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ABSTRACT

Context. Understanding the properties of young open clusters, ssithealnitial Mass Function (IMF), star formation historydan
dynamic evolution, is crucial to obtain reliable theoratipredictions of the mechanisms involved in the star foromgprocess.

Aims. We want to obtain a list, as complete as possible, of confirmeghbers of the young open clusje¥elorum, with the aim of
deriving general cluster properties such as the IMF.

Methods. We used all available spectroscopic membership indicatitin the Gaia-ESO public archive together with literatur
photometry and X-ray data and, for each method, we derivedrtbst complete list of candidate cluster members. Then,ome ¢
sidered photometry, gravity and radial velocities as remgsconditions to select a subsample of candidates whos#ership was
confirmed by using the lithium anddHines and X-rays as youth indicators.

Results. We found 242 confirmed and 4 possible cluster members forvwhéderived masses using very recent stellar evolutionary
models. The cluster IMF in the mass range investigated sishidy shows a slope of = 2.6 + 0.5 for 0.5 < M/M, < 1.3 and
a=11+0.4for0.16 < M/M, < 0.5 and is consistent with a standard IMF.

Conclusions. The similarity of the IMF of the young population aroupdVel to that in other star forming regions and the field
suggests it may have formed through very similar processes.

Key words. stars: pre-main sequence — (Galaxy:) open clusters andiassos: individual:y Velorum, stars: formation — stars:
luminosity function, mass function — techniques: radidbeities — techniques: spectroscopic
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1. Introduction (WC8) component of 9 + 2 M, and an Olll star of 3& 2 M,
] (De Marco & Schmutz, 1999) whose initial masses wer85

They Velorum cluster hosts a population of 5-10 Myr old preand 31 M, respectively (Eldridge, 2009).

main sequence (PMS) stars, located at3Bbpc (Jeffries et al., ) )

2009). Due to its relatively small distance, it appearseydis- Discovered in X-rays by Pozzo et al. (2000), the cluster was

persed on the sky. It does not show evidence of ongoing sgtablished thanks to its relatively high spatial stellansity
formation and thus it is an ideal target for studies of your@foundy“ Velorum, within a region of about one square degree
stars in which the accretion phenomena already have aimest@" the sky. A deep photometric survey of this cluster has been
tirely ceased (Hernandez ef al., 2008). The most massive-mébtained by Jeffries et al. (2009), who also used spectppsco
ber isy? Velorum, a binary system formed by a Wo|f_Raye§ind X-ray data to identify the photometric cluster sequence

They Velorum cluster was the first observed in tBaia-

* Based on observations made with the ESO/VLT, at PararfafSO survey (GES)L(Gilmore etlal.. 2012), which is a high-
Observatory, under program 188.B-3002 (The Gaia-ESO e@ublfiesolution spectroscopic survey using the FLAMES instmiisie
Spectroscopic Survey) (both GIRAFFE and UVES) of the ESO-VLT (Pasquini et al.,
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2002), which aims to obtain a homogeneous overview of t{2014). For our analysis we use only GIRAFFE data while we
kinematic and chemical abundance distributions of sewaral do not consider UVES data since the sample of stars observed
ponents of our Galaxy, including a census~df00 open clus- with UVES is not complete, as required for our analysis. Data
ters (OCs). In particular, the GES observation strategytfer reduction of the GIRAFFE spectra analyzed in this work has
OCs is to observe with GIRAFFE all candidate members fallingeen performed using the pipeline developed at the Candbridg
spatially in the cluster area and within the cluster locushef Astronomical Survey Unit (CASU) in collaboration with the
color-magnitude diagrams (CMD), down to V=19 mag. The aikeele University, as will be described in Lewis et al. (in pae
of this strategy is to observe an unbiased and inclusive saration).
ple of candidate cluster members. This observation siyateg  There were 1242 targets observed with GIRAFFE in the field
adopted to achieve the GES main goals that are to kinemgtticalf v Vel, selected on the basis of their positions in the optical
characterize the entire populations, and, at the same time, CMDs, but covering a very wide range around the CMD cluster
mogeneously derive their chemical abundances. For exammpléocus. Since some targets were observed more than once, the
slightly subsolar metallicity was found by Spina et al. (2pfor data set includes 1802 spectra.
they Velorum cluster. GES data allow also to perform further The stellar parameters used in this work were taken from
investigations, for example to derive fundamental stedlstro- the last data release (gesiDR2IDR3) of the GES official
physical parameters and then cluster fundamental paresnetarchive at the Wide Field Astronomy Unit (WFAU) of the
such as reddening, age, distance and mass. These lattenareEdinburgh Universit§. In particular we used the RVs from
cial to constrain cluster formation theory (star burst ésege- the RecommendedAstroAnalysis table for the 1122 targets fo
quential star formation and age spread), stellar evolutiodels which the RVs are given and the RVs from the Spectrum ta-
and to derive the Initial Mass Function (IMF). ble for the 99 targets for which the RVs are not given in the

The first goal of this paper is to establish the membershifecommendedAstroAnalysis table. The RVs from the Spectrum
of they Velorum cluster. Starting from an inclusive sample ofable were shifted by -0.13 km/s to have the RVs in the same ref
candidate cluster members, membership will be confirmee-or erence system. In total we have a RV value for 1221 objects of
jected by using radial velocities (RV) and stellar propesiie.g., the entire sample. The errors on the RV were computed by using
surface gravity, effective temperature, Li abundanceredimm the RV precision recipe given In Jackson etal. (2015). In-add
rates, chromospheric activity, rotation) that can be @etiirom tion, we used the projected rotational velocitiesn i from the
spectral features falling in the16440— 6815 A spectral range, Spectrum table, while the equivalent width of the lithiumeli
covered by the GIRAFFE HR15N set-up. The sample of coW(Li), the full width at 10% of the i peak (Hv10%), the
firmed members is used to derive the IMF. chromospheric equivalent width of thexHine and the gravity

In a study dedicated to the dynamical analysis of this clugdexy (defined in_Damiani et al. (2014)), were taken from the
ter, using the very precise RVs derived with GES, Jeffriesllet WgRecommendedAstroAnalysis table (Lanzafame et al.,/[R015
(2014) found that the cluster consists of two distinct kim¢éim We also used the. index of chromospheric activity based on
populations, referred to as A and B, with ages of about 10 My®ES data from Damiani et al. (2014). Finally, we used the op-
of which population B is, on the basis of Li depletion, judded tical literature photometry and the EPIC-XMM-Newton X-ray
be 1-2 Myr older than population A. Since the cluster is ledat data from Jeffries et al. (2009).
in the region of the Vela OB2 association (de Zeeuw, 1999), th Double-lined spectroscopic binaries (SB2) were identified
authors conclude that population A is the remnant of an irdy examining the shape of the cross-correlation functioflevh
tially much denser cluster, formed in a denser region of tdla vV SB1 were classified on the base of their RV in case of mul-
OB2 association, while population B is more extended and diple observations| (Lanzafame et al., 2015). In particuliae
pervirial. WgRecommendedAstroAnalysis table of theelorum field in-

This scenario is coherent with that found by Sacco et glludes 23 SB1 and 21 SB2 stars, respectively.
(2015) who studied the RV distribution from GES data of the
cluster NGC 2547, in the same direction as Vela OB2, and fougd bershi o
an additional population, kinematically distinct from N@&47, = Membership criteria
but consistent with population B gfVel (see also Mapelli et al., we describe here all the adopted criteria used to selectdzied
2015). o _ members of the young clustgrVelorum. The conditions that
~Incase of they Velorum cluster, it is very likely that popula- we applied are all inclusive to select the maximum number of
tions A and B belong to the same parent nebula, and, even if thgssible members for each method. This implies the inatusio
two populations are kinematically distinct, they are alodis-  of a significant fraction of contaminants, but, as we desciib
tinguishable in the CMD and this implies they have very samil Sect[%, the final membership is based on the necessary condi-
distance and ages. In addition, they share very similartapec tions from photometry, gravity, RV, and an age criteriumeTh
scopic properties, as already shown.in Jeffries et al. (P0d¥  age criterium is based on either Li abundance, stellar iagtiv
the aims of this work, we thus consider the two populations ér X-ray emission, one of those criteria being sufficientisTh
and B as a single young population. strategy ensures the selection of the maximum number agelus

members.

2. Targets and astrophysical parameters

The GES targets observed in thé/elorum cluster region were 3-1. Photometric membership

observational strategy (Bragaglia et al., in preparation) a photometric region of the CMD larger than that expected for
Candidate cluster members were observed with FLAMES@fe cluster age. Then in the following analysis we consider a

the UVES high-resolution spectrographs. Details of the GES

servations of ther Velorum cluster are reportediin Jeffries et al. ' http://ges.roe.ac.uk/index.htm|
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the cluster and field RV distributions to derive the RV ranfie o
cluster members.
e o : . A scrupulous analysis to model the RV cluster distribution

' y : 1 has been presented|in Jeffries et al. (2014) who considered a
unbiased sample of 208Velorum members and computed, for
each member, the likelihood of having the observed RV. This
likelihood has been computed by convolving an intrinsic & d
tribution with the measurement uncertainties and theilligion
of velocities expected for a given fraction of binaries. Byng
a maximum likelihood fit, it has been shown that the cluster RV
distribution is better represented if the intrinsic RV dimition
is modeled with a two-Gaussian fit, highlighting the preseoic
the two kinematic populations A and B in the direction of the
Velorum cluster.

We used the cluster probability density function (PDF) com-
puted by Jeffries et all (204#Yo derive the RV range where
we can find cluster members. In particular, by computing the
PDF area within a given RV range, we fixed the RV limits for
the cluster to the values for which the probability to findsslu
ter members is smaller than 0.003 (equivalent to|8vel) for

14—

16 —

18—

R I I R TR A AT objects with RV outside this range. These limits correspimnd
0.5 1.0 1.5 2.0 2.5 3.0 3.5 [RVinf, RVsugd=[1.8, 36.5] km/s. The number of cluster members
vl with RVs within this range is 541 while that with RVs outside

. ) ) this range is expected to be 0.3, so this is the best compedmis

Fig. 1. Color magnitude diagram of all the 1242 targets observgdt miss cluster members even though this implies the ifwius

in they Velorum field (dots). Empty red squares are the 579 phg 3 significant fraction of contaminants. We are not conige

tometric car]d|date members and black filled C|_rcles are X-rgiere the possibility/probability that there is a populatf bi-

detected objects. Solid lines are 0.5 and 20 Myr isochrames f 51y systems with a broader RV distribution and so some mem-

Baraffe et al.|(2015). Typical photometric error bars as@ah-  per binaries may be missed on the basis of their RV.

dicated. In addition, for several aims of this work, we defined
also a more conservative cluster RV range corresponding to

thatin the V vs. V-1 diagram fall between the 0.5 and 20 Myrthét 20~ confidence level. With these conservative RV limits
oretical isochrones from Baraffe ef al. (2015), reddeneBy [RVinr» RVeud=[12.3, 23.5]km/s we select a less complete (we
1)=0.055 andAy = 0.131,atan intrinsic distance modulus of 7.7@xpect to miss about 5 cluster members with RV outside these
(Jeffries et al., 2009), as shown in Hig. 1. To fix these agidim limits) but less contaminated sample of cluster members tha
we were guided by the position of the X-ray detected objetts ¢ombined with other conditions, allow us to select a fiducial
the CMD, since most of them are expected to be cluster membgagnple of almost certain cluster members.
(see Section316) and thus trace the cluster sequence.Wgght  To compute the contaminant fraction, we fitted the field
limits we are confident of including all possible cluster nbmrs RV distribution by using the entire RV data set but discard-
but we are aware of including a large fraction of contamisaning the objects with RVs within the more conservative cluste
However, since we consider other membership criteria, mbstRV range RV, ;, RV, J. We modeled this field RV distribution
the contaminants are discarded in the final selection. with a Gaussian function by using maximum likelihood fitting
Very young stars with circumstellar disk and/or accretian ¢ and we found that the RV mean of the field RV distribution is
also be photometrically selected by considering the IR JBH \54.7+1.3km/s with a0=40.2+0.9 km/s.
H-K diagram where they lie in the well known classical T Tauri  Figure2 shows the RV density distribution of the entire data
star (CTTS) locus, that is a region with IR excesses wellidats set compared to the total PDF obtained by adding the numeric
from the locus of the main sequence (MS) or giant stars. Blis iJeffries et al.(2014) cluster model to the field PDF derivedd
way of including additional members, identified by the prese The two distributions were normalized to the fraction ofeits
of discs/accretion. We verified that in this cluster, onlyf3h®e ysed to derive the two distributions.
selected GES targets fall in the CTTS Id¢asid so we do not By using this model, we computed the probability to find
consider the IR color-color diagram as a useful method tcselfield stars within the clusterVis, RVsyg range and then the
young stars in this cluster. number of contaminants expected in the cluster region that
amounts to 268 objects. We note that the adopted field model
does not accurately describe our data-@km/s and~30 km/s,
where there is an excess of stars in the observed distributio
The radial velocity membership criterion is based on the a8his excess could be due to some additional structures in the
sumption that in a given cluster, members share similar Rids aRV distribution that we do not include in our fit. For example,
have a narrow RV distribution. Since our sample of targets hiarge uncertainties in the RV measurements of fast rotatams
been selected photometrically, we expect to find a fraction imtroduce additional structures in the observed distrioutT his
contaminant field stars, having a much broader RV distriloyti suggests us that the number of contaminants could be lamger a
overlapping with that of the cluster. Our aim is then to modeab we consider our estimate a lower limit to the true contamin

