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ABSTRACT

Aims. We present the first extensive spectroscopic study of thieaglpopulation in star clusters Trumpler 16, Trumpler 144 an
Collinder 232 in the Carina nebula, using data from the G&8& Survey, down to solar-mass stars.

Methods. In addition to the standard homogeneous survey data redyetispecial processing was applied here because of thw brig
nebulosity surrounding Carina stars.

Results. We find about 400 good candidate members ranging from OB type® to slightly subsolar masses. About 100 heavily
reddened early-type Carina members found here were psdyiaarecognized or poorly classified, including two caatdO stars
and several candidate Herbig /Be stars. Their large brightness makes them useful traé¢he mbscured Carina population. The
spectroscopically derived temperatures for nearly 300rmass members enables the inference of individual extinctalues and
the study of the relative placement of stars along the lirggiit.

Conclusions. We find a complex spatial structure with definite clusterifigpa-mass members around the most massive stars and
spatially variable extinction. By combining the new datahagxisting X-ray data, we obtain a more complete picturehefthree-
dimensional spatial structure of the Carina clusters artlef connection to bright and dark nebulosity and UV sosur@de identifi-
cation of tens of background giants also enables us to detettitme total optical depth of the Carina nebula along magiytihes. We
are also able to put constraints on the star formation hyisibthe region with Trumpler 14 stars found to be system#sigeounger
than stars in other subclusters. We find a large percentdgstefotating stars among Carina solar-mass membershyhiwide new
constraints on the rotational evolution of pre-main-segeestars in this mass range.

Key words. Open clusters and associations: individual (Trumpler tdmpler 16, Carina nebula) — stars: pre-main-sequence

* Based on observations collected with the FLAMES spectpiged are only available in electronic form at the CDS via anonysfip to
VLT /UT2 telescope (Paranal Observatory, ESO, Chile), for thie-Gacdsarc.u-strasbg.fr (130.79.128.5) or via Hfgotsweb.u-strasbg/fgi-
ESO Large Public Survey (program 188.B-3002). Tables 1, @ &n bin/qcat?JA+A/.
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1. Introduction

The Carina nebula is one of the most massiyeégions known

in the Galaxy. It contains a large population of massive GiBsst
(the Car OBL1 association), several Wolf-Rayet stars, aed th
well-known LBV starn Carinae. Most of the stellar content of
the Carina nebula is found concentrated in a few clusters, no
tably Trumpler 16 (Tr 16, hosting Car itself) and Trumpler 14
(Tr 14), about 10NNW of n Car. Less conspicuous clusters as-
sociated with the nebula include Trumpler 15, Collinder 228
and Collinder 232. The distance #dCar has been precisely de-
termined to be 2.380.05 kpc (Smith 2006). Car OB1 contains
some of the most massive O stars known, including rare exam-
ples of O3 and even O2 stars. The properties of the region were
reviewed by Smith and Brooks (2007, 2008). More recently, th
whole Carina star formation region (SFR) was thoroughly in-
vestigated by means of a mosaic of Chandra X-ray obsengtion
(CCCP: Chandra Carina Complex Project; Townsley et al. 2011
and all papers in the series), after earlier X-ray studi¢se€en- B 0 R :
tral clusters Trumpler 16 and 14 with both Chandra (Albacete T T T T \ \
Colombo et al. 2008) and XMM-Newton (Antokhin et al. 2008). 0 1 2 3 4 5
X-ray data have been crucial to demonstrate the existenae of
population (both clustered andfidise) of> 14000 stars, un-
doubtedly associated with the SFR, which are most likely-lowig. 1. (v,V — I) diagram of all stars in the Hur et al. (2012) catalog.
mass young stars formed in the nebula several millions yeaig red dots indicate the spectroscopically observed stadied here.
ago. Detailed studies of the stellar population in Caringehan- The dashed arrow indicates the foreground reddening veetole the

til now been exclusively directed toward characterizirsgrich  solid arrow indicates a representative intracluster retdevector cor-
massive-star members, while there have been very few statlieresponding oA, = 1.

its lower mass population. For example, DeGioia-Eastwaoad e

(2001, reported optical photometry for onlyB50 stars in Trum- ever unclear if Tr 16 can still be considered a single clusttr

pler 16 and 14. Deep optical photometry on more than 4508 Star - ther sparse population or rather as several bh sicatbedy
in the same region was published by Hur et al. (2012) onlyfair, ¢ suggesﬁed bypth% X-ray results of Feigelson eﬁ aﬁ (2011)
recently, allowing optical counterparts of faint X-ray soes to y ’

. . X : We present the first spectroscopic study of a sizable popu-
be studied. Spectroscopic studies of the low-mass PMSistars_. .
these clusters are almost entirely lacking; Vaidya et 418 fation of hundreds lower mass stars down to approximatedy on

resent low-resolution spectra of 11 PMS stars solar mass, using data from the Gaia-ESO Survey (Gilmore et a
P P o .2012, Randich et al. 2013), to complement the studies of mas-
The study of low-mass PMS stars at the distance of CariRge stars in Carina and obtain a more complete understgndin

and sometimes embedded within obscuring dusf@niaright of the star formation processes that have taken place iadest
nebular emission, is time consuming and technically chgle past The same observational dataset was used in a previokis w
ing. At the same time, it is important to test whether the)e""rE)Damiani et al. 2016, Paper I) to study the dynamics of the ion
evolution of stars under such extreme ambient conditioos\-d jzed gas in the Carina Hregion from optical nebular emission
inated by the presence of hundreds OB staffgdfrom that in  |jnes.
quieter SFRs (e.g., Taurus-Auriga or also Orion). Recesutite This paper is structured as follows: In Section 2 we describe
from X-ray and IR surveys suggest that stars formed in rioB<l he composition of the observed sample; Section 3 discusses
ters (e.g., Carina, Cygnus X, NGC3603, and Westerlund 1 inct§;ster membership for the observed stars; Section 4 dissus
may be an important, if not dominant, component of all stafgassive stars that happen to fall within our sample; Sedgion
in the Galaxy, thus more representative of the average Milkyiscusses the spatial clustering of stars; Section 6 istddwo
Way star than stars formed in less rich SFRs, such as Tau-Aliscussion of reddening; Section 7 presents color-madgmit
Chamaeleon or IC348 (see, e.g., Lada and Lada 2003). Thejfigyrams; Section 8 compares results from the present déta w
fore, the study of Carina stars across the whole mass specti{ose from X-ray data; Section 9 discusses the structurkeof t
is likely to be relevant for a better understanding of theegah \yhole region; Section 10 discusses stellar ages; and Settio
stellar population in the Galaxy. the rotational properties of Carina stars. Eventually, wema-

It is not clear whether the various clusters in Carina are cgze our results in Section 12.
eval, and if not, whether this can be attributed to triggesed
sequential star formation processes. Evidence for trigtéor- ] ]
mation in Carina have been discussed by Smith et al. (2019),Observations and data analysis
but these authors focused on dfelient part of the nebula (the
southern pillars) than that studied here; there is somdayver
the Tr 16 SE obscured region alone. In the central part of Ok study a set of spectra of 1085 distinct stars in the Cagha n
rina studied here, evidence for recent or ongoing star fiama ula, which was obtained with the FLAMEGSiraffe multi-fibre
is less frequent than in the southern parts (Povich et alliZ01 spectrometer at the ESO VIUT?2 telescope on April 6-9, 2014
Among the central Carina clusters, Tr 14 was suggested te bafid released as part of the iDR4 Gaia-ESO data release. The
2 Myr younger than Tr 16 because of its more compact structdogal number of individual spectra was 1465, but all spectta
and other characteristics (Walborn 1995, Smith 2006).Hbis- ative to the same star were coadded to improve signal-teenoi
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distribution of input and observed stars. The mediAw & our
.‘ . | B 7 1085 spectrais 36.2.

2.2. Data analysis

The Gaia-ESO Survey data analysis process is distributedgm
several working groups, whose task is to apply homogeneous
procedures to all datasets to ensure a high degree of ihterna
herence. As explained in Paper |, however, the Carina nebula
presents a number of unanticipated features that are ntit dea
_ with accurately using standard procedypgslines; these fea-

= tures include the spatially nonuniform sky continuum lévem

: reflection nebulosity and the wideaHwings from both high-
velocity ionized gas and reflection in the nebula. This resgli

us to take a step back and redo part of the analysis, especiall
regarding a more appropriate subtraction of the sky spextas
described in the following. All derived parameters usectlae
released in the intern@ES DR4 data release, database taide

Dec (J2000)

=

IR L troAnalysis. This reports the detailed results from each analysis

-59.85 -59.80 -59.75 -59.70 -59.65 -59.60 -59.55 -59.50

node and their merged values produced by the relevant Work-
1615 1614 161.3 161.2 161.1 161.0 160.9 160.8

ing Group (WG12 in our case); because of the mentioned dif-
RA (32000) ficulties, results obtained from individual nodes sometime-
ing nonstandard, ad hoc procedures were preferred to WG12 re

Fig. 2. Spatial distribution of Hur et al. (2012) stars brighterrthé = sults in the case of stellar parameters (from node “OAPAY an

185 and of observed stars (red). The most massive stars ingi@re S . . . w ” ; :
are indicated with big circles and names. The dashed lirdisdte the of lithium equivalent widths (EW; node "OACT"), while radia

approximate positions of the dark obscuring dust lanes diognTr 14 and rotational velocities were taken as th(_)sg produced bg VG
and 16. (or node OAPA when these latter were missing).
The details of the special background-subtraction proeedu
employed by the OAPA node before evaluating stellar parame-

ratio (SN). Simultaneously, spectra with the FLAMES/ES ters are given in Appendix A. In short, after having sepdyate

high-resolution spectrograph were obtained, which willbe- corrected_all atmospheric sky feat_ures, nebular lines are ¢
sented separately (Spina et al. in prep.). All spectra deneil rected using each of the nearest five sky spectra: the range of

here are taken using Gifa setup HR15nR ~ 17000, wave- corrections obtained is an estimate of the uncertaintyliegbin

; : .. _the procedure, while the median of the five corrected spéxtra
length range 6444-6818A), as in all Gaia-ESO observatiéns ’ ;
cool stars in open clusters. The (known) OB stars in Cariea t3ken as the best estimate stellar spectrum, for stellanpaeter

: ; ; ) . Yerivation. Lithium EWs were computed byfidirent nodes, with
instead r?bse_rved lisTgf_ﬂarent Elrﬁehs_e'rt]ups tg ot?tamﬁ erz)?treresults in good mutual agreement, using slightijetent meth-
comprenensive set of dlagnostcs, which are betier s ds as explained in Lanzafame et al. (2015); the EW set frem th
ACT node was chosen because of its largest sample coverage.
THie WG12 radial and rotational velocities include contitus
from both the OACT node, using methods detailed in Frasca et
al. (2015), and OAPA node, using cross-correlation as lyrikf}
scribed in Damiani et al. (2014); a very good agreement indou

release and will be studied in a later work. As a consequen
we are only able to give a rough classification for the earpet
stars that happen to fall within the sample studied here.aphe
proach for deriving stellar parameters for later specyfads was
instead described in Damiani et al. (2014) and Lanzafamk e8! stars in common

