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ABSTRACT

Context. The Carina Nebula represents one of the most massive star forngiogseknown in our Galaxy and displays a high level
of feedback from the large number of very massive stars. While thiarstentent is now well known from recent deep X-ray and
near-infrared surveys, the properties of the clouds remained atloely studied until today.

Aims. By mapping the Carina Nebula complex in the far-infrared, we aim at gosimensive and detailed characterization of the dust
and gas clouds in the complex.

Methods. We used SPIRE and PACS onboardHsrschel to map the full spatial extenty(5.3 square-degrees) of the clouds in the
Carina Nebula complex at wavelengths betweenri@nd 50um. We use here the 70n and 16Qum far-infrared maps to determine
color temperatures and column densities, and to investigate the globalfesmf the gas and dust clouds in the complex.

Results. Our Herschel maps show the far-infrared morphology of the clouds at unpreteddrigh angular resolution. The clouds
show a very complex and filamentary structure that is dominated by tiaicadand wind feedback from the massive stars. In most
locations, the column density of the clouddNs < 2 x 10?2 cm 2 (corresponding to visual extinctions &f < 10 mag); denser cloud
structures are restricted to the massive cloud west of Tr 14 and theriosgparts of large pillars. Our temperature map shows a clear
large scale gradient from 35— 40 K in the central region te 20 K at the periphery and in the densest parts of individual pillars. The
total mass of the clouds seen Hgrschel in the central (1 degree radius) regiorri$56 000M,. We also derive the global spectral
energy distribution in the mid-infrared to mm wavelength range. A simpliatiad transfer model suggests that the total mass of all
the gas (including a warmer component that is not well tracelddsgchel) in the central 1 degree radius regior<i8€90 000M,,.
Conclusions. Despite the strong feedback from numerous massive stars and tiespmrding cloud dispersal processes that are
going on since several million years, there are still several 10M06f cool cloud material present at column-densitieSisient for
further star formation. Comparison of our total gas mass estimates teuteieloud masses derived from CO line mapping suggests
that as much as about 75% of all the gas is in atomic rather than molecutar fo
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31

1. Introduction & Zinnecker 2007; Deharveng et al. 2009; Zavagno et al. 2010;
. . ... Brand etal. 2011). The interaction of the massive stars thiih

Most stars form in large clusters or assoclations, comgn(mt_ surrounding clouds and the balance between cloud destnucti

Ir(]east) sevelralbthousandl stari (e.Q:., Bicet al. f2007)c'i and it o triggered star formation determine the charactesigtid
als recentyf ecome ¢ earlt at also odur sun2 ormed as parl fina| outcome of the star formation process (see Dale et al

a large star forming complex (e.g._, Adams 2010). In contr 07; Dale & Bonnell 2008; Bate 2009; Gritschneder et al(201

to low-mass star forming regions like Taurus, where the-in r numerical studies).

;ndyal yo(ljmg stgllar ob;ects (Y.SQS) Ifolrm molre or Iesim!g IS0~ At a distance of 2.3 kpc, the Carina Nebula Complex (CNC
ation and any interaction is minimal, large clusters ansbas h . L ’ : - ’
- . ereafter; see Smith & Brooks 2008, for a recent review)és th

ciations contain high-mas$/ > 20M,) stars. These hot and nearest star forming region with a large population of veasm

luminous O-type stars profoundly influence their environtae sive stars (at least 70 O-type and WR stars; see Smith 2006).

(see, e.g. Freyer et al. 2003) by creating HIl regions, gsirey
wind-blown bubbles, and exploding as supernovae. This-fe »ﬁ:qong these are several of the most massiex(100Ms) and

: inous stars known in our Galaxy, e.g., the famous Lungnou
back can disperse the natal molecular clouds and thus halt e Variablen Car, the O2 If* star HD 93129Aa, several O3
ther star formation. However, advancing ionization froatsd : ’ !

: ' main sequence stars, and four Wolf-Rayet stars. Most of ee m
eﬁ(pargdmg supeLbu]E)bles can a}lso Compress nearbfy clout(:is Qﬁgsta?s reside in several loose clust)(/ers near the cefntiee o
thereby trigger the formation of new generations of starg.(e : . ; :

) : ) ~~.complex, including Tr 14, 15, and 16, which have ages ranging
Reach etal. 2004; Cannon etal. 2005; Oey et al. 2005; Pualbl?rom <1lto~ 8 Myr (see Dias et al. 2002; Preibisch et al. 2011c).

* The Herschel data described in this paper have been obtained Trh(.a CNC contains Iar.ge amounts of gas and dust clouds, with an
the open time projecOT1_tpreibis_1 (PI: T. Preibisch).Herschel ~€Stimated total mass in the range 350 6670 000M,, based on
is an ESA space observatory with science instruments provided &§ radio maps (e.g. Grabelsky et al. 1988; Yonekura et ab200
European-led Principal Investigator consortia and with important papmith & Brooks 2007). The very strong radiative and wind feed
ticipation from NASA. back from the massive stars has already dispersed much of the
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original cloud mass in the central region, and drives a lasge in the complex, the information that can be retrieved abbet t
panding superbubble, extending oveB0 pc (corresponding to total cloud phase is limited by two factors: First, the LABOC
~ 2°). map is only sensitive to the dense, localized clouds. As ae&on

During the last few years, several surveys have providgdence of the removal of correlated noise in the data reatucti
a wealth of new information on the stellar populations in th&fructures with angular sizes larger 2.5’ are only partly re-
CNC. TheHST survey of the central area (Smith et al. 2010a)overed. Therefore, the morefidise emission from less dense
and aSpitzer survey of the southern parts of the CNC (Smitlgas is missing from the map. The second limitation is that a
et al. 2010b) showed that the ionizing radiation from thesivas single-wavelength band map does not allow the determimafio
stars is currently triggering the formation of a new gerieradf cloud temperatures. This is critical, because informatiorthe
stars in the remaining dense clouds, in particular in theadled cloud temperature is required to compute reliable cloudsems
“Southern Pillars” region. from the observed fluxes. The often used approach of simply

We have performed a very deep near-infrared survey of taesuming a uniform “typical” cloud temperature (e.g., 15iK)
central~ 1300 square-arcminute area of the CNC with the neatery likely not appropriate in the case of the CNC, where some
infrared camera HAWK-| at the ESO 8m-VLT (Preibisch et alclouds are very strongly irradiated (and thus heated) byarum
2011c) which is deep enough to revedll young stars in the ous nearby massive stars, while other clouds (especiatiyeat
region withAy < 35 mag. periphery of the CNC) experience orders of magnitudes lower

