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ABSTRACT

Massive clumps, prior to the formation of any visible praé&ws, are the best candidates to
search for the elusive massive starless cores. In this werknvestigate the dust and gas
properties of massive clumps selected to bamQquiet, therefore good starless candidates.
Our sample of 18 clumps has masses 30@ < 3000 M,, radius 054 < R < 1.00 pc, surface
densitiest > 0.05 g cnT? and luminositymass ratio IM< 0.3. We show that half of these
70um quiet clumps embed faint 24n sources. Comparison with GLIMPSE counterparts
shows that 5 clumps embed young stars of intermediate rstabas up to~ 5.5 My. We
study the clump dynamics with observations ofH-N (1-0), HNC (1-0) and HCO (1-0)
made with the IRAM 30m telescope. Seven clumps have blugedtgpectra compatible with
infall signatures, for which we estimate a mass accretiom @94 < M < 2.0 x 103 Mg
yr~t, comparable with values found in high-mass protostellgiores, and free-fall time of
the order oft;s ~ 3 x 10° yr. The only appreciable flerence we find between objects with
and without embedded 24n sources is that the infall rate appears to increase fropm24
dark to 24um bright objects. We conclude that all @t quiet objects have similar properties
on clump scales, independently of the presence of an embguid®star. Based on our data
we speculate that the majority, if not all of these clumps mlagady embed faint, low-mass
protostellar cores. If these clumps are to form massive dtsis must occur after the formation
of these lower mass stars.

1 INTRODUCTION must be protostellar. The remaining one has only a tentatitfiow

) ) . . ) detection, and could potentially be in a prestellar phase.
Massive stars play a crucial role in the formation and gaglkenr

ment of the hosting Galaxy, and yet the formation mechanitm o
these extreme objects is unclear (Beuther et al. 2007; Zkanek
Yorke 2007; Tan et al. 2014). The massive star formationrsegi
in molecular clouds with sticient density to form massive objects
(Tan et al. 2014). Some of these regions have been detecsdd in
sorption against the strong 8 and 2#h background, the so-called
IRDCs (Perault et al. 1996; Carey et al. 1998). Massive $tans

in the densest part of the natal molecular cloud, within emsd-

Starless clump candidates are hard to find, in particular for
their short lifetime, of the ordert 10* yr (Motte et al. 2007). The
identification of a statistically significant number of thesandi-
dates in the Galaxy requires unbiased surveys of the GaRlethe
at wavelengths which allows us to trace the cold dust eneslop
of these star forming regions, which emit principally in tae-
infrared (FIR)sub-mm.

The ATLASGAL survey (Schuller et al. 2009) observed a

tions that are called clumps (Blitz 1993; Zinnecker & Yorke0Z;
Tan et al. 2014), objects with size 0.5 — 2 pc (Urquhart et al.
2014; Traficante et al. 2015a). The most massive of thesenggi
with surface density in excess Bf= 0.05 g cnt? (Urquhart et al.
2014), and with no signatures of on-going star formationviagt
are ideal massive starless clump candidates.

wide portion of the | and IV quadrant of the Galactic plane at
870um and produced a survey of starless clumps in the region
10 <1 <20, |b] < I° (Tackenberg et al. 2012). This survey iden-
tified 210 starless clumps, but only 14 which may form starsemo
massive than 20 M The search for young massive cluster (YMC)
precursors in the range 2¢ | > 280°, combining ATLASGAL

