Astronomy & Astrophysicsnanuscript no. 15425 © ESO 2010
November 11, 2010

A deep wide-field sub-mm survey of the Carina Nebula complex o

Thomas Preibisch Frederic Schullér Henrike Ohlendof, Stephanie PekruhlKarl M. Menterf, and Hans
Zinnecke?

1 Universitats-Sternwarte Ninchen, Ludwig-Maximilians-Universit, Scheinerstr. 1, 81679iMchen, Germany e-mail:
preibisch@usm.uni-muenchen.de

2 Max-Planck-Institut fir Radioastronomie, Auf demilgel 69, 53121 Bonn, Germany

8 Astrophysikalisches Institut Potsdam, An der Sternwarte 16, 1448@dotGermany

ABSTRACT

Context. The Great Nebula in Carina is one of the most masdite. = 25 000M,) star-forming complexes in our Galaxy and
contains several stars with (initial) masses exceedintDOM,; it is therefore a superb location in which to study the physics of
violent massive star-formation and the resulting feedbdelcts, including cloud dispersal and triggered star-formation.

Aims. We aim to reveal the cold dusty clouds in the Carina Nebula complex, to datetheir morphology and masses, and to study
the interaction of the luminous massive stars with these clouds.

Methods. We used the Large APEX Bolometer Camera LABOCA at the APEX telesttopap a 125°x 1.25° (= 50x50 p&) region

at 870um with 18" angular resolution=f 0.2 pc at the distance of the Carina Nebula) and an r.m.s. noise lev&2@MmJybeam.
Results. From a comparison to &images we infer that about 6% of the &4 flux in the observed area is likely free-free emission
from the HIl region, while about 94% of the flux is very likely thermal dastission. The total (dust gas) mass of all clouds for
which our map is sensitive is 60 000M,, in good agreement with the mass of the compact clouds in this regioreddrom*3CO

line observations. There is a wide range dfelient cloud morphologies and sizes, from large, massive clouds eviénad 100,

to small difuse clouds containing just a feM,. We generally find good agreement in the cloud morphology seen air8hd the
Spitzer &«m emission maps, but also identify a prominent infrared dark cloudlliimee construct a radiative transfer model for the
Carina Nebula complex that reproduces the observed integratedadpeergy distribution reasonably well.

Conclusions. Our analysis suggests a total gaglust mass of about 200 00, in the investigated area; most of this material is
in the form of molecular clouds, but a widely distributed component oftlfgaatomic gas, containing up te 50% of the total
mass, may also be present. Currently, only some 10% of the gas ifiniesuly dense clouds to be immediately available for future
star formation, but this fraction may increase with time owing to the ongoingpecession of the strongly irradiated clouds and the
expected shockwaves of the imminent supernova explosions.
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1. Introduction stars; see Smith 2006), including several of the most massid

luminous stars known in our Galaxy. The Carina Nebula com-

ﬁfex (CNC hereafter) has a total infrared luminosity~-0f 0’ L,

and a size of about 50 pc, corresponding to an extent2® 1

op the sky. Most of the massive stars reside in one of several
usters (Tr 16, Tr 14, Tr 15; see Trumpler 1930) with ageg+an

iflg from ~ 1 to several Myr. In the central region aroup€ar

Most stars in the Galaxy are born in massive star-forming r
gions (e.g., Briceno et al. 2007). The massive stars prafigun
influence their environments by creating H Il regions, gatieg

wind-blown bubbles, and exploding as supernovae. This-fe
back disperses the natal molecular clouds (e.g., Freyet. et

2003), thus in principle halting further star formationtien-  »nq the Tr 16 cluster, the molecular clouds have already been

ization fronts and expanding superbubbles can also cOmPIEg oy dispersed by stellar feedback. In the South Pi(osth-
nearby clouds and may thereby trigger the formation of new ge,

; ast ofy Car) the clouds are eroded and shaped by the radiation
erations of stars (e.g., Dale et al. 2005; Dale & Bonnell 200% ; P ;
Gritschneder et al. 2009). These processes determine fhe nd winds fromp Car and Tr 16, giving rise to numerous giant

touts f tar-f i h the stell ) { st pillars, which feature very prominently in the midrerfed
outputs from star-formation, such as the steflar mass iomc images made with th&pitzerSpace Observatory (Smith et al.
the total star formationféciency, and the frequency of planetar

X . ) . X 3?010b). The detection of young stellar objects (Megeath.et a
formation. Detailed observational diagnostics of thesegsses 1996) and a very young cluster (the “Treasure Chest Cluster”

have bgen hard to come by, mainly because regions with Ia'%% Smith et al. 2005) embedded within the heads of some of the
populations of massive stars and strong feedback are ysaall dust pillars suggests that the formation of a new generatfon

far away for detailed studies. - - L
At a distance of 2.3 kpc, the Carina Nebula (NGC 3372; seset,ars Is currently triggered in this area.

e.g., Smith & Brooks 2008,for an overview) is the nearestisou

ern region with a large massive stellar population (65 O}tthe Because of its prominence on the sky, the CNC has been