The Chandra Carina Complex Project (see Townsley et alevels of irradiation (and correspondingly less heatimgrfrout-
2011, for an overview) has mapped the CNC with a mosaic 8itle). FIR maps at severalfiirent wavelengths can provide
22 individual ACIS-I pointings, using a total observing érof crucial information about the cloud temperatures and thus a
1.34 Megaseconds (15.5 days) and covering an area of abdowtmuch more reliable mass and column-density estimates th
1.4 square-degrees. With the detection of more than 11 000 based on single-wavelength data.
ray emitting young stars, theghandra data dficiently elimi- In the present paper we will be discussing observations of
nate the strong field-star confusion problems that plagseali the CNC performed with the ESBerschel Space Observatory
and IR samples and provide, for the first time, a large samgilbratt et al. 2010), in particular employing Herschédéisge
of the young stellar population (down to 0.5 M) in the area. telescope and powerful science payload to do photometngusi
A detailed statistical analysis of the X-ray, optical, anftared the PACS (Poglitsch et al. 2010) and SPIRE (@riet al. 2010)
properties of the detected sources showed that 10 714 of-theitruments. We will present an overview of the projectedet
ray sources are very likely young stars in the CNC (Broos stine color temperature and column density maps and inastig
al. 2011b). The analysis of the spatial distribution of the Xhe statistics of these quantities in selected regions ofr@aps.
ray detected young stars showed that half of the young stel&e also investigate global properties of the CNC cloudsveeri
population resides in one of about 30 clusters or stellanggp from our results.
while the other half constitutes a widely dispersed pojutat
(Feigelson et al. 2011). The combination of the X-ray datd wi
near- and mid-infrared photometry provided new informatiop Herschel far-infrared mapping of the Carina
about the properties of the stellar populations in the ertim- Nebula
plex (Povich et al. 2011; Preibisch et al. 2011b) and thevidéi
ual clusters Tr 14 and Tr 15 (Wolk et al. 2011; Wang et al. 2011 the Herschel open time projecOT1_tpreibis_1 we used
These studies showed that the X-ray detected young stelfar pPACS and SPIRE to map the entire extent of the CNC in five
ulations have ages ranging from1 Myr up to~ 8 Myr, and bands between 70n and 50Q:m. The observation was per-
support the scenario of ongoing, triggered star formatiothé formed on 26 December 2010 in the SPIRE PACS Parallel Mode
CNC. and used 6.9 hours observing time. The J2000 coordinatbs of t

While these new data sets have strongly boosted the amogintpoint are RA= 10h44m03s, Dee -59d30m00s. The fast
of available information about the stellar populations, khowl- scan speed (60 arcsec per second) was used to maBax2.3°
edge about the clouds in the complex is still much more lichitearea, which corresponds to a physical regiorr092 pcx 92 pc
While the IRAS maps and several existing radio maps of CA the distance of the CNC and coversfiliespatial extent of the
and other molecular lines provide basic information onéngé- CNC. The mapped area also includes the HIl region Gum=31 (
scale morphology of the clouds, only very small areas ateéime ¢ Ced 108= NGC 2599; see Cederblad 1946; Gum 1955) around
ter of the complex have been observed with sub-arcminute ane young stellar cluster NGC 3324 at the north-western efige
gular resolution at far-infrared (FIR) and (sub)-mm wanelins the Carina Nebula.
so far (Brooks et al. 2005; Gomez et al. 2010). This lack of sen The observation was done with two scan maps of the same
sitive FIR and (sub)-mm data with 8icient spatial resolution area, one with nominal scan direction, and the other with or-
strongly hampers studies of the cloud structure, and isyaser thogonal scan direction, in order to remove moffecently the
rious obstacle for investigations of global cloud progetand stripping dfects due to the /If noise and to get better coverage
the interaction between massive stars and clouds in the CNCredundancy.

As a first step to improve this situation, we have recently \we used the 70m PACS channel as the blue band, in or-
used LABOCA at the APEX telescope to obtain a sensitivger to get the widest possible wavelength range. The wave-
wide-field (125° x 1.25°) sub-mm map of the CNC at a wave-ength bands of the five maps resulting from our observatioas
length of 87Qum with 18’ angular resolution<{ 0.2 pc at the [60 - 85]um), [130— 210]um, [210— 290]um, [300— 400]um,
distance of the CNC), which provides the first large-scateesu
of the dusty clouds in this region (Preibisch et al. 2011apse Note that due to the fixed 2%keparation of the SPIRE and PACS
data showed that there are (at leas§0 000M of dust and gas focal plane footprints on the sky, the areas observed by each indlvidu
in dense, compact clouds; this represents a large potémtiar-  instrument are somewnhat larger and show soffigebwith respect to
ther star formation. While this LABOCA map provided imporeach other; the mentioned2.3° x 2.3° area is the region that is covered
tant information about the global properties of the deneads by both SPIREand PACS.
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and [420- 610]um, and will be denoted as the @, 160um, change in the derived color temperatures ardl2% change in
250um, 350um, and 50Qum band in the following text. the derived cloud column densities.

The data reduction was performed with tHEPE v7.0 (Ott As soon as thé’lanck data get available, a more detailed
2010) andSCANAMORPHOS v10.0 (Roussel 2012) softwareanalysis of the possiblefects of diset corrections will be per-
package& From level 0.5 to 1 the PACS data was reduced usirfigrmed.
the L1scanMapMadMap script in the photometry pipeline in
HIPE with the version 32 calibration tree. The level 2 mapsawe
produced wittBCANAMORPHOSwith standard options for par- 3. Cloud morphology
allel mode observations and tlyalactic option to preserve ) ]
brightness gradients over the field. The pixel sizes of the twf N€ complete set of all fivelerschel maps resulting from our
PACS maps were chosen ag3(for the 70um map) and &7 ©Observation is shown in Figures Al to A5 in the appendix. In
(for the 16Qum map), as suggested in Traficante et al. (2011).Figure 1 we compare the 7n and 50Q:m Herschel maps to

The level 0 SPIRE data were reduced with an adapted v&p optical image and thiitzer 5.8m image. The remarkable
sion of the HIPE script rosettebsid1&2 scriptlevell included Similarity between theHerschel 70 um image and thespitzer
in the SCANAMORPHOS package. The final maps were pro: .8umimage d(_amonstrates that most of the c_IoupIs are only mod-
duced bySCANAMORPHOS with standard options for parallel &rately dense, i.e., are already transparent irSfiizer 5.8 .m
mode observations and thlactic option as for the PACS band. T_h|s point will be discussed in more det_all in Sect. 5._
data. The pixel sizes were chosen &s 8 and 115", for the In Fig. 2 we show an RGB color composite of the optical,
250, 350, and 500m band, respectively. 70um and 16Q:m emission. This illustrates the spatial rela-

