This instrument makes use of two-spec
cluster (Sushch et al. 2011), but it is clear that the enviremnt trographs, Girfie (132 fibers) and UVES (eight fibers).

has been subject to a fast dynamical evolution. In this conte_ Ve based the target selection criteria on homogeneous pho-

the analysis of the Gaia-ESO Survey data ha$ Iéiids et al. tometric data, covering a large area of the cluster field. In
(2014) to conclude that 208 members of the Gamma VelorJpgrticular, we chosel the list of targets considering only th
cluster, targeted by Gifie and identified through their lithium sources within a region of 0.9 square degrees centeregf on

content, are grouped in two distinct kinematic populatidfsre Vel @nd studied by Jiries etal. (2009). We selected these tar-
specifically, through a maximum-likelihood fit of the RV dist J€ts mostly following the guidelines for cluster observasi (see

bution they have found that the first kinematic componen|b(poBr"’Igag"".’1 et al. 2014). .
ulation A), centered at Ri=16.70 ks, is narrower and con- .1 he final sample was chosen so as to include all photomet-
sistent with virial equilibrium ¢ =0.28 knys), while the second '€ candidate members in a region of the color-magnitude dia

t lation B) i h broades£1.85 k d 9ramaround the cluster sequence, defi.ned b_y previouslyrknow
ggnmtgfgde gt ﬁgﬁgr%ggciti)ég Tg-(\:/B:{%?SSQKﬁIS- mis) an members. We considered all stars falling withih.5 mag of

the cluster sequence as high priority targets. A few lower pr
Interestingly,? Vel appears to be younger than the low-mag¥ity stars have also been targeted to use spare fibers. The

stars. Indeed, the relation and interactiong¥el with the low-  color-magnitude diagram (CMD) of the selected sources is

mass cluster members is still debated, mainly because afgae Shown in Fid.1L. The cluster sequence identified Hiriées et al.

of the central WR star. In fact, even if the most recghivel dis-  (2009) is clearly visible as the upper concentration of retsd

tance determinations 36§ pc (Millour et al.[2007), 336 pc  With (V-I) ~1.8-3.2. The spectroscopic survey is limited to

(North et al 2007) and 33# pc (van Leeuweéh 2007) supportY S13-5mag and ¥19 mag for UVES and Gitée. Further dis-

its association with the cluster, the age estimates ot 8.5 Myr cussion of target selection can also be found ifirigs et al.

(North et al. 2007), and 5.5 1 Myr (Eldridgel2009) indicate (2014).

thaty? Vel is younger than the majority of the low-mass mem- A total of 18 fields, forming a mosaic around Vel, were
bersyof the cll)Jlster.g oty completed during runs A (nights from 2011-12-31 to 2012-01-

02) and B (night 2012-02-12) of P88, using the CD#3 cross-
In spite of the remarkable properties of the cluster andef thlisperser { =4770-6820 A; R47000) for UVES and the
Vela complex which makes Gamma Velorum a suitable targdR15N grating § =6440-6820 A; R17000) for Girdfe. Each
for a spectroscopic survey, its iron abundance is still omkm field was observed for either 20 min (nine fields) or 50 min énin
Gaia-ESO Survey observations hence allow us to perform thelds). The exposure times hence vary from 20 min for brighte
first abundance study of this cluster. stars (\k12 and \k16 for UVES and Girffe, respectively) to
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50 min for fainter stars (12V<13.5 and 1&V<19). Stars lying Uncertainties are the node-to-node dispersions. We nretitad

in overlapping fields have longer exposure times. We acduirthe consortium uniformly makes use of MARCS models of stel-
spectra for a total of 1242 and 80 individual stars with @&a lar atmospheres (Gustafsson et al. 2008) that assume the sol
and UVES, respectively. We observed 39 stars with both spedbundances from _Grevesse et al. (2007). Also, common atomic
trographs. Signal-to-noise ratios (SNRs) for the UVES specdata have been used for the analysis of all the spectra ofdlae G
are in the range 20-300, with a median value of 116. TheffgiraESO Survey. Similarly, more than one node measure the streng
spectra have SNRs ranging between 3 and 300 with a mediambthe Li1 line at 6707.8 A in both Giie and UVES spectra.
84. The nodes use independent methods to derive the EW of this
features: specifically, some of them apply a Gaussian fitting