target of numerous observations in almost all wavelengt

* Based on data acquired with the Atacama Pathfinder Experim@gnds fromy-rays to the radio regime (see Smith & Brooks
(APEX). APEX is a collaboration between the Max-Planck-Institut f 2008,for a summary). Recent deep large-scale surveys of the
Radioastronomie, the European Southern Observatory, and the On§dNC have been obtained with the thieibble Space Telescope
Space Observatory. (HST) (Smith et al. 2010a), th&pitzerinfrared observatory
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(Smith et al. 2010b), the near-infrared camera HAWK-I at theonsisting of a center channel and nine concentric hexagons
ESO Very Large Telescope (Preibisch et al. 2011a), and thiee angular resolution is 18’, and the total field of view for
Chandra X-ray observatory (Townsley et al. 2011; PreibischABOCA is 11.4’, making it an ideal instrument for mapping
et al. 2011b). All these together will allow us for the firshg large regions with high sensitivity. At the 2.3 kpc distaont¢he
to identify the young low-mass star population in the compleCarina Nebula, its angular resolution corresponds to altide
without the strong confusion problems that plague studisgth mension of 0.2 pc. This is flicient to resolve the structure of
only on optical and infrared data sets. molecularclumps(i.e. relatively large dense clouds linked to the
However, any really comprehensive investigation of this réormation of small stellar clusters), but not the indivitakud
gion clearly also requires information on the cool dust amzbres(i.e. very compact clouds out of which individual stellar
gas in the (molecular) clouds, and the deeply embedded psystems form), which have typical sizes-0D.1 pc or less.
tostars within these clouds. During the very earliest staafe The LABOCA observations of the CNC discussed here were
star formation, these dense gas clumps and cores remain \@tained on 22, 24 and 26 December 2007. For the mapping
cold (10— 30 K), and therefore escape detection at near- amet employed the “raster map in spiral mode”. The total area
mid-infrared wavelengths, even with instruments as seesitto be mapped was covered with a raster of pointings similar to
as Spitzer Only the (sub-) millimeter and radio emission fronbut larger than the one shown in Fig. 9 of Siringo et al. (2009)
molecular spectral lines and from cool dust allows for ancaim At each pointing, fully sampled maps of the total field-oéwi
un-hindered, unique view onto the processes in the dengdslo of LABOCA were obtained by moving the telescope along a
In order to meaningfully complement the extraordinary @yal spiral pattern. The total on-source integration time usedtir
of the recent HSTsSpitzer Chandrg and HAWK-1 data, (sub- mapping of the CNC was 10 hours. The observing conditions
)mm observations with high spatial resolution, high sévigit  were good, with a precipitable water vapor columrkd® mm.
and large spatial coverage (at least 1 square-degree)saeddte The data were reduced with the BOlometer array Analysis
clearly required. software (BOA) package, following the procedures desdribe
Until recently, the best existing mm-band data set was tire detail in Schuller et al. (2009). As the final product of
SESTSIMBA survey of the central region of the Carina Nebulghe data analysis, a map with a pixel size 00® (i.e. ~
by Brooks et al. (2005). Their map of the 1.2 mm continuur® pixels per beam) was compiled. With a LABOCA beamsize
emission covers an area of’190 10 with a half-power beam of 392 square-arcseconds, the pixel-to-beam-size ratithfo
width of 24’; with a sensitivity limit of 75 mJy per beam, transformation from surface brightness to integrated 8uige
clumps with masses down te 5 Mg were detected in this sur- 0.0941 beampixel.
vey. Gomez et al. (2010) recently studied the centrab380 The data were calibrated by applying an opacity correction,
area of the CNC, covering Car and the Keyhole Nebula, atas determined from skydips observed typically every tworfiou
870um with LABOCA at the APEX telescope. At radio wave-(see Siringo et al. 2009). In addition, the flux calibraticesweg-
lengths, the most comprehensive existing data set is a NANTHilarly checked against primary calibrators (planets) ooadary
survey in several CO lines, covering ax 2° area with a half- calibrators (bright Galactic sources). The total calilraerror
power beam width of Z’ (Yonekura et al. 2005). The Moprashould be lower than 15%.
12CO (1-0) data with a 43beam presented by Brooks et al. A fundamental limitation comes from the removal of corre-
(1998) (see also Schneider & Brooks 2004) provide better spated noise in the data reduction; because of this, our maptis
tial resolution, but cover only a small area in the centrat p& sensitive to any structures with angular sizes larger tharat-
the CNC. There was therefore an obvious need for (sub-)mnay (> 10") and can only partly recover emission on scales larger
data with high spatial resolution as well as high sensytitfiat than~ 2.5. As a consequence, possihlaiform emission on
cover a considerably larger part of the CNC. angular scaleg 2.5 is filtered out and thus absent in our map.
In this paper we present the results of our large-scale sub-ntherefore, the fluxes we measure in our map are always lower
mapping of the CNC with LABOCA at the APEX telescope. Oulimits to the true sub-mm sky fluxes. The amount of this un-
map covers a 6 times larger area and is about twice as sensitigeen flux depends on the (unknown) spatial distribution ef th
as the sub-mm data from Gomez et al. (2010). After the descriptal emission in the map. If most of the emission comes from
tion of the observations and data analysis (Sect. 2), waiskscwell localized, dense clouds, the missing flux will be verwlo
general aspects (Sect. 3), describe the structure andrpegpeor even negligible; the fluxes from individual compaet2.5")
of the clouds in dierent regions within the complex (Sect. 4xlouds can be reliably determined. If, on the other handgtise
and compare them to recedpitzemaps (Sect. 5). In Sect. 6 webright large-scale emission, the measured flux can be cemnsid
take a look at the sub-mm properties of dense molecular durgbly lower than the true total flux. These issues will be dised
found in CO line observations, and in Sect. 7 we considerajlobn more detail in Sec. 7.1.
properties of the complex, such as the total cloud mass, @nd p
form radiative transfer modeling of the integrated specra

ergy distribution to derive a global model for the CNC. 3. General results

The result of our LABOCA observations is a map of the g0
emission, covering a total area oP% x 1.25°; it is shown in
Fig. 1. The r.m.s. noise level in the map~i20 mJybeam. For
The sub-mm observations of the CNC presented here were psolated compact clumps with assumed uniform temperatfres
formed with the “Atacama Pathfinder Experiment” (APEX), & ~ 20 - 30 K, this corresponds to a nominal sensitivity limit
12-meter radio telescope in Chile’s Atacama desert, thedwes for the clump masses of 2 M. This map provides théirst
cessible site for submillimeter observations. The APEX-telspatially complete survey of the sub-mm emission in the.CNC
scope is described in detail inUGten et al. (2006). We used  The maximum intensity in our map, 31.5/Bgam, is found
the Large Apex BOlometer CAmera LABOCA (see Siringo et the position of; Car. Emission from clouds is seen with in-
al. 2009), which operates in the atmospheric window at8@0 tensities up tex 4 Jybeam. From these maximum cloud fluxes
(345 GHz). It has 295 pixels arranged in a hexagonal layowe can immediately infer (see, e.g., Eq. 3 in Schuller etGdR

2. Observations and data analysis



Preibisch et al.: Deep wide-field sub-mm survey of the Carina Nebula

-59:20

-59:40

Declination

-60:00

Fig. 1. False-color representation of the wide-
field LABOCA map of the Carina Nebula com-
plex. The cyan crosses mark the positions of the
massive (O- and early B-type) stellar members
of the Carina Nebula from Smith (2006), the
green circles mark the locations and radii of
the dense €0 clumps detected by Yonekura
et al. (2005) in this area. The field-of-view is
1050 10:48 1046 1042 1042 10:40 ~ 1.3 x 1.3°, corresponding to a size of
Right ascension 52 x 52 pc at the distance of the complex; the

[ |  grid shows the J2000 coordinates. The units of

0 05 1 15 2 25 3 the scale bar at the bottom argliyam.

-60:20

that the optical depth of the emitting clouds in our map islsma  While these optical images trace the ionized gas, the distri-
Tg70.m < 0.01, i.e. all observed cloud emission is clearly in theution of the cold molecular gas can be inferred from molacul
optically thin limit. line maps. A comparison of the optical images with the CO maps

In order to determine the total sub-mm flux in our LABOCApresented in Yonekura et al. (2005) shows a fairly cleariapat
map, we excluded 25 pixel-wide edges of the mosaic, wheasti-correlation between the ionized and the molecularigas
the pixel values are often dominated by noise, and intedi@te the CNC (see also Fig. 3 in Smith & Brooks 2007,[SBO7 here-
pixel values exceeding ther3noise level of 60 mJfpeam. We after]). Strong K emission is predominantly concentrated in the
found a total 87@m flux of 1147 Jy for our map. very center of the CNC, close toCar and the hot stars in Tr 16,
as well as near the massive cluster Tr 14. The CO emission, on
the other hand, is concentrated in two large cloud strusiuae-
proximately to the north and south gfCar.

Two fundamentally dferent emission mechanisms can con- . fh he red ontical |
tribute to the observed 876n continuum emission: thermal  Our comparison of the LABOCA map to the red optical im-

emission from dust, and free-free emission from ionized g#9€ in Fig. 2 confirms this anti-correlation. Most of the soim
The second mechanism is relevant in some parts of the C,\Rr:r,uttmg clouds are located in regions more than a few aremin
where the numerous massive stars produce an extremelygstrHW.s away fromy Car, where no (or at most very weakjrH
ionizing radiation field and create extended stellar winotes. €MiSSion can be seen, and often correlate well with the molec
The Ho line is a good and easily detectable tracer of ionized ga4ar émission. In these regions, the sub-mm emission is dom-
To localize Hr emission in the region we retrieved from the ESclated by thermal emission from cool dust. However, we also

archive images obtained with the Wide Field Imager at the-MP|"d Some sub-mm emission in the central parts, very close to
- 658827 nm, Car or Tr 14. In these regions, the sub-mm emission is likely

2.2 m Telescope through anaHilter (14 = ; .
FWHM = 7.421 nm) f%r inspection(. \Clslneteralso used the pulot-0 b.e stron_gly contaminated and probabl_y dominated by firee-
&mission, instead of thermal dust emission.

licly available High Level Science Products of the HST AC
Ha Survey of the Carina NebulaVersion 21 December 2009,
created by Mutchler & Bowers (2009). Theitise emission vis-
ible in the optical red DSS image (see Fig. 2) closely follohes