The quality of the final maps turned out to be very goodion between the hot( 10* K) Ha emitting gas and the dense
In order to characterize the point-spread-function (P8Rhe cool/cold_ gas. It shows how the hot gas fills the interior of the
maps, we determined the full-width at half-maximum (FwHMbpubbles in the cloud structure.
for a number of isolated point-like sources and found vabfes ~ The comparison of theHerschel 70um maps to our
~ 10" for the 70um map,~ 15’ for the 16Qum map,~ 20" LABOCA 870um map presented in Preibisch et al. (2011a)
for the 25Qum map,~ 26" for the 35Qum map, andv 36" for shows that the dgtectable sub-mm emission is restricted to a
the 50Qum map. These values show that the image quality of ti§&"all volume fraction of the cloud shown bierschel. The vol-
PACS maps is slightly worse than the telescopratition limit Ume f|_|||n_g fa}ctor of the dense cIouds is very low, and thissen
(as expected for observations performed in fast scan mbde), Material is highly fragmented and dispersed throughouatbe.
the SPIRE maps are close to the ideal quality. With their uhlerschel reveals the much more widespreadiuse gas at lower
precedented angular resolution-oL0” — 36", corresponding to densities.
physical scales of 0.1 - 0.4 pc, theséderschel maps represent
the first detailed, deep, and spatially complete FIR mapbef t
full CNC.

The levels of background cloud fluctuations, determined
the standard deviation of the pixel value in apparently gmp
regions in the maps, are found to ke2.3 mJypx at 70um,

Figure 3 is an unsharp-mask filtered version of the/m0
map that highlights the small-scale structure of the clodids
clearly shows that the clouds are highly filamentary and lzave

§ry complex morphologyerschel mapping of other star form-
ing regions has shown that molecular clouds generally éxduib

extensive filamentary structure (e.g. Aadst al. 2010) and that
~ 50 mypx at 16Qum, ~ 84 mJybeam at 250m, ~ e ynical width of these filaments is of the order-o.1 pc
83 mJVbea”.‘ at35pm, a}ndz 3 ”.‘be_eam at s0am. (Arzoumanian et al. 2011). This implies that the width of ithe
A potential problem in the calibration of tiéerschel maps gjvigual filaments can be only marginally resolved in ougio

is the possible presence of zero-levéibets (see Bernard et al. a1 and remains unresolved in the longer wavelength maps of
2010). No correction for thesefsets is currently implemented,o cnC.

wht;](jvgecrﬁheelxg:::?t:leedﬂﬁggﬂz:%?iljsIehlz?ee daflitg ;Se\t'grgé z)ena})s/ons Based on the observed global cloud morphology, we define
moderate for our specific data set and the results obtainthdsin several sub-regions of the CNC and discuss them separately.
paper. One reason is that by the use of theghkactic op-
tion in SCANAMORPHOS the baseline subtraction is modified3.1. Central region

with the aim to preserve large-scale structures as well asipo . . o

ble. Another important aspect is that our maps cover theeentin optical images of the Carina Nebula, the “V"-shaped dark
spatial extent of the clouds associated with the Carina Mebiflouds just below Car constitute a very prominent feature. The
The periphery of our maps shows low-intensity galactic backierschel image shows that these dark clouds are in fact of only
ground emission that is not related to the Carina Nebula afgoderate density. As we will find below, their typical viseat
thus not relevant for the aims of our study. Therefore, thisem{iNCtion is justAy ~ 3 — S mag. ,

sion from the relevant clouds associated to the Carina Mebul The nebulosity to the north of Car is the well known
can be well separated from the galactic background in ousmag<eyhole Nebula”, which was first described by J. Herschel in
We also compared oterschel 70um map to the IRAS 6pm 1840 (a reproduction of Herschel's drawing and a comparison
map and found very good agreement (within about 1%) of t@emodern photograph can be found as Fig. 4 in Smith & Brooks
fluxes integrated over large regions. Finally, we note thatir 2008). While this nebula contains large amounts of hot gas, pr

temperature and column density determination describgiuein ducing copious k emission, it also contains cold molecular
next section even a 20% error in the intensity causes juss® clouds (Cox & Bronfman 1995; Brooks et al. 2005; Gomez et al.

2010; Preibisch et al. 2011a)
2 seehttp://www2.iap.fr/users/roussel /herschel/ To t_he'SOUth Ofl Car, theHerschel image shows a region of ]
3 Since the Carina Nebula is close to the galactic plane (0.6°) 10w emission. This seems to represent a bubble Qf I_owertyansn
and near the tangent point of a spiral arm, the background consistdtit was probably created by the wind- and radiation-feekiba
numerous distant cloud complexes. from the numerous very massive stars in the Tr 16 cluster.
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n Car,
Keyhole

; iy : 7 A
Southeriva. | - -7 ‘
Pillars. . 0 i

Fig. 1. Optical, near-, and far-infrared view of the Carina Nebula. All four gem show the same field of view of & 3°. North is up and east
to the left.Upper left: Optical image obtained from the ESO Photo Release 1145 fhtgpw.eso.orgpubligimagegeso0905h ESQDigitized
Sky Survey 2, Davide De MartinlJpper right: 5.8um image constructed by us fro8pitzer data obtained from the public archiveower left:
Herschel 70um map.Lower right: Herschel 500um map. TheSpitzer andHerschel images are displayed with a square-root intensity scale.

3.2. Southern Pillars (SP) 3.4. Bubbles north of n Car (NB)

The cloud structure in the so-called “Southern PillagPYwas The field north of; Car also shows a few prominent pillars, but
already discussed in detail by Smith et al. (2010b) on thislaés the general structure is dominated by a web of bubbles arsd arc

the Spitzer maps. The cloud morphology we see in dlerschel  We will therefore denote this region as the “Northern Bubble
maps is very similar. (NB). The difuse appearance of the clouds and the lack of sub-

mm emission from dense clumps in this region suggests that

the density contrast of the clouds is smaller than in the SP re
3.3. Northern Cloud (NC) gion, where numerous dense and massive pillars are present.

