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ABSTRACT

Context. G29.96-0.02 is a high-mass star-forming cloud observed at 70, 180, 350, and 50@m as part of theéderschelsurvey of

the Galactic Plane (Hi-GAL) during the Science DemongtraRhase.

Aims. We wish to conduct a far-infrared study of the sources aagettiwith this star-forming region by estimating their ghgb
properties and evolutionary stage, and investigating il mass function, the star formatiofiieiency and rate in the cloud.
Methods. We have identified the Hi-GAL sources associated with theidi@earched for possible counterparts at centimeter and
infrared wavelengths, fitted their spectral energy distidn and estimated their physical parameters.

Results. A total of 198 sources have been detected in all 5 Hi-GAL bahdig of which are associated with 2 emission and 87

of which are not associated with 24n emission. We called the former sources;2d-bright and the latter ones 24n-dark. The
[70-160] color of the 24:m-dark sources is smaller than that of thei2d-bright ones. The 24m-dark sources have lowéy, and
Lbol/Meny than the 24um-bright ones for similaMen,, Which suggests that they are in an earlier evolutionansgh@he G29-SFR
cloud is associated with 10 NVSS sources and with extendatheeter continuum emission well correlated with theun@ emission.
Most of the NVSS sources appear to be early B or late O-typs.sthe most massive and luminous Hi-GAL sources in the cloud
are located close to the G29-UC region, which suggeststibat is a privileged area for massive star formation towtrecenter

of the G29-SFR cloud. Almost all the Hi-GAL sources have reasgell above the Jeans mass but only 5% have masses above the
virial mass, which indicates that most of the sources aldestyainst gravitational collapse. The sources Wth, > Miia and that
should be undergoing collapse and forming stars are prefelly located ats 4’ of the G29-UC region, which is the most luminous
source in the cloud. The overall SFE of the G29-SFR cloudesrfigm 0.7 to 5%, and the SFR ranges from 0.001 to OMQgr,
consistent with the values estimated for Galacticrdgions. The mass spectrum of the sources with masses abovd3 well
above the completeness limit, can be well-fitted with a pdaerof slopea = 2.15 + 0.30, consistent with the values obtained for
the wholel = 30°, associated with high-mass star formation, &rd59°, associated with low- to intermediate-mass star formation
Hi-GAL SDP fields.

Key words. ISM: individual objects: G29.960.02, Hi regions — Stars: formation

1. Introduction Hot Molecular Core (hereafter G29-HMC) located right inrfto

of the cometary arc (Wood & Churchwell 1989; Cesaroni et
The G29.96:0.02 star-forming region (h_ereafter’ G29-SFR), loy) 1992] 1998).yThe G(29-HMC core, which has been mapped in
cated at a distance of 6.2 kpc (Russeil et al. 2011), is a Wejléveral tracers (Cesaroni et[al. 1998; Pratap &t al.] 199%iaMa
studied high-mass star-forming cloud which falls in onelt t o1 51 [2001; OImi et al_2003; Beuther et al. 2007; Beltran et
two Science Demonstration Phase (SDP) fields observed by 1€2011), shows a velocity gradient approximately along th
ESA HerschelSpace Observatory (Pilbratt et al. 2010) for thgstwest direction, which has been interpreted as rotafi@

Herschellnfrared GALactic plane survey (Hi-GAL: Molinari et huge and massive toroid (4000 AU of radius andM88 at a
al.[2010). Hi-GAL is aHerschelkey project aimed at mapping gistance of 6.2 kpc: Beltran et &I, 2011).

the Galactic plane in five photometric bands (70, 160, 250, 35
and 50Qum). Figurd shows the cloud as seen ifiatient wave- The G29-SFR cloud also contains a filament seen in absorp-
lengths, from 3.6 to 500m, by SpitzerandHerschel tion in theSpitzerimages (Fig. 1) and in emission in the SCUBA
This cloud is dominated by IRAS 18438242, the bright- Massive PrgProto-cluster core Survey (SCAMPS: Thompson
est source from 24 to 5Q@m (Fig.[; Kirk et al[201D), and one et al.[2005) at about’ Zast of the G29-UC region (s&pitzer
of the brightest radio and infrared sources in the Galaxys THimage at &m in Fig.[1). This Infrared Dark Cloud (IRDC) has
source is associated with a cometary U@ tegion (hereafter been extensively studied at high-angular resolution irt dos-
G29-UC: Cesaroni et dl. 1994; De Buizer ef al. 2002) and withtiduum emission and N}D by Pillai et al. (2011), who have
resolved, with an angular resolution better th&nthe dust and
Send gprint requests to M. T. Beltran, e-mail: line emission of the filament into multiple massive coreshwit
mbeltran@arcetri.astro.it low temperaturesg 20 K, and a high degree of deuteration.
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Fig. 1. Spitzer3.6, 4.5, 5.8, 8.0, and 24m andHerschel70, 160, 250, 350, and 5Q6n images in linear scale of the G29-SFR
cloud. The white arrow in the 8 4m image points to the filamentary IRDC (Pillai etlal. 2011).

These findings support the idea that this massive IRDC is fionent to determine the distribution of the gas in the cldim
a very early stage of evolution, and could be in a pre-clust&CO (1-0) emission has been averaged over the 95-105km s
phase. Only the brightest millimeter continuum core shdagisss velocity interval and compared with the Hi-GAL 20 emis-
of high-mass star-formation activity, as indicated by tlwénp sion. As one can see in FIg. 2, the gas and dust emission are ver
source already visible at 24m that is driving a molecular out- well correlated. The G29-SFR cloud has been defined as the re-
flow. That no active star formation has been detected in otlgion contained approximately within the contour at 10-15% o
parts of this IRDC (Pillai et al. 2011) supports the idea @ ththe3CO peak emission (5 K) and that at 7% of the 2B0peak
extincted filament being in a very early evolutionary phase. emission (36311 MJgr). Only the Hi-GAL sources falling in-
As just seen, the G29-SFR cloud represents an ideal lals@e this region have been assigned to the G29-SFR cloud.
ratory to study star formation because young stellar object
different evolutionary stages andfdrent masses are embedded
in it. In this paper, we present a far-infrared (FIR) studytto$ 2.1. Source extraction
cloud using the Hi-GAL data in the 2 PACS and 3 SPIRE photo-
metric bands, centered at 70, 160, 250, 350, andB000ur The source extraction and brightness estimation techsigpe
goal is to identify the FIR sources associated with this higlplied to the Hi-GAL maps in this work are similar to the meth-
mass star-forming region and estimate their physical ptEse ods used during analysis of the BLASTO05 (Chapin ef al. 2008)
(mass, temperature, luminosity, and density) togethen Wie and BLAST06 data (Netterfield et al. 2009; Olmi et[al. 2009).
Clump Mass Function (CMF) of the cloud. Combining the datdowever, important modifications have been applied to aithept
with Spitzerand radio continuum observations, we will investechnique to the SPIRBACS maps. The method used here de-
tigate the evolutionary stage of the sources and theiriblistr fines in a consistent manner the region of emission ostrae
tion in the cloud, and the physical parameters of the aswmtiavolumeof gagdust at diferent wavelengths, thusfEéring from
Hu regions. Finally, we will derive the star formatioffieiency the source grouping and band-merging procedures desdiibed
and star formation rate in this cloud. This work complemémés Molinari et al. [2011) and Elia et al. (2010). Candidate sesr
other wide-field studies carried out as part of the Hi-GAL SDRre identified by finding peaks after a Mexican Hat Wavele¢typ
(e.g. Bally et al. 2010; Battersby etal. 2011; Olmi etal. 201 convolution is applied to all five SPIRBACS maps. Initial can-
didate lists from 70, 160 and 2% are then found and fluxes
at all three bands extracted by fitting a compact Gaussian pro
file to the source. Sources are not identified at 350 ang:500
The first step to identify the Hi-GAL sources associated With due to the greater source-source and source-backgroufgtcon
G29-SFR cloud is to define the limits of the molecular clous. Tsion resulting from the lower resolution, and also becabesd
study the distribution of the gas in the region we have used ttwo SPIRE wavebands are in general more distant from the peak
13CO (1-0) data of the Boston University—Five College Radiof the source Spectral Energy Distribution (SED). Each t@mp
Astronomy Observatory Galactic Ring Survey (GRS: Jacksoary source list at 70, 160 and 2pfh is then purged of overlap-
et al.[2006). Towards the direction of the G29-UC region, thng sources and then all three lists are merged. After the¢ec
13CO (1-0) emission shows relatively narrow components3at the sources based on their integrated flux and allowed angula
49, and 68 km ', and a much broader component fref®0 to  diameter, a final source catalog is generated. In the negésta
110 km s®. Taking into account that the systemic velocity ofSaussian profiles are fitted again to all SPIRECS maps, in-
high-density tracers, such as MHr CH;CN, observed towards cluding the 350 and 50@m wavebands, using the size and loca-
the G29-HMC core is~98-99 km s (Cesaroni et al._1998; tion parameters determined at the shorter wavelengthsgitive
Beltran et al[2011), we selected the latter broad velamityi- previous steps (the size of the Gaussian is convolved tauatco

2. Source selection
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Fig.2. Hi-GAL 250 um emission ¢ontourg of the G29-SFR cloud overlaid on tH8CO (1-0) emissiongrayscalg from GRS
averaged over the 95-105 kmtsvelocity interval. Contour levels are 7, 9, 14, 18, 24, 36, 48, and 96% of the peak of the
250um emission, 36311 MJgr. Grayscale levels are 10, 15, 20, 40, 60, 80, and 100% qfethk of the"*CO emission, 5 K. The
crosses indicate the positions of the Hi-GAL sources aasetiwith the cloud detected in the 5 Hi-GAL photometric marivled
and green crosses indicate, respectively, sources atmbaiad non-associated wilipitzer24 um emission. The white cross marks
the position of the Hi-GAL source associated with the G29+gglon and G29-HMC core (s€€8.2), which is also associated with
24 um emission.

for the difering beam sizes). Since the volume of emission ge fitted their observed SED with a modified blackbody of the
basically defined using the 2%0n band, this method does notform B,(T)(1 - e ™)Qs, whereB,(T) is the Planck function at a
fully exploit the higher angular resolution available a¢ ghort- frequency for a dust temperaturg, 7, is the dust optical depth
est wavelengths. The interested reader can find more ditailsaken asr, « »*, whereg is the dust emissivity index, arfds
Olmi et al. [2013). is the source solid angle. The source gizevhich is not decon-
The total number of Hi-GAL sources associated with theolved, was estimated at 1@én by the source extraction process

G29-SFR cloud is 198. The position of the sources in equai@®Imi et al[2013). The masses were calculated assumingta dus
rial and galactic coordinates, their fluxes in the 5 photeimet mass absorption céicient of 0.5 crd/g at 1.3 mm (Kramer et
Hi-GAL bands, and their possible association with MIPSGAARI.[2003) and a gas-to-dust ratio of 100. To check whether the
24 um sources are given in Table 1. SED fitting improved, we searched for counterparts of the Hi-

GAL sources at shorter wavelengths in the MIPSGAL 24

) catalog (Shenoy et dl. 2012). The method used to associate Hi

3. Analysis GAL and MIPSGAL sources, which was based on both a po-
3.1. Spectral Energy Distribution fitting sitional and a color criteria, is described by Olmi et al.12p

For the remaining Hi-GAL sources or those sources satuedted

To estimate the dust temperatdrethe massVlen,, and the lumi- 24 ;m, we searched for a counterpart in the Wide-field Infrared
nosity Lyo, of the sources associated with the G29-SFR cloud,
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Fig. 3. Overlay of the 2.7 mmléft panel$ and the 1.4 mmr{ght panel$ continuum emission (contours) obtained with the PdBI
(Beltran et al201/1) on the Hi-GAL 7@m (upper panelsand 16Qum (lower panely emission (grayscale) towards the position of
the G29-UC region and the G29-HMC core. The white X marks thstjpn of the G29-UC region (Wood & Churchwell 1989) and
the white cross the position of the 1.4 mm continuum emisp&ak associated with the G29-HMC core (Beltran €t al. 20Tl1¢
contour levels are 3, 9, 18, 27, 39, 51, and 75 times 3 mJy bean2.7 mm and 6.7 mJy beafmat 1.4 mm. The PdBI synthesized
beam is shown in the lower righthand corner.