(2015). ) ) ) With the collection of five-fold nebular-subtracted stella
The basis for our FLAMES target selection was the OpthQ,bectra obtained as exp|ained in Appendix A, we proceedﬁd wi
photometry published by Hur et al. (2012). This study coslere our estimates of stellar parameters (done five times par si&r
field, approximately 25¢25 in size, comprising only the centraling the method explained in Damiani et al. (2014). This fatte
portions of the entire nebula, and thus limited to the Iatgeters was purpose|y devek)ped to deal with the Spectra| range@qd r
Tr 16 and 14 and the less rich Collinder 232. Moreover, with tip|ution of Girafe HR15n data, and defines a set of spectral in-
HR15n setup, we did not observe stars brighter tdar 12, dices and their calibration to derives¥, logg, and [FgH] for
i.e., massive stars, observed withfeient Girdfe setups, nor stars later than-A2. The range spanned by each parameter in
fainter thanv = 185 in order to obtain an acceptable minimunis own set of five determinations corresponds to the systema
SN. Since low-mass stars in the Carina SFR have not yet @fror introduced by sky correction, which is often largearth
rived on the zero-age main sequence (ZAMS), we also excludpg statistical error. Depending on the intensity ratiotsen
stars in that region of the color-magnitude diagram (CMD$0A the nebular k¥ wings and stellar H wings, these latter may
a spatial region near the edge of the photometric field of vielf some cases be exceedingfeated by nebular emission and
apparently dominated by field stars, was not observed, andclinnot be used as a temperature diagnostic, for exampledn A t
nally, a random sampling of the remaining stars was perfdrmgid-G star$. For mid-A to lower mass stars, fortunately, other
to avoid an exceedingly long target list. This procedur®fe$ indicators may be used to estimate temperatures (althdwegh t
the general strategy for target selection in the Gaia-ES®E3u increased dependence on metallicity must be treated with ca
described in Bragaglia et al. (in preparation). The CMD ahbo
the Hur et al. (2012) input catalog and our spectroscopicdilt 1 The most important features of stellar spectra in the HR1%New
served stars is shown in Fig. 1. Fig. 2 shows instead theadpaltingth range are described in Damiani et al. (2014).
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tion). The problem is worst for early-A stars, where almbst t
only spectral line in HR15n range isaH Much weaker lines
are found in the blue extreme of the HR15n range, where grat-
ing efficiency is however very low, and are thereforéidult to
use in low-$N spectra. In practice, many faint early-A stars are
recognized in the Tr JA6 dataset as those having a nearly flat, o
featureless continuum spectrum with indefinite propeitigbe
Ha region because of the predominant nebular emission. B-type
stars are instead easily recognized because of their He8%6672 <
line. The He I nebular line at the same wavelength usuallybas
wings (Paper I) and is much narrower than the stellar lineof g
broadened by fast rotation. §
The wide nebular H wings are also of great nuisance when
trying to select stars with intrinsic wideddemission owing to
accretion from a circumstellar disk (e.g., classical T Tatars,
CTTS, or Herbig AgBe stars, HAeBe). Here again, the five-fold
nebular-subtracted star spectra are of invaluable helpparst-
ing cases where the apparent wide emission in the net spectru

60

stal

—
o

30
|

20

10
|

arises from poorly subtracted nebulat Wings (as it will not ° ‘ ‘ B
be present in all five net spectra) from truly widex Hines of ‘ ‘ ‘
CTTSHAeBe stars. 50 0 %0

RV (km/s)
2.3. Auxiliary datasets Fig. 3. Histogram of (heliocentric) RV for all stars wiffys ¢ < 8800 K

. . . and 9N> 15 (white-colored bars). The red filled histogram represent
The stellar popqlatlon of the Carina nebula was the objeseof stars with lithium EWs 150 mA; the dashed green histogram are stars
eral recent studies. We have therefore cross-matched ecirep getected in X-rays. The vertical dashed blue lineRVit= (~25, +15)

scopic targets with objects in several existing catalogsiaich indicate our fiducial limits for RV membership.

with the CCCP X-ray source catalog (Broos et al. 2011a) gietld

352 matches among our 1085 sample stars. The match was made

assuming a constant-lerror on optical positions of 0.2 arcsections to be considered a reliable CT/HAeBe. This conserva-

individual catalogued X-ray position errors, andaaximum tive approach undoubtedly misses some real emission-lére-m

distance. The number of spurious matches was estimated as&8s, but is a minor issue for building a reliable membesiiste

by artificially shifting one of the two position lists byl arcmin. the other membership criteria may compensate for this.dMarr

Then we considered the VPHAR2 Point Source Cataloguechromospheric b emission cannot be used as a youth indicator

(Drew et al. 2014) with photometry in the bandgi and Hr. because it is swamped by the nebular emission lines no mat-

Using a maximum matching distance af 5and constant posi- ter which sky-subtraction option is chosen. In order to miae

tion errors of 0.2 arcsec for both optical and VPHA&atalogs, the number of spurious members, a star is generally accepted

we obtain 1074 matches (of whieh140 estimated as spurious)as member only when it satisfies at least two criteria among:

However, the number of stars withchean=yes photometric flag |RV-RVy| < ARV (with RV andARV to be determined), lithium

in all of r, i, and Hr bands, matching our target list, is of onlyEW> 150 mA, X-ray detection, and CTTISAeBe status. How-

171. Last, we similarly matched our targets to the youndgstelever, since each of these criteria may include significanttyers

object (YSO) catalog of Zeidler et al. (2016), obtained fiooth  of contaminants (e.g., G stars up to an age of about 1 Gyr would

VISTA and Spitzer negmid-IR data. The number of matches idall above our lithium EW threshold), some additional scieg

64 (~ 1 spurious), of which however only 7 have cataloguedas applied, as described below.

magnitudes in all four Spitzer IRAC bands&3- 8.0u). All of To help determin®V, andARV, Figure 3 shows a histogram

these latter were already members by spectroscopic esitee of RV for stars withTes < 8800 K (and $N> 15). Colored his-

below. tograms refer to lithium- and X-ray-selected candidatémse
indicators select essentially the same population of lcagsn
Carina members. From this Figure, we find that good values

3. Cluster membership for RVo and ARV are -5 and 20 knys, respectively; the latter

. ) . . is chosen to be rather inclusive since additional indicatore
Since the chosen sample-selection strategy for Gaia-E8&i 4150 ysed for final membership assessthetcording to the
observations is inclusive of most possible members, the -megyye-stated general rule, inside the dashed RV limits onéy
bership of observed stars to each cluster must be determineghempership criterion (the RV criterion being fulfilled) isfs-
post facto. Since our emphasis is on young, low-mass st&# (Fcient to consider a star a member; outside of these limiteaat
stars), the most useful membership indicators are theifittine 1 indicators are needed. The number of stars shown in the to
EW and strong X-ray emission in addition to radial velocRY] ) histogram is 755; scaled to this number, we expect nige sp
as usual. Wide H emission wings, which are indicative of cir-rio5 optical X-ray matches to be included in these histogra
cumstellar accretion in pre-main-sequence (PMS) staesi@® istributed uniformlyper star (not per RV interval). Therefore,
strong evidence of extreme youth and probable membersiip {ost of the spurious X-ray matches lie inside the dashedline
SFR, even in the absence of a RV measurement (e.g., in cases of
strong-emission stars without observable photosphesorgb 2 The value of mean radial velociB, is in good agreement with that
tion lines). As described above, a star must show wideehhis-  of the local molecular gas; see, e.g., Rebolledo et al. (2b&d Fig.5),
sion consistently across the multiple (five) sky-subt@cthp- with heliocentricRV, = -5 knys, corresponding ¥ sg = —13.8 knys.
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where most stars are found. This justifies in part severa bin
containing X-ray detections in excess of lithium-rich staFor

the same reason, we expect 6-7 contaminants among candidate
members found only from RV and X-ray criteria.

A handful of stars satisfying the general membership dater
above are found in the CMD very near the ZAMS at the cluster
distance (or, in any case, at apparent ag@®Myr according to
Siess et al. 2000 isochrones), even after accounting fatered
ing as in the following sections. Upon individual examioati .
only two® of these 17 stars showed strong enough indications of;
membership to be retained in our list, while the others, iost
low-S/N spectra with poorly constrained parameters, were re-
moved. Of these latter, 6 were simultaneously RV- and X-ray
members, in very good agreement with their expected number.

Among our targets, we searched for additional candidate
CTTS members, but did not find any candidates by looking in
other catalogs, such as the VPHAS8ata, in particular, using the
(r—i,r—Ha) diagram locus as in Kalari et al. (2015); the 2MASS
data; and finally the Spitzer data from Broos et al. (20114, ta : :
ble 6), considering disk-bearing stars with color${31.5] > 0.2 ‘ ‘ ‘ ‘ ‘
and [58-8.0] > 0.2. To this stage, the number of low-mass can-
didate Carina members (colder thar8000 K) found is 303, of RV (km/s)
which approximately 150 are candidate CTTS.

We find also many stars withef; above 6500 K, which al- Fig. 4. Cumula}iye RV distribution fo.r late-type membgrs yvi[Qf <
reacy at this young age have o races of thum and are sorfi < S« %0 ke (ol o). The greer e enes o
times rotating so fast that an accurate derivation of RV mig aussian distribution. The blue vertical’ dashed linescaugi+7 kirys
not be possible. Moreover, it is known that A-type stars @® .\ median RV as a reference
strong coronal X-ray emitters (e.g., Schmitt 1997), sueth ¢hur ' '
member list is least reliable for stars earlier than typegp(ax-
imately Tesr > 7000 K). Early-A and B-type stars, of which we
find several tens, are instead rare in the field, so that meiseof
can be safely considered as Carina members (adding to the 303
low-mass candidates), even though their RVs might somstime
not be accurately determined because of fast rotation.

