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ABSTRACT

Context. The Great Nebula in Carina is a giant H Il region and a superb locationichvit study the physics of violent massive star
formation, but the population of the young low-mass stars remainedpeamjy studied until recently.

Aims. Our aim was to produce a near-infrared survey that is deep enougtetct the full low-mass stellar population (i.e. down to
~ 0.1 M,, and for extinctions up téy ~ 15 mag) and wide enough to cover all important parts of the Carina Nebulalex(CNC),
including the clusters Tr 14, 15, and 16 as well as the South Pillars region.

Methods. We used HAWK-I at the ESO VLT to survey the centsaD.36 ded area of the Carina Nebula. These data reveal more
than 600 000 individual infrared sources down to magnitudes as faihta23,H ~ 22, andKs ~ 21. The results of a recent deep
X-ray survey (which is complete down to stellar masses 6f5 — 1 M) are used to distinguish between young stars in Carina and
background contaminants. We analyze color-magnitude diagrams §CMDQierive information about the ages and masses of the
low-mass stars.

Results. The ages of the low-mass stars agree with previous age estimates foass&enstars. The CMD suggests thaB8200

of the X-ray selected stars have masseMof> 1 M; this number is in good agreement with extrapolations of the field IMF based
on the number of high-mas$/( > 20M,) stars and shows that there is no deficit of low-mass stars in the CNCHAWK-I
images confirm that about 50% of all young stars in Carina are in a widglytdited, non-clustered spatial configuration. Narrow-
band images reveal six molecular hydrogen emission objects (MHQ4g}dha jets from embedded protostars. However, none of the
optical HH objects shows molecular hydrogen emission, suggesting thpgtttriving protostars are located very close to the edges
of the globules in which they are embedded.

Conclusions. The near-infrared excess fractions for the stellar population in Carenéo@er than typical for other, less massive
clusters of similar age, suggesting that the process of circumstellar idjgérsglal proceeds on a faster timescale in the CNC than in
the more quiescent regions, most likely due to the very high level ofimeastar feedback in the CNC. The location of all but one of
the known jet-driving protostars at the edges of the globules adds stuppgrt to the scenario that their formation was triggered by
the advancing ionization fronts.

Key words. Stars: formation — Stars: mass function — Stars: circumstellar matter s: $tarmain sequence — ISM: individual
objects: NGC 3372 — open clusters and associations: individual: Trr1g, Tr 16

1. Introduction type stars profoundly influence their environment by theorsy
. , Jionizing radiation, powerful stellar winds, and, finallyy lsu-
Most stars in the Galaxy are thought to be born in massiygnova explosions. This feedback can disperse the sufirayin

star-forming regions (e.g., Blaauw 1964; Miller & Scalo 897 nata| molecular clouds (e.g., Freyer et al. 2003), and thusit
Bricefo et al. 2007), and therefora close proximity t0 mas- pate the star formation processifegative feedback). However,
sive stars This also applies to the origin of our solar systemgnization fronts and expanding superbubbles can also oesap
for Whlch_recent investigations fpu_nd convincing evidetizat nearby clouds and thereby trigger the formation of new gener
it formed in a large cluster, consisting of (at least) sev1@U-  tions of stars# positive feedback: e.g., Gritschneder et al. 2010;
sand stars, and that the original solar nebula was direfgted preipisch & zinnecker 2007). These processes determirlethe
by nearby massive stars (e.g., Adams 2010). As a consequepggnts from star formation, including the stellar masscfion,
the role of environment is now an essential topic in studies fhe total star formationficiency, as well as the evolution of cir-
star and planet formation. The presence of high-mass s#ars gmstellar disks around the young stars (e.g., Clarke 2804)
Iea(_j to physical conditions that are vastlffelient from thqse in the frequency of planetary formation. While this generayie
regions where only low-mass stars form. The very luminous G now well established, the details of the feedback premess
i.e. cloud dispersal on the one hand, and triggering of star f

* Based on observations collected with the HAWK-l instrument at th@ation on the other hand, are still only poorly understootlink
VLT at Paranal Observatory, Chile, under ESO program 60.A-@284
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damental problem is that nearly all massive star-formingtelrs target to investigate theséects on the formation and evolution
with high levels of feedback are quite far away and therefiifre of low-mass stars (and their forming planetary systemsingur
ficult to study. At distances greater than 5 kpc, the deteditd the first few Myr.
characterization of thiull stellar populations is very flicult (if While the un-obscured population of high-mass stdfsX
not impossible); often, only the bright high- and internagdi 20M,) in the CNC is well known and characterized, the (much
mass stars can be studied, leaving the low-m&ss<( 1 M,) fainter) low-mass M1 < 1M) stellar population remained
stars unexplored or even undetected. However, since the Idargely unexplored until now. One reason for this is thetfass
mass stars constitute the vast majority of the stellar adjmunl, of the low-mass stars: at a distance of 2.3 kpc, an age of 3 Myr,
a good knowledge of the low-mass stellar content is esdéntia and assuming typical extinctions Af = 3.5 mag (Preibisch et
any inferences on the initial mass function and for undeditay  al. 2011b), stars with masses ab0/, [0.1 M] are predicted
the nature of the star formation process. Detailed infoionat to have magnitudes of = 23.6[26.6], J = 17.0[19.2], and
about the low-mass stars and their protoplanetary diskises aK = 155[17.7] (see Bartie et al. 1998). The existing near-
crucial for investigations of the interaction between thighh infrared (NIR) observations were either too shallow to detiee
and low-mass stars. The intense UV radiation from massirs stfull low-mass population (e.g., Sanchawala et al. 200700r
may remove considerable amounts of the circumstellar maaterered only very small parts of the complex (e.g. Ascenso et al.
from nearby young stellar objects (YSOs, hereafter). Thiy m2007).
limit the final masses of the low-mass stars (see Whitworth & This was the motivation for the deep wide-field NIR sur-
Zinnecker 2004) and should alsfiect the formation of planets vey presented in this paper. Our surveyi$ mag deeper than
(see, e.g., Throop & Bally 2005). the 2MASS data, deep enough to detect essentially all young
In this context, the Great Nebula in Carina (NGC 337&tars in the CNC, and can be used to derive information about
see, e.g., Smith & Brooks 2008, for an overview) provides the ages and masses of the young low-mass stars. A funda-
unique target for studies of massive star feedback. At a venental restriction is that the NIR data alone do not allowaus t
well known and moderate distance of 2.3 kpc, the Carina Nebualistinguish young stars in the CNC from the numerous galac-
Complex (CNC, hereafter) represents the nearest soutkerntic field stars in the area (see discussion in Sect. 2). Far thi
gion with a large massive stellar population (65 O-typesstapurpose, we use the recent results from @teandra Carina
see Smith 2006). Among these are several of the most m&omplex Project (CCCP), that has mapped the entire extent of
sive (M = 100M,) and luminous stars known in our Galaxythe CNC & L4 ded) in X-rays. A complete overview of the
e.g., the famous Luminous Blue Variabj&€ar, the O2 If* star CCCP can be found in Townsley et al. (2011) and associated pa-
HD 93129Aa, several O3 main sequence stars and Wolf-Rapers in a Special Issue of thetrophysical Journal Supplements
stars. The CNC ighe most nearby region that samples thdhe CCCP data led to the detection of 14 368 individual X-ray
top of the stellar mass functiohe presence of stars withsources. Based on a statistical analysis of the properftiesah
M 2 100M, implies that the level of feedback in the CNC igndividual source, Broos et al. (2011b) classified 10 71sete
already close to that in more extreme extragalactic statlsar as young stars in the CNC. The identification of HAWK-I in-
gions, while at the same time its comparatively moderate df$ared counterparts of the X-ray sources in the CNC and a few
tance guarantees that we still can study details of thearlastd basic aspects of the X-ray selected population of young star
cloud structure at good enough spatial resolution and tlatet have been recently presented in Preibisch et al. (2011Ibhidn
characterize the low-mass stellar populations. Due taihigue paper we discuss the complete set of HAWK-I data (Sec. 2) and
combination of properties, the CNC represents the besttiala present a detailed analysis of the NIR color-magnituderdiag
analog of giant extragalactic H Il and starburst regions. (Sec. 3). In Section 4 we analyze the NIR excess fractions for
Most of the very massive stars in the CNC reside in sethe diferent clusters in the CNC. In Section 5 we draw global
eral loose clusters, including Tr 14, 15, and 16, for whicksagimplications on the size of the stellar population and thé=IM
between~ 2 and~ 8 Myr have been estimated (See Smith &f the CNC. In Sec 6 we |00k at the spatial distribu_tion of the
Brooks 2008). The CNC is thus often denoted as a “cluster Yypung stars and list newly discovered stellar clusterser@NC.
clusters”. In the central region, the molecular clouds have Section 7 contains the results of our search for protostjeita
ready been largely dispersed by the feedback from the numigrHz narrow-band images. Global conclusions on the star for-
ous massive stars. Southeastjo€ar, in the so-called “South mation process in the CNC are discussed in Sec. 8.
Pillars” region, the clouds are eroded and shaped by the radi
ation and winds fromy Car and Tr 16, giving rise to numer-, ‘L a\wi.| ghservations and data analysis
ous giant dust pillars, which feature very prominently ir th
mid-infrared images made with ttgpitzerSpace Observatory The NIR imager HAWK-I (see Kissler-Patig et al. 2008) at the
(Smith et al. 2010b). The complex contains more thanMg ESO 8 m Very Large Telescope is equipped with a mosaic of four
of gas and dust (see Yonekura et al. 2005; Preibisch et ldawaii 2RG 2048« 2048 pixel detectors with a scale afl06’
2011a), and deep infrared observations show clear evideinceer pixel. The camera has a field of view on the sky & %
ongoing star formation in these clouds. Several deeply dmbé&.5" with a small cross-shaped gap -of15” between the four
ded YSOs (e.g., Mottram et al. 2007) and a spectacular youthetectors. The observations of the CNC were performed from
cluster (the “Treasure Chest Cluster”; see Smith et al. P00®4 to 31 January 2008 in service mode as part of the scientific
have been found. A deepST Ha imaging survey revealed verification program for HAWK-I. In addition to the standard
dozens of jet-driving YSOs (Smith et al. 2010a), 8pitzersur- broadband, H, andKsfilters, we used the }{(2.109-2.139um)
veys located numerous embedded intermediate-mass @n@osind Bry (2.150— 2.181um) narrow-band filters.
throughout the Carina complex (Smith et al. 2010b; Povich et Our survey consists of a mosaic of 24 contiguous HAWK-I
al. 2011a). The formation of this substantial populatiovery fields, covering a total area of about 1280 square-arcnsniite
young € 1 Myr), partly embedded stars was probably triggerddcludes the central part of the Nebula witlCar and Tr 16, the
by the advancing ionization fronts that originate from teew¢ clusters Tr 14 and Tr 15, and large parts of the South Pilts (
eral Myr old) high-mass stars. The CNC provides an excelleRig. 1).
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Fig. 1. Negative gray scale representation of an optical image of the Carindd\talken from the red Digitized Sky Survey plates, with superposed
outline of the HAWK-I mosaic pattern. The individual HAWK-I mosaic fielai® shown as boxes with a size 057x 7.5". The clusters Tr 14,