Survey Explorer (WISE) catalog at 22n (Wright et al2010). 5 Hi-GAL bands plus the 2&m band of MSX were used in the
To associate a WISE source to a Hi-GAL source, we arbitrari§ED fitting for 4 sources. In these cas€3g,m > Sisqm and
chose the closest WISE source located dt2”, the WISE an- including the flux at 2Jum, which is smaller than that at 70n,
gular resolution at 22m (Wright et al[2010). Finally, for the re- clearly improved the fitting. For 6 sources, the 5 Hi-GAL band
maining Hi-GAL sources or those sources saturated at?2ve plus the 22um band of the WISE were used in the fitting. For
searched for a counterpart in the Midcourse Space Expetim#rese sourcesSzg,m > Sisqum and Szqum > Sazm, and again,
(MSX) catalog at 2Jum (Price et al_2001). In this case, we arincluding the flux at a shorter wavelength improved the fittin
bitrarily associated the closest MSX source located 418’3, Finally, for 18 sources, the 5 Hi-GAL bands plus the 2%
the MSX angular resolution at 2Am (Price et al[ 2001). We MIPSGAL band were used. For these sour@g,m > Sisqm
found 103 MIPSGAL sources not saturated ap@d, 11 WISE and Syq,m > So4.m, and as in the previous cases, including
sources not saturated at gth, and 6 MSX sources associatedhe flux at a shorter wavelength improved the fitting. The MSX
with the Hi-GAL ones. The SED fitting was performed usindlux at 21 ym, the WISE flux at 22um, and the MIPSGAL
the 5 Hi-GAL bands for 157 sources. For these 157 sources h#lux at 24 um used for the SED fitting of these 28 sources is
ing a counterpart at shorter wavelengths, including thétiathél given in Table 2. Table 3 shows the valuesgpbbtained from
point in the SED did not improve the fitting. For 13 sourceshe source extraction process,HfT, Meny, andLy, obtained
only the 160, 250, 350, and 5@0n Hi-GAL bands were used. from the SED fitting, and of the surface densityfor the 198
For these sources, the flux at 16®, Sisq.m, Was< Spsqm and sources. The surface density was calculated following the e
including theS7q,m in the SED clearly worsen the fit. This indi-pressiornz = Men/ (7 X R?), where the radius of the sourcBs
cates that the 70m emission is likely tracing a tfierent source was obtained from their size8, and following the expression
component, more associated with the central stellar olijeet R = 6/2 x d, whered is the distance to the G29-SFR cloud.

that traced by the emission at 160 to 5a@, more associated

with the extended envelope surrounding the central soilifve.
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Table 4. Mean (median) physical parameters of the Hi-GAL sources

All sources 24m-dark  24im-bright

Radius (pc) 0.36 (0.36) 0.34(0.35) 0.37(0.38)
Mass Mo) 379 (115) 435 (172) 340 (86)
Surface density (g cmi) 0.24 (0.06) 0.27 (0.1) 0.22 (0.04)
Temperature (K) 29 (25) 22 (22) 33 (30)
Luminosity (Lo) 6.2x 10° (470) 706 (247) k& 10*(713)
Luminosity-to-mass ratiol(;/ M) 23 (5) 6(2) 34 (10)
3.2. The Hi-GAL source associated with the G29-UC region 4 # 242
and G29_HMC core 10 T T L S B B T T T T T T

m MSX
® Hi—GAL

Figure[3 shows an overlay of the continuum emission at 2.7 and
1.4 mm obtained with the IRAM-Plateau de Bure interferome- L
ter (PdBI) (Beltran et al. 2011) on the Hi-GAL maps at 70 and
160 um towards the position of the G29-UC region and G29-
HMC core. The Hi-GAL source in our catalog is #242. As seen
in Table 1, this is the brightest source in all 5 Hi-GAL banéit.

2.7 and 1.4 mm, the G29-UC region is outlined by continuum
emission showing a cometary arc shape, while the G29-HMC
core emission is visible westwards in front of the arc. Thésem
sion of the G29-HMC core is better resolved at 1.4 mm, where
it shows a flattened structure. The peak of the 1.4 mm contin-
uum emission (Beltran et al. 2011), indicated with a whitess r
in Fig.[3, coincides with the G29-HMC core. As one can see in
this figure, at 7Q:m, the emission seems to be mainly associated 102 b
with the G29-HMC core. In fact, the peak of the g emis- L >
sion coincides with that of the 1.4 mm continuum emission. At 10 10

160um, the emission also seems to be more associated with the Wavelength (um)

HMC than with the UC Ht region, although in this case the peak

of the Hi-GAL emission is located towards the north of the 62¢ig.4. SED of the Hi-GAL source #242, associated with the
HMC core. The angular resolution of the Hi-GAL emission &529-UC region and G29-HMC core. The black circles and black
250, 350, and 500m is not enough to properly study with whichsquare show the Hi-GAL and MSX at 2in data, respectively,
component, the HMC or the UCiHregion, this sub-millimeter with error bars. The black solid line represents the bestdit-
emission is associated. ified blackbody.

o
W

Flux Density (Jy)

From the SED fitting (Fig[]4), we derived a mass of
~2880Mo for source #242, for a dust temperature of 77 K, the 3 source physical parameters
highest of the sources in the G29-SFR cloud, a sizel&’, and
a dust emissivity index of 0.8. The surface density is 2.3 tfem Figure[B shows the distribution of radii, masses, surfaceside
well above the theoretical threshold of 1 g@{Krumholz & ties, temperatures, luminosities and luminosity-to-mases of
McKee[2008) necessary for high-mass star formation to occtive sources. Tablg 4 shows the mean and median values for the
The luminosity of this source is8 x 1° L, and is the highest same physical quantities. Beltran et al. (2006) observeaha:
in the whole cloud. Kirk et al.[(2010) constructed the SED gfle of southern hemisphere high-mass protostellar catetica
this source by using the SPIRE Fourier Transform Spectremet.2 mm with the SEST antenna. In the following we will con-
data from 190 to 67@m and archival data from 2.4 to 1.3 mmfront the physical parameters obtained for the sourceseén th
(see their Fig. 1). From the SED fitting, these authors obthan G29-SFR cloud with those of Beltran et al. (2006) becausmth
temperature 080 K, in agreement with our value, and a dustarried out a detailed comparison of the values of theircasir
emissivity index of~1.7, twice the one that we obtained. Thevith those estimated in other millimeter continuum survéyse
dust luminosity integrated under the fitted modified blackbo mean and median values of 0.36 pc for the radius of the Hi-
in the range 2—200Qm is 16 x 1P Ly, assuming a distance GAL sources associated with the G29-SFR cloud suggest that
of 8.9 kpc. The luminosity would be8 x 10° L, for a dis- these sources are probably clumps (e.g. Gianninilet al.)20a2
tance of 6.2 kpc, in agreement with our estimatgg. As for will not form individual stars but multiple star systems éars
the mass, Kirk et al[(2010) estimate a mass of 18@0assum- clusters. Unfortunately, thelerschelobservations do not have
ing a distance of 8.9 kpc, using the fitted dust temperatude aenough spatial resolution to resolve these clumps intwiddal
the SCUBA 850um flux density (Thompson et &l. 2006). Thecores or stars. These values of the radius are consisténthveit
mass would be-730 M, for a distance of 6.2 kpc. This value ismean and median values of 0.25 and 0.2 pc found by Beltran
a factor~4 smaller than the one that we obtained from the SE& al. (2006). The mean and median values of the mass are also
fitting. Besides the diierent method used to estimate the masspnsistent with the mean and median values of 320 and02
this difference could be accounted for, in part, by théedent found by Beltran et al[ (2006) for their sample, and indésahat
opacity codficient (0.01 cri/g at 850um) and dust emissivity the sources associated with the G29-SFR cloud and detegted b
index (3=1.7) used by these authors. Herschelare mostly massive objects. The mean temperatureis in
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Fig. 6. 20 cm continuum emission from the MAGPIS surveygn contoursof the G29-SFR cloud overlaid on the Hi-GAL Zén
emission ¢olors). Contour levels are 3, 6, 12, 24, 48, 96, and 192 times 1 makyide The numbers indicate the positions of the
10 NVSS sources. The synthesized beam of the 20 cm MAGPIS\watigms is 62 x 5’4 at P.A.= 0°

agreement with the mean temperature of 28 K found by Beltrah~0.2 g cnt? rather than 1 g crit. This would imply smaller
et al. [2006), and with the value of 32 K found by Molinari eaccretion rates and longer formation timescatesi(® yr) for
al. (2000) for a sample of luminous high-mass protostekarc massive stars than those predicted my McKee & Tan (2003).

didates in the northern hemisphere. The mean luminosity estimated,26x 10° L., would cor-

pond to a main-sequence star of spectral type B1 folpwin

The average and median values of the surface density, of of , 5 L
and 0.06 g crT?, are similar to the mean and median values ?%%Ie 1 of Mottram et al.[(2011), and thus, it also indicates

0.4 and 0.14 g cn? estimated by Beltran et al. (2006). These vaF at the Hi-GAL sources associated with the G29-SFR cload ar
ues are slightly lower than the minimum surface density aded mgstly fhlgh-m?sds sour?;as.trl]\lot(ter,] however, th?t tq';’ g&“ﬁm IS
according to theory (Krumholz & McKee 2008), to form massivg[) ero dmt;':lgnl l|J esma ?r an feaverage vla u? —
stars. In a recent work, Butler & Tah (2012) find typical masgPtained by Beltran et al. (2006) for a sample of massive pro
surface densities of 0.15 g cfor cores, and of 0.3 gcré for  Stellar candidates. This is not surprising, taking intoant
clumps in infrared dark clouds, some of which are likely tmfio that; the bo_l((j)meérlc Ium|r|1_os_|tt|ebs calculate?_ bytthéa?e ‘ms,fﬁgelRA
massive stars. Butler & Tan (2012) consider the cores as—str%f %Con.?.' er(‘?’hurl)RpirSI?l S ‘?Ca“ﬁe es |mﬁ]et rr?m int
tures of about 100, embedded in clumps. These cores, whicht* ¢ensties. the In eam is so large2() that when inte-
are virialized and in approximate pressure equilibriunhwite grating the f'!JX density for a_sm_gle protostellar candidétere
surrounding clump environment, are undergoing globabpsié might be an important contribution not only from oth_er S@sC
to feed a central accretion disk. On the other hand, the cluri}it may fall into iuhchlatlarge bf’%mt’. but alsobiromt 'gter'gjx?
is defined as the gas cloud that fragments to form a star clus fuse emission. 1he fatter contrioution IS subtracted ou €
These authors propose that fragmentation in these clump cd oing the source extraction but is m_cluded if one simulateat

be inhibited by magnetic fields rather than radiative hegaind VOUld b€ seen with a larger beam like that of IRAS.

that the initial conditions of local massive star formatinrthe The luminosity-to-mass ratid,,o/Meny, iS an important pa-
Galaxy may be better characterized by surface density saluameter for establishing the age of a source. This ratio is ex
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860 S0F ""I""I""I'&t')')l' ] figure. NVSS source #1 is associated with the G29-UC region
g C 40 F = and with Hi-GAL source #242. Tabld 5 gives the coordinates,
Qa0 F j  flux densities at 21 cm, and major and minor axes of the NVSS
o 0r 30 = E sources after deconvolving with the restoring beam df 46
2 C o0 - = the NVSS images. The source fluxes have been obtained from
9 20 - . E the NVSS catalog instead of estimating them directly from th
g - 10 = E MAGPIS map at 20 cm because of the better surface brightness
2 0 W T T sensitivity of NVSS. The deconvolved sizes for five out of ten
0.2 04 06 0 1 2 3 4 sources are upper limits, which indicates that either thecsois
: : : unresolved or that the emission is too large to properly fifitih
Log[M,,,/(My)] just one Gaussian (Condon et [al. 1098). The latter is the case
0 T for NVSS source #10, which, as seen in [Elg. 6, is very extended
8 S0 —r 3 e ((Ij) . and with a very low-level emission, and thereforéidult to fit
540 F E '_ 7 with a Gaussian. Figuig 7 shows the 20 cm continuum emission
@ 30 B 3 401 g overlaid on the 70-350m color temperature,7o-ss0), map. To
3 E E i i calculate the color-color temperature map, we first smabthe
w 20 F = o0 -1 70um map (that with the highest angular resolutiof2pto the
3 10 = 3 i ] resolution of the 35@m map (2%), and then reprojected both
g c . ] L 4 maps to the same pixel and map size. These two wavelengths
z Othon b b b (O ol W R O W happen to bracket the peak of the SED and are hence most sensi-