3.1. Nature of the observed sub-mm emission

A quantitative estimate of the contributions of thesgedl
ent emission processes to the observed total sub-mm fluxecan b
made in the following way: The total flux in the centrdl>67’

Ha emission. area, which containg Car and the Keyhole Nebula and where

1 The data set and the processing are described rapst of the flux is ||ke|y free-free emiSSion, is 70 Jy Theatot
http://archive.stsci.edu/pub/hlsp/carina/ fluxin the whole map excluding this central areais 1077 JysTh
hlsp_carina_hst_v2_readme.txt we conclude that about 94% of the observed sub-mm emission
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Fig. 2. False-color representation of the red optical Digitized Sky Survey iméttpecantours of the LABOCA map overplotted. Here and (unless
noted otherwise) in the following images, the first three contour levels .8 0.12, and 0.18 Myeam, while the further levels increase by a

factor of V2. The grid shows the J2000 coordinates.

in our map comes from dusty clouds, whereas some 6% of tbieal. (2009), we assume a gas-to-dust mass ratie ef 100
total flux is probably free-free emission. and a dust emissivity ofs7o,m = 1.85cn? g-1. The dust emis-
sivity depends on the detailed properties of the dust graires
value we use here is representative for relatively densecenol
ular clouds (Ossenkopf & Henning 1994; Henning et al. 1995),

The standard way to determine cloud masses from obsenit deviations by about a factor of 2 cannot be excluded.

3.2. Fluxes and cloud masses

(sub-)mm fluxes for optically thin thermal dust emissioniesa The most important factor of uncertainty is the choice of the
temperature-dependent scaling factor (see Hildebrand)1Bg temperature. Firstly, the individual clouds in the CNC vhidive
using the formula different temperatures, depending on (@) their location with re
spect to the luminous massive stars and on the cloud density,
D’F,R and (b) whether or not a cloud contains embedded protosiairs t
M= m ’ (1) heatit from inside. For some of the clouds in the CNC, tempera

ture measurements are available: Brooks et al. (2003) fa@md
whereD is the distance to the source (2300 pc in our casg), excitation temperatures of 2030 K for the dense clouds near
is the observed spectral flux densiB/js the gas-to-dust massTr 14, and Yonekura et al. (2005) derived mé&BO excitation
ratio, B,(Tq) is the blackbody spectral flux density for a dustemperatures of 2023 K for the large scale clouds and® ex-
temperatur@ 4, andx, is the dust emissivity. Following Schuller citation temperatures between 9 K and 28 K for dense clumps in
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the CNC. Owing to the quite strong and non-linear depende_

of the mass estimates on the assumed cloud tempefatuee
have to consider the individual conditions in each cloudrifeo
to derive meaningful mass estimates. Secondly, even fon-an
dividual compact cloud, the often used assumption of aalhati
uniform “characteristic” temperature is probably not eactr A
constant temperature may appear to be a reasonable approx
tion for dense clumps in nearby low-mass star-forming negjio
(where the external heating of the clouds is weak), but detai
modeling has shown that even in these relatively simples;as
slight deviations from isothermality by just a few degrees c
easily lead to errors in the estimated clump masses by faofor
~ 2 (Stamatellos et al. 2007). In the harsh environment of t
CNC, where the level of cloud irradiation and heating by hgar
hot and luminous stars is orders of magnitude higher thaniin g
escent regions, the assumption of a constant cloud tenupera
in the fairly large observed clumps can thus hardly be correc

To summarize, the uncertainties about the dust opacities 4
the cloud temperatures will cause uncertainties of (atleda®ut
a factor of~ 2 — 3 for the mass estimates.

-59:35:00

-59:40:00

10:45:00

3.3. Cloud column densities

As discussed in detail in Sec. 3.1, the sub-mm flux we obseryid- 3. False-color representation of the HS finage ofy Car and
in most (but not all) parts of our map is most likely thermaisdut e Keyhole Nebula with superposed contours of the LABOCA map.

. . The numbers 1-5, A1, B, and C refer to the CO clumps in the Keyhole
emission. For a given cloud temperature, the observed.8i0 Nebula defined in Cox & Bronfman (1995). The contour levels in this

intensities are then directly proportional to the columnsies 446 start at 0.06 dyeam and increase on a logarithmic scale by fac-
of the interstellar matter and thus the line-of-sight edtins.  ors'of 1.364 (i.e. 0.135 dex).

These intensities can be converted to the beam-averaged-hyd
gen molecule column density via the formula

F.R is known to be free-free emission from ionized gas in itdatel
v

=— ¥ (2) wind.
2
By(Ta) Q kv prmy In our LABOCA map, we measure a source flux=ofi3 Jy

we find the following peak line-of-sight column densitieslhe GOmez etal. (2010) (42 Jy in a26adius aperture) from another
two locations of maximum cloud emissioN;;, ~ 6x 1022cm2  LABOCA observation obtained on 23 July 2007. This observed
(corresponding to a visual extinction 8f, ~ 65 mag) for the constancy may be interesting in the context of the knowmstro
cloud near Tr 14, andlly, ~ 4 x 10?2cmr2 (Ay ~ 50 mag) for temporal variability of the (sub-)mm fluxes by at least a dact

the cloud at the Treasure Chest Cluster, when assuming cl®id (see, e.g., discussion in Brooks et al. 2005) and alsh wit
temperaturésof 30 K in both cases. respect to the detection of a recent significant decreaskeof t

A very prominent feature in optical images of the CNC iStrength (_)f major stellar-wind emission lines in the _spﬁntlof _
the V-shaped dark cloud with its tip a few arcminutes south grcar, which seem to suggest a recent and very rapid decrease in
n Car. The LABOCA map shows that this feature consists d#€ Wind density (Mehner et al. 2010).

a number of dferent clouds. Typical intensities in thefldise

parts of these clouds are in the rang2 0 0.5 Jybeam, which 4 > cjouds near Tr 16 and the Keyhole Nebula Region

(assuming again a typical dust temperature of 30 K) corms$po

to column densities dfl, ~ 3—7 x10°1 cm2 and extinctions of The loose cluster Tr 16 is located in the center of the Carina

Ay ~ 3—-7 mag. These fairly moderate values agree well with tiéebula and includes the optically dominant sfaar as well as

fact that thev-shaped dark cloud is transparent and thus invisiblee majority of the O-type stars in the complex.

in near-infrared images of the CNC. The Keyhole Nebula Region, immediately to the north of
n Car, is the best-observed part of the CNC and the only region
that has already been studied in detail at sub-mm and mm wave-

4. Results for individual parts of the complex lengths. The comparison of our LABOCA map to the optical H
mosaic obtained with the HST is shown in Fig. 3. Comparison of

4.1. 7 Car our LABOCA map to the SIMBA 1.2 mm map of Brooks et al.