. the line, while others are based on the direct profile intimna

2.3. Available data of the line. The median value of the EW (or the average, when

The Gaia-ESO Survey is structured in 20 working groups (WG8ply two nodes provided the measurement) are then adopked. Al
dedicated to dferent tasks. Data reduction and determination §t€se procedures are detailed in Lanzafame et al. (in prep).
radial velocities (RVs) and projected rotational velastare car- Released parameters for Gamma Velorum include radial and
ried out, independently for Gifie and UVES, by two dierent rotational velocities, CCFs and the products of the spattru
teams of WG7. The Gife data are reduced using a pipelineanalysis. The latter include the main atmospheric parammete
specifically developed for the Gaia-ESO survey, which pemt (T, log g, and [F¢gH]) and other parameters (e.g., veiling,
the basic steps of the data reduction process (i.e., bidgasub strength of the Li line at 6707.8 A, i, etc.), along with their
tion, flat-fielding, spectra extraction, and wavelengthibzal  yncertainties. All our UVES targets, along with their with'R
tion), sky subtraction, and calculation of preliminary R&sd and parameters, when available, are listed in Tables 1Cand 2.
projected rotational velocities, by cross-correlating #pectra |ndividual elemental abundances are also provided for UVES
with a grid of templates. To improve the precision of the RVgpectra, whenever they can be measured. The first four rows of

and projected rotational velocities, we fitted the reduget8a Table[B represent a brief outline of the data obtained froen th
with a low-order polynomial multiplied by a template spectr. UVES spectra.

The RV, the projected rotational velocities, the polyndmiz
efficients and the template parameters (temperature, grauty a
metallicity) are free parameters of the fit, with initial gses de-
rived by the first pipeline. We reduced the UVES data using the. 80 UVES and 1242 Gifée targets observed in the Gamma
FLAMES-UVES ESO public pipeline. A specific pipeline de-  \elorum fields:

veloped for the Gaia-ESO Survey is used for the sky subtracti — we found six UVES targets to be double-lined binaries (SB2;

To summarize:

and the calculation of RVs and projected rotational velesijt see Section 4). In the Gaia-ESO catalog, RV values are avail-
by cross-correlating each spectra for a grid of templateaoke able for all of these systems. Also, the main parameters of
detailed discussion of the procedures used for the datatiedy one SB2 have been delivered by the consortium.

and the calculation of RV, and projected rotational velesiis _ RV estimates are available for 73 of the UVES targets; here-
reported in Lewis et al. (2014, in preparation) anfirles et al. after we disregard the RV values of five UVES targets either
(2014) for Girdfe, and in_Sacco et al. (2014) for UVES. with poor quality spectra or that are early-type stars of fas

As for spectrum analysis, WG11 (including the contribution  rotating sources (vsin-100 knys), and hence the inferred
of up to 13 nodes) is dedicated to the analysis of the UVES-spec radial velocities are highly uncertain. Moreover the RV-val
tra of F-G-K stars, while WG12 (composed by four nodes) fo- ues of the six SB2 observed with UVES are not considered.
cuses on young stars, analyzing both UVES andf@&spectra. Thus, the final sample of stars with available and reliable RV
The analysis performed by WG11 and WG12 is described in estimates consists of 62 UVES stars. The RV values for the
detail in[Smiljanic et al.[(2014) and Lanzafame et al. (ingre UVES sample are listed in Tallé 2. We refer tédes et al.
respectively. Whereas we will briefly describe here how g r (2014) for the RV estimates of the Gffa targets;
ommended parameters released to the consortium are derivedA measurement or an upper-limit of the EW of therlline
we refer to the above two papers for a full description of the is available for all stars with the exception of four warm

approach and methodologies. stars in the UVES sample that do not show any Li feature
Both WG11 and WG12 benefit from the contribution of in their spectra. For these four stars, we assume al&
nodes that use fierent methods of analysis. Thes&elient ap- tection upper-limit using the Cayrel formula (Cayrel 1988)

proaches can be summarized as follows: i) nodes that employ These values are listed in Table 2. As for the RV values, we
the equivalent width (EW) analysis; the atmospheric patame  also refer to Jéries et al.|(2014) for the Li equivalent width
determination is based on the excitation and ionizatioard measurements in the Gifa spectra;

of the iron lines; ii) nodes that use spectrum synthesis atid e — After the rejection of the main parameters derived for the
mated atmospheric parameters frony?afit to observed spec- SB2 target, 67 stars observed with UVES have an estimate of
tra; in some cases the grid of templates is composed by ob- the fundamental parameters. Note that these are avaitable f
served spectra of slow-rotating, low-activity stars; miplti lin- 36 of 39 stars observed with both spectrographs. The main
ear regression methods that simultaneously determinetéhe s  parameters for all the UVES targets are listed in Table 1,
lar parameters of an observed spectrum by the projection of those obtained from Gifée spectra for stars observed with
the spectrum onto vector functions, constructed as an aptim both spectrographs are listed in Table 3, while the main pa-
linear combination of the local synthetic spectra. The para  rameters of the Gifée members identified by ffees et al.
eters released in GESviDR1 are obtained by each of the two (2014) are listed in Tabld 4. The mean uncertainties of the pa
working groups by computing the median value of the results rameters derived from UVES spectra ate:rer1>=120 K,
provided by the nodes, after the outliers have been disdarde <ojog ¢>=0.17 dex<o[re/n)>=0.10 dex;
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Table 1. Stellar parameters of the 80 UVES targets.