3 2 4 0 20 40 60 80 tive to temperature changes. Clearly, the colour tempezadia

2 proxy for the dust temperature, but maytdr significantly from
Log[2/(g/cm)] T(K) the temperature estimate obtained by fitting the whole SBB wi
Y I a modified blackbody. As seen in Fig. 7, the positions of the
80 ! ! i ! ! ! H NVSS sources, except for the verfidse NVSS sources #3 and

10, coincide with local maxima of the color-color temperatu

As seen in Fig.J6, the centimeter emission is well correlated
with the 70um emission, even at the low level emission. Note
how both the centimeter and the FIR emission trace the aets se

o
TTT[rrrrrr[rrij

©
ol b b 41

Number of sources
N Ao
o

0 eastwards of NVSS sources #4 and 5. These arcs are shock front
where hydrogen is ionized, and gives rise to the radio centin
O T B (O = SNETN FRRTE FRUTE T uum. Itis also possible that important shock gas coolakeslie
2 4 6 1 0 1 2 13 [Ol 63 um] line could be in part contaminating the PACSufh
Log[L,.,/(Ly)] Log[L,,/M,.,(My/Ly)] emission. The fact that the centimeter emission is so erténd

and well correlated with the dust emission would suggest tha
Fig.5. Histograms of some parameters of the Hi-GAL sourcédkis associated with a group ofrHregions that are ionizing
detected towards G2%) radius of the source$)) mass;c) H, and disrupting the cloud. Assuming that the centimeterinent
surface densityd) temperatureg) luminosity; and) luminosity- uum emission comes from homogeneous optically thinrét
to-mass ratio. The dotted line in parehdicates the minimum gions, we calculated the physical parameters of the 10 NVSS
surface density needed to form massive stars accordingémyth sources (using the formalism of Mezger & Henderson 1967 and
(Butler & Tan[2012). Rubin[1968) and list them in Tallé 6. Column 1 gives the NVSS

number of the source (Tak[é 5), column 2 the spatial raBius

of the Hr region, which was determined from the deconvolved
pected to increase with time as more gas is incorporated iRfgurce size (Tablg 5), column 3 the source averaged brightne
the star that becomes more luminous. The mean and medi'%rj column 4 the electron densit%' column 5 the emission
Lbol/Meny Values for the sources in the G29-SFR cloud are ZgeasureE M, column 6 the number of Lyman-continuum pho-
and 5Lo/Mo, respectively, which are significantly lower thanons per secondly, column 7 the mass of ionized gadon,
the average and median values oflQ9M, obtained by Beltran which was calculated assuming a spherical homogeneous dist
et al. [2006). However, as already mentioned, this diser@pa bution, and column 8 the spectral type of the ionizing source
could be due to the fact that the bolometric luminositieshef t The spectral type was computed from the estimatgdand us-
sources in the Beltran et al. sample are likely upper lirbés ing the tables of Davies et al. (2011) and Mottram et(al. (3011
cause they were estimated from the IRAS fluxes. which are for Zero Age Main Sequence (ZAMS) stars. Note that
if the 21 cm emission is optically thick, thefs, ne, EM, Ny,
Mion, and therefore, the spectral type should be considered as
lower limits. For the sources with upper limits for the decon
volved sizes (Tablel5)R and Mo, should be taken as upper lim-
Figure[6 shows a zoom-in towards the central region of the- G248, while Tg, n and EM as lower limits. As seen in Tablé 6,
SFR cloud. In this figure, the 20 cm emission of the Multi-Arramost of the sources are early B or late O types. However, the
Galactic Plane Imaging Survey (MAGPIS: Helfand ef al. 200&)Joud would also contain 3 sources, with one of them being the
is overlaid on the Hi-GAL 7Qum emission. The angular resolu-G29-UC region (NVSS source #1), with spectral types O5-06.5
tion of both sets of data is similar, which makes the comparis Therefore, it is possible that these massive sources, Wil t
straightforward. The positions of the ten 21-cm sourcesa@ss strong winds and radiation pressure, are disrupting anpliisha
ated with the cloud from the NRAWLA Sky Survey (NVSS: the cloud. This ffect may contribute to underestimate the num-
Condon et al. 1998) catalog at 1.4 GHz are also indicatedein ther of ionizing photons and, in turn, the luminosities of steg's.

3.4. Centimeter emission associated with the G29-SFR
cloud
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T(70-350)

—2"33'00"

§(J2000)
—2°40'00"
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—2"3000"

18"46™40% 207 0% 40%
a{J2000)

Fig. 7. 20 cm continuum emission from the MAGPIS survbiug contouryof the G29-SFR cloud overlaid on the 70-358 color
temperature map in logarithmic scatmlors). Contour levels and numbers are the same ofiFig. 6.

Table 5. Position, fluxes, and sizes of the NVSS sources associatbdhve G29-SFR cloud

(J2000) 6(J2000) Sp;icm  Major axis  Minor axis

#1d. "9 ¢ y) () )

12 184604.09 -23919.1 2.38 26.6 20.4
2 184617.11 -23630.0 0.025 <26.3 <18.4
3 184621.24 -23820.3 0.035 63.5 31.2
4 184609.83 -241349 3.06 49.3 44.7
5 184606.69 -24220.8 1.55 127.3 50.1
6 184600.89 -24157.4 0.137 <142 <141
7 18455417 -24239.0 0.435 35.6 24.5
8 184603.00 -24541.0 0.097 <80.3 <21.6
9 184601.67 -24601.6 0.052 <155 <15.3

10 184610.25 -24912.3 0.010 <125.9 <125.0
2 G29-UC and Hi-GAL source #242.

Table 6. Physical parameters of thaiHegions in the G29-SFR cloud

R Ts Ne EM Ny Mion  Spectral
#1d.  (pc) (K) (cnm®) (ACPcm®pc) (107st) (M) Type
12 0.35 274 2028 19 84 9.0 06
2 <033 >32 >226 >0.23 0.88 <0.85 BO
3 0.67 11 93 0.08 1.2 2.9 BO
4 0.71 865 803 6 108 29 05
5 1.2 152 258 1 55 46 06.5
6 <021 >426 >1027 >3 4.8 <1.0 09.5
7 0.44 311 607 2 15 55 08.5
8 <0.63 >35 >171 >0.24 3.4 <4.3 09.5
9 <0.23 >136 >557 >0.96 1.8 <0.71 BO
10 <1.9 >0.4 >10 >0.003 0.35 <7.2 BO.5

2 G29-UC and Hi-GAL source #242.
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3.5. Physical parameters as a function of the distance to the
NVSS sources in the G29-SFR cloud

Note that sources #4 and 5, located at the head of the large arcZ * F T 4 ' ja 45 % 4o F | 453

like structure seen towards the east, have spectral types@5 < 3E é*} ? + { £ i

06.5, respectively. Sef J F? } }l } }5? % P} { % %
Wk ! I, L N T LT
- 1O 200 400 200 400 200 400 200 400 200 400

To check whether there is a variation of the Hi-GAL source%
physical parameters as a function of the distance to the most -2
massive sources in the G29-SFR cloud, we plotted the distrib 80
tion of masses, surface densities, luminosities, temperatand
luminosity-to-mass ratios of the Hi-GAL sources as a fuorcti
of the distance to the NVSS sources #1, 4, 5, 6, and 8 [[FFig. 8). =20
The NVSS sources #2, 3, 7, and 10 have not been taken into ac-
count because are located close to the border of the clouB8S\NV
source #9 is located very close to NVSS source #8, and there
fore, the distributions should be very similar. The dataehasen
binned in intervals o+~80”. For NVSS source #1 (G29-UC),
only one Hi-GAL source (#242) is found in the first interval of
~80”, which means that the first point in the plots takes into ac-
count only the physical parameters of this source.

The physical parameters of NVSS source #1 (G29-UC) and
its immediate surroundings have the highest values ofaltém-
timeter sources in the G29-SFR cloud. This is evident in[8ig.
when comparing NVSS source #1 to sources #4, 5, 6, and 8, but
it is also true for the rest of NVSS sources not shown in thes. pl Fig. 8. Distributions of mass, surface density, temperature,fumi
Given the large error bars in Fig. 8, one can only see a mdrginasity, and luminosity-to-mass ratio as a function of tretatice
trend of the mass and surface density, which seem to decreiasthe NVSS sources in the G29-SFR cloud. The NVSS num-
with the distance from NVSS source #1. The surface densitylier (Table§ 5 anf]6) is indicated in the lefthand upper corner
above the minimum value of 0.2 ¢ cAneeded to form massive of the upper panels. The dotted line in the surface denss#ty di
stars according to theory (Butler & Tan 2012), up to a distanéributions indicates the minimum value needed needed t for
of ~150” from the G29-UC region. A similar marginal trend ismassive stars according to theory (Butler & Tan 2012). Tse fir
seen for NVSS source #4. Although in this case, the decredie contains only one point and, thus, the standard deviasio
in Meny is even less obvious, and the surface density is slight#gro.
above 0.2 g cr? only in a small region¢ 80”) surrounding the
source. Regarding the luminosity, temperature and lunitiyros . .
to-mass ratio, again, the highest values are found towduels groups: those W'th.OUt a 24m counterpart, that we call a#-
NVSS source #1 (G29-UC). dqu, and those with a 2dm counterpart, that we call pn-

right. The former are expected to be the youngest Hi-GAL
ources in the cloud. As a result of this cross-correlatierdis-
YWhvered 81 Hi-GAL sources not associated with@demission
'3fd 117 Hi-GAL sources associated with it. As shown in Big. 2,
th kind of Young Stellar Objects (YSOs) are uniformly dis-
buted over the cloud.

All the sources in our sample have been selected to be de-
tected in all 5 photometric Hi-GAL bands. Therefore, by diefin
té'on, all the sources have been detected gm0 which would

uggest that most of them, if not all, are protostellar. Heve
this does not mean that there are no prestellar sources@tbe
SFR cloud (see Pillai et al. 20111). The analysis of the saunog
detected at 70m, and likely prestellar, although being highly in-
teresting, goes beyond the scope of the present study. T« che
3.6. 24um-dark versus 24um-bright sources whether 24m-dark and 2gm-bright sources show anyfthr-

ence in their 7um fluxes, we plotted and histogram of the [70—

Because star formation does not occur simultaneously alt o\60] color for both kind of sources (Figl 9). As seen in this fig
a cloud, one would expect to find young stellar objects in difsre, the [70-160] color of 24n-dark sources is clearly smaller
ferent evolutionary stages associated with the G29-SF&dclothan those of the 24n-bright ones. This indicates that the possi-
To search for dferences in the evolutionary stage of théle different evolutionary phase of the sources is also supported
sources, we cross-correlated our Hi-GAL sources with thiy the Hi-GAL data.
SpitzerMIPSGAL 24 um catalog. The last column in Table 1  Figure[I0 shows the distribution of radii, masses, surface
indicates whether a source is associated or not witlir24mis- densities, temperatures, luminosities and luminosityrss ra-
sion. Obviously, we counted as associated those sourags stbs for 24um-dark and 24m-bright sources. Tablg 4 shows the
rated at 24um, like for example the Hi-GAL source #242 (G29-mean and median values for the same physical quantities. One
UC). Based on this association, we divided the sourceso tsees that the distributions of the two types of objects afe di
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The fact that the most massive and luminous Hi-GA
sources in the cloud are located close to the strongesteso
in the G29-SFR cloud (#242 or G29-UC) suggest that there
privileged area for massive star formation in the cloud e8leen
the central location of the G29-UC region inside the G29-S
cloud (Fig[2), this indicates that high-mass stars forniigven-
tially at the center of the cloud, as expected. An inhomogase
density distribution of the cloud, with higher density todsithe
center of the cloud (maybe already present as an initialieon
tion), could be responsible for this source distributiohisTis
consistent with the findings of most millimeter continuunm-su
veys.
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Smirnov (KS) statistical test shows that, except for theusd & & E N TR RAE &
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distributions, the probability of the mass, surface denssm- 101 2 3
perature, luminosity, and luminosity-to-mass ratio dlsttions

being the same for 2dn-dark and 24m-bright sources is very LoglLygy/ Men(Mo/L)]

low (P < 0.004)_. TherefO(e, the physical properties of_the _thig_ 10. Histograms ofa) radius of the sourcess) mass;c) Ha

groups are .statlst|cally ﬁe.rent: The temperature, luminosity g rface densityd) temperatureg) luminosity; and) luminosity-

and, in particular, the luminosity-to-mass ratio are sevalor 45_mass ratio, for 24:m-bright (solid line) and 24 um-dark
the 24:m-dark than for the 24m-bright objects, while the mass ashed ling sources. The dotted line in paneindicates the

and the surface density are higher. Thaf Looi, andLpol/Menv  minimum surface density needed to form massive stars accord
are smaller for 2dm-dark than for 2dm-bright sources is con- ing to theory (Butler & Tan 2012).