1.0

tribution
0.6

IS

umulative d

O

0.2

0.0
|

600

500
|

XX

3.1. A young field-star population

400
|

A more detailed examination of candidate members is peddrm
from their cumulative RV distribution, as shown in Figurde
black curve is the RV cumulative distribution for all singhem-
ber stars withT¢ss < 7000 K,vsini < 50 knys, and $N> 15 .
(177 stars). A cumulative Gaussian distribution fitted ® tine- S
dian RV range between-g0, 40) ks is shown with the green
curve (maximum-likelihood parametets RV >= -5.9 kmys,
o(RV) = 4.66 knys). However, an obvious asymmetry is present
between the two tails of the Gaussian distribution with acess

of stars aRV > 0 knys. Unrecognized binaries are only expected °
to produce symmetric tails. We inspected all spectra of stéth : : : : : :
RV > 0, to check that no RV determination errors were present 9000 8000 7000 6000 5000 4000
to a level that might justify the observed discrepancy. Téu r
curve therefore shows the cumulative distribution coroasiing

to two superimposed Gaussians with maximum-likelihood pﬁl’g. 5. Diagram of lithium EW vs. T;¢. Color-coding of small dots
rameters as follows: RVy >= —-7.07 knys,o(RV)1 = 3.48Kkm's  qrresponds roughly to solar mass and earlier-type stges)clate-
and< RV, >= 7.81 knys,o(RV), = 6.37 knys. The main Gaus- G to mid-K stars (orange), and M-type stars (red). Probatgebers
sian distribution accounts for 77% of stars in the subsammte are indicated with blue crosses. Green circles indicatel&ar Herbig
sidered here. The still misfit tail & ~ —20 kmys may be at- Ae/Be) stars with wide it emission. The bigger black circles indicate
tributed to either binaries or an additional small popwalatiof RV10 stars.
6-7 stars, which was not examined further. Théd0 stars in the
positive-velocity Gaussian are too numerous to be expibrye ) ) ) o
spurious X-ray matches, whose number was quantified abol/Berefore, they are likely genuine X-ray bright gmdlithium

rich stars or young stars in general. Their discrepant R¥ildis
3 These are the candidate HAeBe star [HSB2012] 2504 and the di@n with respect to the main Carina population does notlenti
[HSB2012] 2692, showing strong lithium, IR excess in the 288\ Uus to consider them Carina members. Based on their approxi-
bands, and an association with a YSO. mate RV, we refer to these stars as “RV10 stars”. There are 29

Li EW (mA)
300
|

Teff (K)
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RV10 stars withRV > 3 knys, Ters < 7000 K,vsini < 50 knys, lines and in particular of the group of lines between 649005%
and N> 15. (Damiani et al. 2014), which are strong enough to remain rec-
We investigate the nature of the RV10 group by means of tbgnizable even in fast rotators. As explained in Sect. 2 abov
Tef¢-lithium EW diagram (Figure 5). The RV10 stars account fdiand see Paper | for details) a+and He | lines, which are the
most of the low-lithium candidate members; however, moamthmost intense lines in the HR15n range for late-B stars, aed th
one-half of the RV10 stars have Li EW 150 mA and follow only detectable at low/8l, are both coincident with nebular sky
the same relation with &f as Carina members, which are aplines, whose contribution is often impossible to subtramiua
parently coeval. All RV10 stars with Li EW 250 mA have ex- rately. Therefore, classification of late-B stars on thasafsthe
tinction (as determined in Section 6) higher than the favagd Present data may only be approximate. In practice it is aften
A\f,g toward Carina (Hur et al. 2012). Nearly one-half of the RV1 ossible to confirm or echude the presence of aw_eal_< He_lrhme i
stars have instead low extinction, suggesting that theycage € SPectrum of a fast-rotating star without metaliic lit@slis-
ground stars; at the same time, many of these stars havésig&i'm'na.te between a late-B and an early-A type and, theegfor
icant Li EWSs, indicating they are young stars (sajl00 Myr) W€ assign to these stars a generic "lafedBly-A" type. In tens
in agreement with their frequent X-ray detection @®stars). ©f other cases, He | is safely detected, but again nebules lin
The spatial distribution of RV10 stars does not show clisger Make the determination of the stellar He | EW unreliableséne
and their location on the optical CMD often does not overteg t Strs were thus classified as "B-type” without better defait
main cluster locus. We conclude that the RV10 are domin@tedﬁnple_s of B-type stars in our dataset are shown in Fig. 1é-
a group of (17) foreground young stars, unrelated to then@artNis E|gure, diferences in the _adopted sky correction are evident
cluster, probably spanning a significant age range, ancachanly in the cores of nebular linesai[N 1] 6548,6584A, He |,
terized by a common dynamics. Also thesini distribution is and [S 1] 6717,6731A.

typical of young low-mass stars. We therefore speculatehies Some of the B stars show a characteristic C Il doublet at
are a remnant from a now dissolved cluster, closer to us than §578-6583A, which is typical of mid-B stars, but is enhanced
Carina nebula, in the same sky direction. in bright giants or supergiants (Grigsby et al. 1992, Si86,

The 12 RV10 stars withA, > A\f/q are instead probable MCErlean et al. 1999). We therefore consider these stars can

Carina low-mass members, whose net number becomes ZHi@ate B supergiants, although some of them may be main-
Among these stars we find 8 SB2 binaries; this appears to béé§uence B stars as well. We show some of these spectra in Fig-
low percentage compared to other studies (e.g., Mathied)1994ré 69, together with spectra of two known B supergiants (top
however, fast rotation, frequently found among Carina memsb W0 spectra) from the UVEBOP dataset (Bagnulo et al. 2003).
(see Section 11) may render double-lined systems méieudt The Gaia-ESO spectra of two of our stars show features sug-
to detect, so we cannot draw firm conclusions on this subject gesting an O stellar type: these are thenHies at 6527 A
Carina stars. We do not consider these SB2 stars in the resainfl 6683 A. Their spectra are shown in Figur@ fbottom
the paper. The identifications and properties of Carina neembtwo spectra), compared with known O stars from UYESP.
are listed in Tables 1 and 2, while those of the RV10 group arée intensity ratio between He5678 A and the neighboring
in Tables 3 and 4. o _ Hen 6683 A line would be a sensitive measure of spectral type;
Three stars with strong lithium lines, but showing no oth{oever, the nebular contamination at 6678 A is strong foi bo
membership indicator, turned out to be nonmember lithiungears since they are highly reddened and faint, which pitsve
rich giants, upon a detailed examination of their stellaep@e- 5ccyrate derivation of their spectral types. Furthermaiayge
ters. Their identifications and properties are reportedinlds 5 percentage of OB stars are spectroscopic binaries (Sota et a
and 6. 2014) and an examination of these lines in the sample covered
by spectroscopic surveys such as OWN (Barba et al. 2010), 1A-
COB (Simén-Diaz et al. 2011), or CAFE-BEANS (Negueruela
et al. 2015) reveal a number of cases where-BBB2 (each star
Our observed sample selection was made with the aim of studyth a He1 6678 A line) masquerades as a single object with both
ing low-mass stars in Carina, starting from A-type starswHo Her and Hex lines. Finally, Har 6527 A is close to a broad DIB.
ever, a number of earlier-type stars are serendipitousindo Therefore, their identification as O stars based on theitspées
among the spectra studied here. Those O-type and B-tyf® stentative at this stage. Both stars have already appeatie lit-
are intrinsically more luminous than the rest of the samiplg, erature on Carina stars, first as bright IR sources in Smaa71
some were included here because of their higher extincbonsthe corresponding designation is reported in Fig),7then as
in some cases, because they are located at significantlgdongandidate massive stars from both X-ray and IR observations
distances; the Carina nebula is close to the tangent of alsp{Sanchawala et al. 2007, Povich et al. 2011a); no opticaitspe
arm. Although HR15n spectra are not ideal for a detailedsélaswere however published for these stars before.
fication of hot stars, we attempt here to assign a qualitatas Finally, 17 stars are good or possible candidates as Herbig
sification of these stars, whose importance in the study ®f the/Be stars with an /B type and definite (regardless of sky-
Carina SFR cannot be neglected. The spectroscopic inf@maisubtraction option chosen) wide emission at M/e show some
is complemented with a study using archival photometry.  examples of these stars’ spectra in Figute Bome of the spec-
tra also show absorption or emission in the Fe Il lines at 63t{6
4.1. Spectroscopic analysis 6516.08A, indicative of hot gas. While many of the spectra of
these stars clearly show wideatHabsorption wings, underly-
As mentioned in Sect. 2, the HR15n wavelength range containg the circumstellar b emission, in some cases the absorption
the He 1 6678.15A line, which is a very useful diagnostic to seomponent is overwhelmed by the wide emission component. In
lect B-type stars. Of course, care must be used since atyne#ltese cases the HAeBe nature is suggested by either a He | line
the same wavelength a Fe | line is found in cooler stars, do tha the Fe Il lines, or by the optical photometry when this igeno
establishing a B-type spectrum also requires absence allinet consistent with an A-B type than with a lower mass CTTS.

4. Massive stars
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Table 3. Identifications of RV10 stars. Columns as in Table 1.
HSB2012 CXOGNC ADM2008 YSO RA Dec \% B-V V-I
(J2000) (J2000)
394 104314.98-593341.3 10:43:14.99 -59:33:41.3.6714 0.94 1.09
1262 104348.74-593430.4 10:43:4859 -59:34:31.2.72 1.76 2.03
1788 104405.37-593043.5 10:44:05.42 -59:30:43.8.53 0.90 1.03
2169 10:44:18.67 -59:48:05.4 16.09 0.96 1.02
2270 10:44:22.78 -59:38:52.5 18.44 . 1.75
2296 104423.64-593941.8 146 10:44:23.56 -59:39:41.4.341 0.91 1.34
2561 10:44:32.97 -59:38:05.9 17.38 0.94 1.22
2797 10:44:42.77 -59:38:01.4 17.03 1.14 1.14
2959 104450.11-593429.3 10:44:49.99 -59:34:29.6.78. 1.32 1.72
3030 104452.43-594130.1 469 10:44:52.40 -59:41:30.6.661 0.94 1.15
3167 104457.05-593826.5 534 10:44:57.06 -59:38:26.9.70L 1.01 1.19
3229 10:44:58.90 -59:40:08.4 15.66 1.18 1.27
3290 104501.02-594515.5 600 10:45:01.03 -59:45:15.6.541 0.91 1.06
3688 10:45:15.44 -59:35:21.4 17.29 1.48 1.81
3844 104521.23-593258.2 10:45:21.20 -59:32:58.8.06. 1.26 1.63
3926 104524.13-593131.1 10:45:24.14 -59:31:31.6.24 0.63 0.71
4310 104541.60-593820.2 1014 10:45:41.60 -59:38:2.2.46 0.87 1.00
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Table 4. Parameters of RV10 stars. Columns as in Table 2.