ID Cnhame R.A. DEC. & logg [FeH]
(J2000) (J2000) (K (dex) (dex)

1 080636164748206 08 06 36.16 —47 4820.6 6726347 4.160.21 -1.51+0.20

2 080647724659492 080647.72 -465949.2 577649  4.26¢:0.08 -0.02:0.03

Table 2. Quantities used for the membership analysis of the UVES Eariipe table shows that we have identified eight high-
probability members and eight HCMs (see text). RV valuesateorrected for the 1.1 kf® systematic shift.

ID RV EW(L)) (B-V)o Vo RV logg Li CMD  Final
(kmys)  (mA) (mag) (mag) mem. mem. mem. mem. mem.

1 135 <20 0.13 1.97 N Y HCM N N

2 10.4 <10 0.64 4.99 N Y N N

— Finally, individual elemental abundances have been dérive
for 47 stars observed with UVES. - 8

Note that a few stars with atmospheric parameters do not ha\Xie 4l _
an RV estimate andceversa.

3. UVES vs. Giraffe

= RVyyes (km

As mentioned, atmospheric parameters andHFgalues have L ) m |

been also released for the Gii@targets, however, since the R TH | R |
analysis of high-resolution spectra should yield moreat#é |

iron abundance values (see Sect. 5.1), most of our sciegmidilz G O
ysis will focus on the results of the UVES observations. Gn th
other hand, we will mostly use the Gita sample as a control
sample to infer the membership of the UVES targets; theegfor _,| = = ‘ L
in this section we take advantage of the stars observed with b 1 10
spectrographs to check for the consistency of the infereed p V sin i (km/s)
rameters. In particular, we will make a detailed comparisbn

the RVs, lithium EWSs, and atmospheric stellar parametegs, (T

log g, and [FeH]).

GIRAFFE

Fig. 2. Comparison of the RV of the 34 stars with both Giea
and UVES spectra and available RV values. Thigedeénce of
the RVs is plotted as a function of the stellar rotationabeel

In Fig.[2, we show the dierence between the values of the RV aiy (vsin i). The red dashed line represents tliEset between

a function of the projected rotational velocity derivedrfrthe RVgjrage and R/yyves for the 31 stars with vsin < 10 knys.

UVES spectra. In the case of UVES, we adopt as final RV the

mean of the two values obtained using the upper and lower spec

tral regions. As for the error bars, we assume the largeseval

between the error quoted in the survey catale@.§ knys) and

the diference between the RVs measured independently in the

two CCDs (Sacco et &l. 2014). We note thadRage is system-

atically higher than Ryves by 1.1+0.4 knys (red dashed line spectively. The figure indicates a very good agreement fatmo
in Fig. 2) up to about vsin =10 knys and the dference in- of the stars down to about 30 mA; a discrepancy between the val
creases for larger rotational velocities. While the origfrthis yes is instead present below that value, where thefl@iraea-
offset needs further investigation (see Sacco et al. 2014héor surements are systematically higher than the UVES measure-

3.1. Radial velocities

time being we applied anfiset of+1.1 knys to UVES RVs. ments. This dference needs to be further investigated and may
be related to the flierent resolving powers and the blending with
3.2. Li equivalent widths the nearby Fe6707.4 A line; however, we stress that it will not

_ _ affect our discussion and conclusions on lithium membership,
In Fig. [ we show a comparison of the EW of th&ince the threshold between Li members and nonmembers is set
Li 1 6707.8 A line measured in Giffe and UVES spectra, re-at higher values of the EWs (see Sect. 4.3).
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Table 3. Stellar parameters of the 39 stars targeted by both UVES #&naff&

Star Tef logg [FeH]

(K) (dex) (dex)
080647724659492 576570 4.09-0.27 -0.19+0.11
080655924704528 4436857 2.480.28 -0.11+0.02

Table 4.Iron abundances of the 208 members targeted byfi@ira

Star RA. DEC. Torr 109 g [FeH]
(J2000) (J2000) (K) (dex) (dex)

080640774736441 08 06 40.77 —4736 44.1 479898 2.7%0.25 —0.18:0.02

08064390-4731532 08 06 43.90 —47 3153.2 325960 4.76:0.15 -0.32:0.17

ysis, no systematic biases are present for lithium and loglg v
ues, the additional two criteria that we will use for confingi
r 1 the membership of UVES candidates.