sistent with the former being in an earlier evolutionary ggha
Figurd 10 also shows that a relatively large number pf@4lark
and 24:m-bright sources have surface densities high enough to ] ] ]
form massive stars according to theory (Butler & Tan 2012). Mviial Was estimated from the line widthy, of 1*CO (1-0) to-
The most significant dierence between the two groups igvards the position of each source following the expression o
found in the value oLpg/Men. In fact, the mean and medianMacLaren et al (1988Muiiai = 0.509x dx 6x AV?, whered is
value 0fLyo)/Meny is ~6 and~5 times lower for the 24m-dark the distance in kp@ is th_e size of the source in arcsec obtained
sources compared to the a-bright ones, which supports ourfrom the source extraction process, aid is in km s*. The
assumption that the sources not associated wigr@mission choice of**CO (1-0) to estimate the virial masses, which could
are in an earlier evolutionary phase. be partially optically thick and therefore overestimate time
We also investigated whether the radii, masses, surface defflth, is based on the fact that it is the only molecular trace'-
sities, temperatures, luminosities and luminosity-tssnatios ering the whole cloud. To have an idea of how large the overes-
of the two types of sources show any correlation as a functiontimate of the line WIC_ithS COl_Jld be, we Checked_the value tdwar
the distance to the G29-UC region. Figliré 11 indicates thtt b source #242 (associated with the G29-UC region and G29-HMC
groups show the same trends, that is, the mass, surfacaydengpre), which has been extensively observed ifiedent molec-
and luminosity of the sources marginally decrease whenmgoviular tracers. The line width estimated wittCO is 6.2 km s*
away from the G29-UC region, while the size, temperature a@@d is similar to the values 6%5.5 km s* estimated in CS (5-4)
luminosity-to-mass ratio, except for the high values clwsthe and (7-6), and HCO(3-2) with the JCMT and the IRAM 30-
G29-UC region, do no significantly change. m telescopes (Olmi et al. 1999; Churchwell et al. 20 My)ial
depends on the density profile, and for a power-law densgy di
tribution of the type « r~P, the virial mass should be multiplied
4. Discussion by a factor 3(5- 2p)/5(3— p), which is< 1 for p < 3. Thus, the
values estimated should be taken as upper limits.
Figure 12 shows th®lgn~M; ratio and theMen—Myirial ratio
To investigate the stability of the sources, we calculatesirt for all the sources, 2dm-bright and 24/im-dark. As seen in this
Jeans massed;, and virial massesMyiriq. M3 was calcu- plot, almost all the sources have masses well alddyeln par-
lated following the expressioM; = [T/10K]¥? x [ng,/1 x ticular, 90% of the 24m-bright sources and 96% of the at-
10* cm~3]7Y/2, where the dust temperatufewas obtained from dark ones have masses well abdvg. In fact, the mean and
the SED fitting and the pvolume densityny, was calculated median values of th#len~M; ratio are 296 and 14 for 2dm-
assuming that the sources have spherical symmetry (th@kizdéright sources, and 735 and 86 for 2#-dark sources. This in-
the sources is that obtained from the source extractioregg)c dicates that most of the sources in the G29-SFR cloud would be

4.1. Evolutionary phase of the sources
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Fig.12. Histogram ofa) the mass-to-Jeans mass ratio dn)d
mass-to-virial mass ratio for 24m-bright @olid line) and
Fig. 11. Distributions ofa) radius of the source§) massgc) H, 24 um-dark @ashed ling sources. The dotted vertical line in-
surface densityd) temperatureg) luminosity; and) luminosity- dicatesa) Meny = M3 andb) Meny = Myjirial-
to-mass ratio as a function of the distance to the G29-U®regi
for 24 um-bright ffilled circleg and 24um-dark ©pen red cir-
cleg sources. The dotted line in the surface density diSttingti o4 yalue oMeny/Myiiai= 1, one should shift the distributions
indicates the minimum value needed to form massive stars gerig 121 by an order of magnitude, which implies a decrease
cording to theory (Butler & Tan 2012). The first bin contaings he jine width by a factor-3. This seems too much, as ob-
only one pointand, thus, the standard deviation is zero. servations of dferent tracers with diierent resolutions in high-
mass star forming regions reveal changes by only a feyskm
for line widths of several kiis. Another source of error could
gravitationally supercritical if only supported by therdnpaes- be the temperature estimate, which enters almost lineatty i
sure, in which case, they should be collapsing. Whg~M.iiq the calculation oMe,. Itis thus dificult to believe that this ef-
ratio confirms that an additional supporting agent, suchigsit fect may contribute by more than 20-30%, by far less than the
lence, is likely acting against gravity in these sourcesabee factor 10 required to matchleny to Myiia. Finally, density gra-
only 5% (6 out of 117 sources) of the g#n-bright sources and dients may #ect the estimate dfliria. ASsuming a power-law
7% (6 out of 81 sources) of the 24n-dark ones have masseglensity profile as steep asx R, with R radius of the clump,
above the virial mass. The mean and median values d¥ithg- our values ofMyiiar should decrease only by a factor 0.6 (see
Myirial ratio are 0.2 and 0.07 for 24m-bright sources, and 0.3MacLaren et al. 1988), still not ficient to justify the observed
and 0.1 for 24um-dark sources. ratio Menv—Muirial -

This result seems to be in contrast with the results of other We conclude that none of the previou$eets can explain
studies of high-mass star-forming clumps, where the matkseof the distributions in Fig. 12b. However, it is possible thiitof
clumps is found to be larger than the virial mass (e.g. Hofn#item contribute to the result. While this is certainly pbksior
et al.[2000; Fontani et &l. 2002). Lopez-Sepulcre et’alI020 a limited number of sources (especially those Witdh,/Mvirial <
findings for a sample of 29 IR-bright and 19 IR-dark high-mash), it seems likely thaMeny/Myirial is indeed<1 for the majority
cluster-forming clumps are similar to ours, although onraveof the objects.
age their objects are closer to virial equilibrium. What tre Assuming that this is the case, it is interesting to note that
sources of uncertainty in our estimate of tHg,~M\,iria ratio? of the 36 sources located gt 4’ of the G29-UC region, 14%
The major problem is that very likely tHéCO emission is not (5 sources including source #242: G29-UC) h&gy > Myirial-
tracing the same volume of gas as the 1.2 mm continuum enf@®n the other hand, of the remaining 162 sources, which are lo-
sion. This means that tHé€CO line width may not be represen-cated at- 4’, only 4% (7 sources), hawden, > Myirial. Despite
tative of the gas contributing thlen,.. However, to allow for a the poor statistics, this result seems to suggest that iheess
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eral orders of magnitude during the accretion phase. Thexref
] one would expect 2dm-dark sources to have a loweg, than

- the 24um-bright ones for similaiMey,. Elia et al. (2010) pre-
fer to use thd_po/Meny ratio versusMeny as a diagnostic, based
on the fact that an earlier evolutionary stage source shuawd
smallerLyg/Meny ratio than more evolved ones.

As seenin Fid 13, 24m-dark and 24m-bright sources oc-
cupy diferent regions of thépo—Meny @ndLpo/Men—Meny dia-
grams, with 24um-dark sources having lowépe andLye/Meny
for similar Meny, as expected. This confirms that the sources not
associated with 24m emission are indeed in an earlier evolu-
tionary phase than those associated. In fact, almost &4phe-
dark sources occupy a lower part of the accretion phase of the
Molinari et al. evolutionary tracks, while the 24n-bright ones
are located closer to the ZAMS, as indicated by the end of the
ascending tracks.
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4.2. Embedded population in the G29-SFR cloud

E As discussed in the previous section, most of the sourcd®in t

1 G29-SFR cloud seem to be in the main accretion pre-main se-
* ] guence phase or early ZAMS phase (Eid. 13). This seems to in-
s dicate that the population in the G29-SFR cloud, mostly ixmass

] sources, should be highly embedded. In a recent work, Faimal
L et al. [2012) analyze Hi-GAL data on another massive star-
~+ 1 forming region G305 and propose a far-IR color criterionge s

5 L lect massive embedded sources. According to these authers,
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0 + 1 [70-500] and the [160-350] colors should be most sensitive t
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the embedded population. Based on the fact that the embedded
massive protostars in G305, associated with typical sigtgoaf
massive star formation such as free-free emission, watfoan

M, (Ma) methanol masers, and 24n emission, are confined to an area
of Lpoi-color plots, these authors propose that embedded mas-
Fig.13. Lpo—Menv (upper panél and Lyo/Men—Meny (lower  sive star-forming sources, both prestellar and prot@steshould
pane) plots for 24um-bright fed diamondsand 24um-dark have [70-500% 1 and [160-350} 1.6 for Ly, > 10° L. To
(green diamondssources in the G29-SFR cloud. Black linegheck whether these selection criteria for embedded neassiv
represent the evolutionary tracks of Molinari et al. (20(8)e sources are valid for our sources, we plot the luminosity ver
§ [4.1). The diferent models are for fierent initial masses of sus color in Fig[ZI4. The distribution of sources is very &mi
80, 140, 350, 700 and 1500, (from left to right). to that found by Faimali et al. (201 2) for the sources in G305.
the G29-SFR cloud, we found 46 gé-bright and 7 24m-dark
sources that satisfy the criterion for embedded massiveata
that should be undergoing collapse and forming stars arfe préidates, a number similar to that found by Faimali etlal. @01
erentially concentrated towards the dominant source i@ in G305. This would indicate that onky27% of the population
UC cloud. in the G29-SFR cloud would be embedded massive star candi-
The fact that the sources associated with the G29-SFR cldiRfes. However, as previously mentioned, most of the seurce
appear to be in dierent evolutionary stages is also suggested iy the G29-SFR cloud seem to be pre-main sequence sources

the association or not witBpitzer24 um emission, as already N the main accretion phase or early ZAMS phase, and there-
discussed ir§ [3.8. fore, embedded. One possible explanation for this discr®pa

To check the validity of this evolutionary phasefdience could be that most of these sources in the G29-SFR cloud have

for the sources in the G29-SFR cloud, we decided to use thel <10°Lo, and therefore lie by definition outside the selec-
evolutionary sequence tool of Molinari et dl. (2008). Thase tion criterion area. However, by doing this, the selectidtee
thors have developed an empirical model to describe the pf@n would miss those young massive embedded protostars in
main sequence evolution of YSOs in the high-mass regimedbageVery early evolutionary phase that have not yet reached the
on anLpo—Meny diagram, wherd o, is the bolometric luminos- final luminosity (see Fid. 13).

ity of the sources, anill¢n, the total envelope mass. Based on The second problem with the Faimali et al. (2012) selection
the model of collapse in turbulence supported cores of McKedterion is that, as shown in Fig. 114, there are a few soutiags