Tr 15, Tr 16, Cr 232, Bo 11, and the Treasure Chest Cluster (TCEarked. The "2diameter blue circles mark the positions of the four
embedded clusterings discussed in Sect. 6, and the six small red cidilesténthe positions of the six Molecular Hydrogen Emission Objects
discussed in 7.1. North is up and east to the left. A grid of J2000 codediigalso shown.

The total observing times for each mosaic position were 1Pable 1. Observing parameters
8, and 5 minutes in), H, andKs. Additional 5 minutes were _ _
spent with each of the Hand Bry narrow band filters. In order Filter | Offsets Integrations  Integration  Total exposure

to account for the gaps of the detector array, we used a 5-pain times [s] time [s]
dither pattern with fisets of (0,0),€40”, +40”), (-40", —-40"), J 2X5 24 3 720
(+407, -40”), and (40", +40") at each individual mosaic po- H 2x5 16 3 480
sition. Details of the observing parameters are listed biera Ks > 20 3 300
) ) H, 5 2 30 300
Bry 5 2 30 300

Thanks to the very good seeing conditions during the ob-
servations, most of the HAWK-1 images are of a very high im-
age quality. The FWHM of the Point-Spread-Function in the
HAWK-I images is typically 06” — 0.8". This good image qual- As examples for the quality of the HAWK-I data, we show
ity led to the detection of interesting structures such agtige- comparisons of the HAWK-I and 2MASS images of selected re-
on circumstellar disk described in Preibisch et al. (2011c)  gions in the CNC in Fig. 2.
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Fig. 2. Comparison of HAWK-I (left) and 2MASS (rightj-band images of Bochum 11 (above) and the Treasure Chest clostew].

2.1. Photometry and construction of the HAWK-I source Hcompl ~ 20, andKg compi ~ 19; nearly all objects above these
catalog limits are SN > 10 detections. Our survey is thus about 5 mag
deeper than 2MASS and represethis largest and deepest NIR
The procedures performed to derive photometry from theirvey of the CNC obtained so far

HAWK-I images and the construction of the source catalog is ;

. . - I ; The absolute photometric accuracy of the catalog was char-
described |r1{hdetall n Pr?'f'sinl (;tg/l\./éZPél?). Here weflyrie  iorized by a comparison of the HAWK-I and 2MASS photom-
summarize the main points. - data Were processe ry for a sample of more than 700 stars. The standard devia-

gnd qaliprated by the Cambridge A_stronpmical Survey Unit U§ons between HAWK-I and 2MASS magnitudes and colors are
ing pipeline software as described in Irwin et al. (2004).hop found to beo; = 0.11 mag,cy = 0.08 mag,o«, = 0.11 mag

tometric analysis was performed for all images obtainedhé to-J,H - 0.12 mag, andry_x, = 0.11 mag. The accuracy is

three broad-band, H, andKs, following closely the prOCGduresmainly limited by the photometric quality of the 2MASS stars
descnbed in detail in Hodgkin et _al. (2009). The pr?Otonc"emsuitable for comparison and the strong and highly variaifle d
calibrators are drawn from stars in the 2MASS Point Sourgeee nebulosity in the area of the HAWK-I mosaic
Catalog, which are present in large numbers (several hdhdre '
in each HAWK-I mosaic field. The source lists of the individ-
ual mosaic positions were then combined into total catalpgs

band) by removing duplicates from the overlap regions;whs

achieved by keeping the source with the highest signabtsen p e 1o the CNC’s location almost exactly on the galactic glan
ratio. The final catalog was generated by merging the so@e Ge gegree of field star contamination is very high. This eaus
alogs for the individual bands into a combined catalog. TR®M , f;ndamental limitation of the usefulness of the infraredrse
imum aIIOV\_/ed spatial fiset for inter-band identifications of in- catalog. The degree of contamination was recently quadiifie
dividual objects was set 19 0.3”. two Spitzerstudies of the CNC. Smith et al. (2010b) and Povich
The final HAWK-I photometric catalog contains 600 336 inet al. (2011a) found that onky 3% of the~ 50 000Spitzerin-
dividual objects. Most (502 714) catalog objects are siamgdt frared sources in the CCCP survey area can be classified as can
ously detected in th@-, H-, and theKs-band. Objects as faint asdidate YSOs. The contamination rate of our deep NIR HAWK-|
J ~ 23,H ~ 22, andK; ~ 21 are detected with/N > 3. Typical data is presumably similarly high. This suggests it vast
values for the completeness limit across the fieldlgggo ~ 21, majority (z 90%) of the~ 600 000detected infrared sources in