3.2. Radial velocities

2 these objects are selected as cluster members with therotibr 3 we applied a shift of -0.13 km/s to the RVs of the model to move
ods adopted in this work the values to the reference system of the RVs of our data
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tion. Based on the excess of our data with respect to the model
we estimate that the number of missed contaminats amounts to 0.08
about 10%. r
In conclusion, we consider candidate members for RV all
the 541 stars with RV between 1.8 and 36.5 km/s. In this sample
we include also the binaries since the RV of the centre of mass
is supposed to share the cluster RV distribution. Nevestisel
since the method used to derive official GES released RVs doessE
not ensure that the RV of the binaries is that of the centre of ﬁ
mass, we are aware that some binary members may be misseg}_ ! ‘
on the basis of their RV. The same is true for fast rotators for = g4} 3 3 i
which the RV uncertainties are typically very large. Fostiea- ! !
son, binaries and fast rotators are considered as a spagiple
in the final cluster member selection in the sense that fanthe
RV membership is not considered a necessary condition, as is

0.06 |- } } s

PDF (1.00

instead, required for single stars. 0.02

3.3. Lithium line

In this section, we assign cluster membership on the basieof 0.00 e g
strength of the Li 6708 A line, that is a well-known age indica- 0 50 100 150

tor for young stars, such as those expected to be found ip the RV [km/s]
Velorum cluster. As discussed|in Jeffries et al. (2014)otae-

cal isochrones are very uncertain in predicting the lithdeple-
tion pattern and for this reason we adopt an empirical apgbroa
aimed at highlighting the cluster locus in the EW(Li) vs. V-1
diagram to fix the most appropriate EW(Li) thresholds for the
cluster member selection. With this aim we used an initied-sa
ple of candidate cluster members based on criteria thatreee f
from any bias due to the lithium line. In particular we defireed
cluster member fiducial sampilecluding the 235 objects being
both photometric cluster members (as defined in SectioraBd)
with RV within the conservative cluster rangerif, ;. RVg,])

defined in the previous section. We note that this sample does
not include only genuine cluster members since within the ph
tometric cluster locus a fraction of contaminants with Rhivi

the RV, ;. RV, ] range is expected. Nevertheless the sample is £

strongly dominated by cluster members and can be used ® trac
their lithium properties. This sample will be used, as refee 002
for the cluster, also for other membership criteria desatim
the following sections.

Figure 3 shows EW(Li) vs. V-l color where tlnduster mem-
ber fiducial samplgselected using only the RVs and the posi- 0.00
tion on the CMD, is highlighted in red. Since this cluster & n
affected by strong reddening, the V-I colors, at least foisel
ter members, can be considered as a good proxy for the spectra
type (Jeffries et al., 2009; Damiani el al., 2014). We nots,th Fig.2. The RV histogram for the entire data setjof/elorum
in general, most of the candidate cluster members have BW(tluster showing the entire RV range (upper panel) and a zoom
larger than 200 mA, with a trend depending on the spectral,tyf the cluster range (bottom panel) compared with the tdidf P
as expected from the young ages of these objects. Neves#helésolid line) obtained by adding the Jeffries et al. (Z014jstér
candidate cluster members with colors in the rangeS®-5<3, model to the field PDF performed by us (thick dashed line).
corresponding to stars of spectral type M3 and M4, could havé/ertical dotted lines delimits theRMn¢, RVsyd range used to
much weaker line and appear to have begun to deplete their lselect RV cluster member candidates.

We use theluster member fiducial sampi@empirically de-
fine the cluster locus in this diagram and to distinguish the-c
ter population from the field stars. Since the EW(Li) of chrst we assume that the EW(Li) of the candidate cluster members
members shows a pattern that depends on color, we define farg drawn from an intrinsic Gaussian distribution that isaol-
V-lranges ([1.0-1.5],[1.5-2.0],[2.0-2.5] and [3.0-3\8]here the ened by uncertainties on the EW(Li). For each color range, th
EW(Li) distribution of candidate cluster members is welpae cluster member fiducial sampiecludes few contaminants with
rated from that of the field stars. This is not the case for thveeak lithium that likely belong to the field population, sdwac
bin 2.5<V-1<3.0, which is treated separately since in this colally we are dealing with two populations. Therefore we medel
range, the EW(Li) of cluster members cannot easily be distithe EW(Li) distribution of thecluster member fiducial sample
guished from those of field stars. For each of these colorasngwith two Gaussian components, one for the clustef) @nd one

0.08 !

0.06

/s bin)

5 km

0.04

F (0.2
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Table 1. Parameters derived with the maximum likelihood fitting foe EW(Li) PDFs. Column 1 indicates the color range, cols. 2
and 3 indicate the mean and sigma of the cluster PDF, colsl % give the mean and sigma of the field PDF while col. 6 gives the
fraction of field stars with respect to the total sample. Fynaol. 7 gives the adopted EW(Li) threshold.

V- <EWL)® >  oeweper <EWLI)T > oewier  je EW(LDmin
[mA] [mA] [mA] [mA] [mA]

1.0<V-I< 1.5 422.0 38.1 27.9 18.2 0.9 100.7

1.5<V-1< 2.0 487.7 45.1 32.0 19.7 0.9 110.9

2.0<V-1< 2.5 451.4 58.8 45.0 31.7 0.7 171.7

3.0<V-1< 3.5 555.8 68.1 53.3 27.3 0.2 162.3

L A s e e e B L S 0.025 0.025 T T
800 — 7 [ 15<v-i< 20
3 E 0.020 f 0.020 ,
F 1 = =
€ 0.015 < 0.015
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o o
8 L
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Fig. 3. The EW(LIi) as a function of the color V-1 for all targetsFig. 4. Comparison between the EW(LI) distributions of all ob-

observed in they Velorum region. Red empty squares are thgerved targets falling in the selected V-1 ranges and thefites

fiducial candidate cluster members selected from their RY amodels derived as described in the text. Dashed verticalifin

the position on the CMD. each panel indicates the threshold that has been used t sele
cluster members.

for the field (Lr) to take account of the small fraction of con- o . _ _ .
taminants, and fitted the distribution for each color rangiagr We computed the probability to find contaminants with EW(L1)
a maximum likelihood technique. In this step, we are only ifarger than these thresholds (given in column 7 of Tiablerig, a
terested in the parameters of the clustes)(Lthat are given in then the number of contaminants that<is0.01. Accordingly,
columns 2 and 3 of Tablé 1. with these thresholds, all possible cluster members arecteg
Next, we considered all the targets of the entire dataset f§rP€ included. _
which an EW(Li) value has been released and falling in these A different approach has been adopted to derive the mem-
color ranges. With the maximum likelihood technique, weéitt bership from the lithium line in the color range V-I1=[2.563.
again the sum of the two PDFs, but in this step, we fixed tHegure3 clearly shows that, the fraction of Li-poor fiduails-
Gaussian parameters of the clusteita the values derived in the ter members (EW(LE100 mA) with respect to the number of
first step. The centers and the widths of the EW(Li) distiitnut all observed Li-poor targets (21/50=0.42) in this colorgen
of field stars for each color range, and the fraction of olsjdwat is relatively large. It is significantly higher than the safrec-
belong to the field population, derived in this second step, dions in the other color ranges, where we find 13/325=0.04,
givenin column 4, 5 and 6 of Tallé 1. 3/313=0.01 and 4/83=0.05, in the V-l ranges [1.0-1.5]{2.6]
Figurd3 shows, for each color range, the comparison of thgd [2.0-2.5], respectively.
observed EW(Li) distributions from the entire datasethvtite This suggests that a large fraction of the candidate cluster
best fit models derived as described previously. We usee thezembers with very weak lithium and X¥-1<3.0 are actu-
models to derive the best threshold of the EW(Li) to seleet tally cluster members. Only a small fraction of candidatetu
maximum number of cluster members whilst minimising thenembers, according to their RV, belong to the field star papul
number of contaminants. For each color range, we define cltien.
ter members as those with EW(L¥)40- from the mean EW(Li) To estimate the number of expected cluster members among
of the field PDF lg (EW(Li)min). By using the field PDF E, the 21 Li-poor candidates selected for their RV, we needtio es



L. Prisinzano et al.: GES: Membership and IMF of thgelorum cluster

mate the number of expected contaminants. We hypothesitze th N —
outside the range 2<5/-1<3, all the Li-poor stars are unassoci-  **°[ 7
ated with the cluster. We further assume that these objeets h -
a similar RV distribution to any contaminating field star hwit L
2.5 <V-I< 3. We find that the number of Li-poor stars (consid-
ered as contaminants) withQL<V-I< 2.5 selected within the
cluster member fiducial sampig 20 (13+3+4) and the number ~ *°
of all observed Li-poor targets in the same color range is 721
(325+313+83). Then the number of Li-poor targets not inetlid
in the cluster member fiducial sampig 721-20=701. Thus the
ratio between the contaminants in tbleister member fiducial
sampleand those outside thduster member fiducial sampie
20/701=0.028. If we assume the same ratio in the<2-b<3 L
range, then the number of expected contaminants icitieter
member fiducial samples 0.028*(50-21)=0.831. Therefore,
the number of expected Li-poor cluster membersis 21-1=@0. F
this reason, we cannot rule out that Li-poor targets in tbisrc 200~
range are cluster members. Since we cannot individualig@ass L
their membership based on the Li line, we consider them as un-
defined according to Li, leaving them the chance to be salecte
as cluster members with other membership criteria. [ = o
Finally, for V-1<1, where most of G-type stars are expected ~ °™* . L > . P EE—
to be found, the strength of the lithium line is not a sensitiv

age indicator anymore since these stars do deplete lithiutheo ) ,
Zero Age Main Sequenck (Sestito et al., 2003). For this reas5i9-5. The EW(Li) as a function of the color V-I for all targets

in this color range, we consider as undefined according to th@Served in the Velorum region. Red empty circles are candi-
Li the 14 objects with EW(L) 100mA, while the remaining date cluster members selepted for j[he Li line crltenqn,navhe
154 are considered non members. We do not consider the 4 s%’g crosses are the 64 objects which are left undefinedaccor
with 3.5<V-1 <5 and EW(Li)x200 mA as cluster members, sincd"d 1O the Litest.
in this color range they are expected to have EW{R)0 mA.

After this selection we have 225 objects with EW(Li) larger
than the threshold chosen in each colorrange, that ared®m®si o the gas motion that implies a strong enhancement of the
cluster.members accordmg to the Li test, 897 non members adgg temperature due to the shock produced when the circum-
120 objects that are undefined according to Li. The last samle|iar material, driven by the magnetic field lines, imgamh
includes the 56 objects for which the EW(Li) has not been megye stellar surface. In some case, also a depression isvebdser
sured, the 50 objects with EW(IL00mA and 2.&V-1<3.0, in the redward wing, that is a signature of an infalling eopel
and the 14 stars with \d 1 and EW(Li)> 100 mA. (Bertout et al ., 1996).

Figure® shows the EW(Li) distribution as a function of the A detailed study of the properties of thexHemission pro-
V-I colors, where the sample of candidate cluster members $iges for the spectra observed within the Gaia-ESO survey has
lected with the Li line is highlighted. been presented in Traven et al. (2015). Their analysis igigts!