& Tan (2003), which describes the free-fall accretion of eaatare clearly not massiveMen < 100M,) and havelpy >10° L,

rial onto a central source as a time-dependent processnsfoli (see Figl['I}) that would fall inside the massive embeddedpop
et al. [2008) have constructed evolutionary tracks inlthg- lation area. If we lower the limit tdeny < 50 Mg, there are still 8
Meny diagram. According to this evolutionary sequence, sourc24 um-bright sources that would satisfy the criterion. Therefo

in different phases should occupytdient regions of th&,g—  all this suggests that the far-IR color selection critefionem-
Meny diagram. For the high-mass regime, the bolometric lumidedded massive YSOs of Faimali et al. (2012) cannot be applie
nosity of a YSO evolving towards the ZAMS increases by sein all the massive star forming regions.
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10 AL Ea i flux at 20 cm is 11 x 10° L. These values are consistent with
the expectedN,, and Ly of a stellar cluster according to the
simulations of a large collection (§0of clusters with sizes
ranging from 5 to 500000 stars each (L. Testi, private commu-
nication; see Sanchez-Monge et’al. 2012 for a descripfitimeo
cluster generation). For each cluster simulated, the totas,
bolometric luminosity, maximum stellar mass and integtate
Lyman continuum are computed. For a bolometric luminosity o
2.2 x 10° L, 90% of the simulated clusters have a total stellar
mass Msiars between 600 and 417M,. The total gas mass
of the cloud, estimated by fitting a modified blackbody to the
integrated emission of the cloud, inside the same area wsed t
estimate the radio flux at 20 cm, at the Herschel wavelengths,
is 8 x 10* M. Therefore, the overall SFE of the G29-SFR
cloud ranges from 0.7 to 5%, as low as that estimated in other
- 1 2 molecular clouds (Evans & Lada 1991). For comparison, the
10 1 10 1 sum of the masses of all the sources that fall inside the aed u
[70-500] to estimate the centimeter flux is slightly smallex30* Mo,
10 ELEALLL B RLL, B RLE YL B and the SFE slightly higher, from 2 to 12%.

The star formation rate of the cloud can be estimated as
SFR=(Mciougx SFE)t, wheret is the star formation timescale
needed for the protostars to reach the ZAMS. To compare our
study of the G29-SFR cloud with that of Faimali et al. (2012),
we assume the same timescale of 0.5 Myr used by these au-
thors, which is based on a steady-state star formation model
(Offner & McKee[2011). The SFR obtained for the G29-SFR
cloud ranges from 0.001 to 0.00d,yr . These values are
smaller than those of 0.01-0.0&, yr~ estimated by Faimali
et al. [2012) for the G305 cloud, but consistent with the galu
of ~0.0002-0.00M,, yr~! estimated by Veneziani et al. (2012)
for the whold = 30° SDP field, and with the SFRs 60.0005 to
~0.008M,, yr~! estimated for Galactic iHregions by Chomiuk
& Povich (2011). The fact that the SFR of the Milky Way is of
10 10 1 10" 102 about 2Mg, yr~! (Chomiuk & PovicH 2011), indicates that hun-

dreds to a few thousands of molecular clouds similar to the@-G2
[160-350] SFR cloud are needed to account for the Galactic star foomati

Fig. 14. Luminosity—color plots for the Hi-GAL 24im-bright "ate-
(red diamonds and 24um-dark @reen diamondssources in
the G29-SFR cloud. The empty red and green diamonds indicgt -
sources wittMeny < 100Mg. Dashed lines indicate the thresholdg'g' The clump mass function

of the area defined by Faimali et al. (2012) for selecting eberigure[T5 shows the mass spectrum of the sources in the G29-
ded massive YSOs, at a luminosity10° Lo. SFR cloud. Olmi et al[{2013) have analyzed the whote30°

SDP field and estimated a statistical mass completeneds limi
from the 160um maps at the 80% confidence level, of V3

for a temperature of 20 K, a dust mass absorptiorffagent
Observations of OB associations and Giant Moleculas = 11cn? g, evaluated ato = ¢/250um, and a gas-to-dust
Clouds indicate that the overall star formatioffi@ency, ratio of 100 (Martin etal. 2012), a dust emissivity index paRd
SFE=Mstard (Mstars + Mgioud), is very low, ~3—4% (Evans & amedian distance for the whole field of 7.6 kpc. Assuming a dis
Ladal1991; Lada 1999). To estimate the SFE in the G29-Skmce of 6.2 Kpc for the G29-SFR cloud, the mass completeness
cloud, we first need the total gass mass of the clddigh,q, and limit is of ~49 M.

the mass of the stardlsiars The former can be estimated from  |f the source mass distribution can be represented by a power
the Hi-GAL data, whileMsars can be calculated by assumingaw of the typedN/dM o« Mgg, then the histogram of the
that the emission in the G29-SFR cloud is consistent with th@ass spectrum can be fitted with a straight line of slepe

of a stellar cluster. To check this, we calculated the Lymarhe solid line in the figures correspondsdo= 2.35, i.e., the
continuum,N.y, of the cloud by measuring the radio flux atSalpeter[(1955) Initial Mass Function (IMF), and the daslves!

20 cm, and compared this value with the bolometric luminsitto o = 1.70, corresponding to the mass function of molecular
Lbol, Of the cloud.Lpo Was calculated integrating the Hi-GAL clouds derived from gas, mainly CO, observations (e.g. Kram
emission, inside the same area used to estimate the ceettimetal [ 1998). The dotted line corresponds to the best-fit ptave

flux, in the 5 Hi-GAL bands and fitting the SED with a modifiedndex ofa = 2.15+ 0.30 obtained with a procedure that imple-
blackbody. The total radio flux at centimeter wavelengths igents both the discrete and continuous maximum likelih@ad e
30.6 Jy, which corresponds f6,=1.08 x 10°° s7*. The total timator for fitting the power-law distribution to data, apwith

Lol is 22 x 10°L,. For comparison, the sum dfyy of all a goodness-of-fit based approach to estimating the loweffcut
the sources that fall inside the area used to estimate the raaf the data (see Clauset et [al. 2009 and OImi et al. 2013 for a
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Fig.15. Left panel the mass spectrum of the sources in the G29-SFR cloud. Tl Iste represents the Salpeter IMF,
dN/dM o Mz2%°, the dotted line is a2.15 power law, and the dashed line is-&.7 power law. The vertical dotted line indi-
cates the completeness limit of 48, for a temperature of 20 KRight panel the normalized cumulative mass distribution of
sources with masses above 3@Q (well above the completeness limit: s¢d.4). The solid, dotted, and dashed lines are the same
as in the left panel.

detailed description of this method). This lower diitwill be regions mimics the stellar IMF (this work; Beltran et[al.0%)
indicated here aMl;;, which will thus represent the value belowseems to suggest that also in this case, the fragmentatinaof
which the behavior of the distribution departs from a poleer- sive clumps may determine the IMF and the masses of the final
Following Clauset et all (2009), we have chosen the vall,gf stars. In other words, the processes that determine thepclum
that makes the probability distributions of the measured dad mass spectrum might be self-similar across a broad range of
the best-fit power-law model as similar as possible abdye. clump and parent cloud masses.

In order to quantify the dierence between these probability dis-

tributions, the Kolmogorov-Smirnov statistics is usede Value

of Mins for the sources in the G29-SFR cloudi800+ 130M,. 5. Conclusions

This is well above the mass completeness limit. The righeba@g .
. . P e have conducted a far-infrared (FIR) study of the G29-SFR
shows the normalized cumulative mass distribution of the oud using the Hi-GAL data at 70, 160, 250, 350, and 500

sources with masses ab%f' _ aimed at identifying the sources associated with this mgtss
The best-fit power-law index of 2.15 obtained for the G29- star-forming region and estimate their physical propertie
SFR cloud is the same obtained by Olmi et al. (2013) for the A total of 198 sources have been detected in all 5 Hi-GAL
wholel = 30° SDP field. Miy is consistent within the errors hands. The mean and median values of their physical preperti
with the value of 20@: 79 M,, obtained for the whole field. The gre 0.36 and 0.36 pc for the radius, 379 and MLSor the mass,
power-law index is also consistent with the value of 2.20 ol:24 and 0.06 g cn? for the surface density, 29 and 25 K for the
tained by the same authors foe= 59, the second SDP field. temperature, @ x 10® and 470L,, for the luminosity, and 23 and
Mins for this fleI(_JI, 73 £ 2.2 Mg, is much lower than thg vf'ilue5 Lo /M, for the luminosity-to-mass ratio.
of ~300 M, estimated for the G29-SFR cloud, but this is not  The G29-SFR cloud is associated with 10 NVSS sources and
surprising taking into account that the= 59° region contains ith extended centimeter continuum emission well coreglat
mostly low- to intermediate-mass sources (the median nwass fith the 70um emission. This suggests that the cloud would
this field is of ab_out 2. Mo Olrr_n et al. 2013). These valuesggntain a group of H regions that are ionizing and disrupting
of the power-law index agree with the typical values found byine cloud. Assuming that the centimeter continuum emission
Swift & Beaumont((2010), for CMFs of both low- and high-masgomes from homogeneous optically thin regions, we estidhate
star-forming regions. This suggests that from the shap&ef nat most of the NVSS sources would be early B or late O types.
CMEF it is not possible to foresee affifirent evolution towards The cloud would also contain 3 sources, with one of them be-
the IMF for high- and low-mass star-forming clumps (Olmi €ing that associated with the G29-UC region, with spectrpksy
al.[2013). 05-06.5. The study of the distribution of masses, surface de
The value ofe = 2.15+ 0.30 is also consistent within the sities, luminosities, temperatures, and luminosity-@seratios
errors with the value of 2.35 of the stellar IMF (Salpéter 395 of the Hi-GAL sources as a function of the distance to the NVSS
The observational similarity between the CMF and the IMB fir sources indicates that the most massive and luminous sorce
noted by Motte et al[(1998) for the low-mass star-forming reéhe cloud are located close to the G29-UC region. This could
gion p Ophiuchi, has been since then observed in many othgrggest that there is a privileged area for massive starafiiom
low-mass star-forming regions (e.g. Simpson et al.200&afid towards the center of the G29-SFR cloud.
erences therein). This similar behavior has inspired tha thhat There are 117 Hi-GAL sources associated withuB#emis-
gravitational fragmentation plays a key role in determgnihe sion, called 24:m-bright, and 87 sources not associated, called
final mass of the stars, that is, the IMF, in clustered regio@4 um-dark. Both groups are uniformly distributed over the
(Motte et al.[1998). That the CMF of high-mass star-formingloud. The radius of 24im-dark and 24um-bright sources
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Table 1. Position, Hi-GAL fluxes, and MIPSGAL 24m association for the