The famous objeo Car is a close binary with strong wind-wind(2005) generally shows a good agreement in observed cloud

interaction (see, e.g., Groh et al. 2010). The (sub-)mm sonis morphologies. This central region was recently studiedh it _
dependent LABOCA observations by Gomez et al. (2010). With

2 For example, a flux of 0.25 Jy corresponds to a cloud mass k23 @ noise level ok 40 mJybeam, their data are about half as sen-

NH

for T = 10K, 7.3 M, for T = 20 K, and 42 M,, for T = 30 K. sitive as ours. A comparison of our map to their results shows
3 The choice off = 30 K was made because these clouds are irradj00d agreement in the general morphology and levels of the su
ated € heated) by stars either near or within these clouds. mm emission, although our map reveals (as expected) weaker
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Table 1. LABOCA fluxes of the CO clumps in the Keyhole Nebula e 4 ; : pTAY. 3 A e ‘\‘@“
listed in Cox & Bronfman (1995) ‘ T ¢ :

# [Me] [Jy] [(Me] [Mo]
CB-AL 14 054+008 15.8 9.1
CB-B 3 020+003 5.8 3.4
CB-C 6 0251004 7.3 4.2
CB-1 17

CB-2 11

CB-3 4 <0.06 <18 <10
CB-4 6 029+0.04 8.5 4.9
CB-5 1 013+002 3.8 2.2

emission structures. Gomez et al. (2010) discuss in détail &
relation between the sub-mm emission and the emission frc®
ionized gas, as seen inHn the central few arcminutes around . £ \ =\ 1o s
n Car. For most of the cloud structures they found a close c&ﬁ B 9 s gL ’ , ’
relation between ionized gas, emission at both mm and rad ' Py . - g ; R
wavelengths, and the sub-mm emission. Together with thee clé -~ Sae " \Y) i '
lack of strong molecular line emission in this region (Yonek Ve % i
et al. 2005) this suggests that the &nd emission here origi- =« = -
nates predominantly from ionized material, and not front.dus '

However, some weak molecular line emission is nevertheldd§: 4 False-_color representation of the red DSS image for the region
present in this region: Cox & Bronfman (1995) discovered CE£ar Tr 14 with superposed contours of the LABOCA map.
emission at eight dierent positions near the Keyhole Nebula,

including three peaks aligned with the centers of the ofjica . ) ) L
darkest parts of the Keyhole Nebula (their positions 1, 2| athis region remain well below thex3noise limit of 0.06 Jybeam.

3). In the following discussion of the sub-mm emission sediSSUMIng an upper limit for the sub-mm flux of CB-3 of 0.06 Jy,
in our LABOCA map at the location of these clumps, we us&€ can confirm that given a mass oM as derived by Cox &

their clump numbers with the prefix “CB”. We clearly see comBronfman (1995), the temperature of this clump musthie? K
pact 87Qum emission at the locations of all their clumps witHC €Xplain the non-detection in our sub-mm map.
the exception of CB-1, CB-2, and CB-3. In order to estimate This cold temperature suggests that th|s, and the opher two
the fluxes of the sub-mm detected CO clumps, which appear¥¥1-detected dark clouds are only seen this close to theiveass
compact sources superposed on top of fairly strong and inhon$tars in projection, butare actually located at least a fensgxin
geneous dfuse emission, we performed aperture photometryf&?“t of Tr 16; otherwise, one would expect cons[derably.hlgher
these positions, using circular apertures with radii offiixels ~ cloud temperatures because of the strong radiative heating
and annular sky regions betwees fimes and twice the aperture ~ T0 conclude the discussion of this central region, we note
radius. Note that the inhomogeneouffutie background emis- that all clouds in this area are only of rather low mass. Thg-or
sion in this area is a serious complication for flux determindl@l mass out of which the numerous massive stars formed has
tions, and thus the expected uncertainties of our backgroueen already nearly completely dispersed, leaving onlyva fe
subtracted aperture fluxes listed in Table 1 are probablyesst Small globules behind.
than~ 30%. We also list clump masses derived via Eq. (1),
assuming two dferent values for the temperature, 20 K an
30 K. The mass estimates basedTor 20 K are always higher %.3. Clouds near Tr 14
than the masses derived from the CO lines by Cox & Bronfmdrhe cluster Tr 14 is the second most massive cluster in the&ar
(1995), but the estimates basedr 30 K agree within a fac- Nebula; with 10 O-type stars it is about a factor of four lessm
tor of ~ 2 to the CO masses. This suggests that the materialsine than Tr 16, but its spatial configuration is considerafbre
these clumps is fairly warm, probably because of the close-pr compact. The brightest sub-mm emitting cloud complex in our
imity to the very luminous stars in this area, which strongbat map is found a few arcmin to the west of Tr 14. Together with
them. a number of more diuse clouds to the southeast, this complex
For the three CO clumps coinciding with the optically darkonstitutes the western part of the optically prominéisthaped
Keyhole nebula features, CB-1, CB-2, and CB-3, no clearcdetelark nebula in the CNC.
tion of sub-mm emission can be established from our data. In Although the massive cluster Tr 14 contains a substantial
deed, we findocal minimaof the extended sub-mm emissiomumber of hot O-stars that produce large amounts of ionizing
in the Keyhole area at these three positions. The strongu®i70 flux, the situation here seems to be quit&eatient from that in
emission slightly to the north of CB-1 is related to the clumphe Keyhole Nebula region. The comparison of the LABOCA
CB-A2. More quantitative statements are hard to make forlCBmaps and the optical image (Fig. 4) clearly shows a strorig ant
and CB-2, because these regions are strongigcted by blend- correlation of Hr and sub-mm emission. This may be at least
ing with the emission from the long linear structure, Cardl, partly explained by the fact that the cloud to the west of Tisl4
the north ofy Car. CB-3, on the other hand, is located at a lessuch denser and more massive than the clouds in the Keyhole
confused region of our map and can be characterized in marea, and the ionizing radiation therefore cdfea only the
detail. We find no significant sub-mm emission at this positiocloud surface, but not penetrate the cloud. The edge where th
with a maximum intensity of 0.04 Jyeam, all pixel values in cloud faces the stellar clusters is the site of a prominentd?h
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Dominated Region (PDR), which has been studied in someldetdoud. The spatial configuration of the clouds around Tr Ehse
by Brooks et al. (2003) and Kramer et al. (2008). From molets fit to this model.

ular line observations of the dense cloud to the west of Tr 14,

Brooks et al. (2003) estimated a total cloud mass @b 000M,,
and determined CO excitation temperatures of 3D K.

Integrating in our LABOCA map over all pixel values aboverhe northern cluster Tr 15 is considerably smaller and less
the 3r noise level with a radius of' 4rom the peak of emission, prominent than Tr 14 and Tr 16. Containing 6 O-type stars, its
we find a 87Qum flux of 157 Jy. Most of the flux (98 Jy) comestotal ionizing radiation output is about one order of magahé
from the brightest central parts of the emission at levets/ab weaker than for Tr 14 and Tr 16. The cluster is thought to be
0.5 Jybeam. Assuming a cloud temperature of 20 K, the totgbmewhat older than Tr 14 and Tr 16, probably around 6—8 Myr
cloud flux of 157 Jy corresponds to a cloud mass @600M.,  (see, e.g. Tapia et al. 2003).

i.e. a value substantially lower than the estimate baseden t  Only moderately bright sub-mm emission is seen in this area
molecular line observations. Considering our above eséiftat  (see Fig. 2). None of the clouds near Tr 15 shows morphologi-
the column density through the densest parts of this clld~  ca| indications of feedback from stars in Tr 15. The clouchi® t
6 x 10°2cm?, it may well be that the temperature in the innetgoyth-east of the cluster shows a prominent pillar-likacttrre,
dense parts of the cloud, where most of the mass reside®ias lopyt it points toward the south, clearly suggesting that itris-
than 20 K. ASSUm|ng a CharaCtel’IStIC dust temperature Of 10d&ited by massive stars in the south (presumab'y in Tr 16)’ no
yields a mass of 14 400M,. Considering the uncertainties infrom Tr 15.
the mass determinations described above, this value wguéa  one elongated dusty cloud, pointing toward the southwest-
reasonably well with the mass estimate from CO. ern direction, covers the western half of the cluster areis |
interesting to note that many of the OB stars in Tr 15 are ap-
parently aligned along the northeastern rim of this clouaisT
may be an extinctionfiect, suggesting perhaps that the cloud is
only seen in projection in front of Tr 15 and is not physically
ssociated.