100

7 4. Membership analysis

In this section, we will use the spectroscopic informat&pecif-
1 ically, RVs, the strength of the Li line, and the stellar siod
gravity, along with the position of the targets in the CMDp#r-
form the membership analysis of the UVES targets. In Table 5,
we summarize each step of the selection procedure that; star
ing from the 80 stars observed with UVES, leads to a restticte
sample of high-probability members that will be used for the
metallicity analysis, which is the main goal of the preseayiqr.
L L L As a first step, we searched for the presence of spectro-
10 100 scopic binaries in the sample of UVES stars. We identify
EW(LI) wes six double-lined binaries (SB2) through their released €CF
namely, J08072516-4712522, J08073722-4705053, J0809358
4718525, J08103996-4714428, J08105382-4719579, and
J08115305-4654115. Those systems were hence discarded fro
Fig. 3. Comparison of the 17 EW(Li) measurements obtaingfle sample analyzed for membership. Note that for one of the
from both the Giréfe and UVES spectra. SB2 systems fundamental parameters are available.

EW( LI) GIRAFFE

}m ﬁT ﬂ

4.1. Radial velocity distribution

We have considered all UVES candidates with available RV and
that have not been identified as SB2 systems for the radial ve-
In Fig.[4, we compare the fundamental parameters derived fréocity analysis . This adds up to 62 stars. Also, for the estéan
Giraffe and UVES analyses for 36 of the 39 stars observed withthe RV membership, we have added 1.J/&to the RVs from
both instruments. As in the case of EW(Li), we conclude thatVES spectra to account for the systematitset with respect
the two spectrographs yield compatible values within therer to Giraffe described in Sedi._3.1.
for the majority of the stars. The only discrepancy is seette Assuming that the UVES targets would be characterized by
effective temperature of warm stars{T>5500 K) for which the the same RV distribution as the Giifa targets, the analysis was
Giraffe analysis gives somewhat lower values than UVES, butgerformed adopting the results lofffiees et al. [(2014); specif-
still marginally consistent with them. Again, the originthiese ically, considering the two kinematic components iderdifie
differences is under investigation, but it does rftgct our con- that study, along with their peak velocity and dispersioe, w
clusions on UVES membership. Also note that, because of ttiefined as RV members all the stars with RVs in the interval
lower resolution and the shorter spectral range, the usioéigs between 14.9 and 22.3 ks corresponding to R +20, of the
on the data derived from Giffe are larger. This widens the scatbroader distribution. Among the 62 UVES candidates, we have
ter of the data without a significant implication for our ays$. identified seven RV members and 55 stars whose RV values lie
To summarize, whereas we will account for thigset be- out from the R/,+20, boundaries. Indeed, some of these stars
tween Girdfe and UVES in the following RV membership analcan be binary systems that are members of Gamma Velorum,

3.3. Atmospheric parameters
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Table 5. Summary of the selection procedure of UVES candidate mesnber

Observed 80 candidates 39 in common with Giifa
Binaries 6 SB2 discarded from the sample
RV estimates 62 candidates 7 RV members
55 RV nonmembers (or SB1)
Fundamental parametels67 candidates 37 MBMS stars
30 giants
EW(Li) 74 candidates 30 (giants) 44 8 Li members
excluding giants 19 HCM* (8 rejected as RV nonmembers)
17 Li nonmembers
CMD 8 (Li membersi 11 (HCM) =19 7 Li mem. consistent with ZAMS
1 Li mem. below ZAMS
5 HCM consistent with ZAMS
6 HCM below ZAMS (rejected as nonmembers)
Abundance 8 Li mem with [FeH] values
analysis 2 Li mem with other elements estimates

* In the text we use “Hot Candidate Members” (HCMs) for therstaith (B-V)<0.35 for which we cannot use lithium
as a membership criterion.

however, hereafter, we will refer to this stars as RV nonmerielorum by the same authors. Along with the UVES stars, we
bers. also plot the 208 Giltée targets classified as cluster members by
Jefries et al.[(2014). Most of the Gifie targets are in the color
range 07 <(B-V)o < 1.3 and have EW(L}200 mA. Their
distribution clearly defines the sequence of Li undepletedm

The sequence of Gamma Velorum candidate members is €S- At (B-V) > 1.3, however, we observe a large dispersion in
ily identified in optical CMDs at magnitudes>\15 mag (see equivalent widths, indicating that a fraction of low-mat#'sin
Jeffries et al 2009), however, the UVES targets are restrictd cluster have started depleting lithium and hence stigges
to the brighter part of the CMD where the sequence is heagz,possmk_—:‘ age dispersion (seéfides et al. 2014; Franciosini et
ily contaminated by field stars. In order to identify the ptapu &l- 2014, in prep.).