sources detected Byerscheltowards the G29.960.02 cloud

«(J2000) _ 5(J2000) I b Sigm S160m Sa50m Sa50m Ss00mm
#1d. tms) () ) ) Jy) Jy) Jy) Jy) Jy) 24m MIPS
1 1846 06.05 -24118.3 29.93 -0.04 55:9 58:8 38:4 25:3 7.5:1.1 N
2 184551.92 -242238 29.89 +0.00 99:12 156:17 05:11 46:6 172 Y
4 1846 11.67 -23837.7 29.98 -0.04 0.520.11 245 36:8 24:5 14:3 N
5 18455957 -24310.4 29.89 -0.03 0.7@0.13 195 143 9.8:2.2 2.8:0.7 N
6 184557.49 -24404.1 29.87 -0.03 0.620.11 15:4 16:3 10:2 4.3:1.0 N
7 1846 05.63 -24432.8 29.88 -0.06 0.720.13 14:4 12:3 6.6:1.7 2.2:0.6 N
8 184606.38 -244459 29.88 -0.07 0.830.15 121 8.2:0.9 4.8:0.7 2.0:0.3 N
9 184625.08 -23752.2 30.02 -0.08 0.340.06  4.1:0.6 6.2:0.8 4.3:0.6 1.20.3 N
11 184626.19 -23703.1 30.03 -0.08  1.20.3 6.5:0.8 4.70.6 2.0:0.3 0.%0.1 N
12 184546.50 -23314.1 30.01 +0.09 0.3&0.07  3.81.2 9.5:1.2 6.4:0.9 2.8:0.4 N
13 18454853 -23740.9 29.95 +0.05 0.480.09 8.91.3 1262 7.261.1 3.6:0.5 N
14 184607.43 -23406.0 30.04 +0.01  3.80.43 161 8.6:1.0 4.70.6 1.8:0.2 Y
16 184641.10 -23628.9 30.07 -0.13 0.880.17 5.50.6 6.1:0.7 3.8:0.5 1.8:0.3 N
17 1846 40.03 -24149.3 29.99 -0.17  2.%0.3 8.9:1.0 11 7.9:1.0 4.0:0.6 Y
18 1846 41.04 -237058 30.06 -0.14 0.0%0.05 2.81.8 3.8:2.3 2.6:1.6 1.4:0.8 N
19 18464212 -23728.4 30.06 -0.14 0.7%0.13  6.:0.8 5.20.7 3.0:0.4 1.2:0.2 N
20 1846 40.78 -23944.2 30.02 -0.16 0.420.08  3.50.4 6.4:0.7 4.5:0.6 2.1:0.3 N
21 184639.64 -23514.3 30.08 -0.12 0.8%0.15 9.61.1 6.0:0.7 2.70.4 1.1:0.2 N
22 1846 42.42 -24007.0 30.02 -0.16 1.80.25 7.2:0.9 5.%0.6 2.5:0.3 0.9:0.1 N
24 1846 16.79 -23456.4 30.05 -0.03 0.8%0.11  4.806 5.3:0.6 3.2:0.4 0.%0.1 Y
25 18463169 -23713.6 30.04 -0.10 0.640.12  6.20.8 7.1:0.8 4.0:0.5 1.6:0.2 N
26 18461519 -23427.6 30.05 -0.02 0.480.09  3.60.4 6.1:0.7 3.%0.5 1.20.2 N
27 18464023 -234357 30.10 -0.11  1.40.2 7.2:1.0 5.9:0.8 3.0:0.4 1.3:0.2 N
31 184636.02 -24240.3 29.97 -0.16 0.380.07 3.50.4 6.9:0.8 5.3:0.7 2.9:0.4 N
33 184543.88 -237555 29.94 +0.07 2203  7.30821  5.60.6 2.5:0.3 0.%0.1 Y
34 184627.23 -23406.7 30.08 -0.06 0.7%0.13  5.80.7 5.3:0.6 2.8:0.4 1.6:0.1 N
35 18454920 -23518.6 29.99 +0.07  1.80.2 6.7:0.7 5.1:0.6 2.2:0.3 0.8:0.1 N
37 18454736 -23605.6 29.97 +0.07  1.1:0.2 6.3:1.1 5.0:0.9 2.9:0.5 1.2:0.2 Y
38 18465232 -23916.4 30.05 -0.20  2.a0.3 5.2:0.6 3.8:0.4 1.8:0.2 0.6:0.1 N
40 184548.46 -23447.7 29.99 +0.08 2204 5.1:0.9 3.8:0.6 1.9:0.3 0.%0.1 N
42 184622.46 -23406.8 30.07 -0.05  2.1:0.3 5.5:0.6 3.9:0.5 1.8:0.2 0.6:0.1 Y
44 1846 19.25 -24640.4 29.88 -0.13  3.40.5 7.3:0.9 5.0:0.6 3.2:0.4 1.4:0.2 N
45 184559.56 -24942.1 29.79 -0.08 0.540.10  6.:0.7 7.2:0.9 4.5:0.6 1.8:0.2 N
48 1846 16.81 -23347.2 30.06 -0.02  3.304 5.8:0.6 3.5:0.4 1.6:0.2 0.5:0.1 N
49 18465528 -23633.1 30.10 -0.19  1.80.3 5.1:0.6 4.1:0.5 2.0:0.3 0.8:0.1 N
54 18462885 -23114.1 30.12 -0.05  2.0.2 3.5:0.4 2.%0.3 1.1:0.1 0.2:0.03 N
55 184658.48 -235228 30.12 -0.19 0.6&0.12  4.%05 4.40.5 2.6:0.3 1.2:0.2 N
61 184649.82 -233426 30.13 -0.14 0.4%0.11  6.Z0.7 5.1:0.6 2.6:0.3 1.6:0.1 N
62 184628.18 -25000.2 29.84 -0.19  1.a0.1 4.0:0.4 3.5:0.4 1.9:0.2 0.9:0.1 N
64 184637.41 -24528.8 29.93 -0.19  1.1k0.1 5.0:0.6 4.6:0.5 2.6:0.3 1.6:0.1 Y
65 184556.00 -24946.6 29.79 -0.07  2.30.3 6.4:0.7 4.40.5 2.0:0.3 0.70.1 Y
66 18462851 -249157 29.86 -0.18  1.40.2 3.9:0.5 3.3:0.4 1.8:0.2 0.8:0.1 N
69 1846 17.94 -25146.3 29.80 -0.16  6.80.8 9.6:1.1 5.5:0.6 2.5:0.3 0.9:0.1 Y
70 184627.79 -25134.9 29.82 -0.20 0.320.06  3.%0.4 7.2:0.9 6.2:0.8 3.3:0.5 N
73 18462725 -25050.9 29.83 -0.19 0.420.08  2.:0.3 4705 3.5:0.5 2.0:0.3 N
74 184553.61 -24927.9 29.79 -0.06 0.280.19  7.%0.9 5.5:0.6 2.6:0.3 0.9:0.1 N
75 184629.85 -245188 29.92 -0.16 0.3¢0.13  4.30.5 3.1:0.3 1.4:0.2 0.4:0.1 N
77 18462322 -25044.3 29.82 -0.18  1.20.3 4.0:0.5 3.3:0.4 1.6:0.2 0.6:0.1 N
79 18461213 -25147.1 29.79 -0.14  1.20.2 8.1:0.9 5.9:0.7 2.70.4 0.%0.1 Y
81 18464058 -245458 29.93 -0.20  2.80.4 5.5:0.7 3.8:0.5 2.0:0.3 0.8:0.1 Y
83 184700.90 -235545 30.12 -0.20 0.630.11  2.80.3 3.1:0.3 1.9:0.3 0.8:0.1 N
86 184636.87 -24622.0 2991 -0.19 0.120.05 2.6:0.4 2.1:0.4 1.1:0.2 0.3:0.1 N
87 184634.97 -24554.8 29.92 -0.18 0.820.14  3.805 3.3:0.4 1.6:0.2 0.5:0.1 N
88 1846 46.84 -24332.0 29.98 -021 0.820.16 5.80.6 4.6:0.5 2.3:0.3 0.%0.1 N
90 184627.24 -24728.4 29.88 -0.16  1.40.2 4.3:0.6 3.8:0.5 2.0:0.3 0.%0.1 Y
98 18453530 -23833.8 29.91 +0.10  1.60.2 11 1061 6.7:0.9 3.4:0.5 N
99 184537.76 -235565 29.96 +0.11  2.%0.3 3.5:0.4 3.2:0.4 2.0:0.3 1.1:0.1 N
100 18464422 -24344.2 2997 -020  2.605 3.6:0.6 2.0:0.4 0.20.1  0.020.02 N
104 184617.83 -22950.3 30.12 +0.00 0.7@0.11  5.30.6 3.8:0.4 1.9:0.2 0.6:0.1 Y
109 184536.99 -241251 29.87 +0.07 0.9%0.18  4.6:0.6 3.5:0.4 1.6:0.2 0.6:0.1 N
111  184535.83 -24000.6 29.89 +0.08 0.760.13  3.%0.6 3.5:0.6 1.9:0.3 0.8:0.1 N
113 184531.58 -23933.8 29.89 +0.10 0.8%0.15  2.60.7 2.4:0.8 1.8:0.6 0.8:0.3 N
122  184609.87 -24108.1 29.94 -0.05  18z21 21925 11713 44:6 15:2 Y
123 184605.00 -24223.6 29.91 -0.04 46:8 210:24 17119 97:13 38:5 Y
124  184608.76 -24201.8 29.93 -0.05 3012 7722 57:16 28:8 6+2 Y
125  184611.87 -24130.7 29.94 -0.06 18427 162:22 79:11 40:6 20:3 Y
126 184612.87 -23858.3 29.98 -0.05 36:4 128:14 11112 66:9 294 Y
127 18460041 -24114.9 29.92 -0.02 12215 15Q:17 85:10 375 122 N
129  184559.01 -24110.1 29.92 -0.01 25:4 63:9 62:9 3415 15:2 N
130 184612.92 -23929.6 29.97 -0.05 0.650.12 647 92:10 56:7 25:4 N
131 18460645 -23749.2 29.98 -0.01 0.6%0.12 36:2 39:29 27:20 11:8 N
132 184610.96 -24328.2 29.91 -0.07 52:8 375 19:3 7.9:1.2 1.%0.3 Y
133  184613.16 -236356 30.01 -0.03 0.680.12 328 28:6 17:3.9 6.9:1.7 N
134 18455873 -240327 29.93 -0.01 0.580.10 283 4245 28:3.6 15:2 N
135  184613.04 -24337.9 2991 -0.08 26:21 8.4c7 3.0:2.5 1.41.1  0.090.02 Y
136  184613.66 -23729.1 30.00 -0.04 0.5%0.09 12:3 14:2 8.6:1.6 2.9:0.6 N
137  184555.11 -23919.5 29.94 +0.02 182 617 4615 22:2.8 6.9:1.0 Y
138 184617.21 -23817.4 30.00 -0.06  7.41.1 15:2 122 6.0:0.9  0.880.21 Y
139 184623.72 -24101.0 29.97 -0.10 233 233 15:2 7.2:0.9 1.20.2 Y
141  184607.15 -24458.5 29.88 -0.07 5527 5.5:2.6 2.6:1.2 1.10.6  0.190.16 N
142 18455210 -24346.4 29.87 -0.01 0.6%0.12 2a:3 212 9.8:1.3 3.0:0.4 N
143  184617.64 -23806.9 30.00 -0.06  2.Z1.8 1.81.3  0.8%0.79 0.1@0.02  0.02:0.02 Y