For binary stars it is sufficient that one of the two compaseveral morphologic types of theeremission including the in-
nents has an EW(Li) larger than the adopted threshold to cdrinsic emission and the nebular contribution.
sider it as a young star. However, in the case of candidate bi- with an age of 5-10 Myt (Jeffries etldl., 2009), th¥elorum
naries, both SB1 and SB2, it is not possible to disentangle thluster could host young stars with accretion, outflows @o€h
continuum of the two components. In addition, in the casenef umospheric activity. The bl emission properties from GES spec-
resolved SB2 binaries not even the two lines can be disele@dngtra for a sample of selected members of heelorum cluster
This implies that the measured EW(Li) can be overestimateditave been extensively studied by Frasca ket al. (2015) wissiela
underestimated. Nevertheless, we considered the birenya$ fied accretor stars by using the full width at 10% of the peak
single stars, with the risk of missing cluster members and/ (Ha 10%). In addition, they studied chromospheric activity by
cluding some contaminants, This is consistent with our @hoiusing the net 4 equivalent width derived with a spectral sub-
to be inclusive in the selection of candidate members wittheatraction method| (Frasca & Catalano, 1994). This measuremen
criterion taken separately. is based on the removal of the photospheric flux to obtain the
chromospheric emission of the line core. Their analysiseis r
stricted to the sample of 13y Velorum members selected as
in Jeffries et al.[(2014) with GES spectra having signal ts@o

Spectra of young stars can show the khe in emission for atio (S/N)>20.

several physical reasons, such as chromospheric activig-o Based on the previously mentioned properties, thelibe
cretion of circumstellar material towards the star. Thit laro- Shape can be used as a membership criterion since it allows us
cess can also be associated with outflows from the central sta distinguish accretors and young active stars from ndiveac
However, while chromospheric activity affects the coreud t older stars.

line by filling it and possibly emerging as a narrovw l¢mis- In the following sections we describe, starting from theérent
sion line, accretion and outflow processes affect the limggei GES data set in the Velorum field, how we selected spectra
causing a significant broadening. The khe broadening arises with very broadened Hl lines, typical of accretors, and spectra

400 —

EW(Li) [mA]

3.4. Ha line
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with narrow Hr emission line, characteristic of chromospheric
activity.

e

200 - -

3.4.1. Accretor selection I —_—

Young stars with accretion are usually selected as objects i -
with a He10% width > 270km/s [(Muzerolle et al.. 2000; 1501 i
White & Basri[2003; Frasca etial., 2015). By applying thiaco : -~ ]
dition to the entire set of GES data in thé/elorum cluster, we -
select 26 objects. However, since most of the targets obdénv
they Velorum field are M-type stars and a large fraction of them
are also fast rotators, we checked if the broadening obdenve
the Hx line occurs also in the other spectral lines, rather than in <
the Hx line only, as expected in case of accretion.

To this aim, we estimated the line spectral broadening due

to rotation from the FWHM of a rotational (not limb-darkened 50
line profile, i.e. r

Agor [kkm/s]
¢

100

£3vsin o

(1) 0 et T S T T
0 100 200 300 400 500 600
Hoa10% [km/s]

A/lRot = 2 X

where 1 is the rest wavelength andsin iis the projected
rotational velocity. Fig. 6. FWHM of the line spectral broadening due to rotation as
Figurd® shows thé\iro as a function of the b10%. It a function of the k4 10%. Empty squares indicate objects clas-
is evident that for a subsample of stars with large 18% sified here as accretors, while crosses indicate the acsrege
(>200 km/s) Adret is correlated to the H10% and so for these lected by Frasca et al. (2015).
objects the observed broadening of the khe is likely due
to the fa;t rotation rather than to accretion. These ObW‘?m’ Table 2. Revised candidate accretor list in Gamma Velorum
not ccz)n5|dered accretors. On the contrary, th(_a stars wgh h'Cqumn 1 is the CNAME: column 2 is the FW at 10% of the
Ha 10% but lowAlro are considered here certain accretors. Ha peak, column 3 is the result obtained in this work, column 4
In conclusion, we selected as accretors those w66 s the result obtained by Frasca et al. 2015 (FBL15).
larger than 270 km/s anfiiret sSmaller than the limit (arbitrary

chosen) traced by the dashed liRelgo < 0.22x Ha10%- 10). Star EW10% accr. flag  result

With these conditions, we selected 8 young stars. km/s thiswork  FBL15
We compared our results with those obtained by Frasca et al. 08065672-4712133  404:820.2 Yes No

(2015) and we found that 4 of the 8 stars classified here as-accr ~ 08075546-4707460  308:4.9  Yes-PCyg  No

tors were also classified by Frasca étlal. (2015). The renmini ~ 08082236-4710596  51G:110.7 Yes No

4 accretors were not classified by Frasca et al. (2015) sinde 3 8383222?%%2;23 2;&%8'% \'(\'eos T\fs

them were not included in their sample and in another case the 1000705 175635, 460,012 3 No Yes

iDR1 Ha 10%-10 value used by Frasca et al. (2015) was 196.5, 73100280-4736372  369:97.7

. -y Yes Yes
i.e. smaller than the limit adopted to select accretors. 08103074-4726219  268:38.2 Yes Yes
Finally, there are 4 accretors (CNAME =08083838-4728187, 08104649-4742216  334t8.5 Yes Yes
08094046-4728324, 08104993-4707477 and 08085661- 08104993-4707477  35146.6 No Yes
4730350 ) classified Hy Frasca et al. (2015) that were disdard ~ 08105600-4740069 igg:% -g T\Ies \\((es
. [0} es

by us, since their H10% values are strongly correlated with 08110328-4716357
the expected rotational broadening and we suspect thdidset
objects the K line broadening is more related to fast rotation

rather than accretion. . .
Since spectra can be variable, especially in case of agnreti>-4-2- Active star selection

for stars observed more than once, we visually inspecteddhe
line morphology using the single acquired spectra for each ty;, > ones would usually be expected to show narrawas a
get. result of magnetically-induced chromospheric activitgttis ul-

We found that both spectra of the star J08075546-47074¢fately due to their relatively fast rotation. Angular mentum
show a P-Cygni profile, with variable intensity in both emisfpss and spin-down then lead to the fading of chromospheric
sion and absorption components. In addition, the two compaxtivity with age, but on a mass-dependent timescale - whils
nents are correlated in the sense that when the emissiarsityte solar-type stars will cease to displayr#émission on timescale
decreases, also the absorption decreases. of ~ 100 Myr, there can be &lemission in lower mass M-dwarfs

In conclusion, we have 8 stars classified as accretorsdncleven at ages of 1 Gyr and beyond (Bochanski et al.,12007). Thus
ing one star with a P Cygniddprofile. These targets are listed innarrow Hr emission lines can be used as a mass-dependent indi-
Tabld2, where the objects classified by Frascalet al. (20%5) aator of a youthful status and thus as a condition to assigste
also indicated. membership in combination with other criteria.

Even without accretion activity, young stars with outer ey
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As in|Frasca et all (2015), to define active stars we consid-
ered the net b equivalent width (EWHaChr) values from the L
GES recommended parameters, available for 205 of the entire | . "ﬁ‘,‘v:’.-- .
sample of observed stars. In addition, we usedwthindex de- I o “Q}'ﬁ
rived bylDamiani et al.[ (2014) that measures the ¢bre (2 A i . ‘Q-)'{’ e

. . . . . o L3N} .
from the line center) both in cases of emission and abserptio oor . ?

has been measured for 1153 stars of our sample. i ¢
Figurd shows the chromospheric EWi(Has a function ool & 3?, '
of the a¢ index (upper panel) and the; index as a func- . ¢+
tion of the V-I color (lower panel). It is evident that, for o i
(EW(Hacrr)) >-0.5, the chromospheric EW(H is well cor-
related to then index (upper panel). In addition, most of the
cluster members show a characteristic trend for highalues
as a function of V-I (lower panel), that describes the chroemo
spheric emission dependence on spectral type (Damianjetal -1o | ‘ }
2014). Objects with it absorption line have low, values ac- L H

Log EW(Ha) ¢y,
|
o
o
I

cording to thex index definition. i

Since thea. values are given for almost the entire sample  -151-
of GES observed targets, we used this index to select stérs wi i
chromospheric activity. In particular, by following thesird of i
thea. index of the RV candidate cluster members, we define as -20 L - - - w
active stars the 242 objects with ¥0.8 and Logy. > 0.13(V — —02 00 OF 04
1) — 0.25 (dashed line) selected from spectra with S/Mb. g o

The selected stars correspond to objects with Log
EW(Hacr) >-0.5 that can also be considered as a threshold
to select confirmed active stars. We discard objects with Log i B ’
EW(Hachr) <-0.5 since they show very small chromospheric - .
activity and the EW(Kcyy) is affected by large errors.

We added to the sample of selected active members the 4
objects with Log (EW(kcpr)) >-0.5 that were not selected in
the previous step since theig index is slightly smaller than the 0.5
threshold we adopted. In total we selected 246 candidate clu
ter members on the basis of their chromospheric activityofl0
which were already selected as accretors.

e
o

SN LA L L L 7| L L L L B B B B

Log o

3.5. Candidate members from gravity

The y index, defined using strongly gravity-sensitive lines
(Damiani et al.| 2014), is an efficient gravity indicator aale
lows a clear separation between the low gravity giants aad th
higher gravity MS and PMS stars, starting from early G-type
stars. Even if with a lower confidence level, this index aiow
also to distinguish MS from PMS stars. Hijj. 8 showsqliedex

as a function of the V-I color for the 1043 objects for whick th S
index has been released with the GESIDR2iDR3. Objects with VoI

v 2 1 are giant stars, while those in the bottom region of the

plot are MS and PMS stars. By using tblester member fidu- Fig 7. Upper panel shows the EW@chr as a function of the

cial sampIeNe see that most of them, expected to be.PMS stags, index while lower panel shows the Lag index as a func-

havey mdgx values in the upper envelolpe_ of the region of higfbn of the V-1 color (dots). Empty squares are the objeatsnfr

gravity objects { < 1), while MS stars lie in the lower part of {ne cluster members fiducial sampdd triangles indicate the

the same envelope. objects selected as accretors. Filled circles are theeactindi-
We note that this sample does not include the fast rotaigsite members selected on the basis ofith@dex, while asterix

stars sini > 30 km/s) for which they index value can be alteredsymbols are those selected on the basis of the BV} The

by the large line widths (Damiani etlal., 2014). dashed line indicates the lower limit used for the selectiith
Based on the  index, we consider high-probability clusterthea, index.

non members the candidate giants, i.e. all the 592 objetts wi

v > 1.0 and V-b1.2, as indicated by the dashed lines in the

Figure. These objects correspond to stars with 8g32 and

Ter < 5600K. By using the Siess et/al. (2000) models, we find We are aware that by adopting thabitrary limit v = 1.0, we

that PMS stars with ¥ 5200K, older than 1 Myr have log g are including a small fraction of candidate giants wtt< 1.0

always greater than3.2, and therefore we are confident that them our sample of candidate cluster members. This choise is in

objects we are discarding are not PMS stars. We considéreall agreement with our strategy of being inclusive of all padssib

remaining 648 objects as potential candidate cluster mesnbe candidate cluster members.
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Unfortunately, the XMM-Newton observations cover a field
of view of about 30 arcmin in diameter, where only 307 of the
GES targets fall. Of them, only 106 have an X-ray counteripart
thel Jeffries et all (2009) catalog. To these 106 sources dedad
a further 4 targets (CNAME: J08092860-4720178, J08093332-
4718502, J08093364-4722285, J08093920-4721387) not in-
cluded in the Jeffries et al. (2009) X-ray catalog, despéeirg
a clear X-ray counterpart from visual inspection of the kaldée
public EPIC-XMM observations of this field.

In addition, there are 5 X-ray undetected optical sources
(CNAME: J08092576-4730559, J08093321-4722596,
J08094171-4726420, J08094519-4719061, J08103074-
4726219) in thel Jeffries etial! (2009) catalog which have
an ambiguous X-ray identification, being close to intensex-
sources or located in region with very high background. As in
thelJeffries et all (2009) catalog, we leave these objectsray
undetected and then we do not consider them as X-ray cardidat
members.

Figurd® shows the spatial distribution and the CMD of the
307 targets observed with GES falling in the EPIC XMM-

Newton field of view (FOV) and the 110 X-ray detections. The
07 ot s b b OMID shows that most of the X-ray detected GES targets follow
v-I the cluster region between the 1 and 10 Myr isochrones, while

. o ) the X-ray undetected targets are outside the cluster region
Fig.8. Gravity indexy as a function of the V-I color (dots).