This morphological dferences may indicate that the massive
The cloud to the west of the center, close to the stellar etusBtar feedback in this area isfidirent from the strong irradiation

Tr 14, is clearly the densest and most massive cloud stesgtur that shapes the surfaces of the southern pillars.

the complex. Following Schneider & Brooks (2004), we denote The bubble-like structure of the clouds is partly relatedhto

it as the “Northern Cloud”NIC). The eastern edge, where thiglividual HIl regions that have swept up shells of dense coud
cloud faces the stellar clusters, is the site of a prominéptéh around them. The two most prominent HII regions in this area
Dominated Region (PDR), which has been studied in some detaie the extended nebula surrounding the Wolf-Rayet star WR 23
by Brooks et al. (2003) and Kramer et al. (2008). Glerschel (=HD 92809; spectral type WC6), and the RCW 5Z5um 32)
maps show that the cloud extends (at least) aboufs130 pc) nebula (which is illuminated by the O7V star LSS 1887). Both
to the west. regions are clearly surrounded by bubbles of gas and duithwh
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Fig. 2. RGB composite of the red optical (DSS) image in blue, eeschel 70um image in green, and thderschel 160um image in red. The
image shows a.2° x 2.6° field of view. North is up and east to the left. The green plus signs markasigns of the high-mass stellar members
of the CNC as listed in Smith (2006).

have been interpreted as being mainly created by the acti®B. The large southern bubble

of the stellar winds of the massive stars on their envirortmen ) ]
(Cappa et al. 2005, 2011). In the Spitzer images, the large elongated bubble south-west of

n Car is a quite prominent hole structure. Gderschel maps

confirm that this structure is truly an almost empty bubbile] a

not caused by the shadow of a dark cloud. Besides the small
The irregu|ar fi|amentary structure could be caused nse infrared dark cloud described already in Preibiscl. et

evolved bubbles that already broke up into pieces. We nate th2011a), only very low levels of emission are seen in the in-
this region contains the cluster Tr 15 and Bo 10, which hatie ed1er region of this bubble in thelerschel maps. TheHerschel
mated ages of 78 Myr (Dias et al. 2002; Preibisch et al. 2011cjnaps suggest that the density increases again at the souther
and are thus several Myr older than the clusters Tr 14 and Tr @@ge, i.e. the bubble wall may be closed at the southern edge.
in the center of the Carina Nebula. This could suggest thhatat The diameter along the major axis is about, 8@rresponding to
older age, the stellar-wind feedback (especially from truved @ physical length of about 33 pc.

massive stars) may play an important role. However, thelirgli The comparison of our FIR maps to the optical image (Fig. 2)
of this interpretation remains unclear, since recent studg- shows that the bl emission is well aligned with the inner edges
gest that massive star feedback is usually dominated byifani of the inner cloud surface; as the optical emission is stehgt
radiation (e.g. Martins et al. 2010) and tiEeets of stellar winds the edges and lower in the central area, this suggests digbkell
are of secondary importance (e.g. Martins et al. 2012). morphology for the hot gas.
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Fig. 3. Unsharp-masked version of thierschel 70um image with a logarithmic intensity scale image. Thatent regions mentioned in Section
3 are marked by the black boxes. The positiong &ar, the clusters Tr 14, Tr 14, and Bo 10, as well as the HIl regionsnardVR 23 and
RCW 52 are marked. North is up and east to the left.

The origin of this bubble remains unclear. Our search of tiiee Gum 31 bubble is part of the giant Carina Nebula cloud com-
SIMBAD database revealed only three known early-type stgukex is supported by the available information about thealad
inside this bubble: the O8 star HD 305438, the/B1l star velocities of the molecular clouds. According to the CO maps
HD 92741, and the B2 Il star HD 92877. None of these seern§ Yonekura et al. (2005), the clouds surrounding Gum 31 have
to be massive enough to have created this large bubble. Gre padial velocities in the rangé_ sg = —24... — 21km s, which
sible explanation is that the hot gas from the winds of the nis very similar to that of the clouds in the central regionshaf
merous massive stars in the central area is leaking out ind fil Carina Nebula, for which a range Wfsg = —26... — 18 kms*
this bubble. An alternative possibility is that this bubbégpre- is found. Another interesting aspect is that the densestarsd
sents the southern lobe of a large bipolar Hil region thatiied massive parts of this bubble are found at the south and south-
by the massive stars in Tr 16. eastern regions of the rim, i.e., just along a line conngdtire

center of the bubble to the center of the Carina Nebula. Thig m
indicate some kind of interaction between the clouds aatedi
3.6. The Gum 31 bubble with the Carina Nebula and the Gum 31 bubble. A more com-
In the north-western part of outterschel maps, the prominent pre.henSive and det-ailed investigation of these aSpedtbgVihe
circular bubble around the Hlil region Gum 31, which is protopic of a forthcoming paper.
duced by the young stellar cluster NGC 3324, is clearly the
dominating cloud structure. It represents a nice exampla of
“perfect bubble” of dense clouds around an Hll region (seg, e
Deharveng et al. 2009, for other examples) that has beentsw‘tla'pCIOUd colors and temperatures
up by the expansion of the HIl region. 4.1. Morphology in multi-color FIR images

It is interesting to note that thiderschel maps show elon-
gated filamentary clouds that seem to connect this bubbleeto Figure 4 shows an RGB composite of the central region of the
central regions of the Carina Nebula (see Fig. 2). The idat tlCNC created from our three shorté$érschel wavelengths, in
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Fig. 4. RGB composite of the central region4D® x 1.43; north is up and east to the left) constructed from derschel 70um (blue), 16Qum
(green) and 350m (red).

which the colors trace the fiierent cloud temperaturesThe ten show temperatures df< 15 K), but somewhat warmer. We
bluish emission traces the relatively warm gas in the Keyholill therefore employ the ratio of the fn versus 16@m map
Nebula Region, and also in front of the eastern edge of thdensities, which is well suited to measure temperaturdgbe
Northern Cloud, which is strongly irradiated by the starsne range~ 20-75 K®. This choice has the advantage that the result-
cluster Tr 14. ing color temperature maps provide the best angular résolut
The red tones in this image trace the coldest cloud matbat can be obtained from otterschel maps.
rial, which is concentrated in the densest parts of the bése o0 |n order to construct a flux-ratio map, we first convolved the
the pillars in the Southern Pillar region, and also in a nunabe 70,m map with a kernel as discussed in Aniano et al. (2011)
compact clouds north of the Northern cloud. to match the angular resolution of the 166 map. Following
There are several reddish dense cold clouds to the north-wge procedure for the temperature determinations in the Mi-
of center; in contrast to similarly dense clouds in the Sewth data described by Bernard et al. (2010), we divided the fldees
Pillar region, these dnot show a pillar-like structure. rived from the maps by the recommended color-correction fac
tors of 1.05 and 1.29 for the {0n and 16Qum PACS bands that
were derived from a comparison of PACS dat#lanck data.