4.4. Clouds near the cluster Tr 15

Finally, we consider the relation between the stellar elust
Tr 14 and the surrounding clouds. The area witkir2’ of the
cluster center is largely devoid of sub-mm emission, sulues
that the original cloud has been largely dispersed by thd-fe
back from the massive stars. In a recent study of the Tr 1laste
population, Sana et al. (2010) claimed an age of no more than
0.3 — 0.5 Myr for the cluster. If this very young age is true, onet.5. Clouds in the South Pillars
would expect to see the expelled remnants of the originaidclo ) i
out of which the cluster formed to be still relatively closethe 1he so-called South Pillars are a complex of strongly iaei
cluster. Might the elongated cloud complexes to the souehtw clouds south ofy Car, featuring very prominently iBpitzerim-
and north-east of Tr 14 be this expelled material? We carstisve 29€S- Our LABOCA map reveals several large and dense, as well
gate this question by comparing the masses of these clotius to@S NUmerous small and morefdse clouds in this area. A num-
expected mass of expelled gas in the formation of a dense clggr of these clouds show prominent cometary shapes pointing
ter. The total stellar mass of Tr 14 isirs ~ 4000M,, (Sana et towardsn Car. In many cases, the sub-mm morphqlogy closely
al. 2010). Assuming that 30% of the original cloud mass havefollows the shape of the cloud surfaces as seen inSiezer
been transformed into stars (i.e. a star formatifiiciency of images; this will be discussed in more detail in Sec. 5. The tw
< 30%, see Lada & Lada 2003), and the othe?0% have been northernmost larger clouds in this region constl'tute.tmteafa
expelled, the mass of the expelled clouds should 8800M.. part of theV-shaped dark feature seen in the optical images.

This estimate is actually consistent with the total massef t
two largest cloud complexes seen near Tr 14 in Fig. 4: thé tota
870um flux of the elongated cloud northeast of Tr 1485 Jy,
corresponding to a cloud mass ©f1000M,, (for an assumed
temperature of 20 K). The total mass of the cloud complex to
the southwest of Tr 14 is, as estimated aboevé4 000M,. We
thus conclude that the total mass of surrounding cloudsinvith
a few parsecs from Tr 14 is about as large as expected, if we
assume these clouds to be the remnant of the cloud out of which
Tr 14 formed and have been recently expelled by the action of
the massive stars in Tr 14.

The spatial distribution of these clouds, however, does not
follow the morphology expected for a (more or less) homoge-
neous bubble around the cluster, as seen in many other massiv
star forming regions (e.g., Deharveng et al. 2009). Inspect
of Fig. 4 shows no circular alignment of clouds around Tr 14,
but rather a morphology suggesting a “broken ring”, which is
open in the northwestern and southeastern direction. Aiposs
ble explanation of this morphology is that the clouds form a
thick ring-like structure around Tr 14, which we see neadge>
on. Beaumont & Williams (2010) recently suggested that many
apparent bubbles around young clusters are actually ne¢thrrig. 5. False-color representation of the 2MASS K-band image of
dimensional spheres, but instead more or less two-dimealsiothe area around the Treasure Chest Cluster (located at RA (J2000)
thick rings. They claim that this could be the result of stanfa- = 10"45"54°, Dec = -59° 56 50”) with superposed contours of the
tion and stellar feedback within a flattened, sheet-likeaoolar LABOCA map.

-60:00:00
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A particularly interesting part of the South Pillars is :§-pitzer 8 um
Treasure Chest, a dense cluster of some 200 stars embedd¢ L
a compact nebula at the head of a large dust pillar (Smith et e
2005). The brightest object in this cluster is the 09.5 V €aD
-59%°2661, that ionizes a small HIl region inside-a40” diam-
eter cavity near the western edge of the dust pillar, in wkieh
cluster is located. The edges of this cavity can be well setrei
narrowband images presented in Smith et al. (2005,their3jig
The cluster seems to be extremely yourgQ:1 Myr) and the
young stars show strong reddening with extinction valuetup
Av ~ 50 mag.

Our LABOCA data reveal the detailed morphology of th
associated dust cloud (see Fig. 5) out of which this cluster
cently formed. The large scale structure of the gi#0emission
shows a cometary shape, with peak intensity just to the raorth
some 15 to the east of the infrared cluster. At the position of th
cavity surrounding the embedded cluster, the sub-mm eoniss
shows a “hole” and is- 3x weaker than on the eastern sidg
This suggests that the cavity takes up a large fraction ofuiie FINYeIerNETAAN |
depth of the dust cloud, and is not just a minor disturbantiesat S
surface of the cloud. Fig. 7. False-color images of the region around the infrared dark cloud,

Our column density estimate for the brightest part of thgeen in theSpitzer8um IRAC map (upper left), the 24m MIPS map
cloud, Ny, ~ 4 x 1022¢cm2, corresponds to visual extinction (upper r_|ght),the LABO(_:A map (Iovv_er left), a_md t_he optlcal DSSimage
values ofAy ~ 50 mag and agrees very well with the maximun§ower right). s In each image, the field-of-viewAs8.2' x 6.6', north
extinction found by Smith et al. (2005) for the stars in thes r IS up, east to the left. The contour levels superposed onto the LABOCA

: . map are 0.06, 0.09, 0.12, and 0.130Bam. The two peaks are marked
gion. Proceeding to the south, the structure of the cloudsto ircl

. . . . y green circles.
bifurcation; the western arm is denser and thicker than éisé- e
ern arm.

To derive an estimate for the total mass of the dust cloud, we
integrated the 870m emission above theo3noise level over
a~ 2 x 3.5 box including the brightest part of the emission,
finding a flux of 30.2 Jy. Assuming a cloud temperature of 20 K,
this suggests a cloud mass-o880M,.

Spitzer 24 ym

5. Cloud morphology from the combination of the well as the 24m MIPS map, these two 8¢0n peaks cor-
Spitzerand the LABOCA images respond to very dark shadows, which are located at R.A.

10"43"18.25, DEC = -60° 15 59", and R.A.= 10"43" 24,95,

The combination of our LABOCA data with the existiGpitzer DEC = -60° 15 40”. The western [eastern] peak shows a flux

images provides a very good way to study the morphology of theaximum of 0.25 [0.19] Jpeam, which translates into a col-

clouds. The &m emission in the IRAC4 band is dominated byimn density ofNy, ~ 2 [1.5] x 10??cm2, corresponding to a

polyaromatic hydrocarbon emission, which is excited byuhe Visual extinction ofA, ~ 22 [17] mag.

irradiation, and thus reveals the detailed structure ofctbad . ) .

surfaces. The 87@m emission, on the other hand, traces the cold 1h€ optical DSS image shows that this cloud corresponds

dust inside the dense central cloud regions. The full exibiiie (0 @ very prominent dark globule in the southern part of the

Carina Nebula has been mapped with IRAC, and we retrievE®NC: This cloud seems to be a good example of an infrared dark

these dathfrom theSpitzerdata archive for analysis. Below, wetloud, i-e. particularly dense and cold clouds, which aceigint

discuss interesting features resulting from this investim. to be the birth places of massive stars (e.g., Carey et aB;199
In Fig. 6 we compare the LABOCA data to tt@pitzer Rathborne et aI._2006; Rygl et al. 2010). The integrated®70

8.0um image of the South Pillars region. In many parts of thidux of this cloud is 3.5 Jy, which corresponds to a cloud méss o

region we find a remarkable resemblance between the morph’tJI:f’Z()M(D forT =10K.

ogy in the Spitzerand the LABOCA images. Essentially all

clouds that emit brightly in thé&pitzerimage do also clearly

show 87Qum emission. . — .
On the other hand, not all of the dense dusty clouds re- Finally, in Fig. 8 we consider the small scale structure ef th

vealed by LABOCA are visible in th&pitzerimages. An es- massive cloud complex to the west of Tr 14. The eastern edge,
pecially notable example is the cloud marked with “IRDC” id%here the cloud is strongly irradiated by the massive stars i

Fig. 6, near the western edge of the South Pillars. A more 14 and where a bright PDR can bee seen in the optical images,

tailed view and comparison to images in other wavelengtas ap€ fim of the cloud is very sharp. The interior of the cloudeo

provided in Fig. 7. In the LABOCA map, this cloud shows°|ex seems to consist of at least five bright clumps. To thénor
a double-peaked structure. In tlSqnitzerBu,m IRAC map as anq the sputhgast of Fh'S dense CIOUd. complex, wealrsdi
emission is visible. This may be material that was evapdrate

4 These IRAC data were obtained in July 2008 in the prografh€ eastern edge of the cloud in the PDR and is now streaming
“Galactic Structure and Star Formation in Vela-Carina” (PI: Steveaway in the directions perpendicular to the impacting rigalia
Majewski, Prog-ID: 40791). field from Tr 14.
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Fig. 6. False-color representation of th@@m Spitzerimage with superposed contours of the LABOCA map. In the area withiw afeminutes
from n Car the very bright infrared emission caused strong artifacts iSlitzerimage. A grid of 32000 coordinates is shown.