These extremely young clumps may be the precursors of mas-data with methanol emission, found only 7 potential YMC dand

sive starless cores, an initial condition required in careretion
models of star formation (Tan et al. 2014). Itis however nell de-
termined if massive clumps embed massive starless coréshey
fragment into a number of low-mass cores. In a sample of 9-high
mass infared-quiet cores in Cygnus X, Duarte-Cabral e2all )
found that 8 out of 9 of these cores are driving outflows, thoeee

dates (Urquhart et al. 2013). In the characterization ofptteper-
ties of cluster progenitors combining the MALT90 (Jacksbmle
2013) and the ATLASGAL surveys, Contreras et al. (2017) iden
fied 24 over 1244 sources as potential starless candidadesnéyn
1 clump with properties consistent with a YMC precursor. fengt
search for young massive cluster progenitors in the Galaetn-



ter using ATLASGAL and the KO southern Galactic plane sur-
vey (HOPS) found that all YMC candidates are already forming
stars (Longmore et al. 2017). These results are in agreewitnt
the finding of Ginsburg et al. (2012) using the Bolocam Gatact
Plane survey (BGPS, Aguirre et al. 2011). These authorgisedr
for massive clumps in the first quadrant and found that nore wa
effectively starless. More recently Svoboda et al. (2016)titled
over 2000 starless clump candidates in the entire BGPSysana

a lack of candidates with masses in excess 6f\g.

A major contribution to the field comes from thierschelsur-
vey of the Galactic Plane, Hi-GAL (Molinari et al. 2010). BIAL
observed the entire Plane in the wavelength range 26< 500um
allowing a direct estimation of temperature, mass and |ositp
of the clumps with known distances. In particular, since phes-
ence of a 7@um source is interpreted as a signpost of protostellar
activity (Dunham et al. 2008), the Hi-GAL survey allows a cha
acterization of hundreds of 70n quiet clumps, i.e. starless clump
candidates (Veneziani et al. 2013; Elia et al. 2013; Elia &let
2017). A first search of starless clumps with Hi-GAL was @dri
out by Veneziani et al. (2013). These authors analyzed Hi-6&
ence verification data taken in twé 22° wide regions centered on
| = 30 andl = 59 and found hundreds of starless clump candi-
dates. In ax 10° wide region of the outer Galaxy Elia et al. (2013)
identified 688 starless clumps, the majority of them graiciteally
bound sources.

Combining the Hi-GAL data with the comprehensive cata-
logue of IRDCs of Peretto & Fuller (2009), Traficante et a{2a)
have performed a survey of starless and protostellar cluaaps-
ciated with IRDCs with known distances 3500) in the Galactic
range 15 < | < 55°. These authors found 667 starless clump can-
didates with masses up to1®,, =~ 240 of which with surface
densityZ > 0.05 g cnT?, so potentially forming massive stars.

In this paper we present a detailed study of a sample phv0
quiet clumps mostly extracted from the Traficante et al. §201
catalogue for which we made follow-up observations in thesde
molecular tracers MH* (1-0), HNC (1-0) and HCO (1-0) with
IRAM 30m telescopk A second paper in this series (Traficante
et al. 2017, submitted; hereafter, Paper Il) is dedicatedeastudy
of the properties of the non-thermal motions of these clumps

This paper is divided as follow: in Section 2 we present the
observations of the dust continuum and the line emissio&eicr
tion 3 we describe the photometry steps that we follow to inbta
the fluxes of these clumps combining the Hi-GAL, ATLASGAL

mass M> 300 M, bolometric luminosity over envelope mass ra-
tio L/M < 0.3 and very low dust temperature<T5 K), indica-
tive of very young stage of evolution (see Section 4), no éamtj
emission at 7@m after visual inspection of each source and no
counterparts in the MSX and WISE catalogues in corresparaen
of theHerscheldust column density peak. In addition, we checked
for different masers emission associated with these clumps, as they
are an indication of on-going star formation activity. Waushed

in the methanol multibeam survey (MMB, Green et al. 2009) and
found no Class Il CHOH masers in the sources of our sample
(Breen et al. 2015); from the MMB survey we also searched for
hydroxyl (OH) masers at 6035 MHz (Avison et al. 2016), a trans
tion often associated with high-mass star forming regiansg, also
found no associations. We searched for;OH and OH masers us-
ing also the Arecibo surveys of Olmi et al. (2014), which isreno
sensitive than the MMB survey and it is targeted to identifsak
masers associated with Hi-GAL high-mass objects. We foumd n
CH3;OH masers at distances less then”16@m the source cen-
troids. We found one source, 34.131075, with a weak OH maser
(peak emission of 20 mJy 30 above ther.m.s.of the observa-
tions made with the Arecibo telescope, Olmi et al. 2014)afyn