2.2. Background contamination in the HAWK-I catalog
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AR AR RN R excess-selected YSO candidate samples catrdegly contam-
- inatedby background sources such as evolved Be stars, carbon
stars, or planetary nebulae, which often show NIR colory ver
similar to those of YSOs (e.g., Mentuch et al. 2009; Oliveita
al. 2009; Rebull et al. 2010). Our CMD suggests this to be the
case here too: a large majority (78%) of the NIR excess abjsct
found at very faint magnituded ¢ 19). Comparing the location
of the sources in the CMD to pre-main sequence models shows
that 61% of all NIR excess objects are below the expected red-
dening vector for 3 Myr old @75M,, objects in Carina. While
some of these faint objects may be deeply embedded YSGs, star
with edge-on circumstellar disks, or disk-bearing youngwor
dwarfs, the majority are very likelgiot young stars in the CNC
but background objects. Furthermore, we note that the HAWK-I
B images are deep enough to detect numerous extragalactic ob-
jects. Since star-forming galaxies and AGN often displair NI
colors similar to those of YSOs, this leads to even higher con
tamigation rates in NIR excess selected samples of YSO candi
dates.
i 1 The second problem of a NIR excess selected YSO candidate
25 L sample is itancompletenesdt is well known that NIR excess
0 1 2 3 4 emission in young stars disappears on timescales of just a fe
J-H Myr (e.qg., Bricdio et al. 2007); at an age of3 Myr, only ~ 50%
of the young stars still show NIR excesses, and B/Myr this is
Fig. 3. Color-Magnitude Diagram of all HAWK-I sources with NIR ex- reduced to~ 15%. Since the expected ages of most young stars
cesses. The solid lines show isochrones for ages of 1 Myr (red),r3 M the CNC are several Mygny excess-selected YSO sample
(green), 10 Myr (blue), and the ZAMS composed from the models gfj|| pe highly incomplete

Bardfte et al. (1998) for the mass range 0.02 to 0.5 &nd Siess et al. T
(2000) for the mass range 0.5 to 7,MTl'he large solid dots mark the Considering these problems, we conclude that due to the

positions of IM, stars, the asterisks those 0085M,, objects on the Very high degree of background contamination and the high ex
1, 3, and 10 Myr isochrones. The arrows indicate reddening veaiors Pected level of incompleteness of NIR excess selected Y8O ca
Ay = 10 mag and were computed for an extinction law vith= 4 (see  didate samples, the NIR data alone cannot provide a realgonab
Povich et al. 2011b). The dashed green line shows the 3 Myr isochratlean and complete sample of YSOs. Without additional infor
reddened by that amount. Note that all bright objects Witk 125 mation, the HAWK-| data alone can yield only very limited in-

are in the saturatignon-linearity regime of the HAWK-I data and theirsight into the young stellar populations in the CNC.
photometry is therefore unreliable.

10

15+

20

2.4. Combination of infrared and X-ray data

our HAWK-I catalog must be foreground or background sourc

e - . .
unrelated to the CNC §ensmve X-ray observations can provide a very good solu-

tion for the problem of identifying the young stars in an ex-
tended complex such as the CNC. X-ray surveys detect the
2.3. Contamination and incompleteness of NIR excess young stars by their strong X-ray emission (e.g., Feigelsbn
selected samples al. 2007) and ficiently discriminate them from the numerous
L o . ) older field stars in the survey area. X-rays are equally Seasi
This high degree of contamination requires a vefficent and 1, young stars which have already dispersed their circumste
reliable selection method to identify YSOs among the very ny,, disks, thus avoiding the bias introduced when selectirg-
merous contaminants. A widely used method is to select 9fjag pased only on infrared excess. Many X-ray studies of sta
jects with infrared excess emission, which is a tracer of Cifyming regions have demonstrated the success of this metho
cumstellar material, as YSO candidates. In order to testhvehne ee, e.g., Preibisch, Zinnecker & Herbig 1996; Preibisch &
such an approach could be useful for our data, we analyzed Eﬁnecker 2002; Broos et al. 2007; Forbrich & Preibisch 2007
J—H vs. H-Kjs color-color diagram of the HAWK-I sources.\\iang et al. 2010). Also, the relations between the X-ray rop
Objects are classified as NIR excess sources if they lie 8t legag and basic stellar properties in young stellar popuriatiare
> lophorand more than 0.05 mag to the right and below the refs,y very well established from very deep X-ray observations

dening band, based on the intrinsic colors of dwarfs (BeSiselg,,ch a5 thehandraOrion Ultradeep Project (see Getman et al.
Brett 1988) and an extinction vector with slope 1.73, and/aboono5: preibisch et al. 2005).

J_t# = 0'||”t£if_|waya§0 QEOtof thte 502 7}4 H’?‘V\éK' ?\lolgrces The combination of the HAWK-I infrared source catalog
with complieteJ, |, andis pnotomelry are classilied as NIR €Xyih the |ist of X-ray sources detected was an essentialcaspe

cess sources. The color-magnitude diagram (CMD) of theBe Ni¢ 1,6 chandraCarina Complex Project (CCCP; see Townsley
excess sources is shown in Fig. 3.

However, there are .tWO reasons why we think th_at this, Based on the number counts of star-forming galaxies in the data
excess-.selected samplenist a.useful sample of the YSOs in thefrom the UKIRT Infrared Deep Sky Survey data by Lane et al. (2007)
CNC. First, due to the very high level of background contamin,ye can expect the presence of about 4700 star-forming galaxies with
tion, even an excess selected sample will still be highlyupetl Kk, < 20 in the HAWK-I field. From a purely statistical point-of-view,
by background objects. Several recent spectroscopicesturi all of the 2157 NIR excess objects with > 20 in the HAWK-I catalog
infrared sources in other star forming regions have showh thnay well be extragalactic sources.
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et al. 2011). The details of the infrared — X-ray source matchpread Underestimating the uncertainties in the observational
ing is described in Preibisch et al. (2011b), and here we juwta can easily lead to biased resulife will therefore not at-
briefly summarize the main aspects: The area of the HAWKt¢mpt to determine ages and masses for individual starsebut
mosaic covers 27% of the CCCP survey area and contains 58%tct our interpretation of the CMDs to estimates of thgical

of all 14 368 detected X-ray sources. The HAWK-I infrared catgesfor the total population of young star& each cluster; in
alog provided infrared matches for 6583 of these X-ray sesirc a large enough sample, most of the above-mentioned uncertai
After adding matches from the 2MASS catalog for very brigtttes are expected to cancel out statistically. With theseats in
stars that are saturated in the HAWK-I images, infrared coumind we now take a look at the CMDs for individual parts of the
terparts were established for 6636 X-ray sources. 6241esketh CNC.

have valid photometry in all three of the, H-, andKs-bands,

d 6173 (93.0% lassified as Cari b B
Z?al. 2011(b ) 0) are classified as Carina members (see 1908 —1 e cluster Trumpler 16