Empty squares are the candidate cluster members seleotad fr

their RV and the position on the CMD and filled circles are ob4. Final list of members
jects selected as candidate members from gravity. The das
line indicates the limit used rejecting giants.
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q‘ﬁe membership methods we considered in this work are based
on the spectroscopy obtained with the GES data, i.e. the RVSs,
the Li and Ry lines, and the gravity index, and on photometry
from the literature, i.e. the position of candidates in tHdlC

This last sample includes the 451 stars that are MS or PN#8d the X-ray detections. In this work we do not consider prop
stars and the 199 objects for which the gravity index is und@wotions since available data are limited to bright stars émd
fined and for which membership can be assigned by using tht help our analysis. In addition, we note that the S/N Bmit
other methods. We note that with a low confidence level, M&lopted to define the membership criteria are not the same for
could be distinguished by PMS stars but we adopt the inausi@!l the methods.

approach to include in our sample of candidate cluster mesnbe As discussed previously, the activity indexis derived by
even objects that are MS stars. measuring the H line core, while accretors are defined by mea-

suring the line | 10%. This implies that in general the sample

of active stars includes the accretors, at least when¢hiedex
3.6. X-ray detection is defined, and thus we did not consider here the accretion as a
further membership criterion. We are left with at most 6 inde
pendent criteria.

We considered the gravity index and the photometric crite-

. _— rion as necessary conditions for cluster membership. Aéurt
charactgrlzed by X-ray fluxes significantly larger than Eh_o_b- necessary requirement for cluster membership is the dyssmi
served in older stars of the same spectral type. In partidala ., jition hased on the RVs, except for stars identified zarteis
the 0.5-8.0 keV range, the X-ray luminosity function SpaTes t . j tast rotatorsvisini > 50 km/s). Indeed, the RVs of these ob-
range between 28 loglx[erg/s < 32, Wh'le old sola_r like jects can be affected by the presence of double line serig?)(S
stars show values 26 loglx[erg/s| < 27 (Favata&Micela, o py he Ry of one of the two stellar components (SB1). In the
2003 Feigelson et al., 2007). This property allows us tlis .,qe of |ate type fast rotators, the RVs are strongly aftebge
gwsh in a very efficient way, members in young clysters "O'Eﬂe simultaneous presence of molecular bands and broapshnin
field stars expected to be typically older and fainter in thea} the spectral lines due to the rotation. Thus, even in thesesca

band. The X-ray data can be used here as a membership eTitefip, py/s can be affected by very large errors and cannot be used
independent from the spectroscopic methods discussetebefo o o necessary condition to select cluster members.

V\(/e used here the X-ray catalog compiled_in Jeffries etal. The other criteria, i.e. the EW(Li), the activity index from
(2009) obtained by using two EPIC-XMM-Newton observame H, Jine and the X-ray emission are age indicators and are
tions performed in 2001. Of the 276 individual sources detc \,sad here to confirm the member&hip
considering the two observations, 260 (255 plus additiéivel In summary, to defineonfirmed memberse required that
sources with optical counterparts with flagged photométaye 5| the following conditions must be fulfilled: (a) they arem-

been found in_Jeffries etal. (2009) to have an optical caunigers hased on their gravity and photometry; (b) they are mem-
part within 6 arcsec, with a very low fraction of expectedrpu

ous matches in the PMS region of the CMD where most of the* This choice automatically excludes any unidentified sheriqul
cluster members are expected to be found. binaries with RVs outside the cluster RV range.

X-ray emission is a further useful criterion to select clushem-
bers in a young cluster. Stellar objects younger thah yi8,
such as those expected to belong to #heéelorum cluster, are
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Table 3. Number of objects for which we have a member-

Enadtd EL L N ship indication and number of candidate cluster members for
@ ] each method (G=Gravity, P=Photometry, RV=radial velesiti
Li=Lithium, A=chromospheric activity, X=X-ray).
—47.0 - =
r Method #info #candidates
Ve 1 G 1043 451
i e N A 1 P 1242 579
B IR £ A | Voo
— r -.0 . o Sye % .)'( ) |
g " ;x.x%n ,f'&x“";%x : A 1176 261
i i PN e I ] X2 307 110
4T .. o’i’ b . X’. .o
i T R 1 Notes. @ only in the EPIC-XMM FOV
L . '. .)'Q:... R
maTer o 7 window in V-l where Li-depleted M-dwarfs are found), but is
less effective for G-type stars. On the other hand, the repiiat
i | down of G-type stars means that X-ray activity is a more effec
_aval _ tive youth indicator in G- and K-type stars, but less effezfor

T M-type stars with their longer spin-down and activity tiroakes
123.0 122.8 122.6 1224 1222 122.0 121.8 1216 (eg see discussionlin Jef‘fries, 2014)

Raldec] We also note that the three age indicators have a different
sensitivity to the stellar ages. In fact, depending on tled st
lar mass, the lithium depletion starts within few millionays,
and then very high EW(Li) values allow us to distinguish very
young stars. The X-ray emission and the chromosphericictiv
are also decreasing as a function of stellar ages but witlpelon
time scale and are very efficient to select low mass starsgeun
than a few 100 Myr, while the EW(Li) method is more efficient
in selecting stars with ages smaller tha 0 Myr.

We stress that condition (c) ensure us to include also Li-
depleted members with the very unlikey risk to include unide
tified field short period binaries at the same cluster distar
with RV consistent with that of the cluster.

We note that we have optical photometric membership in-
formation for the entire data set of 1242 stars, while thesioth
criteria can be applied only to subsamples. Thble 3 shows the
number of objects for which each method can be applied and
the corresponding number of members by that method. In the
case of X-ray detections, the number of stars for which wehav
L | a membership indication is the total number of optical sesirc

HH\HH\‘H‘\HH\H"\HH\‘H‘)MY‘T falllnglntheEPIC-XMMFOV
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 We started the selection by considering only the sample of
V-1 the 312 candidates for which both the photometry and gravity
. S suggest membershipAmong these we consideramnfirmed
Fig.9. Spatial distribution (panel a) and CMD (panel b) of allmembershe 227 objects with RV compatible with the cluster
GES targets (dots). Filled large circles are all the targétisin  and at least one of the three age indicators consistent withgy
the EPIC XMM-Newton FOV, while X symbols are the GES tarstars. To these we added 15 stars classified as binaries it wh
gets with an X-ray counterpart. Solid lines are the 1 and 10 Mjhe RV has not been considered but that are members by at least
isochrones by Baraffe etlal. (2015). for one of the three age indicators. In total we have 248-
firmed membersThis sample includes 28 fast rotators with RV
compatible with that of the cluster. In addition, we definpex-
bers for RV; this condition is not applied to binaries andfst siblepmemberthe 4 fast rotators/sini > 50 km/s) that aremrlr?:m-
rotators; (c) they are young i.e. they are members basedsin thyers according to Li or Hor X-rays, but for which the RV is out
Li or Ha index or X-ray emission. The conditions (a) and (bt the cluster RV range. As already stressed, for these Bbjec
are inclusive of all possible candidates but have the d&advhe Rys can be unreliable due to the simultaneous presence of
tage of also including a fraction of contaminants. HowevEhw \,41acular bands and line rotational broadening. All theaim
the condition (c) we are confident of cutting the contamorati ing objects are consideremn members
very significantly. The three youth indicators are sensitiva Table[@ summarizes, for the sampleosinfirmed members

different way to the spectral types and, in some sense, @e Cqpq gjy criteria used and the number of cases that we find ébr ea
plementary, and then they are used independently to erfseired, 1 nination.

coverage of the entire spectral type range, especially evtiner
contamination is worst. In fact, the Li indicator is mostsen 5 For spectra with S/N 15 we considered only the photometric con-
tive to age in the K- and M-type objects (apart from the narrodition, since the gravity index in these cases is poorly @efin

14—
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18 —
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Table 4. Criteria adopted to select confirmed members.
Abbreviations for the methods are as in Tab. 3; (1,0,-) sfand O ot a1 2015 troas ——
member, non member and no information, respectively. M in- Baraffe et al. 2015 isochrones -
dicates the number of methods for which the membership is |
positive while N indicates the number of methods for which
the membership information is available. Finally, the nemdsf 12

cases for each combination is given.

Li
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Fig.10. Color magnitude diagram of the confirmed (dots)
and possible members (crossed dots). Theoretical tracits an
isochrones (0.5, 1, 5, 10, 20 and 100 Myr) lby Baraffe et al.
(2015) are also shown with solid and dotted lines, respelgtiv
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The CMD of the confirmed and possible members is shown

in_Fig.[10 where the theoretical tracks and isochrones Byembership it is sufficient that at least one of the three adje i
Baraffe et al. |(2015) are also drawn assuming the cluster digtors is positive.

tance modulus 7.76 mag and E(V-1)=0.055 as in Jeffrieslet al. The results of our membership strategy are given in Table 6
(2009). These models were used to derive the stellar masggsmembers within the EPIC-XMM FOV, for which we have 6
that are reported in Takle5 together with other fundamentgkembership criteria and in particular 3 age indicatorshis ta-
parameters. The 15 binaries classified as cluster membersiag we give the number of confirmed members and the number
treated here as single stars. Errors on masses were compyt&shjects for which we have a membership indication, foheac
by considering the uncertainties in photometry and the uncgge indicator. The fraction of confirmed members found with
tainty in Ay and E(V-I), respectively, for magnitudes and colpach method with respect to the total sample of confirmed mem-
ors, starting from the uncertainty in E(B-V) (0.016), esited in  pers is also given. Finally, we counted the number of members
Jefiries et al.(2009). Then, we derived the masses comespg \ve would miss if we did not consider that method. The same
to the box limits in the CMD defined by these uncertainties. jnformation is given by splitting the samples in three diéfet

Since the Baraffe et al. (2015) models are limited to mass@§ior ranges.
smaller than 1.4 M, we derived a mass value for 237 of the 246 The analogous values are given in TdBle 7 where we consider
confirmed and possible cluster members. This sample inslu@@nfirmed members outside of the EPIC-XMM FOV, for which
objects with masses between 0.16 and 1:3 M we have 5 membership criteria and in particular 2 age indisat

The lowest efficiency of the EW(Li) method for V&I,

. . roughly corresponding to masse& M, is due to the rapid for-
5. Discussion mation of the radiative core that prevents the Li depletiitus
5.1. Efficiency of the cluster membership methods in this spectral range, the EW(Li) is not very effective itest-

ing young stars.
As stated in the previous section, to define cluster members w In general, these results suggest that all the methods gre ve
required that the stars have photometric and dynamic (Ry)pr effective, being positive for at leasB0% of stars. They are least
erties consistent with that of the cluster. From this samypde effective in the regime of M-type stars where some members ca
discarded giants by using the gravity index and this allowed be missed. For this reason it is crucial to use, in this spectr
to reduce significantly the fraction of contaminants. range, several age indicators.

The three age indicators (EW(Li}. and X-rays) have been  The efficiency of the EW(Li) is slightly smaller (about 82%)
used to confirm the cluster membership. In most cases all than the other methods for \%£.4. The presence of Li is an ex-
three indicators are consistent but we have targets forrwgrity tremely effective age indicator in M-dwarfs since the stddc
one or two criteria give us information on their young ageisThstars are definitively very young but, in the narrow colounga
can occur for physical reasons, for example if a star alrgledy 2.5<V-1<3.0, where Li can be depleted, this method is ineffec-
pleted lithium, or if a star does not show X-ray emission, dive in the sense that some members can be missed.
for observational reasons, for example if X-ray sensitivias Thea. index, signature of b emission, and the X-ray emis-
not sufficient to detect the object. For this reason, to contire  sion, are not very effective in selecting very young stars;es
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also young field stars of spectral type M can show &hd/or Table 6. Breakdown of confirmed members in the XMM FOV.
X-ray emission. But, if on one hand these methods have the dolumn 1 is the method label, col. 2 is the number of confirmed
advantage to include some contaminants, on the other hatid, wnembers found with that method, col. 3 is the number of con-
these methods all potential cluster members can be selectedhed members for which we may apply that method, col. 4 is
Members can be missed only for observational limitatioas i.the ratio with respect to the total number of confirmed member
when the S/N of the spectra +s15, and then the index cannotand col. 5 is the number of members we would miss if we didn’t
be defined, or if they are objects very close to very strongy-r consider that method.