Assuming that we see optically tiithermal dust emission,
In order to estimate the local temperature of the clouds in othe ratio of the observed fluxes can be related to the temperat
map, we determined eolor temperature from the ratio of the via the formula

observed fluxes in twblerschel bands. Due to the high level of

radiative feedback from massive stars, which heats thedslou | (70.m) B,(T)(70um) k,(70um)

and the fact that most clouds have only moderate column demryan s * B-7)(160,m) &, (1605m) (M) (1)
sities, we can expect that most of the clouds in the CNC shoul”o( " v H Y H

be not extremely cold (such as infrared dark clouds which of-

4.2. Color temperatures

5 For a dust dust emissivity index ¢f = —2.0, the 7Qum versus

4 Evaluating the peak of the Planck functi@)(T) shows that the 160um flux ratio is 1 forT = 283 K, 10 forT = 74.8 K, and 0.1 for
70um band is most sensitive to cloud temperature¥ of 72 K, the T =180K.
160um band toT ~ 32 K, the 25Qum band toT ~ 20 K, the 35Qum 6 The assumption that the clouds are optically thin will be justified
band toT ~ 15 K, and the 50@m band toT ~ 10 K. and confirmed in our analysis of the derived column densities in Sect. 5
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We further assume that the dust emissivity follows a poweroum PACS band, 7% for the 160n PACS band, ang 5%
law (k, o« v#). The value of the dust emissivity indgkis not for the SPIRE bands. We note that a 20% error in theridn-
very well known and under debate; typical observationadly dtensity causes a 5% change in the derived color temperature.
termined values range from 1 to ~ 3, and it is possible that This represents a lower limit to the accuracy of the tempeeat
B is anti-correlated to the temperature (e.g., Shetty etQfl9P determinations.

Here we assumg = 2, what should be appropriate for the rela-

tively warm clouds in the Carina Nebula and has been confirmeg Figure 5 shows a map of the resulting color temperature val-
ues. A histogram of the derived color temperatures can badfou

for the not too cold T > 20 K) clouds in HIl regions (see, e.g.,. 2.
: : Fig. 7. The color temperatures range from 14 K to 83 K; the
Anderson et al. 2010). Equation 1 allows to determine the te Mode and the median of the distribution is 29 K and 27.3 K.

perature in each pixel by comparing the observed flux ratth wi . .

a pre-computed table of flux-ratio values on a finely space teffSPectively. Only 4% of the pixels hade < 20 K, and the
erature arid raction of pixels with temperatures @f > 40 K [50 K] is just

P gnd. . o 9.39% [0.01%)]

A complication of this temperature determination methed ré* In order to 'estimate the uncertainties of the derived color
sults from_the noise In Fhljslerschel maps. In regions with low temperatures, we first note that the flux calibration of the
surface brightness, statistical fluctuations can leadrtrelarrors erschel mans is thought to be accurate 40 10 — 20%: at
of the derived temperatures due to division by very small num~ 30K a 2%0/ intensﬁ] error causes a 5%1(4 K) chan 7e of
bers. Furthermore, some outer regions of the maps contein R eNderivéd colc;)r tem eryature Besides theoabove men?mmed
els with negative values, preventing any temperature ohéter N perature. -
tion. In order to avoid these problems, we restricted thepzpm CETtainties related to possible excess emission from veals

: ! grains, another contribution results from the photometeit-

tation of color temperatures to pixels with intensities\abthe . s
limits of I,(70um) > 0.001 Jysquare-arcseand I,(160um) > bration uncertainties _of thbjeyschel bands. For temperatures
éow~ 20 K, the quickly rising photometric color correction

0.01 Jysquare-arcsec. These limits are several times above Hfins cause higher uncertainties and a possible bias teward

noise-level in the maps and also serve to separate the emis ; ) . o
of the clouds in the CNC from the large-scale galactic bacg%/s eir;le(‘:'ltj':nri;edsteg]l%eéﬁtcuﬁ;’,vhgr\fvgrga?ecse ?I?ilgghﬁ L?Ijéﬂ;%t b
ground emission. This minimum intensity condition is fuéfd ) PS yie emp ' ;

: - . . serious problem in the analysis of the global propertieh®f
for 3000 757 pixels in our map, i.e. we can derive color tempe?Iouds resented in this paper. Eurthermore. since our tsh
atures for a total area of about 2.37 square-degress4pb of eratur[()as are derived frgmptlhérschel maps with the shortest
the full extent of our maps). Since we are only interestea hel? | hs. th be biased g hiaher d
in the properties of the relatively bright clouds assoclatéth Ve engtds, they mayl el lase ltowards Igher ustatemper-
the Carina Nebula, these temperature maps cover nevesshefiures (and consequently lower column densities). Pratiryi

résults from our more detailed investigation (that will beep

almost the entire area of interest. In the much fainter regio ented in a subsequent publication) suggest that any sash bi

predominantly around the periphery of our map, for which w . .
cannot determine temperatures, the emission is domingted'p'2ther small. In summary, we estimate the uncertainfiéseo
erived temperatures to be abeul0 - 15%.

the galactic background, which is not of interest for ourent We also would like to point out that the temperature values
study. . we determined represent averages over the line-of-sigbiigih

A potential problem for the color temperatures may be e¥s 1| depth of the clouds. Since in some locations theng lbea
cess emission from very small dust grains. The absorption Qi e ) individual clouds that are seen projected onto e,
individual optical or UV photons from the surrounding saell {he physical meaning of the derived temperature is limited,

radiation field can cause strong temperature excursionkeof f, . " :
smallest grains (with sizes below about 10 nm). Due to theﬁhslfS'Spjcgﬁ:r]tgrghfgifggor the study of cloud propertiesi, a

stochastic temperature fluctuations by single-photoritgathe
very small grains may not reach an equilibrium temperailine. Our temperature map in (Fig. 5) shows a clear systematic
emission from very small grains in the high-temperaturéestatemperature gradient from the central regions (where nfdkeo
immediately after a photon absorption, can lead to an exafesshot, massive stars are located) to the periphery of the aampl
mid-infrared radiation in the total emission spectrum ofaud A similar, but much steeper temperature gradient is sedmmwit
with a distribution of grain sizes. As discussed in detaiDmaine the boundaries of the Gum 31 nebula. This reflects the fatt tha
& Li (2007), two mechanisms play a role. First, photon-hdatehe number of high-mass stars in NGC 3324 (about 3) is much
very small grains consisting of polycyclic aromatic hydadmon smaller than the 126 O-, early B-, and WR stars (Smith 2006) in
(PAH) can emit strong mid-infrared band radiation, in parti the central regions of the CNC.

lar around the wavelengths of 11.3, 12.7, anduati/ Second,

very small carbon and silicate grains may cause an excess of o

mid-infrared continuum emission. Whereas therschel bands 5. Cloud column densities

do not contain strong PAH emission features, they may be %—I
fected by continuum excesses. The strength of excesses fr
very small grains depends on the ambient radiation field. Wh
the rate of starlight heating is large (as is the case in thtn€a
Nebula), the relative amplitude of the temperature fluobnatof
the grains decreases and the the steady state equilibnmpete F,R

ature approximation can become valid even for very smaihgra NH = 2Nn, = 2 B.Ta) Qr iy’ )
(see discussion in Sect. 3 of Draine & Li 2007). According to Y Y