6. Sub-mm emission from CO molecular cloud Table 2. LABOCA fluxes and mass estimates of th&Q clumps de-
clumps tected by Yonekura et al. (2005)
Yonekura et al. (2005) detected 15 individual cloud clufrips ~ clump  Tex  M(CP®O)  F(870um)  Mg7o(20K)  Mgro(10K)
their C'80 mag; eight of these (number 8 — 15) are located in___ # [K] [Mo] [3y] [Mo] [Mo]
the field-of-view of our LABOCA map and are marked by the g 5‘1‘ ﬂgg g%i g-g gsg igég
. . - - . . i .
red circles in Fig. 1. Sub-mm emission is clearly detectetieit 10 25 590 1D+ 18 347 1003

locations of all eight clumps. In five cases (clumps 9, 11,143,

and 15) our LABOCA map shows strong and compact sub-mm E gg ;ggg égi é:g 1%;% 3385%
emission, as expected for high-density clumps. At the lonat 13 20 4200 4B+6.2 1212 3819
of clumps 8, 10, and 12, however, we see onljudie sub-mm 14 9 450 29+ 0.4 85 267
emission. 15 19 2000 1%+23 453 1427

5 We note that Yonekura et al. (2005) denoted these structures as .
“cores”; however, with a size scale of2 pc, these clouds are not cores I order to determine the sub-mm fluxes of the clumps, we
(which have typical sizes of 0.2 pc) but rather clumps. used the positions and sizes (the beam-deconvolved radiigo

6 With a half-power beam width of.2 the spatial resolution of the clumps reported in Table 3 of Yonekura and integrated algix
C*0 map is about nine times lower than that of our LABOCA map. values above thes3noise level. For the clumps with clear peaks
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\\\il__@ﬂg’-\z" mass is concentrated into dense compact structures, thiofra
\&~ 2 of unrecovered large-scale flux may be very small (see, e.qg.,
Maruta et al. 2010). However, the CNC clearly shows wide-
spread far-infrared emission (as visible, e.g., in the IRKS
ages) on scales of tens of arcminutes, and therefore we texpec
that the missing flux is not insignificant. On the other hand, i
appears likely that some part of this large scale emissisesr
from distant clouds in the background; owing to its positieny
close to the Galactic plané#£ —0.6°) and near the tangent point
of the Sagittarius-Carina spiral arm, the Galactic backgd
emission at the location of the Carina Nebula must be faigih

As determined in Sect. 3, the total flux in our map originating
from dusty clouds (and not from free-free emission) is 1077 J
To illustrate how sensitively the corresponding mass edtrde-
pends on the assumed dust temperature, we consider three dif
ferent temperature values, and find that the measured flux cor
responds to (dust gas) masses of 99 000, 31400M, or
18 100M,, for 10, 20, or 30 K, respectively. As our best estimate
we assume here a total mass of the cold dusty clouds traced by
LABOCA of ~ 60000M.
N = /i The total mass omolecular gasin the CNC has been de-

“ — v 939 rived from the CO observations by Yonekura et al. (2005)c&in
L their full map size is considerably larger than the fieldviw
‘ ﬁw ‘ of our LABOCA map, we added their CO masses for their sub-

regions 1, 2, 3, and 7, which cover approximately the fielduwf o
I;TABOCA map. This yields a total mass of 141 0B based on
their?CO map, 63 000/, from their'*CO map, and 22 00BI,
from their G0 map. These numbers suggest that a large frac-
) ) . ) tion of the cloud mass resides in clouds of moderate dereity (
in the sub-mm map we centered the integration regions oethg@ced by'2CO), whereas the denser gas (as traced3@0)
peaks. The res_ultlng fluxes are given in Table 2. We also I|§_,t1d the very dense clouds traced BA*@ contain progressively
the corresponding masses computed from these fluxes, agsurgimga|ler fractions of the total mass. Interestingly, our snesti-
two different temperature valueb,= 20 K andT = 10 K. mate for the cloud emission seen by LABOCA-0%60 000M,,
Comparison to the masses determined by Yonekura frofrees fairly well to the mass in dense, well localized cioas
their C°0O map shows that the sub-mm mass estimates fphced by*3CO. Comparison to thCO mass suggests that our
T = 20 K are always substantially lower than th€C masses. | ABOCA map traces about 40% of the total molecular cloud
With T = 10 K we find a much better agreement; the mass esiimissjon, a fraction that appears very reasonable coirsiptte

mates from the sub-mm data and th€@ data generally agree arguments about the unrecovered large-scale sub-mm fler giv
within a factor of~ 2. Although this seems to be a relativelygpgye.

good match, we note that the assumed very dotd 10 K tem-
peratures appear to be in conflict with the CO excitation &mp
atures, which are 20 K for all but one of these clumps. This7-2. The spectral energy distribution of the complex
apparent inconsistency may perhaps indicate that theaed@® 5 04 way to study the global energetics and propertiesef th
excitation temperatures do not well represent the chaiatite ¢ js to analyze the global spectral energy distributidBs
temperature at which most of the cold dust mass resides. of the complex. Smith & Brooks (2007) constructed the SED
in the wavelength range fromw#n to 100um from MSX and
7. Global properties of the Carina Nebula complex IRAS data (excluding the flux of the starCar) and modeled
these data (their Fig. 2) with a combination of thre@atent op-
Our wide-field LABOCA map yields for the first time a directtically thin graybody components with discrete temperesgusf
measurement of the total sub-mm emission from the CNC.220 K, 80 K, and 35 K. They used this model to estimate the
represents a missing piece of the puzzle for the investigadf total dust masses associated to these components andtsagges
the global properties of the complex, in particular for tb&at that the CNC contains about @M, of gas; they claimed that
luminosity and its spectral energy distribution, and fae thtal there is about three times more gas in atomic form than molec-
mass and its distribution in theftérent phases, i.e. dust, molecular gas. However, they also noted that their fit is not unique
ular, and atomic gas. equally good fits can be obtained withferent sets of tempera-
ture components, and thus these mass estimates are umcertai
Our LABOCA data provide a very important new SED point
at longer wavelengths, which strongly constrains possiind-
We can use our sub-mm map to derive an estimate of the todéd of the SED and allows us to obtain new insights into thesmas
mass of dust and gas in the Carina Nebula. We note again thatludget of the complex. As mentioned above, the total intedra
LABOCA map is not sensitive to possibly existing widespreafiux (above the 8 noise limit) in our LABOCA map is 1147 Jy.
and spatially homogeneous sub-mm emission on large angaibtracting the flux fromy Car (43 Jy), to be consistent with
scales> 2.5; our measured sub-mm fluxes are therefore onthe analysis of SB07, the total flux from the complex is 1100 Jy
lower limits to the true flux. In principle, if most of the cldu This value is nearly 20 times smaller than the g8@0flux pre-

Fig. 8. False-color representation of theD@m Spitzerimage of the
cloud west of Tr 14 with superposed contours of the LABOCA ma|

7.1. The total dust and gas mass
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7.3. A simple radiative transfer model of the Carina Nebula
complex

10°

In order to investigate the SED in more detail, we performed
a simple radiative transfer modeling of the CNC. First, we ex
tracted the fluxes for the SED for the area of our LABOCA map
from the IRAS and MSX image¥ the resulting SED is shown
in Fig. 9.