we checked several surveys of water masers in the first guiadra
(Merello & et al. 2017, and references therein) and fountahdy
one source, 23.271-0.263, has gCHmaser association (at 3”
from the source centroid), identified in the survey of Svabetial.
(2016). Note that the source 18.787-0.286 is classifiechaless in
Traficante et al. (2015a) catalogue and has no maser asspsjat
although it shows a 70m counterpart. The 7@m source however

is faint, with a peak emission af 60 mJypixel compared to a
background of= 130 mJypixel. The clump follows all the other
selection criteria and has very low dust temperaturel(X.6 K, see
Section 4), so we include it in the analysis. The clump embddd
in the cloud SDC19.281-0.387, which follows the same addtbut

itis not in the Traficante et al. (2015a) catalogue, was aslnded

in our selection. The final sample of 18 clumps presenteddwmre
tains some of the most massive @ quiet clumps observed in the
Galaxy.

2.1 Dust continuum datasets

The dust continuum properties of the clumps have been gealua
from the Hi-GAL fluxes at 160, 250 350 and 508. We com-
bined these data with fluxes at 84® from the ATLASGAL sur-

and BGPS datasets. In Section 4 we analyze the spectralyenerg ey (Schuller et al. 2009) and at 1.1 mm from the BGPS survey

distribution (SED) of the clumps and derive the main prdpsrof
their dust emission. In the same Section we also analyze tie M
infrared (MIR) counterparts to identify clumps with faing 2m
emission and GLIMPSE counterparts. In Section 5 we analyeze t
spectra of the dense gas tracers and we derive gas columitieens
and abundances. In Section 6 we identify clumps with evideyic
infalling motions and explore the relations between dudt@ense
gas tracer properties, comparing the properties of then2dark
and 24um bright sources; In Section 7 we summarize our results.

2 OBSERVATIONS

A sample of 17 starless clump candidates has been selectad fr
the Traficante et al. (2015a) as objects with> 0.05 g cn1?,

1 IRAM is supported by INSUCNRS (France), MPG (Germany) and IGN
(Spain).

(Aguirre et al. 2011).

The Hi-GAL survey (Molinari et al. 2010) observed the whole
Galactic plane |6] < 1°, and following the Galactic warp) at
wavelengths of 70, 160, 250, 350 and @0 using both PACS
(Griffin et al. 2010) and SPIRE (Poglitsch et al. 2010) instru-
ments in parallel mode. The nominal Hi-GAL spatial resaunti
is ~ [5,10.2,18, 24, 34.5]” at [70, 160, 250, 350, 50@M respec-
tively. However, due to the fast scan speed mode adoptee peth
allel mode, the 70 and 166n beams are degraded downtd.0.2”
and 135” respectively. The sensitivity i [27, 70, 16, 6, 6] MJy/sr
at[70, 160, 250, 350, 50@m respectively (Traficante et al. 2011).
The data reduction follows the standard Hi-GAL data redurcti
pipeline (Traficante et al. 2011), and the final maps have been
rected following the weighted-GLS procedure describediaz®
et al. (2011). The maps have been calibrated in comparistin wi
IRAS and Planck data as described in Bernard et al. (2010).

The ATLASGAL survey (Schuller et al. 2009) covers a total of
~ 420 square degrees of the Galactic Plane in the longitudgeran



-80° < | < 60° and has been carried out with the LABOCA in-
strument installed in the APEX 12m telescope. The surveyahas
spatial resolution of 19.2” and a sensitivity of 70 mJybeam in
the|l] < 60° longitude region (Csengeri et al. 2014).