tion of evolved star contaminants, we plot in Hig. 5 the sfiect | order to assess the membership of the UVES sources on
scopic surface gravity as a function ofsTfor the UVES tar- the basis of the lithium content, we also use the availatite-in
gets along with the Gifée targets identified as cluster memmation for the members of the Pleiades clusterq5-130 Myr;
bers byl Jéiries et al. [(2014). Stars are clearly divided in tWtaffer et al.[1998), similar to the approach lof Jameslet al.
groups: main-sequence and pre-main sequence stars with IQg006). The comparison of the EWs(Li) of our sources with
between 4 and 5 dex, and giant stars with lower gravity vahose of Pleiades members with similar (BoWyill allow us
ues. In the figure, we also show the 5 Myr (solid line), 1 an@ identify the youngest targets, which are therefore tkelyi
10 Myr (dashed lines) isochrones from Siess et al. (2000)-maflembers of Gamma Velorum. Among the UVES targets in the
els for a metallicity 0fZ,=0.01, close to the value of the solaange of colors spanned by the Pleiades members seven stars
metallicity, Z=0.012, adopted in the MARCS models. Based ofave EW(Li) higher than their Pleiades counterparts, siheg
this figure, we conservatively consider all the UVES staeg thiie above the upper envelope of the Pleiades Li-color distri
lie above the 5 Myr isochrone as giant contaminants. Usiisg thion, One additional UVES target, with EW(LiR00 mA, lies
criterion we find that out of the 67 non-SB2 systems with log gightly below the upper envelope of the Pleiades. All of the
determination, 37 Ii_e below_the 5 Myr isochrone: the seven R\ UVES stars have EW(L4L00 mA and are located sig-
members, 22 candidates with RV not consistent with thatef thifi-antly below the Pleiades distribution. Most of thestiel
cluster, and eight stars W|thout_ an RV estimate. Th? rémaiNigiars are RV nonmembers and their low lithium suggests that
30 UVES stars, with log g typical of a giant star will be disy, oy are not associated with the Gamma Velorum cluster and
carded from further analysis. Not surprisingly, all thesesare ,o"jiely field contaminants. On the other hand, the se\ans st
RV nonmembers. with EW(Li) greater than the upper envelope of the Pleiades d
tribution are substantially younger than the Pleiadess tme
4.3. Lithium members likely members of Gamma Velorum. The case of the star lying
slightly below the upper envelope is less obvious and its mem
As is well known, lithium is amongst the most useful membebership needs to be further assessed on the basis of a CM dia-
ship indicator for young stars. In Figl. 6, we show the EW(Is)) agram in Sectiofi 4]4. We note that this star is an RV nonmember,
a function of the intrinsic color (B-\f)for the 44 UVES candi- hence a possible binary member. To conclude, we consider all
dates that have not been rejected as SB2 systems or giant adrthe stars with 0.35<(B-V)o < 1.33 lying above the upper
taminants or do not have any log g measurement. We derived émvelope of the Pleiades distribution, plus the UVES talget
intrinsic B-V colors from the photometry reported inffrées et  ing slightly below that limit as Li membefsandidates. For stars
al. (2009) dereddened adopting tBg_y estimated for Gamma with (B-V) < 0.35, we cannot use lithium as a membership cri-

4.2. Identification of the giant contaminants
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Fig. 6. Lithium EW as a function of the intrinsic color (B-¥)The red, blue, and green symbols (circles and arrows) septehe
RV members, RV nonmembers, and stars with no RV estimate fhent VES sample, respectively. Most of the Li detections in
UVES spectra have uncertainties associated with their E\atsare smaller than the data points. The black dots show itlad &
members identified Ky fkies et al.|(2014). Their uncertainties, which have typiedlies of+10-20 mA, are not represented in the
plot. Also, the uncertainties associated with the coloesrent plotted, since their typical values-69.02 are negligible. The solid
line denotes the upper envelope of the Pleiades distribftimsses; Soderblom et al. 1993; Jones et al.|1996). Theddines
identify the color range 0.3§ (B-V)( < 1.33 spanned by the Pleiades members.

terion, but we flagged them as “hot candidate members” (here4. Color-magnitude diagram

after, HCM). The membership of all these stars will be furthe ] ) o
checked in Section4.4. The CMD is a helpful tool to confirm the reliability of our mem-

bership analysis and to provide some additional infornmatio

about the HCMs for which we were not able to establish a secure

membership based on their lithium content. Figure 7 shows th

To summarize, the analysis of Li allows us to conclude thabsition of the eight UVES targets considered as Li members,