HSB2012 EN RV vsini Teft Ay Li EW y logage Hr SB2

(knys) (kny's) (K) (mA) (yn)

394 31.1 10.21.1 24.x 0.5 5182105 0.39 231.67.2 0.9840.009

1262 306 13.21.6 10.% 25 38317 042 .x ... 0.8620.008

1788 84.4 23204 12.& 0.5 508238 0.20 172.83.1 0.9840.003

2169 40.1 14206 13.%+ 1.6 509%76 0.19 193.#5.2 0.9850.007

2270 174 4825 17.9%10.0 381&25 0.00 .x ... 0.842%0.015

2296 59.0 15422 1874 15 554866 1.10 191.15.3 1.0120.004

2561 317 14609 12.6: 0.5 473kx73 0.21 .+ ... 0.974:0.008

2797 421 14911 12.3 24 511569 045 .£ ... 0.9880.006

2959 414 92.582.7 27.6: 0.5 429540 0.64 + 0.984:0.006

3030 425 10.81.3 24.G: 2.7 546584 0.67 59.654 1.0010.006
3167 1129 10#0.7 15.&: 0.5 484226 0.29 25.31.6 0.9920.002
3229 68.3 4.20.7 12.& 0.5 551250 0.94 26.62.7 0.9940.004
3290 655 8.#2.0 45@& 05 495344 0.16 202.84.4 0.980.004
3688 309 11.81.2 10.4 1.7 412441 051 .x ... 0.85:0.008
3844 16.7 6.21.4 12.: 0.5 397k54 0.00 142.89.3 0.920.016
3926 286 8410 9.6 26 598137 0.00 655%6.1 0.97&0.009
4310 59.3 10.81.0 21.& 0.5 522%56 0.22 249.84.0 0.986:0.004

2Z2<XK<KZ2<KZ2Z2<K<K<K2Z2<KZ2Z2<2
Z222Z2Z2Z2Z2ZZ2Z2Z2Z2Z222Z22Z222

Table 5. Identifications of lithium-rich field giants. Columns as iable 1.

HSB2012 CXOGNC ADMZ2008 YSO RA Dec V_ B-V V-1
(J2000) (J2000)

3579 . 10:4511.09 -5940.07.8 1585 1.06 5.5

2595 .. 10:44:34.42 -50:42:57.8 1587 2.49 3.20

3504 .. 10:45:08.53 -59:43:30.2 18.10 ..  3.25

Table 6. Parameters of lithium-rich field giants. Columns as in Téble

HSB2012 N RV vsini Teft Ay Li EW v logage Hr SB2
(knys)  (kms) (K) (mA) (yn

3579 133.3 22423 24246 281%24 .. 487.5%2.1 1.0120.002 N N

2595 969 17714 18.%1.6 3598150 2.20 231.22.1 1.0610.003 N N

3504 32.0 43.10.7 7.5%1.7 442469 4.24 167.559 1.0510.008 N N

All massive stars found in our spectral dataset are listed4r2. Photometric analysis with CHORIZOS
Table 7. The 'SIMBAD Id’ column shows that all of these stars . . e . .
have also appeared in the SIMBAD database; however, for Oﬁ?me of the massive stars identified in this section are fiatign

12 of them a B spectral type was already determined. ThergfdPteresting because their colors suggest large extinen ~ 5
or higher), which are rarely found for objects immersed in H

massive-star population of Carina, including all HAeBestin-  '€9i0ns. For thatreason we selected 10 stars from Tablé drtna
cidentally, our complete spectral sample also includesstaes POtential candidates for being highly extinguished. Fof the
for which SIMBAD lists a B spectral type (with no referencét@rst BVIJHK photometry is available from Hur et al. (2012)
given), while our spectra show definitely later (F and K) $pc and 2MASS (T_able 8), while for the remaining 3 oy | JHK
types, as shown in Figure 8. photometry exists (Table 9). _ .
We processed the photometry described above using the
CHORIZOS code (Maiz Apellaniz 2004) to measure the ex-
tinction experienced by the stars and, to the degree in wihich

We have also matched our stellar sample with the lists of cdf-Possible, their fective temperatur@e; and logarithmic dis--
didate massive stars from Sanchawala et al. (2007) andtPewictance logl. The procedure followed is similar to that used in
al. (2011a). Of the 7 matches with the Sanchawala et al. (20@¥er papers such as Maiz Apellaniz et al. (2015). With the
candidates, we confirm a type earlier than early-A for 4 (astnd®urpose of obtaining independent assessments of the piesper
5) stars; only 4 of our stars match the Povich et al. (2011a) c®f these stars, the results from the spectroscopic analysise
didates and all of them are confirmed as early-type stars. T#@re not used as inputs here. We start by providing details of
combined list contains 11 massive star candidates, of whigh theUBVIJHK photometry case as follows:

2-3 are not confirmed. Again, these are small numbers with re-

spect to the number of new early-type stars found for the first We used the Milky Way grid of Maiz Apellaniz (2048 in

time in our Gaia-ESO spectra (110 stars in Table 7) in a dpatia which the grid parameters are thieetive temperaturely)
region much smaller than the whole Carina region covered by and photometric luminosity class (LC). The latter quaritity
the Povich et al. (2011a) study. defined in an analogous way to the spectroscopic equivalent,

the large majority of our early-type stars are new entriethé
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© ] |~ 6678A, as above, plus the He Il lines at 6527

6450 6500 6550 6600 6650 6700 67‘50 68‘00 and 6684A, typical of O stars. Bottorb)( Ex-
. ample spectra of new candidate Herbig/Be
Wavelength (A) stars discovered in this work.

but maps discrete classes |-V to a continuous variablefired value of logl and leaveTl o, Rs495 andE(4405— 5495) as
the range [0-5.5]. For objects wiffyy > 15 kK the spectral free parameters.
energy distributions (SEDs) are TLUSTY (Lanz and Hubeny The results of the CHORIZOS analysis are presented in Ta-
2003). bles 8 and 9.
— The extinction laws were those of Maiz Apellaniz et al.
(2014), which are a single-family parameter with the type- We find values o0fRsags5 between~3.6 and~4.9, which are
of extinction defined byRs4g5 (Monochromatic analogous of  higher than the Galactic average but typical for anregion.
Ry, see Maiz Apellaniz 2018. The amount of reddening is _ £(4405 - 5495) ranges betwees1.3 and~2.8, reflect-
parameterized b (4405 5495). ing the known strong dierential extinction. The three stars
— LC was fixed to 5.0 (main sequence) in all cases except for with no U-band photometry have the three highest values of
[HSB2012] 3994, for which it was fixed to 1.0 (supergiant). E(4405- 5495), as expected.
The valueSTer, Reags, E(4405-5495), and logi were leftas  _ Typically, Ay is determined with better precision than either
free parameters. Rs495 or E(4405— 5495) even though, to a first approxima-
tion, Ay =~ Rsq95- E(4405— 5495). This is not incorrect be-
The BVIJHK photometry case was similar but it required cause the likelihood in th&®ss95E(4405- 5495) plane is
an additional step. The problem with lackibgband photome- ~ an elongated quasi-ellipsoid with negative slope, Rgsos
try is thatTer and logd become quasi-degenerate (even if LC is  and E(4405- 5495) are anticorrelated. Thisfect is com-
known). Rs495 and E(4405— 5495), however, are strongly con- ~ monly seen in fits to extinguished hot stars with CHORIZOS
strained, as the fierent combinations of valid@e and logd or similar codes.
yield almost identical values of the two extinction paraenet — The most important result regarding the extinction is the
Therefore, the procedure we followed was to select a reéd®na location of four stars ([S87b] IRS 41, [S87b] IRS 42,
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Fig. 8. Spectra of two stars misclassified in the SIMBAD database as B

stars, while they are a K giant (lower spectrum), and a lata-A star  Fig. 9. y2, vs. E(4405— 5495) for the 10 highly extinguished stars
(upper spectrum), respectively. Spectra are labeled Wwith SIMBAD  analyzed with CHORIZOS.

identifier. Color coding as in Figure 6.

luminosity star. Even then, it is likely to lie beyond the Ca-
[HSB2012] 1920, and [S87b] IRS 38) in thg4405-5495)- rina nebula.
Rs4es plane. A comparison with Figure 2 of Maiz Apellaniz — Three other stars ([HSB2012] 230, [HSB2012] 1395, and
(2015) reveals that they are in a region where no other known [HSB2012] 2913) are also likely to lie beyond the Carina
Galactic OB stars are located. That is because for low val- hebula. On the other hand, the fitted tbdor [HSB2012]
ues ofE(4405— 5495) it is possible to find a large range of 3017, [S87b] IRS 41, and [S87b] IRS 42 are compatible with
Rsags values but for large reddeninggags tends to be close them belonging to the Carina nebula association. It shoaild b
to the average,3 1 value. In other Words those four stars pOlnted out that the latter list includes the two stars wli t

are exceptional in having large values of bE(#405-5495) highest values dRs4g5. That is an expectediect because for
andRs495, and their extinctions laws deserve a more detailed Stars beyond the Carina nebula one expects a larger contribu
study. tion to extinction from the dfuse ISM and, hence, a lower

— We plot in Fig. 9 the dependence g, of the CHORIZOS Resa05

fit with reddening. FOIRsag5 < 4.0, the fits are reasonably  the yncertainties derived by CHORIZOS are relatively small
good even for values dE(4405- 5495) ~ 2.0, indicating 1+ hot ynrealistic because for over a decade we have wooked t
the validity of the extinction laws of Maiz Apellaniz et al.gjininate the systematic errors that have plagued otheksvor
(2014) for lowRsagss. FOrRsags > 4.0, there are good fits for 5¢ includes recalculating the zero points foffetient pho-
low values of the reddening b)@fedgrows increasingly large 1o metric systems (Maiz Apellaniz 2005, 2006, 2007), comple
as E(4405- 5495) Increases, Indicating that the eXt'nCt'oﬂlentlng and testing fierent atmosphere grids (Maiz Apellaniz
02013a) deriving a new family of extinction laws that prossd
large values ORsags. This is not surprising, given that thosegia hificant better fits to photometric data than pre-exigtines

laws were derived using stars with lower reddenings and h K% aiz Apellaniz 2013b, Maiz Apellaniz et al. 2014a), obiain

we are extrapolating to much larger values. a library of data on reference stars to serve as a test bed for a
— For two of the B-type stars (as determined from the spegf the above (Maiz Apellaniz et al. 2004, (Maiz Apellaniz and

troscopy) with UBVIJHK photometry ([HSB2012] 3017 Sota 2008, Maiz Apellaniz et al. 2011), and integrating ever
and [HSBZO].Z] 3994) the CHORIZOS-derivég; is con- thmg into the code.

sistent with their being mid-B stars. For the other five otgec
with UBVIJHK photometry (from the spectroscopy, three B
types, one B SG, and one O type), the uncertaintidgjrare 5. Spatial groups

larger and the values Ie{;m toward their being O stars. HoWse carina nebula is known to host a morphologically com-
ever, we should be cautious of that result, espemglly fer '{be stellar population, distributed among approxima2&hgub-
cases with h'gh’red They could be late-O stars (with wea lusters and a sparse population, according to Feigelsah et
Hen 6683 A) or the fitted values foFe; could be biased by (2011), of which Tr 14 and Tr 16 are only the most massive.
the extinction law (Maiz Apellaniz et al. 2014). Therefore, we define several spatial groupings into which we
— [HSB2012] 3994 has an exceptionally large fitted distancenveniently split our sample stars. Among clusters defined

(beyond the expected extent of the Galactic disk). One pd=igelson et al. (2011), numbers 1, 3-6, 9-12, 14 fall in the r
sible solution is that it is not a supergiant but instead aelowgion studied here. This is however a too detailed subdivisio
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Table 8. Results of the CHORIZOS fits for the 7 highly extinguishedstgith UBVIJHK photometry.