17



18

Beltran et al.: Hi-GAL sources in the G29.96.02 cloud
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«(J2000)  5(J2000) I b S7gum S16qim Sos0:m Sasqm Ss0qm
#1d. tms) () ) ) Jy) Jy) Jy) Jy) Jy) 24m MIPS
144  184622.17 -23704.6 30.02 -0.07 112 0.8:2.2 7.2:1.8 3711 1.4:0.5 N
147  184620.96 -23857.5 30.00 -0.08 16:2 111 5.9:0.7 1.802  0.330.06 Y
148  184554.33 -23821.9 29.95 +0.03  2.60.4 30:3 273 14:2 6.6:0.9 Y
149  184553.99 -23852.9 29.94 +0.02  3.60.5 30:4 25:3 132 5.4:0.8 N
150 184555.02 -24559.7 29.84 -0.03  1.90.4 30:4 314 172 5.7:0.8 N
151  184554.60 -24542.7 29.84 -0.03 0.620.13 112 132 9.3:1.3 5.1:0.8 N
152  184603.88 -24831.2 29.82 -0.09  4.20.8 32:4 2242 10:1 3.0:0.4 Y
153  184601.99 -23529.2 30.01 +0.02 233 233 131 5.2:0.7 1.5:0.2 Y
155  184546.45 -24247.2 29.87 +0.02  1.40.7 182 112 9.2:2.0 4.2:0.9 N
159  184547.89 -24439.4 29.85 +0.00  2.80.4 273 30:3 19:2 7.8:1.1 Y
160 184555.86 -23723.3 29.97 +0.03 161 172 111 4.0:05  0.5%0.10 Y
161 18455342 -24527.1 29.85 -0.02 0.8%0.16 112 9.5:1.3 4407  0.810.17 N
162 18461553 -244185 29.90 -0.10 4.8&1.4 9.8:1 9.6:1.2 5.%0.8 2.8:0.4 N
163  184601.89 -24700.7 29.84 -0.07 0.6%0.12 1a:8 10:8 5.8:4.4 2.4:1.8 N
164  184551.09 -24430.4 29.86 -0.01 0.6%0.12 6.k15 7.2:1.7 4712 2.8:0.7 N
165 184608.89 -23516.5 30.03 -0.00  5.Z0.7 1261 1261 7.0:0.9 2.4:0.3 Y
167 184611.40 -24824.1 29.84 -0.11 161 1242 7.9:1.0 3.2:0.5 1.6:0.2 Y
168  184601.66 -24749.7 29.83 -0.07  3.50.6 22:2 172 9.0:1.2 3.3:0.5 Y
169  184544.69 -24224.9 29.87 +0.03  5.:0.7 9.6:1.1 7.0:0.8 3.%0.6 2.5:0.4 Y
170  184629.94 -23627.1 30.05 -0.09  4.50.6 16:2 121 6.0:0.8 2.2:0.3 Y
171  184559.89 -247255 29.83 -0.06 0.520.11 13:1 20:2 122 4.4:0.6 N
172  184542.87 -242535 29.86 +0.03  4.30.6 213 273 19:3 122 Y
175  184631.77 -23933.6 30.01 -0.12 05&0.10  7.80.9 1261 9.7+1.3 5.8:0.8 N
177 184605.18 -23009.6 30.09 +0.05 131 26:3 18:2 8.9:1.2 3.6:0.5 Y
178  184647.22 -23936.4 30.03 -0.18  3.Z05 172 14:2 6.8:0.9 2.9:0.4 Y
179 18464273 -23541.6 30.08 -0.13  6.10.7 6.5:0.7 3.6:0.4 1.20.2  0.7:0.11 Y
180 184650.21 -241365 30.01 -0.21  7.60.8 1482 8.5:0.9 3.8:0.5 1.3:0.2 Y
182  184556.20 -24713.3 29.82 -0.05 1.60.4 273 233 1242 4.2:0.6 Y
184  184544.88 -24331.6 29.86 +0.02  1.605 14:2 172 122 7.1+1.1 Y
185  184623.02 -24349.3 2993 -0.12  4.306 7.5:0.9 4.80.5 1.90.2  0.64:0.09 Y
186  184615.38 -24944.0 29.82 -0.14  4.6:0.6 8.9:1.0 4.6:0.5 1902  0.720.11 Y
187  184549.75 -23248.2 30.03 +0.09  5.2:0.6 19:2 14:2 5.6:0.7 2.2:0.3 Y
188  184646.27 -23620.0 30.08 -0.15 2.:0.3 6.10.7 4.0:0.5 1202  0.620.09 Y
189  184646.57 -23542.9 30.09 -0.15  6.60.8 8.71.1 5.5:0.7 2.8:0.4 1.3:0.2 Y
191  184648.73 -24017.9 30.03 -0.19  3.80.4 1261 8.8:1.0 4.0:0.5 1.3:0.2 N
192 18464278 -23849.1 30.04 -0.16 0.9%0.16  9.6:1.1 6.6:0.8 2904  0.79%0.13 Y
193  184550.00 -23049.7 30.06 +0.10 0.540.10 162 133 9.8:2.0 4.71.0 N
194 18454593 -23636.7 29.96 +0.08 15:2 18:2 121 5.8:0.7 2.6:0.4 Y
195 184631.55 -232345 30.11 -0.07 0.3@0.08 5.:0.6 7.2:0.9 6.4:0.9 3.3:0.5 Y
196 184547.56 -23722.7 29.95 +0.06  3.1:0.4 15:2 111 5.6:0.7 2.2:0.3 Y
197  184652.33 -24002.5 30.04 -0.20  9.91.2 12:1 6.7:0.8 2303  0.31%0.06 Y
198  184550.16 -23501.3 29.99 +0.07  9.31.0 14:2 7.0:0.8 2.80.4  0.8%0.12 Y
1909  184648.81 -24117.3 30.01 -0.20 1261 19:2 10:1 3.9:0.5 1.6:0.1 Y
200 18461048 -246235 29.86 -0.09 0.6%0.12 1021 9.7:1.1 5.2:0.7 2.0:0.3 N
201 184633.82 -234233 30.09 -0.09  5.40.6 8.9:1.0 5.1:0.6 2403  0.720.11 Y
202 18464527 -23916.9 30.04 -0.17 2304 7.2:1.1 4.4:0.7 1.20.3  0.46:0.09 Y
203 18454577 -23900.4 29.93 +0.05 1.50.2 1261 121 7.1+0.9 3.0:0.4 Y
205 18465216 -24207.0 3001 -0.22  6.20.8 13:1 8.5:0.9 3.%0.5 1.2:0.2 Y
207 184614.92 -25017.6 29.81 -0.14 13:2 9.2:1.3 4.6:0.6 1.803  0.610.10 Y
208 18455955 -24826.6 29.81 -0.07 0.8%0.16  6.6:0.8 4705 1.80.3  0.420.08 N
209 18454244 -23126.2 30.03 +0.12 0.520.09 143 235 16:4 7.8:2.0 N
210 18464913 -23804.4 30.06 -0.17 9.51.1 9.3:1.0 5.0:0.6 2.0:03  0.4%0.07 Y
212 18455040 -24758.4 29.80 -0.03  1.30.2 10:1 121 81 3.6:0.5 N
213  184651.47 -23802.6 30.07 -0.18  6.20.7 1k1 6.8:0.8 2.20.4  0.96:0.13 Y
214 18454398 -24511.7 29.83 +0.01  5.20.6 212 233 132 5.0:0.7 N
215 184556.64 -234452 30.01 +0.05 1.1:0.1 7.5:0.9 9.6:1.0 5.8:0.8 2.70.4 Y
217 184553.82 -24655.7 29.82 -0.04 0.720.14 131 10:1 4.8:0.6 1.9:0.3 N
219  184601.96 -23047.6 30.08 +0.06 0.220.21  6.20.9 5.2:0.7 2504  0.690.12 Y
220 18461412 -23210.8 30.08 +0.00  4.20.4 101 7.0:0.8 3.1:0.4 1.2:0.2 Y
221 18461014 -25121.1 2979 -0.13  3.304 1261 7.7:0.9 3.204  0.9%0.14 Y
228 18455023 -248252 29.80 -0.03 0.420.15 161 9.9:1.1 4.8:0.6 1.6:0.2 Y
232 18453561 -23904.1 29.91 +0.09  2.a0.3 1k1 9.2:1.0 4.4:0.6 1.20.2 N
242  184603.84 -23921.2 29.96 -0.02 7233809 1818202 49856 348:45 10515 Y
243 18455945 -24505.8 29.86 -0.04 55262 228:25 115:13 56:7 20:3 Y
245 18461125 -241562 29.93 -0.06 60568 338:38 184:21 9012 28:4 Y
247  184617.08 -236435 30.02 -0.05 60167 28a:31 142:16 65:8 25:3 Y
251  184554.67 -24253.2 29.86 -0.01 22225 76:8 40:4 15:2 3.2:0.5 Y
253  184601.75 -24527.7 29.86 -0.05 35239 186:21 91:10 365 132 Y
254  184607.24 -24220.7 29.92 -0.05 99:14 17324 116:16 49:7 16:3 Y
257  184606.94 -24258.6 29.91 -0.06 14234 97:24 50:12 25:6 7.0:1.8 Y
258 18455572 -24231.1 29.89 -0.01  17&22 92:12 48:6 254 112 Y
250  184607.95 -24323.8 29.90 -0.06 17520 78:10 435 18:3 6.2:0.9 Y
262 184604.86 -24244.1 29.91 -0.05 81:10 106:12 58:7 19:2 6.5:0.9 Y
268 18454564 -23152.3 30.03 +0.11 9811 48:5 263 132 7.1+1.0 Y
269 18454456 -23218.4 30.02 +0.11 21524 88:10 415 16:2 4.5:0.6 Y
270  184609.73 -24341.7 29.90 -0.07 11614 60:7 263 1061 2.6:0.4 N
274  184608.27 -24804.0 29.83 -0.10 10412 445 26:3 111 4.2:0.6 N
275 18454400 -23200.3 30.03 +0.11 12314 61:7 30:3 13622 4.1:0.6 Y
276  184608.37 -24745.6 29.84 -0.10 192 16:2 132 9.0:1.2 3.9:0.6 Y
278 18463543 -24034.6 30.00 -0.14 334 36:4 26:3 15:2 6.5:0.9 Y
280 18462629 -24055.9 29.98 -0.11 62:7 4615 233 8.9:1.2 2.2:0.3 Y
281 184601.29 -24623.4 29.85 -0.06 637 56:7 36:4 172 5.0:0.7 Y
282  184551.24 -23017.7 30.01 +0.10 1213 50:6 24:3 9.5:1.2 3.6:0.5 Y
285 184606.28 -23013.5 30.10 +0.04 243 19:2 111 5.3:0.7 2.2:0.3 Y
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286 184559.66 -22909.3 30.10 +0.08 212 32:4 26+3 14:2 5.8:0.8 Y
288  184623.02 -24305.6 29.94 -0.12 46:5 33:4 172 6.8:0.9 2.4:0.3 Y
289 18462269 -24012.0 29.98 -0.09 344 34:4 10:2 8.2:1.1 2.2:0.4 Y
201 18461154 -244153 29.90 -0.08 26:3 9.0:15 4.0:0.8 1.404  0.140.12 Y
292  184614.13 -24328.8 2991 -0.09 10:2 9.4:1.9 4.3:0.9 1904  0.320.12 Y
293  184621.84 -24030.7 29.97 -0.09 35:4 25:3 131 45:06  0.9%0.17 Y
204 18462527 -240357 29.98 -0.11 212 18:2 12:1 5.9:0.8 2.6:0.4 Y
301 18460574 -24828.1 29.82 -0.09 3a:3 28:3 222 12:2 4.7:0.7 N
305 184617.13 -24857.3 29.84 -0.14 243 172 9.3:1.0 4.3:0.6 1.20.2 Y
306 18461561 -24921.4 29.83 -0.14 1201 121 6.8:0.8 2.6:03  0.70:0.10 %
307 18462252 -24150.2 29.95 -0.10 10:2 8.3:1.38 5.2:1.1 2305  0.790.19 Y
309 184607.27 -24857.0 29.82 -0.10 16:2 8.2:0.9 4.5:0.6 1.9:0.3 1.6:0.1 N
311  184603.84 -23631.1 30.00 +0.01 16:1 111 111 7.1£0.9 2.2:0.4 Y
318 18460561 -23517.5 30.02 +0.01 1201 14:2 111 5.9:0.8 1.%0.2 Y
323  184603.43 -23520.1 30.01 +0.02 222 15:2 5.7:0.7 11202  0.36:0.09 %
324  184557.37 -23650.2 29.98 +0.03 213 18:2 8.2:0.9 2.804  0530.10 Y
325 18455612 -24838.9 29.80 -0.06 334 24:3 12:1 4.6:0.6 1.3:0.2 Y
326 184627.13 -23948.3 2999 -0.11  6.30.8 4.6:0.6 2.6:0.4 0.9:0.2  0.080.02 Y
327 184619.36 -245064 29.90 -0.12  9.31.1 6.10.7 2.9:0.4 1.402  0.450.08 Y
329 18460585 -23033.3 30.09 +0.04 25:3 233 12¢1 4.4:06 1.10.2 Y
332 184621.60 -25008.4 29.83 -0.16  9.51.1 4.405 3.4:0.4 1502  0.450.07 %
335  184556.04 -23747.5 29.96 +0.02  8.%1.2 7.4:1.2 3.3:0.6 0.6:0.2  0.080.02 Y
338 184649.17 -23609.5 30.09 -0.16 111 14:2 7.6:0.8 3.2:0.4 1.10.2 Y
339 18462046 -246341 29.88 -0.13  7.90.9 8.0:0.9 4.9:0.6 2.3:0.3 1.2:0.2 Y
340 18464022 -238115 30.04 -0.14  6.20.7 8.8:1.0 6.8:0.8 3.5:0.5 1.4:0.2 Y
341  184640.16 -23534.1 30.08 -0.12 131 9.4:1.1 3.2:0.4 1.6:01  0.3%0.05 Y
342 18454277 -237224 2995 +0.08 212 172 8.3:0.9 3204  0.940.13 Y
343 18461514 -25114.3 2980 -0.15  5.90.7 9.1:1.0 6.6:0.7 3304  1.20.17 Y
344 18462504 -248464 29.86 -0.17  8.0:0.9 5.10.6 2.6:0.3 1202  0.5%0.07 Y
349  184649.98 -24249.3 2999 -0.21 131 47:05 2.0:0.3 096015 0.350.06 Y
352 184613.30 -232358 30.07 +0.00  2.403 4.405 3.3:0.4 1.6:02  0.46:0.06 Y
357 18455860 -23502.0 30.01 +0.04 0.3%0.09 2.80.7 5.9:1.3 5.5:1.2 2.9:0.7 Y
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Table 2. Mid-infrared fluxes used for the SED fitting