emitters (M-type stars are typically less bright in X-ragsjaint

objects for which the X-ray detection probability is low.esjpra Method #members #info Fraction Missed
with high S/N and/or X-ray observations with high spatiaae entire V- range Tot. 103
lution are required to efficiently use these methods. Li 87 89 0.84 1
A 94 95 0.91 2
We find that within the XMM FOV, the members not re- X 94 103 091 2

trieved with the Li line are 16, (14 of them are undefined ac- 0.3<Vil<1.1Tot 4

cording to Li) while those not identified with theaHand X-ray I;: i i gzgg 8

methods are 9, over a total of 103 members. The last column X 4 4 1.00 0

of Tab[® gives the total number of members minus the number 1T.1<V-1< 2.4 Tot. 34

of members recovered by all other methods but independently L 32 33 0.94 0

from the method indicated in the line. This tells us the numbe A 33 34 0.97 0

of members that we would miss if we did not use that method. X 33 34 0.97 1

Thus, within the XMM FQV, the three methods are equivalent 2.4<V-1< 4.1 Tot. 65

and then if we did not use one of them we could still select an Li 53 54 0.82 1

almost complete sample of members. A 57 S7 0.88 2
X 57 65 0.88 1

The same is not true if we consider the results in the region
outside the XMM FOV _where_we note that 13 and 29 MeMraple 7. Same as Tablé 6 but for the members in the region out-
bers would be missed if we did not use the Li or the activityi 4o o the XMM EOV
index, respectively. The first group are mainly the objedth w |
V-1>2.7 that were identified from their very large EW(Li) that

Method #members #info Fraction Missed

would likely be missed by the chromospheric activity method entire V-1 range Tot. 139
since their spectra have S/N smaller than that requiredeuling 0 110 116 0.79 13
latter group includes mainly members wittb2<V-1< 3.0 and A 126 127 0.91 29
EW(Li)<100mA (18 objects) 0.3<VlI<1.1Tot 4
Li 1 1 0.25 0

We note that this is the region where we estimated to find A 4 4 1.00 3
20 members and where we did not discard candidate members 11<V-1<2.4 Tot. 40
by leaving the objects undefined according to the Li test (see Li 36 39 0.90 1
Sectio 3.B). Thus, these are members ofithéelorum cluster A2 A g’% Tot 9540 0.98 4
according to RV, photometry and gravity, that were confirmed o < -3 ot. 3 077 7
by their chromosperic activity. Even if we do not have conéirm A 83 83 0.87 5o

tion by the Li line that they are very young members, it is very
unlikely that they are field stars.

In general the number of members detected by X-rays or
from activity is not significantly larger than the memberarid 5.2. The IMF
from Li and this suggests to us that the small differencesragmo _ _
the methods are related to their detailed dependence opéise sAccording to the GES observational strategy, GIRAFFE tiarge
tral range and on the observational strategy. were selected randomly from a sample of photometric candi-

dates while the UVES targets were selected within a specific

The number of members found with the three age indicatdglor range in order to discard F-type candidate membets tha
can be used to pinpoint any age Spread among the members’i_rﬁ] eXpeCted to be fast rotators. This ImplIeS that while me a
fact, as discussed in the previous section, the three metrane able to estimate the completeness_ of the sample of confirmed
also different sensitivity to cluster ages. An age spreaaifefv and possible members observed with GIRAFFE, we cannot es-
Myr can only be investigated by using Li, at least for the mMtimate how cqmplete is the S{imple of members selected with
dwarfsl while the X_rays and the Chromospheric act|v|tyrwe UVES. For this reason, to derive the IMF of the Cluster, we do
really age dependent at these ages. Since this clusterse cfdot consider the targets observed with UVES and we use only
to the Vela OB2 association, expected to be relatively you sample of confirmed and possible members observed with
(< 100 Myr), we can, in principle, find more objects selected ifflRAFFE having masses between 0.16 and 1,3 M
X-rays and/or for activity rather than by Li. However, ousudts As already mentioned in the Introduction, this cluster in-
suggest that there is no large age spread among members sihodes the two dynamically distinct populations, A and B.
the number of members selected by using the Li line is compakéowever, according to a KS test, we find that the probablit t
ble to those selected by using the X-ray and the activity oath the two populations have statistically indistinguishahkbess dis-
Thus we are confident that all selected members originated frtributions is 43%. For this reason, we will not consider thivgo
the same parent molecular cloud. populations separately in the following discussion.
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Table 8. IMF for the Gamma Vel cluster observed with
GIRAFFE. Column 1 gives the mass bin, column 2 gives the
number of stars counted in each mass bin, column 3 is the cor- r
rection factor and column 4 gives the IMF values in the linear b B
form. r =

10.0F ——— - - - - T

Lo

Mass AN c &(M)
0.16-022 54 1.16 4.85055 1oF
0.22-0.31 69 1.09 3.450.42 i e
0.31-0.44 51 1.11 1.830.26 [ y I
044-0.63 28 1.06 0.6880.13 » /%/

¢(M)
.
N
M|

0.63-0.89 22 1.08 0.390.08
089-125 9 112 0.10.04 F ’

0.1

|

Starting from the sample including timg; = 237 confirmed r
and possible members for which we have derived the mass val- C L . . .

ues, the observed IMF has been derived in the linear form 1.0 /M 0.1

M) = 2 2
fo(M) = aMm’ (2) Fig.11. The dotted line is the IMF derived from the sample of

confirmed and possible membersyofelorum observed with

The mass bins for the IMF were chosen using the Conditi(af'lRAFFE while the thick solid line is the IMF corrected for

AlogM = 0.15 slightly larger than the typical mass errors. W%completeness. The overplotted dashed segments reptkseen

corrected the IMF for incompleteness by considering forheaf(roupa (2001) IMF to which we applied an arbitrary vertical

mass bin the correqtion factor gi_ven by_the ratio between t fiift, while the solid segments show the IMF obtained with ou
number of all potential photometric candidate members had it ’

number of actually observed targets. These correctionfact
for each mass bin and the values of the corrected IMM]) = _ ) )
c£o(M)) are given in TablEl8. The observed and the correctéfte observed cluster total mass is hardly compatible wien th
IMF are shown in Fig.1l1. We ignore corrections for photorgetrPresence of/* Vel, whose WC8 component had an initial mass
completeness because they are small; Jeffries et all(20@®) ©0f ~ 35M.. The expected cluster total mass for a system in-
that the level of completeness for stars with good photopdelr ~ cluding a star with mass 35 M, is ~1000 M, (Weidner et al.,
only slowly from 93% a¥ < 16t0 83%at 1% V < 20. We note 2010), significantly larger than the observed one.
that for all the considered mass bin, the correction fackes  Several scenarios have been proposed to explain the forma-
< 20% and suggests that the observed IMF is not very differéith of y* Vel and the surrounding cluster (Jeffries €t lal., 2009,
from the corrected one. 2014/ Sacco et al., 2015), and very recently, from N-body-mod
To derive the IMF parameters we considered the multiplélling, it has been found that population A is in virial edilum
part power-law IMF of stellar populations, defined [by Krdup#hile population B is strongly supervirial (Mapelli et &2015).
(2002) in the formg(M) o« M. Our analysis does not allow to discern between these sce-
We performed a linear fit of the observed IMF and foungarios but the finding that the entire young population,cteté
a = 2.6+ 05ande = 1.1+ 0.4 in the respective mass ranges. in the region aroungd” Vel, shows a standard IMF suggests us
The sample of Velorum cluster members used to derive th&hat both populations, A and B, formed from the same molecula
IMF includes both the resolved SB1 and SB2 binaries that w&ud during the same global star formation process.
treated as single stars, and an unknown fraction of unredolv
binaries. In both cases companions are not included in #re s ;
counts. Hence, we compare the observed IMF with the sIopE'sCOhCIusmns
a =23x05forM > 05M; ande = 1.0+ 0.3 for 0.15 < We have analyzed GIRAFFE spectra acquired with the GES
M/M, < 0.5, given by Kroupa et al. (201.3) for the primary stargproject and used several membership indicators. This werk a
assuming a binary fraction of 0.5. We note that in Kroupa et &wed us to obtain a list of cluster members whose member-
(2013), the slopes of the primary IMF are equal to those givehip is confirmed by several criteria simultaneously. Initiolal,
for the canonical IMF of resolved stellar populations, etda thanks to the GES target selection strategy, based on arsivel
the Q1 < M/M, < 0.5, where the canonical stellar IMF slope isample of candidate members, we were able to obtain a sam-
a=13+03. ple of members more than 90% complete. These achievements
In Fig.[11 we show the results of the linear fit obtained bare crucial to study open clusters, usually contaminatefiekg
us compared to the canonical IMF. This result suggests lieat stars, for which assessing membership is in general ved; har
cluster IMF in the low mass range investigated in this work is The GES spectroscopic parameters used as membership in-
very similar to the canonical one. dicators are i) radial velocities, ii) equivalent withs bétlithium
If we consider the mass range used to derive the IMF, i.e. Uime, iii) a index derived by Damiani et al. (2014) from the:H
tween 0.16 and 1.Bl,, the total mass of the cluster amounts ttine that gives indications of chromospheric activity avicjrav-
~92M,. By considering the correction for incompleteness, thity y index defined in Damiani et al. (2014). In addition, we used
cluster total mass is100M,. Of course this is a lower limit to the optical photometry and the X-ray data of the cluster when
the total mass, since it is limited to objects with V faintean available. We obtained a complete list of possible members d
about 12.5 mag. In addition, we did not consider the binaag-fr fined for each method and finally a reliable and uncontamihate
tion. Nevertheless, even by taking into account for the fyinaas possible list of 246 confirmed members by combining all in-
fraction and the star component with mass larger than 1,3 Mormation.
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In particular, radial velocities, photometry and gravity i Feigelson, E., Townsley, L., Gudel, M., & Stassun, K. 20@7Protostars and
dex were used as necessary conditions to select indivitaral s . Plane}‘\s \g_e(i B-Eeifoth-fD- JeV/:itté& Kt- K|eg'o %3;3&28 ”

H H H H thi H r ., blazz . nz m .C. .
while the youth indicators, i.e. lithium,ddand X-ray detections Frgzgg: N gateﬁéno', S"’_‘ 1;‘9: ::?aA, 28’4"38%3 P ABASD
were use_d tQ CPnf"m the_ mgmbershlp. For phyS|_caI réasonSgifore, G., Randich, S., Asplund, M., et al. 2012, The Megse, 147, 25
observation limits, youth indicators work best in diffetr@pec- Hemandez, J., Hartmann, L., Calvet, N., et al. 2008, ABS, 6195
tral regimes. For example, M-type stars with Li are defigitelackson, R. J., Jeffries, R. D., Lewis, J., et al. 2015, A&2Q5A75
very young, even if the lithium depletion can occur withimvfe Jeffries, R. D. 2014, in EAS Publications Series, Vol. 65,3 Rublications

Myr and then stars with this spectral type can showaWideefan“geﬁsrieegezzggﬁzcison R . Cottaar. M.. et al. 2014. ABB3. A0

of I_ithium abunplance. This implies that by us_ing only the tit C jeffries, R. D., Naylor, T., Walter, F. M., Pozzo, M. P., & gy C. R. 2009,
terion, depending on the cluster age, a fraction of clusEmm  MNRAS, 393, 538
bers (about 15% in our case) are missed. On the other haf@upa, P. 2001, MNRAS, 322, 231

; i _ :Kroupa, P., Weidner, C., Pflamm-Altenburg, J., et al. 201& S$tellar and Sub-
all the young stars show chromospherlc activity or X-raysemi Stellar Initial Mass Function of Simple and Composite Papahs, 115

_Slon' bu'[’ dependlng on their s_pectral t[ype’ tth al_‘e ncﬁ_sm- Lanzafame, A. C., Frasca, A., Damiani, F., et al. 2015, A&A65A80
ily very young. Nevertheless, if used in combination with&t Mapelli, M., Vallenari, A., Jeffries, R. D., et al. 2015, A&&78, A35
conditions, such as RV, gravity and photometry, the agtizitd Muzerolle, J., Bricefio, C., Calvet, N., etal. 2000, Ap5 54141

X-ray criteria are very useful in selecting cluster memksarg Pasquini, L., Avila, G., Blecha, A, etal. 2002, The Mess&ng10, 1

allow us to recover also those missed according to the Li ling--> '\G/'"é]efgrgfsri'ei' g"é\'agg:{d&hetsa" ;Oso’zgﬂl'\;Rﬁgﬁ_zf

in the M-type spectral range. Since our selection start$1f80 sesiito, P., Randich, S., Mermilliod, J.-C., & Pallavicif. 2003, A&A, 407,
sample of candidate members for RV, photometry and gravity,289
to confirm the membership the three youth indicators werd usgess, L., Dufour, E., & Forestini, M. 2000, A&A, 358, 593
indifferently. Spina, L., Randlch, S., Palla, 'I:< etal. 2(|)14, A&A, 557, A5_5
Fi_naIIy, by L_lsing the new theoretical models by Baraffe et ’;‘x,enrgfg”zmﬁga%\,’?;§§n'n§;i; ft: 'D2_ 021051’(f msAis’ 4015
(2015), we derived the masses for 237 of the 246 confirmed anite, R. J. & Basri, G. 2003, ApJ, 582, 1109
possible members that are in the range [0.16,1 3] M
We derived the cluster IMF by taking into account the in-
completeness due to the unobserved members. We compared the
derived IMF with the multiple-part power-law IMF form givém
Kroupa (2001) and we found that the IMF slopeis 2.6 + 0.5
for0.5 < M/My < 1.3anda = 1.1+0.4for0.16 < M/Mg < 0.5.
These values are consistent with a canonical IMF.
Finally, we found that the total mass of the cluster com-
ponent with 016 < M/My < 1.3 is about 100M that is
significantly lower than that expected for a cluster in which
star of~ 35M, formed. The observed IMF suggests us that
the two kinematically distinct populations A and B found by
Jeffries et al.[(2014), formed from the same molecular clioud
the same global star formation process.
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Table 5. Fundamental parameters of the confirmed and possible merth&amma Velorum Column 1 is the object name, col. 2 and 3thiwe
literature photometry, col. 4, 5 and 6 are the RV, the EW(hi) theac index, respectively; col. 7 is the X-ray flag where 1 standsoay source
and 0 for X-ray undetected. Column 8 is théndex while col. 9 gives the masses; col. 10 is the binarity {@&stands for single stars, 1 for SB1
and 2 for SB2); finally col. 11 is the membership flag where Cahds for confirmed member and PM stands for possible member.