there are eight high-probability UVES Li members (four R\plus the 11 HCMs and the Giffa members from Jeies et al.
members, two RV nonmembers, and two stars without an R¥014); we made the diagram using the photometry given by
estimate). Fifteen RV nonmembers appear to be older than [flefries et al. (2009) and also released to the Gaia-ESO consor-
Pleiades counterparts, thus likely contaminants. Also BMO tium. For stars not included in this compilation, we havedtbe
members have small EW(Li) and hence appear to be nonmegshotometry from the Tycho-2 cataldg (Hgg €ef al. 2000). Bbéh t
bers based on their lithium content. As for the hotter staexe distance modulus (DM7.76) and reddening (E{/)=0.038)
are 11 HCMs on the left side of the dashed line (one RV menare taken frorh Jéries et al.[(2009). As expected, the majority of
ber, ten without RV estimate) that we will consider for figth the stars fall in proximity or above the ZAMS in a sequencselo
analysis and eight HCMs that are RV nonmembers, which with the 10 Myr isochrone, although a few outliers are present.
be rejected. Interestingly, we also note that one of the BIR S Among the UVES sample, there are six HCMs (#19, 24, 27, 68,
systems (J08093589-4718525, #46) has both components \gith 29) and one Li member (#43) lying significantly below the
EW(Li) larger than 100 mA, making it a possible member of thBAMS, i.e., more than the0.3 mag spread in distance modu-
cluster. lus found by Jéries et al. |(2009) (uncertainties on photometry
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and extinction are negligible for these stars). We will noh-c only one star (J0811028%8724405, #69) is more likely associ-
sider these six HCMs for further analysis since they ardylikeated with Population A in J&ies et al. (2014), while the remain-
field dwarfs. On the other hand, we note that star #43 has an Rig seven ones more likely belong to Population B. Hencesdbas
value slightly below { 1 krys) our threshold for membership;on the UVES targets, we cannot make a comparative analysis of
however, its high EW(Li) and surface gravity (log4.03 dex) the abundances in terms of the two RV populations.

are consistent with those of other high-probability mersb8tar . ,

#45, which lies slightly below the upper envelope of the &leis The much larger number of Gifie members and the richer
distribution in Fig[®, is consistent with the other UVES Lém-  Statistics all(_)W for a more general stu_dy of the iron abum_}an
bers and the Gilfle members in the CMD. Thus, we include botflistribution in Gamma Velorum. In Fig 9, we show the iron

these latter as likely members in the sample considerechéor foundance of the Gifie members from Jiies et al. (2014)
abundance analysis. with vsini < 50 kmys. The latter constraint is necessary because

in the spectra of fast rotating stars the blending of the idtigm

features makes the iron abundance estimate highly uncertai
4.5. Summary of the membership analysis We find that<[Fe/H]>girare = —0.18 + 0.12 dex is consistent
ithin the errors, though somewhat lower, with the mean iron
bundance based on the analysis of UVES spectral(Fig. 8). The

UVES. In the last five columns, we give ihe membership st ifferent mean iron abundance and the broader width of the dis-
tus from the RV, surface gravity, EW(L), and the positiortfie tribution (from —-0.34 to+0.13 dex) are partly due to the lower

CM diagram: “M” stands for member, "N” for field contaminant, solution of the Girfie spectra and also to the intrinsid¢ftiult
and “HCM” for hot candidate member. Talple 5 summarizes tﬁ% . p , y
of the analysis of cool stars. If we restrict the Glieasample to

tally resulting from the analysis of the individual membeps . . ‘
P ; - o stars with &g > 4000 K (~25% of the objects), we derive a mean
indicators. In total, there are eight high-probability niesrs, as value of<[F&/H]>arate = —0.04+ 0.10 dex, with a greater simi-

indicated by their lithium, plus one Li-rich SB2 that can lmne . >
sidered a likely member. Among the high-probability men:f,l;)erlamy to that of the UVES sample. Note that a few stars witgthi
four are also RV members. There are also five HCMs that s _etaIIf|C|ty are present in the Giffa g|str|but|r(])n,l comparaplel to
isfy the criteria for membership based on log g and the CM 1at of star J?8€9542_m721419'.w \ereas the e}rger typical un-
In total, we have 14 likely members. Note that the membersHiftainties of the Girée determinations certainly contribute to
oadening the [F&l] distribution, we cannot exclude the pos-

of two out of the seven RV members is not confirmed by t sibility that the Girdfe sample also contains a number of as yet
lithium analysis, implying a contamination of about 30 %het ~ . y th . P ' ) y
unidentified metal-rich outliers, as well as field contamitsaor

In Table[2, we list the parameters of the 80 stars observdd w

RV sample. other dfficult stars, for example binaries, which couftest the
distribution.
5. Abundance analysis of the members of Gamma Finally, considering the Giffe members with & > 4000 K,
Velorum we plot in Fig[I0 their iron abundances as a function of the.RV

Although a group of stars with RV values ranging between 18.5
and 20 kngs, likely belonging to Population B, have lower iron
Based on the eight UVES high-probability members, we olbbundances with respect to the other stars, there is a simiifi
tain the [FgH] distribution of Gamma Velorum shown in Figl. 8.scatter among the stars of the two populations without fohts
The mean iron abundancedf§Fe/H]>= —0.04+0.05 dex, where abundance separations. Thus, we conclude that the two group
the error corresponds tarlof the distribution. We recall that likely have the same iron abundance.