A S
#1d2 Instrument m) (Jy)
132 MIPSGAL 24 0.44
135 MIPSGAL 24 0.27
143 MIPSGAL 24 0.024
147 MIPSGAL 24 0.047
242 MSX 21 1340
243 MSX 21 19
245 MSX 21 26
247 WISE 22 16
251 MIPSGAL 24 4.6
253 WISE 22 9.9
257 WISE 22 4.3
258 MIPSGAL 24 1.5
259 MIPSGAL 24 1.2
268 MIPSGAL 24 2.0
269 MIPSGAL 24 3.9
270 WISE 22 1.3
274 WISE 22 2.7
275 MIPSGAL 24 1.02
282 MIPSGAL 24 1.1
285 MIPSGAL 24 0.74
288 MIPSGAL 24 0.52
291 MIPSGAL 24 0.021
305 MIPSGAL 24 0.31
309 WISE 22 0.49
327 MIPSGAL 24 0.20
342 MIPSGAL 24 0.16
344 MSX 21 8.0
349 MIPSGAL 24 0.39

8 The number corresponds to the Hi-GAL identification numBaib(e 1).
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Table 3. Properties of the Hi-GAL sources in the G29-:9602 cloud from the
SED fitting

0 T Meny z Lbol
#1d. B ) K (Mg) (gent?) (Lo)
1 0.8 19.44 419 645 0.50 3823
2 14 2748 274 966 0.38 7577
4 1.2 21.81 15.8 2426 15 705
5 2.2 18.75 15.8 216 0.18 438
6 18 18.30 15.8 457 0.40 427
7 2.2 17.67 15.8 172 0.16 363
8 14 18.91 18.7 257 0.21 272
9 2.0 18.19 12.9 272 0.24 111
11 1.8 23.06 21.6 41 0.02 233
12 26 2226 10.0 513 0.31 123
13 1.0 2556 18.7 543 0.25 253
14 0.8 26.24 274 204 0.09 400
16 0.6 2391 24.5 323 0.17 188
17 0.4 27.48 27.4 724 0.28 405
18 1.2 17.28 15.8 257 0.25 75
19 1.6  24.07 18.7 115 0.06 185
20 1.8 26.33 129 363 0.15 103
21 1.8 2748 18.7 91 0.04 226
22 1.6  26.38 21.6 68 0.03 247
24 1.8 24.39 18.7 72 0.04 180
25 1.4 2615 216 172 0.07 197
26 20 2427 12.9 257 0.13 105
27 1.2 23.59 24.5 122 0.06 232
31 26 2148 10.0 431 0.28 104
33 1.8 2380 216 48 0.03 277
34 1.6  26.87 18.7 108 0.04 175
35 1.8 2400 245 36 0.02 243
37 1.2 19.97 21.6 129 0.10 190
38 1.4 2316 24.5 46 0.03 208
40 1.2 18.57 27.4 54 0.05 222
42 1.4  26.38 24.5 46 0.02 208
44 0.4 2537 332 172 0.08 315
45 1.2 23.28 21.6 243 0.13 193
48 1.4 2249 27.4 32 0.02 269
49 1.0 20.18 27.4 i 0.06 201
54 24 2240 216 7.7 0.005 183
55 24 2159 12.9 108 0.07 96
61 24 2720 158 54 0.02 176
62 06 23.19 27.4 122 0.07 136
64 1.0 19.60 245 122 0.09 170
65 1.4 2480 245 54 0.03 247
66 0.8 2430 274 91 0.05 158
69 1.2 25.05 303 58 0.03 494
70 24 2443 10.0 645 0.32 111
73 26 2441 10.0 305 0.15 70
74 2.2 24.87 15.8 72 0.03 152
75 26 2323 15.8 23 0.01 114
7 1.0 2161 27.4 58 0.04 181
79 20 2748 24.5 32 0.01 287
81 0.8 2163 303 7 0.05 244
83 24 2339 12.9 7 0.04 67
86 2.2 12.81 15.8 27 0.05 58
87 1.6 2550 216 38 0.02 139
88 20 2748 18.7 48 0.02 187
90 1.2 27.11 24.5 61 0.02 173
98 0.8 2748 245 513 0.20 336
99 04 2296 332 108 0.06 199
100 2.4 16.04 245 3.8 0.004 206
104 2.0 25.49 18.7 41 0.02 157
109 1.6 19.07 21.6 43 0.04 156
111 1.2 21.09 216 86 0.06 127
113 2.0 19.03 12.9 122 0.10 50
122 1.8 26.27 274 575 0.25 12985
123 14 2486 216 3234 1.54 7446
124 2.6 13.86  39.0 102 0.16 3544
125 0.6 23.61 419 1288 0.68 11232
126 0.6 1955 274 3844 3.0 4647
127 1.4 2826 303 645 0.24 8845
129 0.4 21.03 303 2161 14 2651
130 2.2 26.26 12.9 2883 1.2 1739
131 1.4  20.69 15.8 2041 14 821
132 1.2 2430 419 81 0.04 3765
133 1.8 19.34 158 767 0.60 677
134 1.2 21.90 15.8 2883 1.8 798
135 20 1832 39.0 4.3 0.004 1369
136 1.8 21.60 15.8 363 0.23 339
137 1.8 28.28 216 431 0.16 2338
138 2.2 2119 216 48 0.03 713
139 1.4 2427 36.1 86 0.04 1555
141 2.4 12.37 245 6.5 0.01 345
142 2.0 27.48 15.8 343 0.13 461

143 1.0 1480 448 3.8 0.005 140
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Table 3 — Continued

0 T Meny z Lbol
#d. B ) K (Mg) (gent?) (Lo)
144 0.6 26.62 39.0 115 0.05 720
147 1.6 2434 36.1 16 0.008 1041
148 1.4 26.16 18.7 767 0.33 811
149 1.8 22.43 18.7 384 0.23 919
150 2.2 25.70 15.8 431 0.19 915
151 1.6 28.24 216 609 0.23 312
152 22 3000 187 162 0.05 930
153 1.6 30.00 36.1 51 0.02 1528
155 04 2492 245 1147 0.54 337
159 1.4 26.74 187 861 0.35 885
160 2.6 25.77 30.3 12 0.005 894
161 2.6 23.14 216 32 0.02 237
162 1.6 2409 216 243 0.12 258
163 2.0 16.97 21.6 136 0.14 265
164 0.6 1739 216 484 0.47 200
165 0.8 2447 30.3 272 0.13 594
167 1.6 2325 274 51 0.03 702
168 14 3000 216 288 0.09 661
169 0.4 17.80 33.2 243 0.23 445
170 1.4 2520 274 153 0.07 563
171 1.6 2154 158 645 0.41 405
172 0.4 2567 274 5432 2.4 860
175 0.4 1739 216 2426 2.4 279
177 1.0 30.00 274 323 0.11 1017
178 1.4 2593 216 243 0.11 559
179 1.0 2250 36.1 38 0.02 425
180 1.4 2270 303 72 0.04 617
182 2.2 29.25 15.8 323 0.11 686
184 0.4 28.02 245 2426 0.91 469
185 1.8 2495 245 31 0.01 363
186 1.8 2768 274 27 0.01 362
187 1.8 30.00 27.4 97 0.03 639
188 1.4 2414 245 48 0.02 220
189 0.6 2457 36.1 108 0.05 476
191 1.8 2575 216 81 0.04 466
192 2.0 2494  18.7 61 0.03 234
193 2.2 16.71 21.6 288 0.30 314
194 0.6 28.03 39.0 216 0.08 1094
195 0.6 18.93 18.7 861 0.71 184
196 14 3000 216 204 0.07 470
197 26 2799 303 6 0.002 724
198 20 2868 245 34 0.01 668
199 2.0 2981 245 46 0.02 891
200 2.2 26.78 21.6 91 0.04 260
201 1.4 30.00 303 41 0.01 422
202 2.0 2403 216 27 0.01 249
203 1.0 2512 216 384 0.18 368
205 1.4 30.00 303 68 0.02 596
207 1.4 2540 36.1 24 0.01 694
208 2.2 22.35 18.7 29 0.02 173
209 0.4 2335 187 2883 1.6 423
210 2.0 29.79 274 16 0.005 618
212 0.8 17.82 216 543 0.50 340
213 1.8 29.56 245 43 0.02 513
214 2.6 29.64 129 407 0.14 456
215 0.8 2520 216 431 0.20 270
217 2.4  30.00 15.8 102 0.03 331
219 24 28.04 158 48 0.02 154
220 14 30.00 245 86 0.03 391
221 2.0 2899 216 48 0.02 441
228 2.2 27.80 15.8 129 0.05 267
232 1.6 30.00 245 108 0.04 344
242 0.8 1939 76.7 2883 2.3 791095

251 1.6 21.38 564 72 0.05 13062
253 1.8 2742 622 193 0.08 23156
254 14 2255 274 1023 0.59 7999
257 0.6 1957 593 457 0.35 11617
258 0.8 21.06 4438 513 0.34 10648
259 1.2 2391 419 229 0.12 10559
262 24 2282 448 77 0.04 6097
268 0.4 16.48 535 384 0.42 5751
269 14 2691 4438 129 0.05 15111
270 1.4 2558 535 72 0.03 8826
274 0.6 2540 56.4 216 0.10 7396
275 1.2 2945 419 162 0.06 7511
276 0.4 1175 39.0 323 0.69 1204
278 0.4 1371 39.0 609 0.96 2268
280 1.8 2285 419 54 0.03 3690
281 1.4 2787 419 204 0.08 4078
282 1.0 2769 4438 162 0.06 5954

285 0.4 1501 535 144 0.19 1966
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Table 3 — Continued

0 T Meny z Lbol

#d. B ) K (Mg) (gent?) (Lo)
286 0.6 1434 36.1 645 0.92 1637
288 0.8 23.29 477 144 0.08 3018
289 12 26.84 39.0 136 0.06 2195
291 2.6 2419 303 3.8 0.002 1390
292 2.0 1877 27.4 15 0.01 584
293 2.2 2786 274 31 0.01 1965
294 0.6 23.29 419 193 0.11 1375
301 0.4 30.00 419 513 0.17 1957
305 0.6 30.00 47.7 102 0.03 1619
306 1.6 2390 303 32 0.02 779
307 1.0 2163 36.1 48 0.03 604
309 0.4 2486 59.3 51 0.02 1206
311 04 1335 36.1 323 0.53 717
318 0.8 1552 36.1 153 0.19 875
323 2.6 2719 274 6.5 0.003 1195
324 2.6 2465 245 14 0.007 1224
325 1.6 27.05 39.0 41 0.02 1978
326 26 2405 245 3.8 0.002 344
327 0.6 22.58 50.6 31 0.02 634
329 2.0 26.47 274 41 0.02 1554
332 0.8 26.97 4438 27 0.01 565
335 24 2601 274 3.8 0.002 421
338 1.4 30.00 332 51 0.02 778
339 0.6 25.09 39.0 81 0.04 509
340 0.8 2185 33.2 115 0.07 471
341 22 3000 332 5.8 0.002 688
342 1.0 2591 419 58 0.03 1512
343 1.0 26.35 30.3 91 0.04 474
344 0.8 25.27 448 26 0.01 505
349 1.0 30.00 50.6 12 0.004 821
352 1.4 1762 27.4 32 0.03 213

357 04 966 21.6 683 2.2 140
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