Table 4 in Draine & Li (2007) and in the presence of a radiatiowhereQ is the beam solid angl® is the gas-to-dust mass ra-
field that is 100 times stronger than in the local solar emvirotion (assumed here to be 108),is the dust opacity, andis the
ment, a variation of the abundance of very small grains bynaean molecular weight. For consistency with our previows-an
factor of 10 leads to variations in the emissivities of 17%the ysis of the LABOCA sub-mm data (Preibisch et al. 2011a), we

th the temperature estimate we can now proceed and com-
'Ye the column densities of the clouds. The observed sirfac
ﬂghtness in our maps can be converted to the beam-averaged
hydrogen column density via the formula
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Fig.5. Map of 70-160Qum color-temperatures. Pixels with irfigient 70um or 160um intensities for a reliable determination of the intensity
ratio are left white. The blue plus signs mark the locations of the high-ntelésrsnembers of the CNC as listed in Smith (2006).
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Fig. 6. Map of column densitiedNy) with symbols as in Fig. 5. Pixels with inffiicient 7Qum or 160um intensities for a reliable determination of
the intensity ratio are left white.
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use the Ossenkopf & Henning (1994) dust model for grains willable 1. Integrated cloud masses fofffidirent extinction thresholds.
thin ice-mantles that coagulated at a densitynot 10° cm3
which gives a dust opacity af,(160um) = 40.5 cn?/g. We note

- . e Region Mot Mot Mot
that, due to the unknown details of the chemical composition (Ay>3) (Av>7)
and physical structure of the dust grains, opacity valugesu [Mo] [Mg] [Mo]

from uncertainties of (at least) a factor-ef2, resulting from the
dependence of the dust opacity on the details of the grajmgpro

CNC R=12°) 655700 105100 22600
ties. This causes uncertainties by a factord? for the derived SP

209900 32300 6940

loud NC 92800 44500 14300
cloud masses. _ _ NB 161500 4075 185
Figure 6 shows the resulting map of cloud column densi- Gum 31 186 700 46400 7325

ties. We assume that column density and visual extinctien ar
related via the “canonical” relatiodA, = 1mag < Ny =
2x 10" cm? o Ny, = 1x 10°'cm? (see, e.g., Bohlin et map, but excludes the clouds around Gum 31. Integratingethe d
al. 1978). For the analysis of the statistics of the columms@éte rived column densities over this circle yields a total clondss
ties, we excluded a’X 1’ region centered op Car, which is  of M, = 655 700M,. For the Southern Pillars region we find

a source of strong FIR emission. Fig. 7 shows the histogramzi§9 900M,,, and for the Northern Cloud 92 80@,. The inte-

the column density values. We find the mode of the diStI‘thUti(grated mass in the Northern Bubbles region is 1618g0and

at Ay = 1.0 mag and a median value 8, = 1.17 mag. The for the Gum 31 region we derive 186 70)..

distribution shows a second peak négr ~ 2 mag, and drops  While the derived integrated masses should be largely free
steeply towards higher column densities. Infge~ 3-30mag from background contamination (due to the flux thresholds we
range, this drops can be well described by a power-law eglatiapplied in our analysis), the gas shows a wide range of desisit

of the form from very difuse and extended low-density filaments to quite
d log(N) massive clouds (like the head of the Northern Cloud). Nunrero
——— o (log(Ny))”* (3) recentinvestigations of the relation between cloud stmecand

d log(Nh)

the star formation process lead to suggestions of a (column)
with an exponentr ~ —2.9. This slope is considerably Steepegensity threshold clouds have to exceed in order to allow ac-
than column density slopes derived by Hill et al. (2011) frorfive star formation. Lada et al. (2010) found that the stamfa-
Herschel observations of the Vela C cloud complex ¢ —2.0) fionratein moleculgr c!ouds is linearly proportional te ttloud

or Kainulainen et al. (2011) from an extinction map of th&ass above an extinction thresholdAaf ~ 7 mag (correspond-
Ophiuchus cloudd ~ —1.5). Although a direct comparison ofiNg t0 & gas surface density thresholdofL00M pc?). The
different star forming regions isfilicult due to the unavoidable Study of Kainulainen et al. (2011) suggested the transttien
differences in the observations and data analysis, this result ween difuse clouds and bound clouds (which may be the site
gests that the CNC contains a smaller fraction of the totalat! Of stars formation in the near future) nely ~ 3 mag. We have
mass at high densities than the other mentioned cloud cotherefore determined the integrated masses in the aboveedefi
plexes. This may be the consequence of the fact that the CNcagions for all pixels exceeding the column density thréshof
already a somewnhat evolved star forming region (star faonat Av = 3 mag andiv = 7 mag. These values are listed in Tab. 1.
has started already about 8 Myr ago), much of the originaselen _For the full CNC region, the fraction of mass abodg =
cloud mass has already been dispersed by the very high le3&{] mag is 16% [3.4%]. While these fractions are very sim-
of massive star feedback, and the today present dense comiddlar for the Southern Pillars and just slightly higher foreth
less the remnants of the original cloud but more the resusitaf Gum 31 clouds, they are considerably higher (48% [15%]) for
lar feedback concentrating and compressing some fractitreo the Northern Cloud and considerably lower for the Northern
remaining clouds. Bubbles (2.5% [0.1%]). S .

Our finding that just 1% of the pixels havie > 5.26 mag, In Fig. 8 we compare the distributions of pixel temperatures
and only 0.1% have\, > 12 mag agrees with our estimate oftnd (;olumn densities for the fo_urfmrent regions. This sho_ws
the (generally moderate) cloud extinction mentioned atzone conmderableT and remarkabléfglrences betweer] these_ regions.
can also be used to provide an (a_pogteriori) justificatibme The clouds in the _SOUthern P|_”arS ShOW relatlvely hlgh diou
assumption of optically thin FIR emission. The/# opacity of temperatures. We interprete this as a signature of thegstron
the grains in the above mentioned Ossenkopf & Henning (199&diation that heats these clouds. In combination with éte-r
dust model shows that the optical depth of 99.9% of the pixdj¥ely low column densities this suggests that a large foacof

in our maps (which havay < 12 mag) isr(70um) < 0.036. this cloud material is currently in the process of being evafed
due to this heating.