The BGPS survey has covered170 square degrees of the
inner Galaxy in the range105° < | < 905 |b| < 1° and has
mapped the emission at 1.1 mm with a spatial resolution 63l
a sensitivity of 30-100 mJigeam (Aguirre et al. 2011; Ginsburg
et al. 2013).

(2015a). For each source, a 2d-Gaussian fit ap@b@efines the
clumps. The fit can vary to encompass a region of at least 1 FWHM
at 250um (18’) and can be up to twice the 2ath FWHM in
each direction, to avoid the contribution from underlyingrfien-

tary structures. The FWHMs of the Gaussian fit define the apert
radius. This definition of the aperture region includes ast®ne
500um beam. The aperture region is used to estimate the flux at
160, 250, 350 and 5Q@dm for Hi-GAL and it is also used to esti-
mate the flux of the ATLASGAL and BGPS counterparts directly

We made dedicated photometry measurements for each clumpfrom the maps. With this choice we estimate the flux consiten

directly on the maps instead of using the existent catalguer-
der to minimize the uncertainties arising from the comhorabf
different surveys. The method is described in in Section 3.

2.1.1 Mid-infrared sources

We searched for sources associated with each clump in the mid
infrared (MIR) using the Spitzer surveys of the Galacticrelat
24um (MIPSGAL, Carey et al. 2009), and in the rangé 3 8um
(GLIMPSE, Benjamin et al. 2003). The MIPSGAL sensitivity is
~2.5 mJybeam, while the GLIMPSE sensitivity is [0.5,0.5,2.0,5.0]
at [3.6,4.5,5.8,8.QJm respectively (Carey et al. 2009, and refer-
ences therein). Details of the data reduction are in Bemjanal.
(2003) and (Carey et al. 2009) for GLIMPSE and MIPSGAL re-
spectively.

2.2 Linedata

Molecular line data were acquired at the IRAM 30m telescape i
June 2014 under the project 034-14. The observations hae be
carried out with the On the Fly observing mode to mag & 2’
wide region which covers the entire extension of each clubip.
positions has been chosen withirf 3®m the source centroids and
checked with single pointings to verify that they were enoiss
free. The EMIR receiver at 3 mm was tuned at thgHN (1-0)
central frequency (93.17346 GHz). This tuning includessihaul-
taneous observations of the HNG-@) and HCO 1(-0) emission

lines. The VESPA backend was tuned at the maximum spectral

resolution, 20 kHz £ 0.06 knys), to resolve the pH* hyperfine
components and covers only theHN (1-0) emission line. The
Fast Fourier Transform Spectrometer (FTS) was tuned torave

wider range of frequencies and was used to trace the HNC and

HCO"emission with a spectral resolution of 50 kHz @.17 knys).
The system temperature varied in the range<97s < 162 K.
The data have been reduced with the standard GILDAS CI2ASS
software. The average sensitivity per channel of the ratispec-

tra has been evaluated after smoothing the data®@® krys and
measuring the r.m.s. in 20 emission-free channels for eawtts.
The 1-sigma r.m.s. pex 0.2 knys channel varies in the range
0.13< 0 £ 0.32 K. The beam FWHM at this frequency+4s27”.

3 FARINFRARED DUST PHOTOMETRY

The far infrared (FIR) dust photometry at wavelengths 60 <
1100um has been done usittyper, an enhanced aperture photom-
etry algorithm specifically designed for crowded regioriented
sources and multi-wavelength analysis (Traficante et @158

at all wavelengths.