CName \ V- RV EW(Li) ac X y Mass Bin. Mem.
[km/s] [mA] [Mo]
08064390-4731532 17.65 2.67 16-89.38 179.65 10.000 1.982 0.014 0.858 0.012 0.31& 0.009 CM

08064620-4734401 18.55 2.82 19¥0.89 79.9@ 0.000 (...)

08064823-4735289 18.66 2.77 1240.37 48.9& 0.000 2.76% 0.028
08065228-4712370 16.79 2.53 33380.39 26.8@ 0.000 1.85% 0.009
08065469-4657241 12.81 1.27 1940.28 454.16 2.100 1.17% 0.001
08065618-4721015 18.80 3.26 164D.90 515.4@ 63.498 (...)

08065672-4712133 18.94 3.25 1540.61 469.6@ 30.688 7.69% 0.078
08065948-4729191 18.91 3.07 12:89.77 59.3@ 0.000 2.11% 0.020
08065984-4658511 18.42 3.16 3148.41 486.8@ 21.355 1.852 0.012
08070036-4745250 17.87 2.83 1569.31 400.2@ 29.133  2.018 0.014
08070788-4702206 17.81 3.05 -0.80.33 () 2.17@ 0.010
08071155-4719512 14.77 1.63 174D.25 506.0& 19.516  1.214 0.002
08071233-4659264 16.18 1.96 1266.26 126.6% 10.960 1.213 0.002
08071540-4711440 15.68 2.15 268D.49 488.5% 5.850 1.526& 0.003
08072198-4711230 17.18 2.78 20:86.94 369.0% 48.013  2.571 0.013
08072292-4655555 15.16 1.82 348D.57 514.6& 4.500 1.29% 0.002
08072538-4728178 18.30 2.88 1849.54 493.2@ 55.720  2.841 0.018
08072621-4721354 18.30 2.81 9.8D.32 37.2& 0.000 2.572 0.020
08072677-4655080 18.19 2.85 1744.35 68.4@ 8.600 1.83& 0.010
08073251-4734419 16.41 223 2149.26 357.1% 17.466  1.372 0.004
08073363-4703355 15.51 1.98 1669.18 519.1% 16.051  1.32% 0.002
08073402-4740513 17.60 2.89 20440.44 507.0& 9.617 2.23@ 0.017
08073416-4720436 17.77 2.94 22¥#3.15 54.9@ 0.000 2.932 0.019
08073417-4705351 1794 280 196D.28 74.7@ 7.400 2.63& 0.012
08073420-4725072 15.74 2.27 1948.15 555.3@ 13.435 2.412 0.004
08073442-4654016 18.41 3.29 176041 543.8% 46.174  3.282 0.020
08073795-4709273 17.95 2.66 19988.22 66.7@ 7.400 1.746 0.008
08074010-4720518 15.79 1.99 3.¥D.26 345.5% 11.667  1.25z2 0.003
08074177-4747392 18.31 2.92 3745%.41 (...) 2.276 0.022
08074304-4711071 16.27 2.22 19498.19 489.6% 20.577 2.082 0.004
08074361-4722095 14.54 1.55 176D.25 494.7@ 2.400 1.18% 0.002
08074648-4711496 18.09 2.85 19£€8.22 501.3% 7.400 2.07@ 0.009
08074909-4744364 17.33 2.66 1596.29 268.4% 7.000 1.89# 0.009
08075314-4726322 17.22 258 18#D.20 440.0@ 13.011  2.624 0.009
08075546-4707460 13.62 1.28 1966.18 436.1@ 1.850 1.89% 0.002
08075705-4708002 18.39 3.02 2240.97 538.7% 46.740  2.41% 0.020
08075757-4743462 14.86 1.66 1689.33 503.0% 4.500 1.45% 0.003
08075952-4737209 18.15 286 158D.44 462.8@ 10.450 2.142 0.017
08080314-4741495 15.15 1.65 2188.18 495.55% 48.154  1.254 0.002
08080388-4720433 16.36 2.26 1660.26 454.6@ 7.495 2.362 0.008
08080644-4725586 18.49 2.97 1649.41 562.9% 46.881 2.112 0.017
08080708-4741589 17.89 2.69 2149.47 444.6@ 26.587 1.69% 0.013
08080774-4659130 16.02 2.08 1948.19 531.2@ 29.840 1.632 0.003
08080787-4726533 18.20 2.94 2080.38 455.1@ 14.566  2.33%1 0.016
08080881-4732336 16.60 2.34 168D.26 448.0& 4.300 2.36& 0.007
08080943-4732250 16.57 2.61 1729.28 205.9% 20.718  2.35& 0.007

(.) 0.2340.008
0.84@ 0.016  0.24% 0.008
0.89@ 0.008  0.363 0.009

(.) 1.185 0.058

(.) 0.1680.005
0.898 0.017 0.162 0.005
0.86% 0.016 0.18% 0.013
0.902 0.010  0.18 0.005

(.) 0.278 0.007

(..) 0.229 0.007
0.92% 0.003 0.788 0.034
0.88% 0.003 0.616 0.016

(. 0.489 0.020

(..) 0.294 0.005

(..) 0.668 0.023
0.893 0.010  0.235 0.010
0.8380.012 0.25@ 0.009
0.87@ 0.009  0.25% 0.020
0.853 0.005 0.47% 0.015
0.8830.002 0.578& 0.020
0.892 0.013 0.264 0.006

(.) 0.25% 0.012
0.862 0.007 0.27% 0.008
0.872 0.002 0.426 0.016
0.902 0.010  0.172 0.005
0.832 0.007 0.306 0.011
0.874 0.004 0.585 0.020

(. 0.22% 0.010
0.868 0.003  0.476& 0.016
0.92% 0.003  0.88@ 0.020
0.8720.007 0.26% 0.009
0.863 0.008 0.32% 0.011
0.87@ 0.006  0.34@ 0.009
0.97%0.002 1.082 0.018

(.) 0.204 0.007

(..) 0.782 0.026
0.8820.013 0.25% 0.010
0.925 0.003  0.794 0.006
0.86% 0.005 0.45@ 0.015
0.90% 0.013  0.208& 0.009
0.852 0.013  0.302 0.010
0.872 0.003  0.543 0.020
0.892 0.011 0.23% 0.010
0.868 0.005 0.43% 0.016
0.8720.005 0.33& 0.009

T Yo P P N Do T R P B Yo D T Ve P P P P N Do P T P P Toan P P T P R R o T Vo N B R R B Eamn I R R W e

08081271-4714074 18.39 3.06 92.0%4.98 (..) 2.624 0.024 (.. (.) 0.199 0.005 PM
08081498-4715380 15.95 2.12 18¥®.18 501.98 13.152 1.64:0.003 1  0.8740.003 0.51% 0.019 CM
08081668-4724444 18.65 2.99 1589.69  497.85 22.557 (...) (...) (..) 0.1960.005 CM
08081723-4740092 14.28 1.34 20£8.26  459.05 2.750 1.0750.002 (..) 0.95Z0.003 0.94@ 0.025 CM
08081780-4722457 18.60 3.18 1749.70  473.1@ 40.871 (...) 1 (.) 0.184.0.004 CM
08082021-4720259 17.70 2.96 1658.36  538.98 8.250 2.208 0.011 1  0.902 0.008 0.24& 0.007 CM
08082236-4710596 14.83 1.62 218D.30 502.9@ 13.576 2.7950.006 (.. (.. 0.810 0.023 CM

08082846-4716020 14.46 141 17+48.27 467.6@ 6.505 1.172 0.002 1 0.95}_'“(.).003 0.89% 0.013

08082863-4715394 18.22 2.90 1858.42 549.4@ 14.991 2.4780.020 1 0.8720.013 0.232 0.010 CM
08082888-4715140 18.82 3.02 2068.81  400.7% 52.538 (.) (..) (.) 0.1890.004 cM
08082926-4702305 13.82 1.23 34.81.26 (..) 1.122 0.001  (...) (. 1.028 0.032 CM
08082970-4709329 18.66 2.90 17:80.44  510.98 57.983 (.) () () 0.2120.010 CM
08083030-4733305 18.54 3.14 294219 628.08 23.400 3.1860.021 (...) ) 0.186 0.005 cM

..
08083328-4716048 18.56 2.93 192P.80 453.9¢ 60.811 2.6820.027 0 0.922 0.017 0.21@ 0.009

[eNeolololoNol CNololol leloloNololoNololololololoNoloNoNoNoloNololeol JoloNoloNoNoNolololololoNoloNol Jeollol Ve loNoloNoloNoNoNo e
(@)
<

08083827-4745000 17.98 2.78 16£8.42 495.9@ 67.458 1.83%0.014 (..) 0.8820.012 0.278 0.008 CM
08083838-4728187 13.82 1.32 248D.50 429.3@ 25.739 1.692 0.004 1 (...) 1.04€ 0.029 CM
08083847-4711230 18.81 3.28 178P2.22 578.7& 33.200 (..) 1 (..) 0.1650.005 CM
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Table5. continued.

L. Prisinzano et al.: GES: Membership and IMF of thgelorum cluster

CName \ V- RV EW(Li) ac X y Mass Bin. Mem
[km/s] [mA] [Mo]