Using the NIR photometry of the X-ray selected Caringne |oose cluster Tr 16 is located in the center of the Carina
members, it was found that the typical extinction valuesther Nebula and includes the optically dominant siaar as well as
diskless stars range frod, ~ 1.6 mag to~ 6.2 mag (central the majority of the O-type stars in the CNC. All age estimates
80% percentile). While this clearly shows a considerablgeansy, Tr 16 reported so far in the literature concern only thghhi
of diﬂ_ferentiz_al ex_tinction between indivjdual stars in the comynd intermediate mass stars. Massey et al. (2001) founththat
plex, it also implies that the vast majority of the X-ray dete#l high-mass population of Tr 16 seems to be co-eval and report
young stellar population in the CNC shows rather moderate &, age of 1.4 Myr (note that they assumed a distance of 3.1 kpc
tinction, Ay < 10 mag. The X-ray selected Carina members cafther than the value of 2.3 kpc we use here). DeGioia-Eastwo
thus be considered as a “lightly obscured” population ofrpu et a1. (2001) claimed that the intermediate-mass stars ib6Tr
stars. As will be discussed in Sec. 8, degitzerdata suggest paye been forming continuously over the last 10 Myr, whereas
the presence of an additional (but smaller) population df&i  the high-mass stars formed within the last 3 Myr. Dias et al.
ded YSOs which araotdetected in the CCCP X-ray data. (2002) list an age of 5 Myr, whereas Tapia et al. (2003) sugges
continuous star formation since 6 Myr until now. These cRim
of large age spreads may be overestimates caused by the con-
) siderable dierential reddening across the areas of these loose

inthe CNC clusters. The most reliable age estimate seems to be the ehlu
The stars in the CNC are distributed in a number of clusters3~4 Myr that was suggested by Smith & Brooks (2008) based
(most notably the prominent optical clusters Tr 14, 15, agyl 10N detailed stellar evolution models fgrCar, the presence of
and a widely dispersed population of young stars. In this séd> Main sequence stars, and the modeling of the main-seguenc
tion we consider the properties of the stellar populatiortagse tUrn-of in optical color-magnitude diagrams.
different parts of the CNC. In order to avoid the background, The CMD of Tr 16 shown in Fig. 4 is based on the 449 stars

contamination problem, we restrict our analysis to the Xga With completeJ- and H- and Ks-band photometry among the
lected members, using the results of the clustering arsabfsi 229 X-ray sources that are classified as Carina members and as

Feigelson et al. (2011). sociated to one of the sub-clusters in the Tr 16 area by Feigel

In our analysis of the CMDs we use the isochrones deriv&§@!- (2011). Concerning the age of the low-mass stellanlaep
from the pre-main sequence models of Beeat al. (1998) for tion, we note that our CMD of the X-ray selected sources shows
the mass range 0.02 to 0.5,Mind those of Siess et al. (2000) Conspicuous group of stars wilh- 1214 apparently aligned
for the mass range 0.5 to 7 MFor the more massive starsWVith the 3-4 Myr isochrones. The bulk of the low-mass stars is
which are on the main sequence or already in their post-neain §/S0 seen at locations consistent with ages & - 4 Myr, and
quence phases, we used the Geneva stellar models from kejéfiS We consider this to be the most likely age for the lowsnas
& Schaerer (2001) (model iso-c020-0650) for the mass rangstgllar population in Tr 16. This value is consistent wite thost
t0 70 M. likely age of the high-mass members, suggesting that higt- a

Before we consider the individual CMDs, we want to poinPW-mass stars have formed at the same time. We note that a
out that there are fundamental limitations to the accurdsyed- MOre comprehensive study of the X-ray selected population o
lar mass- and age-determinations from CMDs (or HRDsJegi 1" 16 can be found in Wolk et al. (2011).
ent studies of the same stellar population can sometimelsipeo
severely disc.repan'g results (see discussion in Hartmafa,203 5> The cluster Trumpler 14
2003), especially with respect to the presence or abserageof
spreads. Factors such afféiential extinction, photometric vari- Tr 14 is the second most massive cluster in the Carina Nebula
ability, overestimates of the stellar luminosity due toasulved and contains 10 known O-type stars. Its spatial configunago
binary companions, and théects of accretiohcan cause sub- considerably more compact than Tr 16. The published age esti
stantial scatter in the diagram (see, e.g., discussiondibiBch mates for Tr 14 show remarkable discrepancies: While DeGioia
& Zinnecker 1999; Slesnick et al. 2008). The obserapdarent Eastwood et al. (2001) claim continuous star formation tlver
luminosity spreads in the data are easily mis-interpretedge last 10 Myr, Dias et al. (2002) list an age of 2 Myr. Tapia et al.
spreads (see discussion in Hillenbrand et al. 2008). leieflore  (2003) suggested a scenario of continuous star formatitn la
important to keep in mind that ampserved luminosity spreaal
a CMD (or HRD) is always only anpper limitto apossible age 2 To mention just two examples we refer to the study of the young
cluster NGC 3293 by Baume et al. (2003), in which a careful analysis

2 Bardte et al. (2009) showed that stars with intermittently variablied to a correction of previous claims about the stellar ages, and to the
accretion rates can produce a large spread of luminosities such thaew results of Currie et al. (2010) for h apdPersei, that clearly refute
population of stars with identical ages of a few Myr may be wronglgarlier claims of dferent ages and large age spreads for the double
interpreted to have an age spread of as much &3 Myr. cluster.

3. Color-Magnitude Diagrams for selected clusters
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ing since 5 Myr until less than 1 Myr ago. Ascenso et al. (2003)5. The cluster Collinder 232

claimed a more or less continuous age distribution between z ) .

and~ 5 Myr, and suggested three peaks in the age distributia—ﬁe clustering Cr 232 is located about@8 the east of Tr 14 and
at values of 6-0.3 Myr, 1.4—2.5 Myr, and 32—5 Myr. Sana defined by the early type stars HD 93250 (03.5V), HD 303311
et al. (2010) analyzed new adaptive-optics images of theteiu (O5), and HD 93268 (A2). Until recently, the reality of a &tel
core (radius= 2’) and derived a very young cluster age of onlgluster was not clear. Tapia et al. (2003) noted that Cr 23phea

~ 0.3-0.5 Myr. Just a random coincidence of these three relatively britdniss

. . . _However, the spatial distribution of the X-ray detected rygpu
Our CMD of Tr 14 (Fig. 4) is based on the membership tg, ;i the CCCP clearly shows a significant density pedhain t
the rather extended X-ray cluster as revealed by Feigelsaln €cr 232 region (Feigelson et al. 2011). There areClandra

512011)' Itccl)nttaiIG;SRBgSthano{ras%rcgs'\,ﬂg)r 1219 OthhiCh we Oﬁj_:ces associated with this peak, for 67 of which we have
bavedcomp ed‘? b ? 0 ?hme fry. T 56 S sugggs tS "’I‘.S%mtfw +Kg photometry. The CMD is consistent with the assump-
roagerage distribution than for Ir 15. SOme ODJECIS IWBEN 4, 4t the majority of the stellar population in this regiis

the 3 Myr and 10 Myr isochrones, but we note that most of the§8r ouna.< 3 Mvr
apparently older objects are located in the outer partseoflils- )é))l/.ll’ H,g\'/\N/K—I i:ﬁges reveal several very red, deeply embed-

ter. If we restrict the sample o t = 2 cluster core, most d infrared sources in Cr 232, including the prominentucire
of the apparently older objects are removed. The tendernc . . ' \ o b L
PP y ) y stellar disk object discussed in more detail in Preibisclalet

younger stellar ages in the cluster center agrees with ttente . . )
results from Sana et al. (2010). The bulk of the stars in the-cl (2011C). This detection of embedded infrared sources, lagd t

ter center seem to be quite young3 Myr. Since this value is jets discussed in Sect. 7 clearly shqws that'Cr 232 actually [
in reasonable agreement with the age estimate for the higsm@ ClUSter of very young stars and with ongoing star formation
stars in Tr 14 by Dias et al. (2002), we conclude that low- arffiVity- We note that the IRAS and MSX data also led to the de-
high-mass stars in Tr 14 seem to be coeval. Many stars in gtion of deeply embedded luminous mfrared sources |r32r 2
outer parts of the cluster seem to be somewhat older; hoievef€-9-» Mottram et al. 2007), some of which may be relatively
remains unclear whether these stars in the outer regiort.‘lat:arermiss've YSO0s.
tually members of the cluster Tr 14, or whether they may be par
Céf Ntrée widely distributed population of (partly older) stan the 3 s The cluster Bochum 11
Bochum 11 (see Fig. 2) is a loose open cluster in the southeast
ern part of the CNC (i.e. in the South Pillars region) and aorst
3.3. The cluster Trumpler 15 5 O-type stars. From optical color-magnitude diagrams gstje
) , mates ok 3 Myr (Fitzgerald & Mehta 1987) and 6 Myr (Dias
The cluster Tr 15 is located in the northern part of the CNC ard 5. 2002) for the high-mass stars have been published.
contains 6 O-type stars. Itis thought to be several Myr di The X-ray clustering analysis associated 18®andra