3.1 Hi-GAL clumps

The Hi-GAL fluxes of the clumps in the Traficante et al. (2015a)
catalogue have been re-evaluated wlitliper parameters tuned
specifically for each clump, in order to maximize the photeme
try accuracy of these highly confused regions. For 6 soutbes
adapted photometry coincides with the photometry of thdi-Tra
cante et al. (2015a) catalogue. For 9 clumps we perform a dif-
ferent source deblending with respect to the source cataldg

5 cases we deblended more sources to account for faint source
not identified in Traficante et al. (2015a), and for the otheades
we did not include any companion subtraction since the regio
are highly confused and the background estimation donsrthte
emission surrounding the clump. Due to the complexity ofdel
background emission associated with each source, in messca
the fit reaches the maximum allowed size (FWHB6’) along
one direction. However, thelyper fit converges for all sources
but one, 23.271-0.263. We manually forced the source agertu
for 28.792-0.141 and 23.271-0.263. In 28.792141 theHyper

fit converges but the region is heavily confused and we fothed
aperture to be circular. In 23.271-0.263 the automatic fit rat
converge and we manually force the aperture region in oodent
compass at leasta 30” region in one direction. The fluxes we
estimate dfer for ~ 25% on average with the fluxes in Traficante
etal. (2015a).

The Hi-GAL fluxes have been corrected for both aperture and
colour corrections as described in Traficante et al. (20Fa)the
colour correction we consider a clump temperature0fTK, the
average temperature of the clumps (see Section 4).

The coordinates and photometry for all the clumps are in Ta-
ble 1.

3.2 ATLASGAL clump counterparts

We evaluated the 87@m fluxes from the ATLASGAL calibrated
map for each source. For consistency, we compare our phatpme
with the fluxes presented in the ATLASGAL compact sourcea-cat
logue (Csengeri et al. 2014). This catalogue cont&ii®000 cen-
trally condensed, compact objects (Csengeri et al. 2014jteEn
clumps of our sample have been identified in the ATLASGAL cat-
alogue. The mean fierence in the flux estimation of these sources
between thedyperintegrated fluxes and the fluxes in the ATLAS-
GAL catalogue is¥ 40%, most likely for the dferent approaches
used to evaluate the flux. The extraction method adopted by-Cs
geri et al. (2014), a multi-scale wavelet filtering of theglrscale

The photometry process is the same adopted in Traficante et al Structures, preserves the compact dust condensationstéxst Gut

2 http://www.iram. fr/IRAMFR/GILDAS

the emission arising from scales larger thar50’. The aperture
size chosen for our clumps is up to”72o it is likely that part of
the flux in the ATLASGAL catalogue has been filtered out. Td tes



Clump Source RA Dec fBsz FZSQ;m F3501m FSOQ:m FB?QAm FllOCLm FWHMmin FWHMmax PA Deblend
©) ©) ) ) ) ) ) Iy) 0 (@) )

15.631-0.377 1 18:20:29:1 -15:31:26 121 3.98 4.66 2.68 106 0.29 28.37 36.00 126.59 0
18.787-0.286 1 H 3 -12:41:33 9.50 32.76 28.67 1541 3.40 117 29.58 36.00 223.89 0
19.281-0.387 1 .9 -12:18:17 11.38 25.53 21.38 838 223 0.88 36.00 36.00 90.0 1
2253-0.192 1 -09:20:03 14.61 33.21 22.02 8.90 243 22.81 36.00 263.65 0
22.756-0.284 1 18:33:49.1 -09:13:04 10.66 21.25 15.23 710 1.36 0.67 18.04 36.00 237.51 0
23.271-0.263 7 18:34:38.0 -08:40:45 14.77 34.53 21.09 710 193 1.16 27.36 30.00 232.83 0
24.013-0.488 1 18:33:18.5 -07:42:23 10.81 33.36 32.25 1331 1.97 04 1. 28.86 36.00 262.17 1
24.528-0.136 1 18:36:31.0 -07:32:24 11.87 20.93 21.12 3.8 3.24 1.38 27.88 36.00 193.65 0
25.609:0.228" 3 18:37:10.6 -06:23:32 10.13 26.27 29.51 17.11 2.34 ®86.0 36.00 90.0 1
25.982-0.056 1 R -06:12:31 11.84 24.95 16.92 7.05 1.68 30.51 36.00 251.49 1
28.178-0.091 2 -04:14:52 34.49 7111 47.44 9.1 2.79 1.10 29.58 36.00 115.91 0
28.537-0.277 1 -04:01:40 3.01 19.65 15.67 5.78 811 0.46 21.48 36.00 143.86 1
28.792-0.141 2 -03:36:16 244 11.79 6.49 3.10 0.69 0.30 7.082 27.05 90.0 1
30.357-0.837 2 -02:39:45 9.70 15.13 11.89 6.48 .00 1 0.31 28.46 36.00 217.28 0
30.454-0.135 1 -02:16:01 13.15 18.72 15.76 8.17 285 0.90 36.00 36.00 90.0 0
31.946-0.076 2 -00:50:32 7.37 13.90 13.81 8.24 1.70 0.91 26.41 36.00 262.13 0
32.006-0.51 1 :51:34 -01:03:24 1.88 8.44 9.09 3.83 0.54 0.31 31.72 36.00 212.56 1
34.131+0.075 2 18:53:21.5  +01:06:14 13.59 30.01 19.09 6.70 151 0.49 2791 36.00 15851 0