The Northern Bubbles are characterized by systematically

6. Column-density- and temperature-distributions lower cloud temperatures. The distribution of column diéesi

and integrated cloud masses in the different is quite similar to that in the Southern Pillars for low extion

values Ay < 2 mag), but dropsfb very quickly for higher val-

parts of the complex ues. This implies that the density contrast in this regiocois-
We can now compare the properties of the cloud structure siderably smaller than in the Southern Pillars. This is phtpa
the diferent parts of the CNC as defined in Sect. 3. First, wasnsequence of the quitefdirent levels and nature of massive
determine the total cloud masses in each region by integyatistar feedback imposed onto these clouds. In the Southdans?il
our column densities over the corresponding area. For thé tadhe clouds are directly irradiated, what heats their sedaand
cloud complex associated to the Carina Nebula we define a @an lead to considerable cloud compression in some loation
cular region with a radius of 1 degree, centered on the positiThe Northern Bubbles, on the other hand, are apparentlyitn a s
R.A.=10h44m16s, DEE-59d38m28s (this point is.B north- uation of less strong irradiation and their structure setse
east ofy Car). This region includes nearly all the clouds in oudominated by matter flows.
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Fig. 7. Histogram of 70—16@m color temperature values (left) and column density values (right)et:fiom our maps.
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Fig. 8. Histogram of 70-16@m color temperature (left) column density values (right) for the individulregions defined in Sect. 3.

The temperature distribution in the Northern Cloud is quittABOCA map of the central 25° x 1.25° observed region was
similar to that in the Southern Pillars. The same is true lier t sensitive is 60 000, (Preibisch et al. 2011a). Considering the
distribution of column densities for values up to Id) < same area in ourerschel maps, we find here a total mass of
22.3. For higher densities, however, the Northern Cloud show&7 000M,, with 90 200M,, above theA, > 3 mag threshold.
a prominent excess peak near (b)) < 224, which can be This agrees well with the expectation that LABOCA tracesyonl
associated to the dense massive center of this cloud. the mass of the denser clouds.

Finally, the clouds around Gum 31 show relatively low tem-
peratures (with a mode value of 21 K), and intermediate colu

densities. n:} Total cloud mass derived from a simple radiative

. . . . transfer modelin
It is also interesting to compare the masses derived here 9

from our Herschel maps to those determined from our previif we want to determine the total mass of all the clouds in the
ous LABOCA map. The total mass of all clouds for which ouENC, we have to take into account thdrschel is not very sen-

11
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sitive to difuse warm gas at temperatuee80 K. However, due T T T T
to the very high level of massive star feedback, a substdrai I
tion of the total gas mass could be at such relatively higlpem
atures. This gas should then be in atomic rather than malecul
form. In order to estimate the total mass of the clouds, westhe
fore have to also consider the emission at shorter wavdisngt
in the mid-infrared range. 5
We constructed the spectral energy distribution (SED) of
the above described® Tadius region (which includes the en-=
tire CNC, but excludes the clouds around Gum 31) in the fol—
lowing way: First, we extracted the total fluxes in this regio .~ , 4|
from our Herschel maps and found values of 844 500 Jy in the g
70um band, 847 200 Jy in the 1@@n band, 374700 Jy in the
250um band, 156 000 Jy in the 3@ band, and 56 000 Jy in
the 50Qum band. For fluxes at shorter wavelengths, we use the s
MSX and IRAS fluxes in the 8 100um range listed in Table 1 g
in Smith & Brooks (2007), which were derived for a very sim-
ilar ared. Finally, we also added the FIR and mm-band fluxes
determined in the recent study by Salatino et al. (2012), who 100/ .00 oo ov i
also considered the same area as Smith & Brooks (2007). The 10 100 1000 10000
resulting global SED of the CNC is shown in Fig. 9. Wavelength [um]
In order to estimate the total cloud mass from this SED,
we repeated the radiative transfer modeling as describedFig.9. Spectral energy distribution of the Carina Nebula complex. The
Preibisch et al. (2011a). We emphasize that this radiatarest thick squares show the fluxes derived from tierschel maps for a
fer modeling is not intended to be detailed and highly adeyral’ radius area. The crosses show the mid- and .far-infrared fluxes de-
but just to see whether we can reproduce the general shape of¢'mined from the IRAS and MSX maps by Smith & Brooks (2007)
observed SED with reasonable assumptions about the massfﬁha Vl‘?ry.ts{m't'ﬁr rtegtlc?nég he ‘}lross dW'Fh tg‘ef upward t[f\‘g%'g ;ho""s the
large-scale density distribution of the surrounding ckud/e ower limit to the total 87gim flux derived from our map

. L that covered the centralZ5° x 1.25° area. The diamond symbols show
do notintend to model the small-scale structure of the idd&l 1,5 fixes taken from Salatino et al. (2012). The thick solid line is the

clouds; instead, we simply assume a central source of fadiatsym of the spectrum resulting from the radiative transfer model and a

surrounded by a spherical envelope of dust and gas. Althou&bwer-law spectrum of the forr, = 1100 Jy(“ﬁ“){l1 (following
this is obviously a strong simplification, it provides thevad- Salatino et al, 2012) Y g

tage that the temperature distribution of the gas is conanta
more physically meaningful way than adding up a few discrete

grayl?ody components_. . . ._our model SED predicts systematically too high fluxes in the
Since a full description of the radiative transfer modelingg _ 60um range, the derived mass should be considered to be
was already given in Preibisch et al. (2011a), we summagze h upper bound t(,) the total mass.
just the main parameters and results: S We also note that the LABOCA 876n flux of 729 Jy is
The inner and outer edges of the spatial grid were set @barly just dower limit, because the LABOCA map covers just
r = 10'® cm (0.3 pc) and 41 pc. Following the census of Masne centrak 50% of the analyzed region in otterschel map.
sive stars in the CNC by Smith (2006), we assumed a tOt)js also explains why the mass derived from this modeling is
stellar luminosity of 24 x 10’ L, and a ty_plcal temperature Oflarger than our previous estimaté 280 000M,) based on the
Ter = 44700 K. The model shown in Fig. 9 assumes that th@ngjier area of the LABOCA map.
density ncreases Wwith distance from the center according t |t is interesting to compare our result to previous mass esti
p(r) ec r==>for radii up to 20.4 pc and then stays constant Upates of the CNC based on fits of the SED with a few blackbody
to the outer radius at 41 pc; this should approximately miteh ¢,yes. The SED modeling of Smith & Brooks (2007), who used
conditions in the CNC, where most of the cloud material has & compination of three discrete blackbody curves with tampe
ready been dispersed from the central region and is nowddcag;res of 35 K. 80 K. and 220 K suggested a total (dugas)
at the periphery of the complex. mass of~ 962 000M,, slightly higher but still well consistent
The model shown in Fig. 9 contains a total (dugas) mass with our result of< 890 000M,. The SED model of Salatino
of 889 140M,. The spectrum of this simple model matches thgt al. (2012), which was based on a single temperature com-
observed FIR fluxes fot > 100um quite well. The fluxes at ponent withT = 345 K, yielded a total dust gas mass of
shorter wavelengths are not so well reproduced, but the modeg50 000oM,,. Despite the uncertainties (e.g., due to the dust

fluxes generally are within a factor ef 2 — 3 of the observed gpacity), the results of theseftirent approaches to measure the
values. We note that a good fit of this part on the SED is ngital mass agree remarkably well.