{; 12 2?(;'1—2210%3?3;% :I.réﬁogzgf lgteinbae%\?v;;msMM%/;r\:\éh'Igources to Bochum 11. The CMD of the 117 X-ray selected stars
?E)O M ' ith di | gf b %8 Mvr for th hy h- with available NIR photometry (Fig. 4) shows a group of stars

- viyr, with a median value of abou yrforthe hig mathg between the 3 Myr and the 10 Myr isochrones. This suggests

stars in Tr 15. that Bo 11 is somewhat older than Tr 14 and Tr 16, probably

Our CMD (Fig. 4) is again based on the membership analysifound 5 Myr. This agrees reasonably well with the age estima

of Feigelson et al. (2011). It contains 48handrasources, for for the high-mass stars from Dias et al. (2002).

436 of which we have NIR photometry. The upper part of the

CMD is dominated by a group of stars lying between the 3 Myr

and the 10 Myr isochrones; together with the clear lack aftiari 3.7. The “widely distributed” population

objects to the right of the 3 Myrisochrone, this suggestsgn E;l?ccording to the clustering analysis of Feigelson et al1@0

of ~ 5— 8 Myr for the low-mass stars. This agrees with the a .
: : . ; 5185 of the 10714 X-ray detected Carina members are not as-
derived for the high-mass stars in Tr 15, suggesting thdt-hi ; ; X . .
g 99 g sociated with any cluster and thus constitute a widely disge

and low-mass stars are co-eval, and clearly showing thas 1§ 1 X AL
older than Tr 16 and Tr 14 Finally, we note that a comprelvensiPOPulation of young stars. Note that due to the spatial teitgi

f the X- | lation of Tr 1 f riations (caused by thefeaxis mirror vignetting and degrada-
\S,\t/:% 2t ta|_e(20rfi/)rse ected population of Tr 15 can be found ﬁgn of the point spread function), the X-ray detection ctetg

ness for this dispersed population is somewhat lower thaiéo

previously known clusters (that were preferentially okedrat
3.4. The “Treasure Chest” cluster small on-axis angles in the CCCP survey mosaic). This iraplie

that the relative size of this dispersed population (comgpado
The most prominent of the embedded clusters in the South&g X-ray detected populations of the clusters) is somewhat
Pillars region is the “Treasure Chest”, which is thought & Herestimated.
very young & 1 Myr; see Smith et al. 2005). The most mas- For 1412 of these objects in the HAWK-I survey area we
sive member is a 09.5V star. The X-ray clustering analysis bave completel- and H- and K¢-band photometry. The CMD
Feigelson et al. (2011) associated GBandrasources to the of these distributed stars (Fig. 5) is clearlffdrent from the
Treasure Chest. The 78 sources for which we have NIR photo@MDs of the clusters Tr 14, 15, and 16, because it shows a much
etry are plotted in Fig. 4. The typical extinction of the memb broader spread of colors. The considerable number of ahject
stars,Ay > 5 mag, is considerably larger than in the other rehe left of the 3 Myr isochrone and several objects near dnéo t
gions. The CMD of the X-ray selected stars is consistent withleft of the 10 Myr isochrone suggest a rather broad age distri
very young age, since nearly all stars lie well above the 1 Mpution. We also note that the relative number of bright disjec
isochrone. is considerably smaller than seen in the CMDs of the clusters
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. . . . Fig. 6. JHK excess fraction versus age for the clusters in the CNC. For
Fig.5. Color-magnitude diagram for the X-ray selected Carina mem- . . .
bers in the “widely distributed population” within the HAWK-I Surveycomparlson, we also show JHK excess fractions derived for NG@ 202

X . P and Taurus (Haisch et al. 2000), the Orion Nebula Cluster (ONC; Wolk
area. The meaning of the symbols is as in Fig. 4. et al. 2005), IC 348 (Haisch et al. 2001), eta Cha (Lyo et al. 2003),
Ori OB la and 1b (Bricgo et al. 2005). For the case of NGC 6611,

. . . . . we plot the spatial variation of excess fractions from the center of the
this suggests that the fraction of high-mass stars is smalthe  ¢jyster to the outer parts as derived by Guarcello et al. (2007).
distributed population compared to the clusters.

. . with the distance from the massive stars and drops from 24% fo
4. NIR excess fractions and ages of the different the outer parts of the cluster to 8% in the center (i.e. close t
clusters in the CNC the massive stars). This variation agrees well with tifiecince
The fraction of X-ray selected stars wifHK excess emission in the excess fraction between the CNC clusters and the other

has been determined in Preibisch et al. (2011b) to he@®B) % galactic clusters of similar ages.
in Tr 14, (21+0.7)% in Tr 15, (69+1.2)% in Tr 16, and
(321+5.3)% in the Treasure Chest. For Bochum 11 we fin ; o
that 10 of the 117 sources with NIR photometry have NIR e>?d'—' The size of the stellar population in the CNC
cesses, giving an excess fraction o682.6) %. Here we con- Our infrared data of the X-ray selected CNC members provide
sider the relation between these excess fractions and #seadg information about the masses of these stars that can be aised t
the individual clusters derived from the analysis of the CMDinfer properties of the stellar mass function in the CNC. thds,
as described above. Figure 6 shows our results for the cdustee first have to consider the X-ray detection completeness. T
in the CNC and compares it to similarly determined JHK excestudy of the CCCP data by Broos et al. (2011a) shows that the
fractions in other galactic clusters. completeness limit for lightly obscured stars observedratls
It is obvious that the NIR excess fractions for all the clusteto-moderate fi-axis angles on the detectorlig ~ 10°° ergs in
in Carina are systematically and considerably lower (byca fathe Q5 - 8 keV band. Assuming that the young stars in the CNC
tor of about two) than those for the other young galacticteliss follow the relation between stellar mass and X-ray lumityoss-
of similar ages. We interprete thisfifirence as a consequencéablished by the data from tl&handraOrion Ultradeep Project
of the very harsh conditions due to massive star feedback(gee Preibisch et al. 2005), we can expect a detection ctenple
the CNC. The other clusters used for comparison contain muagss of> 80% for stars withM, > 1Mg. This completeness
smaller numbers of massive stars and are thus charactéayzedlrops towards lower masses and should becam&0% for
much more quiescent conditions. The large population of veM, < 0.5Me.
massive stars in the CNC leads to a level of hydrogen ioniz- We can thus assume the sample of X-ray selected Carina
ing flux that is about 150 times higher than in the Orion Nebulaembers to be nearly complete for stellar maddes 1 M. In
(Smith & Brooks 2008); the resulting increased heating dra p order to determine the observed number of stars above tlis ma
toevaporation of the circumstellar disks around low-mé&msssn  limit, we used the CMD for the X-ray selected Carina members
the CNC is expected to lead to a quicker dispersal of thegs disn the HAWK-I survey area. We find 3182 objects at CMD posi-
(e.g., Clarke 2007). tions corresponding tM.. > 1 M, for an assumed age of 3 Myr
This interpretation is supported by results about the sp@e. above the reddening vector originating from the presi
tial variation of the NIR excess fraction in the young clusteposition of 3 Myr old 1M, stars).
NGC 6611, that also contains a considerable population gf ma It is interesting to compare this number to an IMF extrapo-
sive stars in the center. Guarcello et al. (2007) found theek- lation based on the known population of high-mass starsen th
cess fraction of the X-ray detected low-mass stars is @gédl CNC. The compilation of Smith (2006) lists 127 individually
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identified members with known spectral types, and 52 of the® Kroupa IMF in the @ M, to 100M,, range), and find a total
should have stellar mass& > 20M, according to the cali- stellar mass of the inferred CNC population of about 28IB0
brations of Martins et al. (2005). The recent study of Powth