Star Ter LC Rs495 E(4405— 5495) |0gj Ay X'?ed
kK mag pc mag
[HSB2012]3017 22.22.5 5.0 3.620.08 1.29%0.039 3.580.07 4.6880.077 1.9
[HSB2012]230 41.85.3 5.0 3.95%0.07 1.3930.023 3.880.11 5.53%0.036 0.8
[HSB2012] 1395 42.85.2 5.0 4.260.08 1.3840.022 4.1%#0.11 5.83%0.040 0.7
[HSB2012] 2913 40.86.0 5.0 3.620.05 1.8280.026 3.850.12 6.7560.040 0.2
[HSB2012]3994 18.83.2 1.0 4.5#0.10 1.29@0.045 45%0.05 5.9020.114 3.7
[S87b] IRS 41 42,444 5.0 4.920.09 1.35%0.020 3.340.09 6.66920.034 6.4
[S87b] IRS 42 42.84.2 5.0 4.680.06 1.9320.021 3.220.09 8.86@0.033 11.3
Table 9. Results of the CHORIZOS fits for the three highly extinguskears withBVIJHK photometry.
Star Rs495 E(4405- 5495) Ay szed
mag mag

[HSB2012] 3880 3.640.06 2.10&0.030 7.6360.040 14

[HSB2012] 1920 3.980.06 2.2380.030 8.7540.026 4.6

[S87Db] IRS 38 4.0£0.05 2.8250.030 11.3940.034 304

1 1 1 . 1 1 . 1
< Trﬁmpler 14o °

Dec (J2000)

-59.80 -59.75 -59.70 -59.65 -59.60 -59.55 -59.50

/0

P V560 Car - o

161.5

T T T < T T T
161.4 1613 161.2 161.1 161.0 160.9 160.8

RA (J2000)

Fig. 10. Spatial map of observed stars. The lower right region is gmpfig. 11.(B-V,V —1) color-color diagram of the observed sample. Sym-

because of our sample selection choice. Symbols as in Figuséth
the addition of big circles to indicate B stars (blue), |1Bt¢e early-A
stars (cyan), candidate B supergiants (black), and prel@phnge) or
possible (violet) O stars. We also plot O stars from Walbd®v@) as
black crosses. The most massive of these stars (surrougdeg black
circles) are taken as centers of the respective subredgionaded by red
dashed lines, and labeled in red after the central star néarespt for

Trumpler 14, whose central star is HD93129A). Dashed blagknents
delimit the dark V-shaped dust lanes in front of the nebulze $olid
gray circle to the NW of; Car indicates approximate location and sizéimited by red dashed segments in the Figure, centered os sta

of the Keyhole nebula (Smith and Brooks 2008).

tial distribution of all stars observed in Gaia-ESO and kno

bols as in Figs. 5 and 10. The thick red line indicates theddered lo-
cus of stars earlier than A0, while the thick gray line intiésathe same
for later type stars. The reddening law appropriate fortelustars is il-
lustrated by the solid arrow on top of the dashed arrow deisgyifore-
ground absorption (and reddening law). The length of thil sofow
indicates the reddening of the new candidate O star 2MA SE36-
5947020 (star [S87b] IRS 42 in SIMBAD).

HD93129A (O21f*+02If*+0:, central star of Tr 14), V560 Car
(= HD93205, 03.5V((#))+08V), HD93250 (O4llifc:, central
star of Collinder 232), WR25+(HD93162, O2.5IffWN6), and

considering the number of optical spectra available hereves " Car.
prefer a simpler categorization. In Figure 10 we show the spa

5. Reddenin

massive stars as a reference. The most massive stars are also
coincident with the brightest X-ray sources (see Fig.1 in Aetermination of optical extinction toward individual stais

tokhin et al. 2008) and exert the strongest influence on theary important to establish how they are distributed aldmgy t
neighborhood. Accordingly, we define five spatial regiores, dline of sight. A number of studies (e.g., Smith 1987, Hur et al

g
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Fig. 12.Diagrams of T vs. colorV -1, for four spatial subregions as indicated. The KHQ& Icolor relation is shown for zero reddening (solid)
and for the cluster foreground reddening (dashed). Syndmla Figs. 5 and 10. Big red circles indicate luminous loavgy giants, probably
located behind the nebula.

2012) have determined that the foreground extinction tdza-  intrinsic colors of massive stars (down to AO) are describgd
rina is relatively low E(B — V) ~ 0.36+ 0.04, orA\flg ~ 1.1), thered line (3-Myr nonrotating solar-metallicity isocheofrom
while higher reddening stars in the same region show an anorf4strom et al. 2012, henceforth Gen$vavhile those of lower
lous reddening law wittR = 4.4 — 4.8. In the central part of mass stars by the gray line (ZAMS from Kenyon and Hartmann
Carina being studied here, highly obscured member stars ha®95; henceforth KH95). Despite the lack of a detailed diass
been found by means of X-ray observations (Albacete-Com@ation for the massive stars (Sect. 4), it is expected that wfo
et al. 2008; CCCP). Therefore, even considering only 7i@4 them are late-B or early-A stars with coldds-V ~V -1 ~ 0.
(and not the embedded clusters of Feigelson et al. 20113, cl@n this basis, the slope of the dashed arrow in Fig. 11 suggest
ter members are found over a large range of extinction valuéat the foreground reddening lawkgV — 1)/E(B - V) = 1.53,
The spatially highly nonuniform distribution of extinctigs also  Which is slightly larger than the value 1.32 in Bessell e.808;
made obvious by the two prominent SE and SW dark dust laniside Carina this ratio becomes 1.95 (slope of the bladk sol
Figure 11 shows ag - V,V — 1) color-color diagram (us- row), which is slightly larger than the vaIue. found by Hur et a
ing photometry from Hur et al. 2012), where in particular the?012) of 18+ 0.1 from photometry alone. Figure 11 also shows

colors of the early-type stars (large circles) found fromspec-
troscopy are useful to study the intracluster reddening Tavwe

4 httpy/obswww.unige.clRecherchgvoldindexlIsochrong
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that some of the B-type stars redder tHr V ~ 1 appear to
have a lowelE(V — 1)/E(B - V) ratio, more like a normal red-
dening law, although their spatial distribution shows nwiobs
pattern. Moreover, the two candidate O stars found in Seate 4
both found at very large reddenings (orange and violetesicl -
corresponding to intracluster extinctidg > 5.5. Among stars ¢ :\A"\:”"'“_S‘er)
with B-V > 2, the mentioned O star is the only candidate cluster YT N

member: the handful of other stars found in that color range a

therefore obscured background giants, whose detectianifser

~._ Av (foreground)

10

12

[}
us to estimate the total optical extinction of the nebulal &s §
spatial variation, as we discuss below and in Section 9. g
We determined individual extinction values for our stars = = i
from their photometricV — | colors, Te;s derived from our
spectroscopy, and thesk-color relation from KH95 for ZAMS
star$; the E(V — 1) colors were converted &y using the above S B
reddening laws as appropriate, i.effeliently for foreground ex- Isochrone ages: Y 05
tinction only (Ay < 1.1) and foregroundintra-cluster extinc- 0.5, 1, 5, 10 Myr ol I,
tion, each with its reddening law. Because of our inabilitys- & 1  BluerkHZAMS e -
sign a detailed spectral type and photometric color to thly-ea Red: Geneva 3-Myr o
type stars, their extinction was computed by dereddeniag th ‘ ‘ ‘ ‘ ‘ ‘ ‘
-0.5 0.0 0.5 1.0 15 2.0 25

photometry to match the 3-Myr isochrone from Ekstrom et al.
(2012). Figure 12 shows.f; versusV — | diagrams for all of our (V=1

stars separately for theftiBrent spatial groups (defined in Sec-_ _ )

tion 5). The solid line is the KH95 calibration at zero rediigry Fi9- 13. Dereddened\{ V - I) color-magnitude diagram. Symbols as

while the dashed line is the same curvelat= A\flg ~11:itis in Figs. 5 and 10. Also shown are the ZAMS for lower MS stars

. (blue), a Geneva 3-Myr isochrone for massive stars (red) satected
clear that most low-mass cluster members fall a little toriet  sochrones (dashed black) and evolutionary tracks (sddkp for

of the latter curve. In this Figure we also show the placemagfer mass stars from Siess et al. (2000); these latter bedeld with
of giant stars (defined from theindex in Damiani et al. 2014) stellar mass in solar units. The A0 and earlier type stars baen pro-
as red circles: as anticipated above, most of these giantt li jected to the MS (along the combined foregrownliister reddening
large reddening valuésnd likely beyond the Carina nebula. Invector, as shown), since they lack a detailed classification

the Trumpler 14 region virtually no background stars arensee

this might be related to a relatively higher extinction cargal . . . .
to other sightlines, and also to our incomplete target sagpl to assess their membership, as mentioned already in Semt. 3 f

combined with a locally enhanced member-to-field star dyens‘he A-type stars. Since F-type stars are generally foune tash
ratio. strong X-ray emitters as G-type stars, we consider thennagai

the context of the Carina X-ray data below.
Ages for the low-mass stars estimated from the isochrones

7. Color-magnitude diagram in Fig. 13 are distributed mostly in the range 1-5 Myr, in agre

ment with previous studies (e.g., Tapia et al. 2003, Caredro
We show the dereddened CMD of our sample stars in Figure 38.2004, Hur et al. 2012). As noted by, for example Smith and
We find probable cluster members of masses down to one Bpeoks (2008) or Wolk et al. (2011), not all clusters in Carin
lar mass (or slightly below). The nonuniform reddening hegve are the same age (Tr 14, in particular, is more compact aris pro
prevents us from establishing a mass completeness limitawe ably younger than Tr 16). The problem of establishing thge a
not be sure of detecting even O stars (our candidate O st@b[S&elationship is discussed in Section 10.
IRS 38 has/ = 17.64) in places where the reddening is largest.
Nonuniform reddening causes bright stars to be over-repted
among optically selected samples such as this one, henceave & X-ray data

a relatively large n.umber of B stars relative to _solar-magess In the subregion comprising Tr 16 and WR25 we find approx-
in our sample. This dataset is therefore unsuitable foriasudm,5¢e1y 180 low-mass candidate Carina members. Consiglerin
(eHg., of the IMfF)lrequwmg stt)atlstl_call%érepresentatswnples. that our target selection involved-a50% down-sampling of all
The scarcity of cluster members in th € 1o range 0.2-0.5, 51 gidate members from optical photometry dowiwte 185,
qorrespondmg to late-A and F stars, is also apparent frgn can extrapolate te 360 members down to that magnitude
figure. The same lack of members can be observed in Fig. Iﬂrﬁit; this is much smaller than the number of X-ray sources
at Ters near 7000 K. Since lower mass stars are found in Iargﬁro35) found in the same region by Albacete-Colombo et al.