expected from our simple model. The apparent discrepancy is
probably the consequence of the fact that the true temperatu
distribution is much more complex than our simple modelc€in 8. Conclusions and summary

10%E

7 Smith & Brooks (2007) used a rectangular box aligned to the gala) ur Herschel maps show the FIR r_r!o.rphology of the clouds In
tic coordinate system with a width of91° (galactic longitude) and a the CNC at unprecedented sensitivity and angular reselutio
height of 274° (galactic latitude), that includes almost all clouds associthey reveal the very complex and filamentary structure of the
ated with the Carina Nebula, but excludes most of the emission arou@uds, which seems to be dominated by the radiation and wind
Gum 31. feedback from the numerous massive stars.
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The total (gas dust) mass in the CNC traced blgrschel is  has been developed by a consortium of institutes led by MP&mni@ny)
~ 650 000M, and our radiative transfer modeling suggests tha&nd including UVIE (Austria); KU Leuven, CSL, IMEC (BelgiumCEA,
including also warmer gas that is not well tracecHeyschel, the  LAM (France); MPIA (Germany); INAF-IFDAA/OAP/OAT, LENS, SISSA

| b hiah &s890 000M... M f thi ’ (Italy); IAC (Spain). This development has been supportethbyfunding agen-
total mass may be as high & lo. Most of this Mass  gjes BMvIT (Austria), ESA-PRODEX (Belgium), CEENES (France), DLR
resides in clouds Wlt_h rather low densities. I\_Ieverthelﬂrmy,e (Germany), ASINAF (ltaly), and CICYTMCYT (Spain). SPIRE has been de-
are about 10500W; in clouds above the extinction thresholdseloped by a consortium of institutes led by Cadiniversity (UK) and in-
of Ay > 3 and about 22 6001, aboveAy > 7. The lower of cluding Univ. Lethbridge (Canada); NAOC (China); CEA, LAMrance); IFSI,

PR : ; . Univ. Padua (Italy); IAC (Spain); Stockholm Observatorygglen); Imperial

these two extinction values\( > 3) is generally considered ¢ 000 ongon, RAL, UCL-MSSL, UKATC, Univ. Sussex (UK); di€altech,
to constitute the threShO_k_j above .Wh|_Ch th? gas is confined ., NHSC, Univ. Colorado (USA). This development has begppstied
gravitationally bound entities, making it available fotute star by national funding agencies: CSA (Canada); NAOC (ChindJACCNES,
formation. TheAy, > 7 threshold is though to distinguish theCNRS (France); ASI (ltaly); MCINN (Spain); SNSB (Sweden)iF& (UK);
gas that is dense enough to be directly involved in active st NASA (USA). . . .
formation. We note that Lada et al. (2010) have demonstrateg, This work is based in part on observations made with Spiézer Space

- VAL : ‘elescope, which is operated by the Jet Propulsion Labgtatalifornia
good correlation between the gas mass afave 7 and the star institute of Technology under a contract with NASA.
formation rate, that seems to be valid over a very wide rarige o
cloud masses. This relation predicts a star formation rateeo .
order 103 M, yr~* for the CNC, which is well consistent with Appendix A: Full Herschel maps
the integrated mass and age distribution of the young dtats tR f
have formed recently in these clouds (see Preibisch et 8190 eferences

Another important aspect is the ratio between molecular andams, F. C. 2010, ARA&A, 48, 47
atomic gas in the complex. Outterschel maps trace the FIR Anderson, L. D., Zavagno, A, Red, J. A., etal. 2010, A&A, 518, L99
dust emission and thus our total (gasiust) mass estimate ofﬁ”.dre' P., Men'shchikov, A., Bontemps, S., et al. 2010, A&A, 518021

. . niano, G., Draine, B. T., Gordon, K. D., & Sandstrom, K. 20PASP, 123,
~ 650 000- 890 000M,, includes both components, i.e. molec-" 1515
ular and atomic gas. The amount of the molecular gas can be ifrzoumanian, D., Andg, P., Didelon, P., et al. 2011, A&A, 529, L6
ferred from molecular line observations. Yonekura et 200&) Bate, M. R. 2009, MNRAS, 392, 1363

presented a wide-fieRFCO (3=1-0) survey of the CNC and de-Bermard, J-P. | ';3:‘9‘25'8'35 Marshal, D. J. etal. 22;? EIS, L83
termined the total gas masses iffelient sub-regions. Our 1 de-Brand,’ 3. M:assi, F. ‘Zavag’no, A, Déhawengy L., &,Leﬂo'ch,ZBll, AGA,

gree region we used for our CNC mass estimates includes thelgz7, ae2
regions No 1, 2, 3, 7, as well as some parts of their regionet (S&icefio C., Preibisch, Th., Sherry, W., Mamajek, E., Mathieu, Rajte, F.,
their Table 1 and Fig. 3). Adding up their numbers for theltota Zinnecker, H. 2007, in: Protostars & Planets V, eds. B. RefipiD. Jewitt, &

; F . K. Keil, University of Arizona Press, Tucson, p. 345
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Fig.A.1. Herschel 70um map of the CNC displayed with a square-root intensity scale. North isdipast to the left. The yellow line shows the
galactic plane. The intensity scale is given in units gpikel; the pixel size is 2"’ x 3.2".
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Fig. A.2. Herschel 160um map of the CNC displayed with a square-root intensity scale. North isdipast to the left. The yellow line shows the
galactic plane. The intensity scale is given in units gpikel; the pixel size is &” x 4.5”.
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Fig. A.3. Herschel 250um map of the CNC displayed with a square-root intensity scale. North isdipast to the left. The yellow line shows the
galactic plane. The intensity scale is given in units gbdam; the pixel size is"6x 6”.
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Fig. A.4. Herschel 350um map of the CNC displayed with a square-root intensity scale. North isdipast to the left. The yellow line shows the
galactic plane. The intensity scale is given in units gbdam; the pixel size is"8x 8”.
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Fig. A.5. Herschel 500um map of the CNC displayed with a square-root intensity scale. North isdipast to the left. The yellow line shows the
galactic plane. The intensity scale is given in units gbdam; the pixel size is 13" x 115".