al. (2011b) lead to the detection of further candidates éamg )

high-mass stars in the CNC and suggests that the true nfinSearch for faint star clusters and results on the

ber of high-mass stars should be abeub0% larger than the  spatial distribution of the young stars
B e et ey Sl st o h sars  he CNC containsany
star IMF by Kroupa (2002) and find that the predicted total-po;k_i‘m information about the structure, dynamics, and eiaiuf
ulation of stars withM,. > 1M, is ~ 4400. Since 80% of the e region. A very important guestion in th's. context is viteet .
known high-mass stars are inside the HAWK-I survey area, e stars form in a clustered mode or in a dispersed model. Unti
thus have to expect that 3500 stars withM, > 1 M should be recently, only the high-mass part of the stellar populatias

found within the HAWK-I survey area, if the IMF in the cnc Well known. Most of the massive stars are in one of the open
follows the Kroupa field star IMF ' clusters (and this was the reason why the CNC was often consid

This prediction agrees very well to the number of 3182 X-r edto be a “cluster of clusters"). However, according &ftld

detected stars with CMD locations correspondinyto> 1 M. F, most of the total stellar mass s in the low-mass stltap-

This agreement directly shows that the number of X-ray detec ulatiorf. Recent studies have shown that a significant fraction

: . . . Il stars in the solar neighborhood seems to form in a non-
low-mass stars in the CNC is as high as expected from field Il\ﬁ)lf—‘ a :
extrapolations of the high-mass stellar population. It diract Clustered, dispersed mode (e.9., Gutermuth et al. 2000%sBrt

confirmation that the IMF in the CNC is consistent with thediel €t & (2010) sbuggest?zd that the s_tellarfsllfrface den_sftbfmmwg';
star IMF down to (at least. ~ 1 M, stars in nearby star forming regions follow one single smoot

This conclusion is further supported by the finding that tr}dlstrlbutlon rather than two fferent discrete modes (i.e. clus-

red versus distributed)
shape of the K-band luminosity function of the X-ray seldcte R . .
Carina members agrees well with that derived for the Orion The spatial distribution and clustering properties of the X

> S ray detected YSOs in the CNC was studied in detail by Feigelso
Nebula Cluster (Preibisch et al. 2011b). This implies tHatyn . e o
to the X-ray dett(action limit around ®— )1M@ the F;hape o:‘Nthe ?t al. (2]91?' r‘:’hey |dent|f:jed io principal clluTters Of'x_m&heﬂr;SN
. A . . . & .~ (most of which correspond to known optical clustersin t
:mg)m Carina is consistent with that in Orion (and thus thédfie and 31 small groups of X-ray stars outside the major clusters

. . - Altogether, these clusters contain about half of the X-ray d
These results directly show that there is cleawydeficit of 104 y50s in the CNC. The other half of the X-ray detected
low-mass stars in the CN@Gown to~ 1 Mg. This is important

because the issue whether the IMF is universal or whetheazthYSO population seems to constitute a widely dispersed, but

. oy el . h ﬁighly populous, distribution of more than 5000 X-ray staks
are systematic IMF variations in fiiérent environments is still similar result was found in the analysis of Bpitzerdata: most

one of the most fundamental open questions of star-formnat|8f the ~ 900 identified YSO candidates are s
) . ~ pread through-
theory (see Bastian et al. 2010, and references thereWmsiof- out the South Pillar region (Smith et al. 2010b). Althougts th

ten claimed that some (very) massive star forming regioue ha Spitzerstudy led to the detection of eleven previously unknown

truncated IMF i.e. contain much smaller numbers of low-mas .
stars than expected from the field IMF. However, most of théllJSterS' the populations of these clusters are so smaiiqat

more recent and sensitive studies of massive star formiians ¥35Ysos per cluster) that only a small fraction of all YSOs are
(see. e.q.. Liu et al. 2009: Espinoza et al. 2009) foundgl(rgnn-nuin one of these new clusters. While the analysis of@handra

bers of low-mass stars in agreement with the expectatian fr and Spitzerdata yielded consistent results, the limited sensitiv-
9 P cfty of both data sets may leave some faint clusters undetecte

the “normal” field star IMF. Our result for the CNC confirmsp . jata are known to be seriously incomplete for ngasse
this and supports the assumption of a universal IMF (at lieast

our Galaxy). In consequence, this result also supports the
tion that OB associations and very massive star clusterthare
dominant formation sites for the galactic field star popalatas
already suggested by Miller & Scalo (1978).

Based on this result, we can now proceed and make an
timate of the total stellar population (i.e. down=00.1 M) of
the CNC by assuming that the X-ray luminosity function in th
CNC is similar to that in Orion (as suggested by the data). The

study of the CCCP source statistics by Feigelson et al. ()20][- | variations in the surface densit
. ; y of observed backagdonb-
found that the 3220 bright X-ray sources with a photon flux (? cts in the HAWK-I images; this limits the ability to recogei

log(F) > _.5'9 photongsegent in the 0.5-8 keV ban_d consti- loose clusterings consisting of only a small numberilQ) of

tute a spatially complete sample. If we transform this flmiti -5 \we therefore restricted the search to clusters that ¢
accord|r2193t(l2 thef cﬂi(frr]enéeNg d;ﬁtances (ie. 41&;’ pﬁlfoétht?d?u'# ist (apparently) of at least 10 stars and have a configaratio
VErsus 2.5 kpc for the ), € comparison {o the dis ' dense enough for them to clearly stand out from their sudeun
of photon fluxes in th€handraOrion Ultradeep PrOJect_sampIeings_ This search revealed only four likely clusters thateweot
(Getman et al. 2005) yields an estimate-0#3 727 stars in total known before. Images of these clusters are shown in Fig. 7 and

for the CNC. This number agrees very well with the extrapolz—i:f-1eir properties are listed in Table 2. We note that the [iaysi

tion of the field IMF based on the number of massive stars (s : :
above): for 78 stars witM, > 20M,, the Kroupa IMF predicts fisiture of these apparent clusters is not entirely cleargesoin

that there should be 40 000 stars witiM, > 0.1 Mo. 4 According to the Kroupa IMF, 89% of the total stellar mass in the
Finally, we can multiply the extrapolated number ef 0.1- 100M, range is contained in stars wit, < 20M,, and 73% in
43727 stars with the mean stellar mass &M, (as valid for stars withM, < 5M.

< 0.5 M. The same is true for th@pitzerdata, that have a com-
rfBIeteness limit of [3] ~ 13, corresponding approximately to
M. = 1M,. This implies that clusterings consisting of only a
few dozen low-mass stars could have easily been missed. Such
clusterings should, however, be easily visible in the HAWKH

gﬁés, if their spatial configuration is compact enough. We ha
therefore performed a detailed visual inspection of the HAWK
ages to search for yet unrecognized clusters.