numbers, this cannot be due to excessive reddening towee t 2008). An even larger number was found in the CCCP X-ray
stars. One possible explanation for the small number -ty ey even though this survey was based on the same Chandra
members is the relatively fast traversal time across tlasrar

. , " . .. observation in the field of Tr 16, because of the less conteeva
tive tracks in the CMD. In addition, we might lack the ab'“tychoices adopted in detecting point sources. Spurious titmtec

5 Although the KH95 relation may be superseded by more reant Jn Albacete-Colombo et al. (2008) are pred_lcted not to edcee_
ibrations, its usage here for deriviry is appropriate for best consis-~ L0 Sources and the number of unrelated field X-ray sources is
tency with the Ty calibration in Damiani et al. (2014). ~ 100, so that the number of X-ray members in this subregion
6 The employed KH95 calibration is appropriate to ZAMS stargj 'emains> 900. Therefore, a significant excess=0%600 X-ray
therefore the reddening values derived by applying it toigiare only Sources remain, above the number of members inferred from ou
approximate, but dficient for our classification as background stars. spectroscopic data. These must be stars fainter thavi eut85
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ber stars in the temperature range 9000-7000 K is real anal not
byproduct of our membership criteria. This is probably teta
* to the R-C gap found in the photometric CMD of several clus-
ters by Mayne et al. (2007); the samigeet is not recognizable
in the CMD of Carina clusters because of stronjedential ex-
tinction.
Next, we examine the X-ray properties of X-ray detected
sources that have not been observed spectroscopicallyakide t
5 &= the list of sources and their properties from Albacete-@tdio
. ST mimy B et al. (2008). Figure 1Bcompares cumulative distributions of
% extinction Ay (as derived from the near-IR colors for X-ray
sources with a 2MASS counterpart), for the X-ray sources in
% the spectroscopic sample and in the no-spectroscopy safple
2% x x Kolmogorov-Smirnov (KS) statistical test gives a probipiP
o X that the two distributions are drawn from the same parenptam
T X B of only P = 4.9 10°°, confirming the significance of their visu-
¥ ally apparent dterence. Similar results are obtained from con-
i sideration of the absorbing column dendiy, as derived from
model best fits to the Chandra ACIS X-ray spectra (Albacete-
‘ ‘ ‘ ‘ ‘ ‘ Colombo et al. 2008), whose distributions for the spectpsc
9000 8000 7000 6000 5000 4000 ically observed and unobserved samples of X-ray sources are
Teff (K) also shown in Figure 1&: here a KS test gives a probability of
P = 1.83-10 ® that the two distributions are drawn from the same
Fig. 14. Radial velocity vs. T;+ for stars not classified as membersparent sample. The two tests just made do not refer to the exac
Symbols as in Figure 5, with the addition of red crosses sgpring X-  same subsamples of X-ray sources, since only two-thirdseof t
.raé/. detteCtte? ?.tarls’ ””CO”f'rlmerh byRsltfgr {“emberm 'm?:;fffarlf X-ray sources in Albacete-Colombo et al. (2008) have a 2MASS
indicate statistical errors only. The stars are indidavith blac :
circles. The horizontal lines i¥1dicate the cluster RV range counterpart and only those detected with more than 20_X-ray
counts had a spectral fit performed. Nevertheless, therefis d
nite evidence that the optically missed, X-ray detected bers
selection limit, either because of their low mass or becaise?'® More obscured than the stars in our spectroscopic sample
large extinction (or both). Since their number is not smathw __ This finding does not rule out that the X-ray detected sample

respect to the spectroscopically studied sample, we caveot May also contain a number of low-extinction members at éint

look them for a proper understanding of the properties of t@@tical magnitudes than our limit. To test this, we conseder
SFR. Here we try to investigate their nature. the distributions of X-ray luminositieky, derived from X-ray

Forty X-ray detected late-type stars (21 from Albacetfpectral fits and therefore corrected for absorption, fersirec-

Colombo et al. 2008) were observed spectroscopically, bt roscopic and no-spectroscopy samples, as shown in Figee 1

i ili ; —292.10°16
classified here as members; of these stars, 11 are RV10 Bdars%e KS ;cje'\s/,ltsgllves a probatb|l|ty of nkoffhrentcet;)P__ 2'2X10 : i
6 are near-ZAMS rejected members discussed in Section 3. gg ; owh-mast_; S ;rs arle r)oer]I 0 be In an A-ray satu-
first examine whether this can reveal a failure of our membéf-cd F€gime, wnere the X-ray Iluminostly 1S on average pro-

- P - . portional to stellar bolometric luminositix ~ 103Lyy (Flac-
ship criteria. These stars do not cluster at any particuéazepin Oénio et al. 2003, Preibisch et al. 2005, Damiani et al. 2p06a

the CMD diagram and there is no reason to conclude that a o
group they should be included among members. The same ¢ refore, the lower (unabsorbed) X-ray luminosities airst

without spectroscopy implies that these stars have on geera
ower luminosities (and mass) than our spectroscopic sampl

he X-ray detected member sample is therefore more complete
r{gr’in the spectroscopic sample both toward lower masse®and t
ward more obscured stars.

RV (km/s)
0
1
X
T

clusion is reached from Figure 14, showing RV versuys Ex-
clusively for nonmember stars: the X-ray emitting nonmerab
are randomly scattered, and in particular their memberstaip
tus would not change by any small adjustment of the nomi
RV range for members (horizontal lines). We recall thathéde
X-ray sources had lithium EW above 150 mA, they would have

been accepted as members even in the presence of discrépant R

(in order not to lose binarie§)Thus, the red crosses in Fig. 14. Cluster structure

not only have discrepant RV but also no lithium. As d'SCUSSWe attempt here to combine all data discussed above in asing|

above, in the & range 9000-7000 K our membership criteri gherent picture of the structure of central Carina. We fast

may be weakest, yet, even in this range the number of poten e meaningfulness of the derived extinction valagsby com-

candidates from X-rays is very small and they all appearteh : ; ; o : .
N X aring them with the spectroscopic gravity indgxefined in
significantly discrepant RV. Therefore, these X-ray detdstars aFI:))ami%mi etal. (2014). T%e predictFi)on%hat V\)//e tgg here isdla

with no lithium and discrepant RV are unlikely members arel afnain-sequence stars later than mid-G, and only observathie

not considered furthérWe also conclude that the lack of mem- fg . .
foreground of the nebula, must ha&e < A/, while most giants

7 The few red crosses inside the nominal RV range were rejeted@PP€ar in the background with a much lower space density but
members because of their proximity to the ZAMS, as explaatezve. higher luminosity. Figure 16 shows that this is exactly theec

8 Of these 40 stars, 37 are classified by Broos et al. (2011bjmtite high-gravity, main-sequence GKM stars have: 0.97 and the
CCCP project, on the basis of X-ray properties and optid&-pho-
tometry alone: all but four (unclassified) objects weregssil to the and RV10 stars, which we instead excluded on the basis of timeeH
“Carina young star” group including, thus, the majority efan-ZAMS  al. (2012) photometry and our RVs, respectively.
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Fig. 15. (a): Cumulative distributions o, (derived from NIR colors) for Tr 16 X-ray sources observedetepectroscopically (black solid line)
and unobserved (red solid line). Blue and orange dashesl iliicate the cumulative distributions of gas column dgrisj; (scale on top axis)
for the same subsamples, respectivadly. As in panel &), for the X-ray luminositylLx.

Ay

0.80 0.85 0.90 0.95 1.05 1.10

Y

Fig. 16.Optical extinctiorAy vs. spectral index. Symbols as in Figs. 5
and 10. For GKM starg; is an dfective gravity diagnostic, where high-
gravity stars have < 0.97 and giants havg > 1.02. The horizontal
dashed line indicates the foreground extinction value.

vast majority of them are found &¢, < A\f,g, while giants (hav-
ingy > 1.02) are almost all found in tha, range between 2-5
mag, typically larger than the extinction toward clustenmbers.
Having better established our confidence in the determi
extinction values, we next consider the spatial distrimai of
stars in several ranges @éf,, as shown in Figure 17. The up-
per left panel shows all stars withy < 0.8; no clustering is
detectable, in agreement with these being foreground, stars

related to Carina and its obscuring material. Tens of stees a
found projected against the dark V-shaped dust lanes. Time nu
ber of low-gravity stars (red circles) is very low. In the @pp
right panel, the low-extinction cluster members appearcinsg
groups with close spatial association with the most massars;
the dust lanes are almost devoid of stars except for a doreb-(p
ably background) stars near WR25, where the total absaorptio
is lower than elsewhere in the lane (see, e.g., Fig.1 in Adteac
Colombo et al. 2008). Most of the B-type stars have not yetanad
their appearance in this, range. This probably makes the num-
ber ratio between early-type and solar-type stars moresepr
tative of its real value. In the next extinction range, shamwthe
lower left panel, the stellar distribution has changed wers
ably. Low-mass members are more widely dispersed away from
the most massive stars, while their density generally owxe
toward places of higher obscuration. This is seen in thewici
ity of n Car, which now has many more neighbors toward SE
(where they eventually meet the dark lane) than toward NW, an
also in the Trumpler 14 region, where again member stars are
found exclusively on the side of the cluster nearest the Idad
Taking the dashed black lines in the Figure as a reference, we
may observe that the number of stars in their immediate vicin
ity, in both the Tr 14 andy Car subregions, increases dramati-
cally from the low-extinction layer to the higher extinatitayer.
This is also true for the B and early-A stars, most of which are
found on the high-extinction sides of Tr 14 andCar, respec-
tively. The southwest and northeast regions around WR25 and
HD93250-Collinder 232, respectively, show several lowaifsy
background giants, indicating that the total nebula extimcin
those regions does not excead ~ 2 — 3. No background gi-
ants are instead found on the high-extinction sides of Trrid} a
ar, nor in the dark lanes (except for the vicinity of WR25

n%é?already remarked). Finally, the lower right panel shdves t

most reddened stars found in our dataset. Only early-tyyge cl
ter members are found here, including the two candidate® sta
(both under the SE obscuring lane) and three candidate B-supe
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Fig. 17. Spatial maps of observed stars, split in four rangeA\oés labeled. Star symbols as in Fig. 10 with the addition ofciezles indicating
low-gravity giants as in Fig. 12. Dashed black lines indédde dark dust lanes as in Fig. 10. Dashed red segmentstthesboundaries of large
gas shells studied in Paper I. The big gray circle indicdtegbsition and approximate size of the Keyhole nebula.

giants; at these extinction values, background giants rttedie the largest source density found between the two new candi-
appearance even close to the SE dark lane, but not in thenreglate O stars. This subcluster of highly absorbed X-ray ssurc
surrounding Tr 14. This extinction pattern agrees qualéht is named CCCP-CI 14 in Feigelson et al. (2011) and Tr 16 SE
with that in Smith and Brook (2007; their Figap in Sanchawala et al. (2007). The dominant star of this s@bclu
Figure 18 shows all stars with, > 1.8 together with X-ray ter, according to Feigelson et al. (2011), is the O eclipbingry
detected sources in Tr 16 (most of which are members as di§ 15 & V662 Car, 05.5Vz 09.5 V,v), which however we did
cussed above) with X-ray hardness indé$ > 0.5° which not observe spectroscopically. The optical extinctiorhis star
indicates moderate to high absorption; in addition, thegayX is Ay ~ 5 (Niemela et al. 2006), thus lower than that we find for
sources were not observed spectroscopically. Most maslgrapur candidate O stars [S87b] IRS 42 and IRS 83 & 6.6 and
obscured X-ray sources (orange triangles) lie soutly @ar 9.1, respectively) in the same region. At the same locaton,
and between it and WR25, while the heavily obscured X-r@pscured cluster of massive stars was found from Spitzegesa
sources (brown triangles) lie behind the sourthern darkVeith by Smith et al. (2010; called 'cluster G’ in their Table 4), avh
argued that this is not an embedded, extremely young c/lmster

° HS is defined as the count ratio between bands [2-8] keV and [0/Bl07€ likely a cluster of age 1-2 Myr behind and not inside the
2] keV. foreground dark lane.
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Fig. 18. Spatial map of reddened sample stars with> 1.8 (shown Fig. 19. Cumulative distributions of photometric ages for all mensbe
by same symbols as in Fig. 17) and of obscured X-ray sourcasde in the Ty range 4300-6500 K. The black lines represent stars with
triangles: 06 < HS < 1.0; brown trianglesHS > 1). Ay < 1.6; the red lines represent stars with > 1.8.