Our radiative transfer modeling of the observed SED is not
intended to be detailed and highly accurate, but just to see
whether we can reproduce the general shape of the observed
SED with reasonable assumptions about the mass and large-
scale density distribution of the surrounding clouds. We do
not intend to model the small-scale structure of the indiaid
clouds; instead, we simply assume a central source of radiat
surrounded by a spherical envelope of dust and gas. Although
this is obviously a strong simplification, it provides thevad-
tage that the temperature distribution of the gas is contpinta
0.1 1.0 10.0 100.0 1000.0 more physically meaningful way than adding up a few discrete

Wavelength [um] graybody components.

Fig. 9. Spectral energy distribution of the Carina Nebula complex. The 1he radiation transfer calculations were carried out with a
diamonds and crosses show the mid- and far-infrared fluxes detstmifnodified version of the code of Yorke (1980a,b). This program
from the IRAS and MSX maps for the field of the LABOCA map.yields an exact solution of the frequency-dependent riadiat
The cross with the upward triangle shows the total @n(flux derived transfer problem in spherical geometry simultaneoushh it
from our LABOCA map (excluding the emission fromCar and the self-consistent determination of the dust temperatures. ias
Keyhole Nebula). The asterisks show the integrated optical and ne@y-specify the luminosity and theffective temperature of the
infrared fluxes of the known stellar members of Carina as identified #&ntral source, as well as the density distribution of thieosund-
a deepChandraX-ray survey (see Preibisch et al. 2011b). The solighy cjoud and can compute the overall spectrum and the flux dis
line shows the spectral energy distribution resulting from our sph_erl bution at each wavelength. We use a grid 6&aient wave-
cloud mo_del of the CNC with a to_tal gasdust mass of 140 00d,; | th DOINt& ina f oL 0 5 The dust del
the gray line shows theffect of adding 1 mag of visual foreground ex-cngth points “ranging from Uium 10 > mm. 1he dust mode
tinction to the spectrum. The dashed line is the model with a cloud m458M Preibisch et al. (1993) was employed, which had been con
of 280 000M,,. structed to match the dust properties in molecular clod@®ri-
sists of small (7—30 nm) amorphous carbon grains and large
(40 nm — 1um) silicate grains, and assumes that the silicate
grains are coated with a thin mantle (thicknes$4.5% of the
grain radius) of “dirty ice” if their temperature is below3 K.

: . X 6
dicted by the the model of SBO7 (see their Fig. 2). Even if WThgagn;g)zr:%ozlg%rcedges of the spatial grid are-atL0*® cm

take into account that the field of our LABOCA map is gonsi ~ Following the census of massive stars in the CNC by Smith
erably s_mall_er than the 5.6 squar_e-degree area for which th?2006)’ we assumed a total stellar luminosity of 2 107 L,
SED points in SBO7 were determiried: large discrepancy of 4and a typical temperature dtg = 44 700 K. In the first series

factor of~ 14 remains. of models, we set the total (gasdust) mass of the cloud to
Several possibleftects could contribute to this discrepancy140 000M,, following the CO mass estimate of Yonekura et al.
First, the choice of the discrete temperatures for the grdyb (2005). The free parameters in our modeling were the cheract
components can stronglyfact the predicted sub-mm flux; aistics of the radial density distribution of the cloud. Thede!
slightly higher assumed temperature would reduce the giesili shown in Fig. 9 assumes that the density slowly increasés wit
sub-mm flux substantially. A second aspect is the wavelengdiistance from the center accordingfr) o« r®7>; this should
dependence of the dust emissivity: SBO7 assumed an emisaiyproximately match the conditions in the CNC, where most of
ity o 471, i.e. a dust emissivity inde& = 1, which is at the low the cloud material has already been dispersed from theatentr
side of the range of values found by Rathborne et al. (2010) fo
dark cloudsg = 1 — 2). Values of3 > 1 would also reduce the 2 The total flux in the area of our LABOCA map was found to be
predicted sub-mm flux substantially. Thirdly, a three terapge 40 784 Jy, 137539 Jy, 627038 Jy, and 832420 Jy for the wavelengths
model is obviously a simplification, because the true temipee ©f 12#m, 25um, 60um, and 10Qm, respectively. o
distribution must be continuous. Considering the compaeigt % In order to convert the MSX fluxes, which are given in units

small wavelength range covered by the data that were aiaila}f_radiance, to intensity units at the isophotal wavelength, we
sed the conversion factors listed in tli&eneral Description of

for the'r. analysis, the use of athreeltemperature model KWSE*J/ISX Imagesfrom the NASAIPAC Infrared Science Archive (see
was quite appropriate, but the availability of our new Sl’mmhttpy/irsa,ipac_caltech.empplicationﬂvISX/MSX/imageDescriptionS.ht)n For band
data justify a new modeling attempt. A, we used an additional correction factor of 2, as recommended for
blackbodies and modified blackbodies at temperatures of about 120—
140 K. The corresponding correction factors for the other bandseaye

7 We analyzed the 10@m IRAS map (since the luminosity and masslose to unity. The resulting fluxes are 10211 Jy, 57784 Jy, 55200 Jy,
estimates from SBO7 are strongly dominated by their assumed 35aRd 148479 Jy for the @Am, 12um, 14um, and 2um band, respec-
model component, the amplitude of which is proportional to thei#00 tively.
flux) and found that our LABOCA field encloses 70% of the total ° The wavelength grid has a approximately equidistant steps in log
100um flux in the larger field. and includes most optical to far-infrared standard bands.

L~
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region and is now located at typical distances betweenpc 7.4.1. Cloud mass above the star-formation threshold

and~ 25 pc. . L
P From studies of other molecular cloud complexes it is well

The computed dust temperatures in this model range frathown that typically only a small fraction of the total cloothss
144 K (carbon grains) and 69 K (silicate grains) at 5 pc, oveill form stars, whereas the majority of the mass will finatig
103 K and 51 K at 10 pc, to 34 K and 23 K at 28 pc distanagispersed. Only the densest (and coldest) parts of the gaygjin
from the central luminosity source. The spectrum of this-sinical molecular cloud will be transformed into stars. An estte
ple model matches the observed mid-infrared to sub-mm fluxgsthe fraction of the cloud mass available for star formmatio
not perfectly, but reasonably well. The predicted 4060flux can be made if the spatial distribution of (column) densitghie
is 739299 Jy, i.e. 11% lower than the value extracted from tlud is known. Froebrich & Rowles (2010) showed that the ex-
IRAS image. The predicted 870n flux is 1816 Jy, i.ex~ 70% tinction (or column density) threshold for star formationsiev-
higher than the observed LABOCA flux of 1077 Jy. Thiffeéli- eral nearby molecular clouds is typicallyA; ~ 5 mag, corre-
ence agrees well with the expected level of missing largéescsponding to a column density threshold\f, = 4.7x10% cm2.
flux in the LABOCA map estimated above from the CO masses. Assuming a typical cloud temperature bf= 20 K, we find
Assuming the missing flux of 729 Jy to be evenly distributefiom our LABOCA map that the total mass of the clouds above
over the area of our LABOCA map would require an unrecovhis column density threshold is about 20 0@9. Note that this
ered homogenous flux level of ordy0.014 Jybeam. value agrees quite well with the total mass of alf@ clumps