this [FgH] value refers to a solar value of log n(E&).45

(Grevesse et al. 2007). While seven of the eight stars have

abundances in the narrow rang®.1 to —0.03 dex, the dif- 55 other elements

ference between the metallicity of J08095427-4721419 ;(#52

[Fe/H]=+0.07 dex) and the mean is larger tha?u-. .
The membership of this star is based on the gravity, tHa'e Gala-ESO Survey has released for Gamma Velorum
e abundance of elements other than iron for stars with

presence of photospheric Li, and on an RV consistent with tha ;

of the cluster. Other indirect supports come from the reddyi > <20 km's. Unfortunately, this limits the analysis to
high rotational velocity typical of young stars, a proper-motWO confirmed members only: J0809542721419 (#52) anq
tion consistent with the other members of the cluster and hi 080933044737066 (#45). The elemental abundances are listed

level of X-ray emission|(J&ies et all 2009). Furthermore, the Table[®.

star exhibits an IR excess at 24n that suggests the pres- e see that for the cooler star (#45) the abundances are
ence of a debris disk (Hernandez €t al. 2008). The possible Qfjithin +0.1 dex of the solar values, with the only exception
gin of the high-iron abundance of J08095427-4721419 is diSeing calcium and nickel, which are enhanced and subsolar,
cussed in SecE.3. If we excluded this member with a pecuyespectively. The warmer star (#52) shows abundancesfisigni

-0.057:0.018 dex. These results indicate that the membersfod for most of the analyzed elements.

Gamma Velorum have a slightly subsolar iron abundance with a

small dispersion. The mean iron abundance is compatible wit These abundances may, in principle, shed light on the rea-
that derived in other young open clusters of the solar neighbsons for the high metallicity found in star #52 given thasiti
hood (Biazzo et al. 2011a), while the small scatter suggestsnetal-rich star; however, the errors are much larger thaseth
homogeneous iron abundance in Gamma Velorum. Considerotgained for #45, with the exception of iron. Hence, we canno
the two kinematic groups, we note that among the eight membattempt any conclusions based on the abundance ratios.

5.1. Iron abundance
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Table 6. Elemental abundances ing the outer convective layers. Such a star maintains & thic
convective envelope until about 10 Myr. For later-typestére
J080933044737066  JO8095424721419 growth of the radiative core takes more time and the finakthic
#45 #52 ness of the convective layer is larger; in earlier-typesstine ra-

T (K) 5471 5756 diative core develops quickly until a fully radiative configtion
[Fe/H] —0.06:0.12 +0.07+0.07 is reached. Circumstellar disks are found in most of youal st
[Si/Fe] -0.10:0.08 +0.18+0.20 lar objects and generally they accrete onto the centratistamg

[Mg/Fe] +0.02:0.14 +0.30:0.40 the first 10 Myr when their internal structure is still mairdgn-

[<Ti>/Fe] —-0.04:0.07 +0.46£0.29 vective. The condensation of heavy elements could leadeto th
[CaFel] +0.18:0.03 +0.08:0.40 formation of rocky blocks or planets, h hich pres
[Cr/Fe] +0.06:0.03 +0.47+0.22 _ JCKy bloc planets, NOWever, which presen
[Ni/Fe] —0.18:0.05 +0.08:0.52 a quick accretion of this material during the time when ttee st

is mainly convective. In the last decade, several surveys ha

shown that a great number of extrasolar planets have surpris

ingly small orbits, suggesting that after their formatiagndfi-

cant orbital migration takes place in the protoplanetastey.
Table 7 Fundamental parameters of A possible outcome of this inward migration is that part af th

J0809542747214109. planetary material reaches the central star even afteotinele-
tion of the main accretion phases.

Tett log g [FeH] L . .
(K) (dex) (dex) 5.4. A quantitative estimate of the effects of rocky material
WG1laverage 5756+ 93 4.25+0.16 +0.07+0.07 accretion on the mainly radiative PMS star
WG12average 5864+ 112 4.41+0.08 +0.14+0.09 J08095427—-4721419
WG12 5944+ 57 4.45+0.10 +0.20+0.13 .
WG12 5785+ 56 4.37+0.13 +0.08+0.11 Using Teg =5756 K andLpg =2.5 L, for J080954274721419