10. Stellar ages

We investigate whether there are measurable aterdinces be-

. . ween th rin I rs. A ful iagnosti
Figure 18 shows no clear separation between subclustert e the Carina subclusters. A useful age diagnostic fongo

proceeding fromy Car to its SE, but only a gradually increas oW Mass stars is the lithium resonance line at 6707A, whose

; : ; : . EW as a function of ;¢ was shown in Fig. 5. In the temperature

ing proportion of highly absorbed Carina members, both mass ; : )

ar?dpof IIoow mass (t%e )I/atter only from X-rays). Instead, the-lo 'ange Of the Carina members studied here, however, lithim E
’ insensitive to age if a cluster is younger than several kéyr

extinction members (in Figure 17, upper right panel) aremu . X ; :
more clustered in tight groups centered on the respectie m diries 2014), as is the case for Carina clusters. Accordingly,

sive stars. It is interesting to compare the distributiorstairs the scatter of data points in the above figure may be entitely a

with that of the ionized gas from Paper I, consisting of Sm/ercounted for by errors on f (~ 5%) and lithium EW and iS.
large shells, almost devoid of dust, centeredyoBar, WR25, not related to real age fiérences among the observed Carina

and Tr 14. The observed gradual increase in extinction mWa{per\?vbers. ine th lati f theffelient Cari b
the SE, if most stars are enclosed in such dust-free sheits, | ''¢ exa:jmw_]e g fe re ?hlve tagcl—:‘s Ot. : trﬁncmaéma sub- q
plies that the obscuring material must lie in front of ther st roups as deérived from the star location In the ; compare

clusters (and gas) and is not generally mixed with them. #\t i Siess etal. (2(.)00) isoc;hrones. This methods still besfeditn .
SE border, the; Car gas shell does not seem to interact withU! SPectroscopic data since apparent star colors and tudgsi
matter in the dark lane, but instead fades behind it. Thieeaigrare individually dereddened using the extinction valdgsde-

with the conclusion by Smith et al. (2010) that the obscured ived above. In adgimon, therg remain a series .O.f Ca.Veﬁm
subcluster (their "cluster G") lies behind the lane and duzs [© NONPhotospheric contributions, such as veiling in aouge
interact with it. This is probably also true of the newly falin P_MSdrtr)l_emt_)ers, uncertainties in the reddening law, or unrecog
massive OB stars in the direction of the dark lanes, so theat th"'2€C Pinares.

UV radiation would illuminate most cluster stars with kttat- | n€ distributions of photometric ages for low- and high-
tenuation, despite the very large extinction found towasd@f extinction subsamples are shown in Figure 19; both didinbs

course, circumstellar dust may still exist around indiittars, 2re rather wide, over more than one dex in age. This agrebs wit
y the earlier result of DeGioia-Eastwood et al. (2001) theat fir-

which contributes to thé\, scatter in Fig. 17 and shields the tion in th lust i the last 10 Mvr. Whi
massive star UV flux; however, since we do observe a regu guon in these clusters was active over e 1as yr, whic

spatial extinction pattern in Fig. 17, local extinction impably >rould be taken as an upper limit to the true age spread con-
a minor contributor to the total observag. sidering, for example uncertainties in extinction and exddg

law, binarity, or variability. The dference between the two dis-
tributions in the Figure points to the obscured Carina pafath
Behind the high-reddening members of Tr 14, with < 3, being slightly younger than the unobscured one, howevér avit
we do not find virtually any background star. Except for th&Zr modest statistical significance of 93.9%.
region and the dark lanes, we have instead found backgraund g To corroborate this result, we show in Figure 20 the cumula-
ants throughout most of the surveyed part of Carina andethetive distributions ofA, for Carina members with and without a
fore, we have been observing the brightest members thrdigghYSO counterpart in the Zeidler et al. (2016) catalog: (yamg
entire thickness of the nebula to its far side. members associated with a YSO have a larger extinction than
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Fig. 21. Cumulative distributions of stellar ages as derived frorn-p > 65 the red line indicates log age6.5 (yr)

tometry and isochrones, as in Fig. 13, for cluster members ftitfer-
ent subgroups.

11. Rotation
(older) members with no YSO association, with a confidenq&e HR15n spectra of Carina members show that a large per-
level of 99.6%. centage of these stars, including lower mass ones, areofast r

The cumulative distributions of photometric ages of Carirtars, with a median sini ~ 40 knys for 4500< T < 6500 K
member stars in the subclusters are shown in Figure 21. S{@igure 22). To our knowledge, these are the first measuresmen
in Tr 14 are significantly younger (at 99.1% level) than thos# rotation rates for Carina PMS stars. Since average stella
of all other subgroup (cumulatively), while the age digitibns rotation rates are strongly mass dependent, we have chosen a
of n Car, HD93250, and WR25 subgroups are indistinguishabkestricted T¢¢ range for the above figure. Moreover, the Fig-
from one another. This agrees with the already mentioned suge suggests a bimodal distribution with a higher peak near
gestion that Tr 14 is younger than Tr 16. vsini ~ 22 knys, and a secondary onewaini ~ 75 knys, qual-
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itatively similar to that in the ONC (Stassun et al. 1999, b##r giant SFR, with a mass in excess of*M),, of which Carina
et al. 2002) for masses larger tha2®M,. Assuming a typical is a rare example. Out of 1085 stars observed, more than 100
radius for our Carina PMS stars oRg2, thevsini peaks would turned out to be early-type stars, mostly lacking a spectnois
transform into rotational-period peaks around 1.1 and ay&d classification; among these stars are two new candidater® sta
respectively, which is not significantlyftirent from those found at high extinction, already known as bright IR sources, Itica
in the ONC. We do not find a significantftérence between thedate Herbig A¢Be stars, and 9 candidate B supergiants, although
rotational velocity distributions of CTTS and WTTS eithéolgr the limited wavelength range of the studied data prevented a
ally or considering each subgroup separately; however,es more detailed classification. Based on RV, lithium, and X-ra
discussed in section 3, an accurate assessment of CTTS istatdata, we find 286 Carina low-mass members. Their number ra-
difficult using our spectra. We therefore examineditbi@i dis- tio with respect to the massive stars is not representativause
tributions for stars with and without NIR excesses, as meagsuthe wide range in extinction encountered favors obsemaifo
using the 2MASSHK — K, J—H) color-color diagram (as, e.g., inbright member stars at high reddening.
Damiani et al. 2006b) or the Spitzer IRAC (§3-4.5],[5.8-8.0]) We have confirmed the anomalous reddening law already
diagram (as in Povich et al. 2011b). In our Carina sample onyported and placed new constraints on the three-dimeaision
very few stars are found with significant excesses in thes® Népace distributions of Carina members. In central Carimexet
or MIR colors, and their rotational-velocity distributios not is a relatively small percentage of embedded YSOs (Poviah et
significantly diterent from that of stars with no excesses. Lag011); this and other constraints posed by our previoug/sitid
we have considered our Carina members with a counterparttie ionized gas distribution (Paper 1) suggest a pictureravtiee
the YSO catalog of Zeidler et al. (2016): thsini distributions extinction toward Carina young stars in th€ar-Tr 16 region is
for stars associated and unassociated with a YSO #erelit at mostly caused by dust at some distance from the stars thesssel
the 92.5% significance level. This is marginal, probablyaoese that is not mixed with them. This has impact on the amount of
of the limited member sample size. The sense of tffeince, UV flux they receive from the most massive cluster stars and
nevertheless, seems to indicate that stars surrounded l&sa ron the consequences that this is likely to have on the ewmiuti
sive dust disk spin slower than stars with no disk, whifiers of the circumstellar disks (photoevaporation). It is wantiting
some support to the disk-locking paradigm (e.g., Mathie@420 that some information on the local level of UV irradiationyna
Rebull et al. 2006). also come from a detailed analysis of some of the DIBs found in
We find a more significant fference (at 98.55% level) be-the red spectra of these stars (Kos and Zwitter 2013).
tween sample stars younger and older than 3 Myr (Figure 23), The geometry of the studied region in Carina is not sim-
respectively. The older stars rotate more slowly than yeungle. We observed background giants through several sigistli
ones. This resultis similar to that found by Littlefair et@011) across the studied region, behind a few magnitudes of dptica
for several other young clusters. This is surprising for tiyos extinction. The dust lane to SE, closert€ar, produces enough
diskless PMS stars, which should spin up as their momentgiscuration to drive a candidate O star close to our limitivag-
inertia decreases during contraction. However, starsi;n@a- nitude; of course, still more deeply obscured massive stars
rina PMS sample belong mostly to the mass rangetll,, and  exist in the same direction. If a blister geometry appliethts
nearly half of them lie along radiative tracks, where coctitln  part of the cloud, this must be seen sideways from our sigtli
is much slower than along the Hayashi track; according to tﬁethe Tr 14 region close to the western dark lane, instead, th
Siess et al. 2000 models, the radius even increases alongfpaforeground obscuration is a little more uniform, but risesren
the radiative track for some masses in this range. The rishoe  sharply toward the dust lane. The two dust lanes have therafo
Carina, coupled with our limiting magnitude, renders tie#lat  different placement in space with respect to their neareseclust
mass composition of our sample very much complementary to The data suggest a complex history of star formation, with
that of most existing studies of rotation in young clust&. 3 significantly younger age for Trumpler 14 with respect to
are unable to study the rotation of stars belowMs, but have 3| other Carina subgroups. The high-extinction stars aug o
a sample of PMS stars in the 1 — 4M,, range of a size hardly sjightly younger than the low-extinction ones, and more fre
found in any other studied cluster. Therefore, the Caritatian quently associated with a YSO.