The most important characteristics of this model is thatit r & determined by Yonekura et al. (2005). Assuming a total gas
produces both far-infrared and sub-mm fluxes reasonablly wéiass of 140006- 280 000M, (as derived above), this implies
There is therefore no need to postulate a large mass comporig@t only a small fraction, 7-14%, of the total gas mass is in a
of widely distributed purely atomic gas that would be neithe>t@te in which itis available for star formation.
detectable in the CO maps nor in the sub-mm map. All avail-
able data, i.e. the far-infrared fluxes, the sub-mm flux, dred t7 4 2. The possibility of future massive star-formation in the
results derived from the CO maps, can be explained by a total cNC
gas and dust mass of about 140 009 We note that this num- . ] . i )
ber also agrees well with the recent results from hydrodyeaim An interesting aspect to investigate is whether the curfzmd
modeling of the Carina super-bubble by Harper-Clark & Myrrafuture) star-formation process is similar orffeérent from the
(2009), who derived a total (dust gas) mass of the nebula ofprevious star-formation activity, which created the massar
~ 10° M, Finally, it is interesting to note that adding 1.0 maglusters Tr 14, 15, and 16. A particularly important pointfirs
of visual foreground extinction yields quite good agreetimn respect is the maximum mass of the forming stars. The chister
tween the model spectrum and the observed integrated bptital4 and 16 contain numerous very massivex 50 M) stars.

and near-infrared fluxes of the stellar member of the CNC.  In the more recently formed embedded population in the South
Pillars, however, the most massive star identified so fahés t

¢ 09.5V star in the Treasure Chest, which has a comparatively
small mass ok 20M,. This suggests that stars in the newest
traced by CO emission. In particular, we wanted to find o neration have substantially lower maximum masses thiaein

whether adding significant amounts of (atomic) gas woulgerai®lder generation. Will this also be true for the stellar pafians
the 10Qum flux to the observed level. We found this not to pyet o form mthe remaining clouds? .
the case. Increasing the total gas mass actually leads tr loy  OPservations of stellar clusters suggest that there istioel
100um model fluxes, because the optical thickness of the ga&Ween the mashl. msy of the most massive star in a cluster
envelope increases, which leads to cooler dust tempemitrmreand the total masMlausier of all cluster stars (see Weidner et al.
the outer parts of the nebula. Thifet can be partly compen-2010)- Although it is still debated whether the observedesor
sated for by assuming a steeper outward density increatige In/ation is actually caused by physical processes or insteah i
second model shown in Fig. 9 we assumed a total gas mas&fgcet of pure random sampling from the IMF in individual star
280 000M., i.e. twice the mass as traced by CO. With a densiguste.rs (see Elmegreen 2006), we assume here that thessimpl
law p(r) o r we can find an acceptable SED fit. The predictegMPirical refation
100um flux of this model is 722721 Jy, 13% lower than oby, ~ 1.2 x M%45 3)
served. The 870m flux is 2076 Jy, only 14% higher than in the ™~ ™ cluster
lower mass model; this small increase in sub-mm flux desp#eaggested by Larson (2003) provides a reasonable approxima
the higher mass is caused by the cooler dust temperatures intion. Assuming a star-formatiorffeciency (i.e. the ratio of the to-
outer parts of this model (25 K and 22 K for the carbon angl stellar cluster mass versus the original cloud massF&f S
silicate grains at the outer edge of the model grid). 0.3, as established for cluster formation by Lada & Lada (2003)
yields the desired relation between the cloud mass and tke ma
imum mass of the stars that can be expected to form out of this
7.4. Star formation in the observed clouds cloud. It suggests that a cloud with a massvfouq * 1000Mg
will yield a maximum stellar mass of 15Mg, whereas cloud
The dense clouds seen by LABOCA are the site of the cunasses of 12 000M, are required to form a very massive star
rent and future star-formation activity in the CNC. Recebt o (M > 50M,).
servations have revealed hundreds to thousands of verygyoun Nearly all cloud clumps we detected in the CNC have masses
(< 1 Myr old) stellar objects in these clouds throughout the CN€ 5000M,, and therefore will according to Eg. 3, yield a max-
(Smith et al. 2010a; Smith et al. 2010b). With our new resufts imum stellar mass of 30Mg. Most clouds, including the in-
the mass budget of the clouds, we can address the questiofrared dark cloud discussed above, have massH¥0M,, and
how many additional stars may form in the near future in tht@erefore will yield a maximum stellar mass of just15 M.
CNC. Only the cloud complex to the west of Tr 14 is substantially

In a second series of models we investigated tffiece o
increasing the total gas mass above the 140Q®f gas as
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more massive. However, as can be seen in Fig. 8, this cloid wir feedback: if the irradiation and the winds from the massi
estimated~ 15000M,, is already fragmented into several indistars éiciently compress the clouds, and continuously transform
vidual clumps; most likely, each of these individual clumyl  part of the low-density clouds into denser clouds, the clmads
form star clusters, and none of them is massive enough todorravailable for star formation could well increase. Howeveis
very massive stal > 50M,,), if the assumed relation in Eq. 3unlikely that this &ect can significantly change the ratio be-
holds. tween the stellar populations, simply because time is ngni
To summarize, the observed cloud masses suggest thatdbe within less than~ 1 Myr, n Car will explode as a su-
currently ongoing, presumably triggered (see Smith etGl0OB) pernovae. This event will be followed by series -of70 fur-
star-formation process will probabhotlead to the formation of ther supernova explosions from the massive stars in the com-
very massive stars, as present in large numbers in the tfider, plex (see Smith & Brooks 2008). Each of these explosions will
gering population. This suggests a clear quantitatifieidince send strong shockwaves through the clouds. While supernova
in the formation processes of the currently forming and tire e shockwaves are very destructive for any interstellar nedtar
lier generation of stars in the CNC. their immediate surroundings, they decay into much slower a
weaker shocks after traveling distanceszol pc. Today, most
of the molecular clouds in the CNC are already located at the
periphery of the complex, typically a few pc away from the mas

Our wide-field LABOCA map provides the first large-scale susive stars; these clouds will then be compressed, but pipbaeb
vey of the sub-mm emission in the CNC. We find that the colestroyed by the crossing “evolved” shockwaves. At locetio
dust in the complex is distributed in a wide variety of stawes, Where suitable conditions are met (see, e.g., Vanhala & @ame
from the very massive~( 15000M,) and dense cloud complex1998; Oey & Garcia-Segura 2004), vigorous star formation ac
near Tr 14, over several clumps of a few hundred solar masdé4ty can then be expected (see, e.g., Preibisch & Zinnecke
to numerous small clumps containing only a few solar mass&@07,for the example of the Scorpius-Centaurus Associptio
of gas and dust. Many of the clouds show clear indications thEhese supernova shockwaves can not only trigger star famat
their structure is shaped by the very strong ionizing ramfiat Put also inject short-lived radionucleids suclf%ze into the col-
field and possibly stellar winds. lapsing protostellar clouds (Boss & Keiser 2010). Becaheest

The total mass of the dense clouds to which LABOCA iis strong evidence that such short-lived radionucleidsewer
sensitive is~ 60 000M,,. This value agrees fairly well with the corporated into the solar nebula material during the foionadf
mass estimates for the well localized molecular gas traged @Hr solar system, the clouds in the CNC may provide a good tem-
13CcO. The Comp|ex may contain a considerable amount of Véi)iﬁte in which to StUdy the initial conditions for the forrwat of
widely distributed atomic gas, which is neither recoveredur Our solar system.

LABOCA map, nor can be seen in the CO data. Our radiative
transfer modeling suggests that the total mass of such an djeknowledgementswe would like to thank the referee for insightful comments
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