08084003-4729476 18.14 2.87 1748®.46 51528 27.153 2.2150.020 1 0.8920.015 0.2530.011 0 CM
08084469-4706591 16.70 243 1669.26  463.4@ 10.748 2.2760.006 (...) 0.8660.005 0.39% 0.010 0 CM
08084700-4739180 17.24 251 2063.27 315.3@ 6.350 1.41%0.006 (..) 0.84%0.007 0.374 0.010 0 CM
08084729-4708067 18.85 3.08 188D.61 596.8% 18.031 2.448 0.021 (...) 0.90%0.014 0.182 0.005 0 CM
08084740-4719302 17.50 2.65 174D.37 23.5@ 0.000 2142 0.008 1 (...) 0.328 0.009 0 CM
08084743-4742349 16.80 2.86 1748.30 460.65 43.346 1.866 0.006 (... 0.8880.005 0.27% 0.007 0 CM
08084854-4728191 18.54 3.11 2746.48 (...) 2.0640.021 1 (...) 0.189 0.005 2 CM
08084881-4653424 15.79 2.30 1689.20 451.9@ 33.234 1.88%0.004 (..) 0.8620.003 0.412 0.014 0 CM
08085117-4716075 15.04 1.72 1780.13 512.0% 3.323 1.3230.001 1 0.90& 0.002 0.74& 0.024 0 CM
08085214-4722579 15.03 1.68 1656.15 476.9@¢ 7.778 1.2240.001 1 0.9020.002 0.77& 0.022 0 CM
08085231-4713596 18.31 2.94 1586.57 507.3@38.749 2.4080.021 1 0.9320.014 0.2240.010 0 CM
08085391-4715075 15.73 2.03 16#4.19 498.1% 7.849 2598 0.005 1 0.8720.003 0.56@ 0.017 0 CM
08085400-4717236 15.31 1.88 16:89.18 491.8@ 11.455 1.13%0.002 1 0.8820.003 0.622 0.022 0 CM
08085592-4654421 17.49 2.61 18¥D.46 47.4@ 0.000 1.55% 0.015 (...) 0.84%0.016 0.33% 0.009 0 CM
08085604-4743319 18.98 3.22 20840.78  630.4@ 20.600 (...) (...) (...) 0.1640.005 0 CM
08085661-4730350 17.98 3.16 29048.01 278.5@ 17.800 3.63%0.025 1 (...) 0.2038 0.006 0 CM
08090157-4717069 17.17 253 20£69.27 520.08 5.600 2.458 0.009 1 0.86Z0.006 0.36% 0.009 0 CM
08090362-4713418 18.46 2.99 1568.77 546.8& 24.466 2.952 0.021 1 (.) 0.20% 0.007 0 CM
08090379-4742157 16.08 2.20 168D.26  505.15 12.233 1.728 0.004 (...) 0.86&0.004 0.474 0.015 0 CM
08090421-4728203 18.38 295 1750.93 595.4% 150.826 (...) 1 (...) 0.2160.009 0 CM
08090758-4718422 1433 156 1798.26 509.3@ 7.920 1.27#0.002 1 0.932 0.003 0.849 0.013 0 CM
08090804-4728514 18.82 2.97 15€4.28 892.6@ 13.000 (...) 1 (...) 0.1940.005 0 CM
08090875-4707441 17.96 2.94 166D.65 350.0@ 21.496 2.7280.012 1 (.) 0.24% 0.007 0 CM
08090915-4745105 17.72 2.70 199®.39 370.45 10.536 1.662 0.010 (...) 0.8720.009 0.30& 0.010 0 CM
08090966-4724525 15.02 2.22 3184.22 267.84 7976 1526 0.001 1 (.) 0.42@ 0.011 0 CM
08090978-4726305 17.73 2.70 1582.31 332487250 1.7180.008 1 0.8720.008 0.304 0.009 0 CM
08091002-4726342 17.65 3.18 1443.38 545.2@ 100.975 2.8810.018 1 (...) 0.204 0.006 0 CM
08091036-4720250 15.62 2.26 164P.20 532.1@ 12.869 1.9520.003 1 0.8720.002 0.42% 0.019 1 CM
08091101-4734316 18.39 2.93 1688.47 546.5% 11.750 2.3240.018 (...) 0.8620.013 0.21% 0.010 0 CM
08091335-4721216 18.48 3.12 3481.98 (...) 2312 0.020 1 (...) 0.19@ 0.005 2 CM
08091392-4715498 16.93 2.66 1588.28 208.0& 21.355 2.1220.007 1  0.868 0.005 0.324 0.009 0 CM
08091534-4714263 18.41 3.22 2142.85 (...) (...) 1 (...) 0.1840.004 0 CM
08091543-4726105 17.65 2.82 2326.52 122.5@ 10.200 2.4360.010 1 (...) 0.27# 0.006 0 CM
08091606-4738476 17.71 2.76 1948.33 24.1@ 0.000 1.933 0.010 (...) 0.86%0.008 0.29% 0.007 0 CM
08091748-4715558 16.45 2.63 1849.26  384.9@¢ 10.607 3.1030.008 1  0.87%0.004 0.334 0.009 0 CM
08091846-4718420 16.59 2.62 16-8D.26 195.2@ 20.648 1.6520.004 1 0.86& 0.004 0.332 0.008 0 CM
08091914-4713569 18.88 3.21 1789.62 480.4% 152.664 3.2920.029 1  0.9220.014 0.168 0.004 0 CM
08091979-4720483 16.34 2.20 184H.26 479.85 12.374 1.4620.004 1 0.8520.004 0.49% 0.022 0 CM
08092142-4708066 17.96 2.89 238441 27.2@ 0.000 26120012 1 0.8580.007 0.25& 0.007 0 CM
08092183-4735370 18.38 2.94 1940.47 3453@ 11.150 1.95320.015 (..) 0.8720.012 0.219 0.008 0 CM
08092234-4717333 18.27 3.12 132943 524.9% 35567 2.04@0.014 1 0.868 0.011 0.19% 0.006 0 CM
08092375-4735049 18.31 2.86 2088.37 565.9520.435 1.956 0.013 (..) 0.86&0.011 0.238 0.009 0 CM
08092398-4744090 17.41 2.64 1590.28 152.85 6.400 2.43:0.011 (..) 0.86@0.007 0.32% 0.010 0 CM
08092576-4730559 17.48 2.61 1820.36 477.7%8.650 1.47@0.008 0 0.8620.009 0.33%0.010 0 CM
08092627-4731001 1255 1.02 184D.19 357.3@ 3.677 0.95:0.001 1 () () 1 CM
08092634-4737267 16.99 249 1599.43 23.9a 0.000 2.024 0.007 (...) (...) 0.38% 0.009 0 CM
08092707-4724277 17.92 2.73 1688.40 477.4@37.618 1.7330.011 1 0.8920.010 0.29% 0.008 0 CM
08092749-4723072 17.69 2.79 1868.83 370.6@ 21.355 1.9320.009 1 (...) 0.284 0.006 0 CM
08092860-4720178 14.00 1.60 14.98.26 460.4% 7.142 1.188 0.002 1 0.9450.003 0.76% 0.143 0 CM
08093012-4657559 13.01 1.18 188D.27 417.7%2.616  1.0420.001 (...) (...) 1.249 0.022 0 CM
08093028-4734086 17.69 2.82 1669.28 290.08 7.150 2.7440.013 1 0.8520.008 0.27% 0.009 0 CM
08093135-4723124 15.33 1.82 16£90.26 366.7@ 10.748 1.1940.003 1 0.8840.004 0.67% 0.036 0 CM
08093154-4724289 17.47 254 1698.28 376.0& 12.304 2.11%30.010 1  0.84%0.007 0.358 0.021 0 CM
08093154-4737066 16.68 2.59 2040.26 527.5@ 4200 2.158 0.006 (...) 0.8780.004 0.344 0.013 0 CM
08093286-4726540 17.83 2.76 1699.23 82.6@ 19.092 1.68#0.007 1 0.8820.007 0.28% 0.008 0 CM
08093321-4722596 18.40 2.74 172P.36 504.65 44.336 2.1780.018 0 0.8820.013 0.25% 0.021 0 CM
08093332-4718502 15.64 2.33 1888.18 506.0% 15910 1.73:0.002 1 0.86%0.002 0.398 0.010 0 CM
08093364-4722285 17.22 252 1798.27 93.05 5.300 2.14£0.008 1 0.87%£0.006 0.3720.019 0 CM
08093450-4740527 15.16 1.96 21€80.25 521.2@ 5.515 1.7620.002 (...) (...) 0.558 0.023 1 CM
08093506-4725141 1892 3.30 16£D.40 602.55 14500 2.64320.024 1 0.90& 0.015 0.152 0.006 0 CM
08093589-4718525 12.79 1.20 1¥4.32 (...) 0.94% 0.001 1 (.) 1.284 0.026 2 CM
08093642-4717442 15.39 2.02 16€8.18 45.7@ 2.400 0.8840.001 1 0.8620.002 0.542 0.025 0 CM
08093681-4717040 14.72 1.76 16389.27 512.95% 8.132 1.376 0.003 1 0.924 0.003 0.653 0.030 0 CM
08093868-4737070 17.42 2.62 2048.29 371.48 6.200 2.20& 0.010 (...) 0.8540.007 0.33% 0.010 0 CM
08093920-4721387 12.14 0.89 175D.26 306.7& 1.200 0.798 0.001 1  0.993 0.001 (...) 0 CM
08093936-4739060 16.70 2.63 1369.28 200.25 16.193 2.252 0.006 (...) 0.87%0.005 0.33% 0.009 0 CM
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Table5. continued.

L. Prisinzano et al.: GES: Membership and IMF of thgelorum cluster

CName \ V- RV EW(Li) ac X y Mass Bin. Mem
[km/s] [mA] [Mo]

08093963-4731103 18.66 2.96 20£€89.38 557.7@19.658 2.216€0.018 1 0.89%0.013 0.20% 0.006 0 CM
08094046-4728324 17.15 3.01 2487.33 472.6@ 9.600 2.08& 0.006 1 (...) 0.24% 0.005 0 CM
08094097-4726411 17.89 2.87 1888.28 278,95 21.143 3.1920.017 1 0.8420.009 0.263 0.007 0 CM
08094171-4726420 18.78 3.08 158D.96 634.6@ 88.388 (...) 0 (...) 0.1880.004 0 CM
08094199-4703317 1591 2.05 1654.18 486.8@ 6.930  1.50@ 0.002 (...) 0.8740.002 0.55% 0.019 0 CM
08094221-4719527 12.40 1.15 414D.42  379.162.100 1.2050.001 1 (...) (...) 0 PM
08094478-4720441 14.09 1.68 1760.27 527.5% 3.606  1.39%£0.002 1 (...) 0.67% 0.045 0 CM
08094519-4719061 18.43 2.97 1469.83 392.7@ 16.950 2.3520.023 0 0.878 0.016 0.20% 0.009 0 CM
08094536-4721101 18.14 3.17 1648.37 547.95%25.102 3.62£0.021 1 0.898 0.010 0.192 0.005 0 CM
08094617-4745295 17.25 2.74 2326.29 251.28 6.350 1.89& 0.008 (...) 0.87%0.007 0.30@& 0.007 0 CM
08094655-4711042 17.44 2.66 1469.37 198.85 38.254 2.55Z 0.007 1 (...) 0.319 0.009 0 CM
08094692-4731389 16.59 2.36 1664.19 303.2521.142 1.9530.005 1 0.86%0.004 0.424 0.015 0 CM
08094702-4744298 12.36 0.93 348D.35 289.9@ 2.200 0.90& 0.001 (...) (...) (...) 0 CM
08094766-4708371 1594 229 1480.15 463.3518.738 1.66@0.002 1 0.87@ 0.002 0.424 0.016 0 CM
08094780-4717006 18.33 2.85 19540.44 42395 13.700 2.0040.020 1 0.8820.016 0.232 0.008 0 CM
08094811-4740323 17.04 2.55 1888.27 391.5@ 8.627  2.153 0.008 (...) 0.8660.006 0.36% 0.010 0 CM
08094852-4719418 16.90 2.77 158D.20 415.1%4.850 3.4160.010 1 0.8820.005 0.294 0.005 0 CM
08094951-4712079 15.32 1.83 1946.15 540.7% 3.606  1.45%£0.002 1 0.912 0.002 0.66& 0.023 0 CM
08094981-4720129 1357 1.24 16950.26 453.9% 2.333 1.1160.001 1 0.968 0.002 1.07#0.023 0 CM
08095048-4723123 16.85 2.80 1988.22 393.0%20.435 2.6940.007 1 0.8830.004 0.288 0.005 0 CM
08095062-4728064 16.98 2.54 429D.21 (...) 1.7440.005 O (...) 0.364 0.017 2 CM
08095071-4716433 17.12 252 17#D.27 77.9@ 6.600 1.72@ 0.007 1 0.842 0.007 0.372 0.009 0 CM
08095080-4740450 18.23 2.81 1949.35 493.0% 27.648 1.7540.012 (..) 0.8720.011 0.254 0.011 0 CM
08095265-4717121 1445 157 17540.25 433.9@ 5940 1.05%0.002 1 0.958 0.003 0.87%0.029 0 CM
08095370-4716085 15.97 242 14#49€.19 409.7@ 4.000 2.0430.003 1 (...) 0.3838 0.007 0 CM
08095457-4734423 16.01 2.60 9¥%.35 152.7@ 5.000 1.762 0.004 (... (...) 0.344 0.007 0 CM
08095552-4711225 18.33 291 16898.27 517.889.050 1.818 0.010 1 0.882 0.009 0.228 0.009 0 CM
08095581-4715426 17.07 2.48 16064.30 40.5@ 6.100 1495 0.006 O 0.8540.006 0.384 0.009 0 CM
08095611-4717335 1851 2.84 1780.51 416.15 20.718 () 1 () 0.234.0.008 0 CM
08095623-4704353 16.76 2.47 1740.26 411.8@ 4500 2.07@ 0.006 (...) 0.85€ 0.005 0.384 0.009 0 CM
08095637-4713351 18.78 3.02 1640.95 546.6@ 133.926 (...) 1 (...) 0.1900.004 0 CM
08095783-4701385 12.62 1.18 2548.25 383.68 3.536 0.68% 0.001 (..) 1.0180.002 1.31%0.001 0 CM
08095786-4720085 15.09 1.77 16954.18 477.8@10.889 1.14#0.001 1 0.89%0.002 0.70% 0.024 0 CM
08095807-4737443 17.07 243 2160.24 373.7@ 32951 2.10%0.006 (..) 0.8720.004 0.404 0.011 0 CM
08095842-4715483 15.76 2.04 1688.15 452.3@18.950 1.5360.002 1 0.863 0.002 0.55% 0.016 0 CM
08095903-4715230 16.22 2.19 17€6D.18 387.2@ 20.648 1.5020.003 1 0.8560.003 0.48% 0.014 0 CM
08095922-4716215 15.30 1.84 16#8.18 467.6% 7.566  1.31& 0.002 1 0.8880.002 0.66& 0.022 0 CM
08095967-4726048 12.00 0.91 9.6®.50 272.3@ 2400 0.83:80.000 1 (...) (..) 0 CM
08095986-4654056 16.18 2.11 1898.28 423.1@ 21.779 1.46%0.007 (..) 0.86&0.007 0.53& 0.025 0 CM
08100015-4700080 18.50 3.02 1580.07 569.25 64.417 (...) (...) (...) 0.1990.005 0 CM
08100053-4717581 16.72 2.46 16384.19 477.0% 7.707  2.2280.006 1 0.86%0.004 0.384 0.010 0 CM
08100066-4744550 16.77 2.33 16#D0.22  322.3@221.779 2.6450.011 (..) 0.86&0.006 0.443 0.020 0 CM
08100079-4744038 17.70 3.03 174D.27 23.8@ 0.000 2.32@ 0.011 (...) 0.84%0.008 0.23% 0.006 0 CM
08100201-4742041 16.48 2.24 2084€.18 463.95 20.011 1.528@ 0.003 (...) 0.8520.003 0.47% 0.014 0 CM
08100229-4745123 16.86 2.55 1640.20 414.3@ 14566 1.90% 0.006 (... 0.8520.005 0.358 0.009 0 CM
08100280-4736372 18.02 291 1668.29  463.95 39.669 9.644 0.051 (...) 0.88%20.009 0.252 0.007 0 CM
08100729-4744407 16.94 249 1628.20 409.0@ 35.214 2.234 0.007 (...) 0.85%0.005 0.372 0.009 0 CM
08100859-4709118 15.70 2.18 15€®.15 507.8%17.607 1.46%0.002 1 0.8610.002 0.47%0.017 0 CM
08101040-4730470 13.78 1.30 1743.15 450.3@ 5.515 1.0530.001 1 0.9620.002 1.054 0.021 0 CM
08101196-4744433 18.71 3.01 1644€.95 676.3@ 19.000 (.) (-.) (...) 0.1930.005 0 CM
08101369-4716536 18.71 2.97 1889.41 584.7528.921 1.8930.014 1  0.903 0.012 0.19% 0.005 0 CM
08101482-4708279 13.04 1.10 1650.26 376.4@ 1.800 0.9230.001 1  0.99@ 0.002 (..) 0 CM
08101699-4703590 18.12 2.83 -0.80.14 57.7@ 0.000 1.96& 0.014 (...) (.) 0.262 0.010 0 PM
08101746-4746136 18.38 2.95 1668.80 661.45 32.456 (...) (-..) (...) 0.2170.009 0 CM
08101791-4703555 17.48 2.69 1680.28  283.3% 22.557 2.104 0.008 (... 0.8640.006 0.31@ 0.009 0 CM
08101877-4714065 16.44 2.35 18#D.22  464.1520.577 1.9440.004 1 0.882£0.003 0.42% 0.015 0 CM
08102227-4727157 14.70 1.61 1658.15 497.2% 4.313  1.2120.002 1 0.92@ 0.002 0.794 0.041 0 CM
08102451-4736423 17.54 2.71 16#D0.20 144,75 5.450  2.28& 0.007 (...) 0.86%0.005 0.302 0.007 0 CM
08102484-4726483 18.19 2.86 1680.34 424.7@54.871 1.7260.009 1 0.864 0.008 0.25@ 0.010 0 CM
08102583-4736247 18.22 2.86 165H.28 535.6@ 37.618 1.948 0.013 (...) 0.8720.011 0.246& 0.011 0 CM
08102633-4701114 18.03 2.78 1754.31 59.7@ 8.500 1.656 0.009 (...) 0.8520.009 0.27% 0.008 0 CM
08102778-4717245 18.67 3.08 1720.89 542.75 25.244 2.6730.019 1 (...) 0.18% 0.005 0 CM
08103014-4726139 1458 1.82 168D0.26 409.7@ 5.657 1.386 0.004 1 0.90%0.005 0.59% 0.022 0 CM
08103074-4726219 15.14 198 1364€.13 426.4512.940 1.3680.001 0 0.9020.002 0.53% 0.022 0 CM
08103418-4657332 15.07 2.16 1950.18 432.4518.455 1.3220.001 (..) 0.8740.002 0.448 0.012 0 CM
08103439-4745297 18.04 3.02 164D.38 373.5527.365 3.1220.024 (..) 0.8720.013 0.23@ 0.008 0 CM
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Table5. continued.