The very inhomogeneous cloud extinction causes strong spa-
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Table 2. Parameters of the newly detected clusters. We list the apparent. Ho jets in the HAWK-I images
radiusR, the number of stardl., the number of NIR excess objects . . . .
N. exc, the number of X-ray detected std¥sy in each cluster, and the We performed a detailed visual inspection of the HAWK-I

Ks-band magnitude of the brightest star. narrow-band images to search for features that are bright in
the H filter and much fainter (or invisible) in the Brfil-
Name R N.  N.ex N.x Brighteststar ter. This search revealed only six clear cases of Molecular
[J2000] ("] Ks[mag] Hydrogen Emission-Line Objects (MHOs). These objects have
€104459-593118 11 ~33 8 2 10.90 been included in the “Catalogue of Molecular Hydrogen
gigigég‘ggggi g fig é ‘21 1%%% Emission-Line Objects in Outflows from Young Stars”
C104613-595833 7 ~14 8 5 1286 (httpy/www.jach.hawaii.edWKIRT/MHCat/), where they are

listed as MHO 1605 to 1610.
The two most prominent H jets, MHO 1607 and

. . » . MHO 1608, are found in the north-western part of the cluster
them mlgh_t be just random superpositions ofunrela_tted tbEc o 232 A comparison of the Himage and the Brimage is
different distances. The cluster C 104559-600515 is the mostdgawn in Fig. 8. The fact that these features are bright in the

liable, because this group of stars appears to be embeddeel iny 121,,m H, line but not visible in the By line confirms the na-
head of a prominent pillar in the South Pillars region. Hogrev 1re of collision (i.e. jet-shock) induced emission.

even in this case it remains unknown whether the apparesit clU - \o 1607 (J104428.2-593245) is composed of (at least)
ter is a gravitationally bound physical entity. , five discernable knots that extend over abott&pproximately

Despite the uncertainties about the phy3|_cal_reallty_ o$ehej, east-west direction. The morphology seems to suggestha
clusters, our search provides a clear result: it directhyfioms et js moving towards the west. The HAWK-I images do not re-
that there is no significant number of previously undetectes: \ea| an obvious candidate for the source of the flow. The skcon
ters. '_rhe HAWK-I images clearly show Fhat most of those YOUnghiect, MHO 1608 (J104429.1-593242), is more compact and
stars in the complex that are not associated to one of thadlre|ess pright. It seems possible that these two MHOs belong to a
known clusters are in a non-clustered, dispersed spamigte  gjngle flow system. In that case, the total linear extent @ugb
ration. This resul'_[ strongly supports the conclusions drém 117 gng corresponds to a physical length of (at least @c.
the X-ray clustering study of Feigelson et al. (2011) thaidb g g shows that the surface of the clouds surrounding
half of the total young stellar population is in awidely distited ¢ 535 emits in the biline and also in the Br line, showing
spatial configuration. It also supports the picture of sreedlle 4 this is fluorescent emission from the ionization franthe
triggered star formation by radiative (and wind) feedbathrf g ;itace of the cloud. In addition to the presence of the geepl
the massive stars (see discussion in Sect. 8). embedded YSOs in this cloud (see Preibisch et al. 2011c), the

detection of these jets clearly shows that Cr 232 is a promtine
. site of actively ongoing star formation in the CNC.

7. Search for protostellar jets Figure 9 shows the other four MHOs detected in the HAWK-

Jets and outflows are important signposts for embedded-prdtémages. MHO 1605 (J104351.4-593911) is located south of
stars that often remain undetected at NIR wavelengths, and d' 14. The jet is embedded in the south-eastern tip of an hour-
reveal the latest generation of the currently forming stafisen glass shaped globule. Two patches gfthission are seen above
the outflowing material interacts with the environment, ctso and below the rim of the globule, and a faint point-like seurc
are generated where the flows impact with surrounding deri§eseen inside the globule and just between them. MHO 1606
clouds. In these shocks, hydrogen molecules can be coHisi¢)104422.7-593354) is located south-west of Cr 232. Itistsis

ally excited into higher ro-vibrational levels and the sedpsent Of & diffuse knot with a weak’2extension to the north-east.
decay of these excited states causes strong emissionnities i MHO 1610 (J104608.4-594524) is located on the northern rim
NIR wavelength range. The 2.1 v = 1-0 S(1) ro-vibrational of a large pillar in the Tr 16 region. It consists of twofdse
emission line of molecular hydrogen is a very convenient aobs separated by 3". _ _ _

widely used tracer of these shocks (e.g., McCaughrean et al. MHO 1609 (J104510.1-600229) is located in the middle of
1994; Smith et al. 2007; Davis et al. 2008). This was the m@-small elongated cloud in the western parts of the SoutrBill
tivation for obtaining HAWK-I images through a narrow-bandegion. This is the only case of a jet found in the centraloegf
filter centered on the 2.12m H; line. a globule_:. The projec_ted length of the flow systens i$0”, cor-

Itis, however, important to keep in mind that the detectibn é€sponding to a physical length of (at leasf) Dpc. We note that
induced shocks, because molecular hydrogen can also tieaxdiiHc-8 described by Smlth etal. (20_10a), but the MHO seems to
in higher ro-vibrational levels by the mechanism of UV flusre Pe unrelated to these optical HH objects. On the other hand, f
cence (e.g., Black & Dalgarno 1976). Since the Carina Nelsulahone of the optical HH object candidates do we see any molecu-
characterized by very high levels of ionizing photon fluxdy, lar hydrogen emission. The HAWK-I images show a fairfifute
fluorescence will be a very important excitation mechanism fPoint-like source that may be related to HHc-6, but since dl-

H, ro-vibrational emission. In our HAWK-| data, a distinction/€ct i similarly bright in the Hand Bry images, what we see is
between collisional (shock) excitation and UV fluorescecare NOt He line emission but probably reflected light (perhaps the
be made by comparing the strength of the emission seen in gielope of the jet-driving protostar).

H, filter images to that in the images obtained through another

narrow-band filter centered on the)Biine. Collisionally (iet-) 7 > search for H, emission from the optical HH objects

excited molecular hydrogen from jets is not expected to show
Bry emission (see, e.g., Nisini et al. 2002; Smith et al. 200The HST Hr imaging survey of Smith et al. (2010a) revealed
Garcia Lopez et al. 2010), whereas UV excited (i.e. irradipt 39 HH jets and jet candidates from YSOs that are embedded in
matter should also show Bemission. dense globules. 13 of these HH jets and 14 jet candidates-are |
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cated in the area covered by our HAWK-I narrow-band imagestellar population. The ages estimated for the low-massipep
Our detailed inspection of the surroundings of the optietd jn  tions in the young clusters within the CNC are consistenh wit
the HAWK-I images showed that several of the optical HH jetgrevious age determinations for the massive cluster mesnber
can also be seen in the NIR narrow-band images, but in alscasaggesting that the high- and low-mass stars have the sagme ag
the apparent brightness in theyBme filter is similar to that in i.e. have formed together at the same time.

the H line filter. This implies that the emission we see inthe H  The number of X-ray detected stars with CMD positions cor-
filter image isnot shock-induced but either related to UV fluotesponding to stellar masses Mf. > 1 M, is consistent with
rescence or just reflected continuum light. This is mostyilke an extrapolation of the field star IMF based on the number of
consequence of the fact that the optical HH jets seen by HST &igh-mass 1 > 20M,) stars. This suggests that the IMF in
irradiated atomic jetghat have left the globules and expand inhe CNC is consistent with the field star IMF (down to at least
the surrounding diuse atomic interstellar medium. This impliesl M,,). The extrapolation of the X-ray detected population down
that no molecular hydrogen should be present in the immediad 0.1 M, suggests a total population ef 43730 stars with
surroundings of the HH jets, and thus ng@ lihe emission is an integrated mass of about 28 0@Q. We note that this ex-
expected. trapolation only considers the star numbers in the X-ray de-