and the Siess models for a subsolar metallicity (Siess et al.
2000), we derive a stellar mass 6fl.3 Mg and an age of
~15-16 Myr. Thus, this star appears somewhat older than the
average age of the cluster, but consistent with the age dispe
sion found by Jffries et al. (2009, 2014). As we mentioned
above, thexpitzer data show evidence for the presence of a de-
bris disk (Hernandez etidl. 2008). Thus, we can imagine that
5.3. The metal rich star J08095427—4721419 part of the circumstellar matter has condensed into hydroge
depleted rocks, or even planets, and that this rocky mateata
J0809542%4721419, one of the eight high-probabilityrecently accreted onto the star. The Siess models alsacptiati
members of Gamma Velorum, has an iron abundance sifch a star is almost fully radiative, but that about 5 Myrhia t
[Fe/H] = +0.07 + 0.07 dex. We also notice that fiirent past it had a thin convective layer 0.05Mg. We now esti-
analysis methods within the Gaia-ESO consortium have deate the mass of heavy elements (expressed in Earth masses,
rived similar stellar parameters and enhanced metallisige Mg~3x10° Mg) that must have been accreted onto the star
Table[T). The position in the CMD reinforces the quality ofluring the last 5 Myr to produce an iron enhancement similar
the atmospheric parameters. Thus, we assume that thissstao ithat observed in J0809542%721419. For this purpose, we
genuinely more metal-rich than other cluster members. assume that the accreted material is mixed in a convective re
Based on statistical considerations, one would expect+o dgon containing 0.09Mc. We also assume that the star has an
tect one 2r outlier in a sample containing more than 20 stargpitial iron abundance equal to the average value of therothe
hence, the probability of having one outlier out of eight nbems members ([FAH]inir=—0.057 dex). Now, the rocky material, be-
is rather small, although not negligible. Under the assionpt ing hydrogen-depleted, has a mass ratio of metgdsl, and we
that the star is a genuine metal-rich cluster member, weqe®p assume that such a rocky mass has the heavy element distmibut
the following scenario to explain it. as the solar mix given by Grevesse etial. (2007). Hence, a mix-
First, we believe that the chemical enrichment due to the exrg of 50, 60, and 70/, in the 0.05M¢, convective layer would
plosion of a nearby SN is unlikely since it should have ereith be enough to produce a metallicity variatioxz) of 3.0x10°3,
the whole cloud and other members. A more likely process 3s6x1073, and 4.%1073, corresponding to a final iron abundance
the accretion of circumstellar rocky material onto the $tat of [Fe/H]sin = +0.05,+0.07 and+0.08 dex. This is just the right
is mixed in the stellar convective envelope causing an dveramount needed to explain the observed iron abundance. The
metallicity enhancement (Laughlin & Adams 1997). If therstessame &ect could be achieved by the accretion of two Jupiters
is cool and young, its extended outer convection zone Wile (M;=0.001Mg) with a metallicityZ =0.1.
tively mix the accreted material with only a minimal meteilly We recall that the mass of heavy elements currently con-
enhancement. On the other hand, if the star is mostly radiattained in the planets of the solar system is estimated to be
with a thin convective layer, the pollution could be much morin the range 60-12d, (Wuchterl et all 2000). This number is
important, leading to observable consequences. also in the range of heavy-element mass for exoplanets found
Applying the scenario proposed hy Laughlin & Adam$y Miller & Fortney (2011). Thus, our estimate of the accdete
(1997), a solar-type star, like J08095427-4721419, stafdVIS mass is consistent with these numbers. On the other hand, we
contraction with a fully convective structure, but aft# Myra have found only one star with a significant metallicity enten
radiative core appears that grows in mass as the star agie&-shment, whereas the presence of circumstellar disks is aérgqu

a) Iron EWs method.
b) Comparison with a library of standard star spectra.
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phenomenon around young stars and more than just one ex#me-larger uncertainties and dispersion. Based onffeisample,

ple should have been found in Gamma Velorum. Our proposed major diference in the [F#&l] distribution is found for the
scenario requires the refinement of several factors. firststar  two kinematic population identified by ffdes et al. (2014).

must be of the right mass to possess a convective region that

shrinks significantly while contracting. Then, this staoshl On the more technical aspects, the comparison of the pa-
have the right amount of mass in the convective layer sineerot rameters from the UVES and Gifa analysis of the same stars
wise the accreted metals could be too diluted or, conversely observed in Gamma Velorum can be summarized as follows:
hanced with respect to the observed abundance. Third, tihe-ac

tion episode must have occurred only after the star has heal tii) The Girdfe radial velocities of the first release are systemati-
to contract significantly for the retreat of the convectiagdr cally higher with respect to the UVES values by 4014 knys

and this requires several Myr. The fact that J08095427-4721 (see Sacco et al. 2014 for a detailed discussion).

is a bit older than the other members of the cluster, judgiogf

its isochronal age, supports our interpretation. A sinstanario ii) The stellar parameters log g andgTand the measured Li
has recently been suggested by Théado & Vauclair (2012ein EWs are generally in good agreement, although small discrep
context of the predicted modifications of the light elemdnira  ancies are present fags;>5500 K and EW(Lix30 mA.

dances of accreting exoplanet-host stars. Although the ohs

J080954274721419 is the only one found so far in Gamméi) There is a reasonable agreement between the iron abun-
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regions (e.gl, Wilden et al. 2002; Biazzo et al. 2011a).
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