L. Prisinzano et al.: GES: Membership and IMF of thgelorum cluster

CName \ V- RV EW(Li) ac X y Mass Bin. Mem
[km/s] [mA] [Mo]

08103465-4701472 1857 2.97 164H.36 583.4@ 17.819 2.026 0.016 (...) 0.868 0.013 0.203 0.007 0 CM
08103682-4728489 16.41 249 1540.18 311.2@ 14.284 1.7920.004 1  0.863 0.003 0.37@ 0.009 0 CM
08103927-4716476 18.08 3.06 1740.68 633.9@ 14.001 2.80%0.014 1 (...) 0.224 0.008 0 CM
08103948-4718465 18.14 3.12 19#1.37 530.4553.952 3.002 0.014 1 (.) 0.20% 0.007 1 CM
08104004-4722162 1821 2.85 16-8D.74 41.5@ 0.000 2378 0.013 1 (...) 0.249 0.011 0 CM
08104074-4659310 16.96 2.30 19.949.73 28.3@ 0.000 1.832 0.006 (...) (...) 0.464 0.014 0 CM
08104075-4734202 17.12 2.61 175D.30 302.0% 8.839 1.722 0.007 (...) 0.8540.007 0.342 0.009 0 CM
08104358-4653127 18.74 3.40 88690.09 (...) 1.992 0.016 (...) (...) 0.158 0.005 0 PM
08104454-4727056 17.39 2.99 178D.24  543.1546.174 2.4820.007 1 0.8920.005 0.24% 0.006 0 CM
08104649-4742216 15.69 191 1948.18 485.8@ 12.445 1.61%#0.003 (..) 0.8780.003 0.632 0.020 0 CM
08104745-4703503 16.74 2.72 16#®.38 123.85 41.649 2.483 0.007 (...) 0.308 0.007 0 CM
08104829-4746049 16.70 240 1728.28  456.6% 17.748 2.304 0.010 (...) 0.8410.007 0.40& 0.013 0 CM
08104962-4713314 17.36 2.69 1588.30 76.1@ 6.300 22220009 1 0.8720.006 0.312 0.009 0 CM
08104993-4707477 17.81 2.96 1950.43 457.7@ 21.072 2.992 0.017 (...) (.) 0.24% 0.007 0 CM
08105161-4704579 18.73 3.25 1698055 604.7%15.350 2.70£0.024 (..) 0.88%20.014 0.17@ 0.004 0 CM
08105267-4704157 18.86 3.06 18€88®.77 583.3%17.400 2.4530.024 (..) 0.8860.016 0.184 0.004 0 CM
08105365-4725088 16.51 2.66 1142.19 488.0% 6.576 2,553 0.005 1 0.878 0.003 0.323 0.009 0 CM
08105577-4718066 18.08 3.12 1499.32 622.9@51.195 1.9720.011 0 0.90%0.009 0.208 0.007 0 CM
08105600-4740069 17.90 2.70 2084.35 456.7@ 9.450 2.664 0.017 (..) 0.8740.010 0.29% 0.008 0 CM
08105684-4653427 18.93 3.17 19€84.41  546.7%14.850 2.4180.023 (...) 0.8680.015 0.17@ 0.005 0 CM
08105686-4739150 18.44 2.96 162D.51  354.0527.931 2.36£0.020 (..) 0.86%0.014 0.21% 0.009 0 CM
08105759-4656102 18.87 2.93 1228.40 48.3@ 0.000 2.75: 0.027 (..) 0.8420.016 0.19% 0.005 0 CM
08105880-4718529 17.38 2.63 1728.20 301.2@ 10.465 2.2780.008 1 0.863 0.006 0.33% 0.010 0 CM
08105959-4709096 17.91 2.71 1123.27 20.2@ 0.000 2.2320.009 (..) 0.8460.006 0.29& 0.008 0 CM
08110285-4724405 1299 1.08 16#D0.26 399.48 1.600  0.98& 0.001 (...) (...) (...) 0 CM
08110328-4716357 15.90 2.36 13088.34  486.25 20.294 2.2920.004 1 (...) 0.39% 0.007 0 CM
08110453-4734475 16.79 2.92 1643.37 21.6@ 0.000 2.08% 0.007 (...) 0.85@0.006 0.266 0.004 0 CM
08110601-4726209 16.11 2.15 16-80.18 484.6% 4.879 1.4830.002 (...) 0.8620.003 0.50% 0.017 0 CM
08110799-4734217 15.09 159 3649.18 25.64 6.590 0.97:0.001 (..) 0.9140.002 0.80& 0.000 1 CM
08110894-4706522 1895 3.07 1580@.56 523.0%37.972 2.0860.019 (..) 0.8640.015 0.18% 0.005 0 CM
08111144-4727377 12.30 0.89 1769.18 305.6% 5.020 0.838 0.000 (...) 0.994 0.001 (...) 0 CM
08111185-4729447 17.30 2.83 2981.30 418.8542.639 2.406 0.008 (...) (...) 0.28@ 0.006 0 CM
08111208-4721439 16.36 2.21 1780.27 444.0%16.193 1.804 0.005 (..) 0.8620.005 0.48% 0.015 0 CM
08111258-4708072 18.19 3.22 1788.49 551.5@ 16.688 3.032 0.015 (...) (...) 0.192 0.004 1 CM
08111480-4705207 17.99 2.92 1540.32 143.15 9.150 2.71#0.016 (..) 0.85%0.010 0.25% 0.009 0 CM
08111784-4723095 16.59 2.37 1648.27 410.0@ 7.495  1.92%0.008 (...) 0.8420.007 0.41% 0.014 0 CM
08112142-4746299 18.85 3.02 1888.77 628.6@ 15.000 (...) (...) (...) 0.1880.005 0 CM
08112320-4652335 13.00 1.16 1950.26 370.3@ 1.800  1.048 0.001 (...) 0.988 0.002 1.262 0.026 0 CM
08113214-4735340 18.45 2.98 16¥0.41  581.2% 22.415 (...) (...) (...) 0.2070.008 0 CM
08113220-4745567 16.85 2.26 29871.19 588.65 40.376 2.5450.013 (...) (...) 0.4790.015 0 CM
08113781-4726376 17.76 3.12 1646.88 618.2556.356 2.6740.013 (...) (...) 0.218 0.006 0 CM
08113846-4711536 17.94 2.83 16£69.38 75.882 10.000 2.652 0.016 (...) 0.87&0.010 0.27% 0.007 0 CM
08114123-4703033 18.10 2.92 1690.46 36.7@ 0.000 1.948 0.013 (...) 0.8820.011 0.24% 0.009 0 CM
08114284-4729504 12.24 0.82 2383.18 140.0@ 5.374  0.74£0.000 (..) 0.99& 0.001 (..) 0 CM
08114332-4730000 14.64 1.47 1998D.28 53.4512.940 0.9720.002 (..) 0.9320.004 0.88& 0.014 0 CM
08114456-4657516 15.53 1.93 194D.20 583.3@ 2.850 1.698 0.002 (...) 0.9420.002 0.613 0.021 0 CM
08115418-4701002 18.05 2.86 165D.41  561.4@ 21.779 2.00+0.016 (..) 0.86%0.013 0.26@ 0.008 0 CM
08115579-4731508 17.32 2.65 165P.29  337.5@ 26.729 2.9482 0.016 (..) 0.8480.009 0.32% 0.010 0 CM
08115956-4657100 17.73 2.78 16#8.36 105.9% 18.738  2.072 0.011 (...) 0.86%0.009 0.28& 0.007 0 CM
08120284-4722391 17.75 2.74 1149.35 26.5@ 0.000 2.32@ 0.013 (...) 0.86Z0.009 0.294 0.008 0 CM
08120601-4737113 18.29 2.75 22848.49  474.15 14.350 (..) (..) (..) 0.2600.009 0 CM
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