However, one might expect to see Hne emission from tected, lightly obscured population of young stars in theQCN
those parts of the jet flow that are still within the dense gleb The analysis of deeBpitzerimages of the CNC by Povich et
(i.e. the part of the patheforethe jets emerge into the surround-al. (2011a) revealed a population of 1439 YSO candidates wit
ing diffuse atomic medium). Therefore we performed a detailationg mid-infrared excesses that is thought to be doniraye
inspection of those parts of the globules from which theaapti intermediate-mass (2. 10M,) stars. Most (72%) of these are
HH jets emerge. If the jet-driving protostars were locatedply not detected in theChandraX-ray data, probably due to their
inside these globules, one would expect to seditt¢ emission strong obscuration. The extrapolations of Povich et al1{20
within the globule that should be aligned with the optical HHuggests a total population ef 14 300 obscured objects, that
emission outside the surface of the globule. However, inas@c have to be added to the X-ray selected population. Thisgaise
do we find detectable Hine emission at such locations. the total population of the CNC te 58 000 stars, and the in-

This null result is in agreement with the fact that none akgrated stellar mass to 37 000M,. These numbefsclearly
the optical HH jets exhibited detectable exce$s4n emission show that the CNC constitutes one of the most massive galacti
(which is also related to ro-vibrational lines from molemuhy- clustergassociations, probably topping the often quoted galac-
drogen) in theSpitzerimaged analyzed by Smith et al. (2010b)tic “starburst templates” NGC 36031t ~ 15000M,; see
This has an interesting implication: it shows that the aigvi Rochau et al. 2010) and the Arches clustdr {,; ~ 20 000M;
sources of these jets are located very close to the edge of $be Espinoza et al. 2009), and being similar to Westerlund 1
globules, and not in the center of the globules (becausewieen (M, ~ 49000M,; see Gennaro et al. 2011). The CNC can
would expect to see MHOs). For a protostar located at the edpeas be regarded as the most nearby galactic cluster onithe ve
(or at the tip) of a globule, the jets will immediately movédn of extragalactic starburst clusters.
the difuse atomic medium, and no MHOs are thus expected.  The presence of several deeply embedded young stellar ob-
jects and the detection of jets show that the cloud assaciate
the cluster Cr 232 is a center of ongoing star formation #gtiv

The fact that we find only four new small clusters in the
We find only a very small number of six MHOs, i.e. signposts diAWK-I images confirm and extend previous results showing
protostellar jets, in the molecular clouds in the CNC. Theacl that about half of the total stellar population in the CNCnsi
lack of H; jet detections at the positions of the numerous opticabn-clustered, widely dispersed spatial mode. The presefic
HH jets suggests that the driving sources are located veseclthis large distributed stellar population suggests that@NC
to the surface of the globules, and the jets therefore moveshould be considered as an unbound OB association rathrer tha
the atomic gas, not through the molecular gas in the globulescluster of clusters. Since most of the existing clustergjaite
This implies that almost all jet-driving protostars (i.erently loose and will probably disperse within a few 10 Myrs, thesfra
forming stars) are located very close to the irradiated gade tion of widely distributed, non-clustered stars will eveariease
the clouds, andotin the central regions of the clouds. with time.

This spatial configuration strongly supports the scenfiabt ~ The very small number of Hjets we see in the clouds and
star formation is currentliriggeredby the advancing ionization the complete lack of molecular hydrogen emission relatebeo
front in the irradiated clouds (see Smith et al. 2010b). Beis- numerous known optical HH jets show that most of the very re-
nario predicts that stars form very close to the irradiatigeeof cently formed protostars must be located very close to the su
the clouds, where the radiative compression leads to sglapd face of the globules (not inside), suggesting a triggeradfst-
triggers star formation. In the alternative scenario, € ovould mation mechanism.
assumespontaneoustar formation taking place at random loca-
tions within these clouds, most protostars should be locate

the inner parts of the clouds and we would thus expect to Be- {nteresting aspects of the current star formation activity
more cases of MHOs within the clouds, which is not the case. 1 the CNC

The UV radiation and winds of the very hot and luminous early
O-type and WR stars in the central area of the CNi€c the

7.3. Implications on the star formation mechanism

8. Summary and Conclusions

8.1. Summary of the main results 5 As a historical note, it is interesting to compare this number to older

) . ) . estimates based on optical observations only: for example, Feinstein
The analysis of the infrared properties of the young stathén (1995) estimated the total stellar mass of the CNC to be 8596The
CNC provides important information about the stellar ages aprogress in observations has lead to an increase by more than a factor
masses, as well as the mass function and the total size of th&0 within just about 15 years!
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surrounding clouds strongly. While much of the cloud magsund in several other massive star forming regions, butastm
was (and still is) dissolved and streams away in the expgndicases the total size of the second stellar generation isd=yns
super-bubble, the remaining molecular cloud material i naably smaller than that of the first generation (see, e.gnkéta
highly fragmented into numerous dense pillars. The totas{d et al. 2002; Reach et al. 2004; Linsky et al. 2007; Wang et al.
+ gas) mass of the dense clouds in the CNC is still quite lar@@10). The remarkably large size of the latest stellar geitar
(~ 60000M,), but these clouds fill only a small fraction ofin the CNC may be related to the particularly high level of mas
the volume of the CNC (see Preibisch et al. 2011a). The radgve star feedback in the CNC, that is perhaps mdiectve in
tive compression of these clouds currently leads to triggistar triggering star formation than the much lower feedback lkeve
formation. The spatial distribution of the YSOs detectedhi@ in regions with smaller populations of very massive starthe
Spitzersurvey (Smith et al. 2010b) suggests that the induced faitder generation.
mation of stars happens predominantly near the most sirang| The combination of the deep HAWK-I NIR images with the
radiated tips of the clouds. This is consistent with recestilts results of the X-ray survey has provided us with a very substa
from numerical simulations of the evolution of irradiatdduls tial amount of crucial new information about the stellar teon,
(e.g., Gritschneder et al. 2010). An implication of thiggered the star formation history, and the ongoing star formatiom p
star formation mechanism is that the cloud material sudgh cess in the CNC. Future studies will combine these observa-
the newly formed protostars is simultaneously dissolvedhiesy tional data with detailed numerical simulations of how ncolar
advancing ionization front. As their natal surroundingule and clouds evolve under the influence of strong massive star feed
protostellar envelopes are dispersed very quickly, thesdyn back (see Gritschneder et al. 2010). Such a comparison can pr
formed stars are immediately exposed to the very harsh-radiitle new and detailed insights into fundamental processels s
tion field created by the luminous O-type stars, and theeefas the disruption of molecular clouds by massive stars, rilg@o
loose their circumstellar material very quickly. The triéioss  of the observed complex pillar-like structures at the ifiategs
from an embedded protostellar object to a revealed diskdes between molecular clouds and H Il regions, tiieet of stellar
thus happens faster than in star forming regions with loexgls  feedback on molecular cloud dynamics and turbulence, and ho
of feedback. This can explain the very small fraction of ygunionizing radiation and stellar winds trigger the formatioha
stars with NIR excesses as a tracer of circumstellar disks.  new generation of stars.

Several aspects of this process of triggered formation of a
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Fig.4. Color-magnitude diagrams for the X-ray selected Carina memberssgspin the dierent clusters in the CNC. Objects with infrared
excesses are additionally marked by red open boxes. The solid greeshbws the 3 Myr isochrone, the red and the blue lines show the low-
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Fig. 7. HAWK-I H-band images of the four newly detected clusters.

Fig. 8. Images of the Cr 232 region obtained through tH22um H, narrow-band filter (left) and the P66um Bry narrow-band filter (right). The
location of the two molecular hydrogen jets found in this area, MHO 1604428.2-593245) and MHO 1608 (104429.1-593242), are marked
by the box and the circle in the upper right part of the images. The brngéihéed object just right of the center is the edge-on circumstellar disk
object described in detail in Preibisch et al. (2011c).
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