data can be very important to study the rotational evolutibn Because of its richness, Carina also provides us with a sam-
PMS stars along their radiative track. Similar datasetsstille ple of PMS stars in the  4M,, range of a size hardly found
lacking for SFRs in the same richness class as Carina, ld&ethin other young clusters. We have presentsihi distributions
mentioned in Sect. 1. _ for this unique sample of stars; our sample is significartitgér
Besides the dierence between younger and older Caringan, for example, the sample found in the study of interaiesi
members, Fig. 23 shows that the bimodalni distribution is 355 star rotation by Wilet al. 2004, in the ONC. About one-
only found in the younger subsample. The older subsampigit of these stars are evolving along radiative tracks. Widiv-
does not show two bumps in the cumulative distribution; ise higence of a bimodai sini distribution, analogous to that found
togram peaks correspond to the steepest derivatives iNithe< i the ONC for lower mass stars. Stars older than 3 Myr, and
lative distribution. This may be related to the developnuétite 1\ostly on their radiative PMS track, are found to rotate more
radiative stellar core, which has a profound influence orothe slowly than younger stars, which puts constraints on tha-rot

served surface rotation (see, e.g., Spada et al. 2011)nAi@  tional evolution of intermediate-mass PMS stars.
Carinarotation data may be crucial for testing theoretivadlels . _
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Table 1. Identifications for late-type Carina members. Column HSB2@eports the identifier in Hur et al. (2012); column CXOGNCthie
identifier in Broos et al. (2011a); column ADM2008 is the itiéer in Albacete-Colombo et al. (2008); column YSO is thentfier in Zeidler et
al. (2016).V magnitudesB — V andV — | colors are from Hur et al. (2012). Full table in electronioiat only.

HSB2012 CXOGNC ADM2008 YSO RA Dec V. B-V V-1
(J2000) (J2000)
796 10143:31.96 -59:3356.4 16.36 093 1.15
800  104332.23-593511.3 10:43:32.25 -59:35:11.5.206 0.80 1.11
908  104336.77-593315.2 10:43:36.77 -59:33:15.2.7214 0.68 1.17
907 10:43:36.77 -59:36:48.2 17.12 1.10 1.19
954  104338.76-593301.9 10:43:38.80 -59:33:01.8.2116 1.08  1.50
953  104338.81-593423.7 10:43:38.80 -59:34:23.8.148 ..  2.33
995  104340.13-593356.0 104340.14-593356.3 10:4B340-59:33:56.1 18.32 ..  2.09
998  104340.19-593449.5 10:43:40.18 -59:34:49.6.047 155 2.13
1035  104341.45-593352.7 10:43:41.45 -59:33:52.8.33 0.73 1.14
1051  104341.97-593352.6 10:43:41.90 -59:33:53.0.86L ..  1.86
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Table 2. Parameters of late-type Carina members. Column HSB201&teefhe identifier in Hur et al. (2012)./1$ is the spectrum median
signafnoise ratio. RV is the heliocentric radial velocity. Errams Te¢ are statistical only. The gravity index is defined in Damiani et al.
(2014). Column “log age” is the photometric age. Colummn fdports “Y” if an excess H emission is detected, either from accretion (CTTS) or
chromospheric, distinct from the nebulaildmission. Column “SB2” is “Y” for SB2 binaries. Full table @lectronic format only.

HSB2012 N RV vsini Tets Ay Li EW y logage Hr SB2
(knys) (knys) (K) (mA) "
796 17.0 25 25 20.3 3.3 5694218 0.75 137.812.0 1.0%0.015 Y N
800 431 -0.# 6.2 74281 597895 0.81 105.2 6.4 1.002:0.006 Y N
908 625 -11.% 7.4 30.12.7 754%92 177 89.% 3.9 0.9920.004 N N
907 285 -49 06 13.6 1.7 486995 0.31 202.2 6.6 0.9620.009 6.98 N N
954 496 -6.5 80 69.6 27 572Z67 152 160.2 6.3 1.0%0.005 N N
953 259 3614 24& 15 486%104 2.78 3718 8.3 1.022 0.01 6.30 N N
995 166 -6.& 20 13.& 1.6 5019172 2.44 373.811.0 0.9920.016 Y N
998 470 -93 70 924 14 494260 244 349.6 7.4 1.01%0.006 6.12 Y N
1035 1304 -0.Z151 99.4 9.6 749843 1.67 38.6 2.3 0.9980.002 N N
1051 182 -5.2 2.0 15.& 0.5 5174159 2.04 371479 1.0280.015 6.89 Y N
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Table 7. Early-type stars. Column “SpT” reports the spectral typeeli in SIMBAD. Column “Notes” reports our classification darticular: “B SG" indicates candidate B supergiants; &iB&”

indicates Herbig A@e stars; “near AQ” indicates stars of lat¢geBrly-A type. Full table in electronic format only.

2MASS 1d SIMBAD Id RA Dec V. B-V V-1 SpT Notes
10430716-5931209 [HSB2012] 230 10:43.07.16 -59.31.20.6.08 1.08 1.76 .. Biype
10432086-5929595 [HSB2012] 538 10:43:20.86 -59:29:59.¢.431 0.39 0.72 B type
10433865-5934444 Cl Trumpler 14 43 10:43:38.66 -59:354412.17 0.42 0.71 B type
10434798-5933590 Cl Trumpler 14 45 10:43:47.98 -59:33:5913.2 0.44 0.73 B type
10435224-5936585 [HSB2012] 1385 10:43:52.24 -59:36:5812.24 0.4 0.7 B type
10435250-5942503 [HSB2012] 1395 10:43:52.50 -59:42:5016.47 1.1 1.8 B type
10435723-5932411 CI* Trumpler 14 VBF 65 10:43:57.24 -5¢432 12.85 0.31 055 .. Btype
[HSB2012] 1618 10:43:59.20 -59:33:21.5 13.44 0.39 067  Btype
10440320-5937380 CI* Trumpler 14 Y 461  10:44:03.20 -5%B87t 12.67 0.3 0.54 B type
10440384-5933099 Cl Trumpler 14 38 10:44:03.84 -59:381013.23 0.34  0.55 B type
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Appendix A: Sky-subtraction procedure ing Block, the sky-glow line spectrum, net of the adjacent-co
tinuum intensity and averaged within the same ObservingiBlo

The Gaia-ESO HR15n dataset on Tr 14-16 contains 185 PUs computed and subtracted out from all spectra in the same

sky spectra from 137 distinct sky positions, taken sim@tarsly ina Block P | lar" or " |
with the stellar spectra. We have identified the followingpm- Sopbes(i::?gr stgﬁartgr?(;) IS?(I; s;?étfau?er;%zlét?vrel?/.r nebulatyd

nents in these sky spectra: Having eliminated terrestrial sky features in this way, the

1. Sky-glow emission lines from Earth atmosphere: nea;gOblem now reduces to estimate the most appropriate nebu-
identical within spectra from the same Observing Blockd’ spectrum to be used for correcting a given stellar spectr

variable with time (from an Observing Block to the next)Since the spatial density of sky fibers (considering all ®lisg

narrow within instrumental resolution, at fixed Wavelengt[?fIOCkS together) is much less than that of target star filibes,
in Earth frame. correspondence between the nebular (and sky-continuui) em

2. Scattered solar light (typically moonlight): continuwwith ~ Sion in a stellar spectrum and in its nearest-neighbor skg-sp
absorption lines, being essentially a solar spectrum at vdrum is never found to be perfect. Distances between a gheen s

low levels. Constant within the same Observing Block p@nd its nearest sky fiber are of order of 30" or more: the nebula
changing from one Observing Block to the next. " “morphology is here so complex that there is no guarantee that

3. Nebular H, He I, [N 1I], and [S II] lines: they originate even the nearest sky is a good approximation to the sought neb

from physically large regions near the target stars and do M}ar spectrum at the star position; one gets an idea of thgeran
f

vary with time, but have a strong spatial dependence in thg variation of nebular spectrum in the vicinity of a givemrst
strengths, line shapes, widths, and velocities (see Paper | y looking at more (say five) sky positions nearby. Therefore

4. Nebular continuum emission, from reflection nebulosity: W& Subtracted the nebular spectra from stellar spectraifivest
per star using its nearest five sky positions. Since the ptiege

non-negligible component in Tr 14-16, free of solar-lik S : =
spectral features but with a rather flat spectrum (like m %f- nebul_ar emission sometimes vary sharply and deflnlt_ety} no
sive stars in the nebula), time constant but space variaab arly in space, this is considered a robust method (withe
(Paper I) imitations of the available data) to understand the urdeties

' involved in the procedure.

The standard Gaia-ESO pipeline is able to remove components
1-2 (constant within the same Observing Block, variable in
time), but is not able to deal with components 3-4. Convgrsel
an attempt to correct a star spectrum using only the sky spact
nearest on the sky would have more success in dealing with com
ponents 3-4, but would perform badly on components 1-2, when
these are significant. Clearly, in the complex case of Tr 841
combined approach is needed.

Stellar parameter evaluation relies on the depth of stablar
sorption lines or bands, so that an accurately determiredidist
continuum is of the greatest importance. Contaminationkyy s
glow or nebular lines is in this context a minor problerfieat-
ing very localized wavelength regions or lines, which may be
usually ignored in deriving star parameters (except forctmse
of Ha). We therefore focus first on sky continuum determination
and correction.

In the Tr 14-16 dataset we find, using two methods, that the
sky continuum does not contain traces of scattered sunkigét
computed the cross-correlation function (CCF) of the slgcsp
tra (nebular lines excluded) with a solar spectrum, looKorg
any peak near R¥0, but no such peak was found for any Ob-
serving Block. A second method was to fit the sky spectrum with
a constant, flat spectrum plus a scaled solar spectrum:,dabain
scaling factor for the solar spectrum was negligibly smathw
respect to the other, flat, component, for all Observing Bdoc
Instead, within the same Observing Block the median sky con-
tinuum level is found to vary significantly, and with a clepas
tial pattern, which is a clear indication of a nebular (reft@t)
origin for this sky spectrum component.

In Tr 14-16, the absence of scattered solar continuum en-
ables us to eliminate all time-variable sky signatures st ju
subtracting out the sky-glow lines. This leaves a purelgar'st
plus nebular" spectrum, and the nebular part is later estna
from the whole set of (nonsimultaneous) sky spectra in theesa
dataset. Sky-glow lines in the HR15n range, offisient inten-
sity as to merit consideration in this context, are no moeath
20 narrow lines. In principle, also some geocoronalgtnission
is expected, but in practice it is not detected against tlog-en
mously brighter K emission from the nebula. For each Observ-
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