1 These sources are not covered by the BGPS observations.

Table 1. Photometry results of the 18 clumps studied in this work. C&lump name; Col.2: source id number as in Traficante é2@l5a) catalogue; Cols.
3-4: Coordinates of the clump centroids obtained from the Gaudit done at 250m; Cols. 5-10: Clump fluxes at 160, 250, 350, 500, 870 and 1490
respectively; Cols. 1413: minimum, maximum FWHMs and PA of the 2d-Gaussian fit. Wihenfit gives FWHMin=FWHMax the source is circular and

the PA if fixed to 90; Col. 14: deblend parameter. 1 means that one (or more)sgoropanion has been deblended before measuring the cluxnp flu

for this efect and also to check the reliability bfyper on the AT-
LASGAL maps we compare thidyper photometry with the pho-
tometry of the ATLASGAL catalogue in a random region of the
Galactic Plane. We chose a 3 degree wide regioh,21 < 24°,
and we measure witHyperthe integrated flux in a circular region
of radius R=25" and R=30", similar to the median of the source
size of the ATLASGAL sources (27 Csengeri et al. 2014) and
of our 18 clumps (30/8) respectively. We identified 122 sources in
common in the region 21< | < 24°. The peak fluxes, less sensitive
to the chosen algorithm, are in excellent agreement betigper
and the ATLASGAL catalogue (Figure 1, upper panel). The -aver
age flux diference is onlyx 2%. The integrated fluxes are similar
using an aperture radius of 2&nd slightly diferent using an aper-
ture radius of 30 (Figure 1, central and lower panel, respectively),
with an average dlierence of 17% and~ 32% respectively. These
tests show that thElyper photometry on the ATLASGAL maps is
reliable and that part of the large-scale flux may be filtenetio
the ATLASGAL catalogue. The source fluxes at &rd are in Ta-
ble 1.

3.3 BGPS clump counterparts

The 110Q:m flux has been evaluated from the BGPS maps, which
cover 15 out of 18 sources. Three sources are not coverecdeby th

BGPS survey (22.53-0.192, 25.682228 and 25.982-0.056). We
corrected theHyper photometry for a factor 1.46, the suggested
aperture correction for an aperture radius of2QAguirre et al.
2011), since the aperture radii vary betweefi 20d 3% (see Table
1). Ten of the fifteen sources have been identified in the neest r
cent version of the catalogue, the BGPSv2.1, which con&igg
compact sources (Ginsburg et al. 2013). Hyper fluxes of these

10 sources in common are in good agreement with the fluxes in

the BGPS catalogue, with a mearftdrence ot 13%. The good
agreement between thtyperphotometry and the BGPS catalogue

has been also showed in Traficante et al. (2015b), with mean flu

differences of& 9%. TheHyperfluxes at 1.1 mm are in Table 1.

3.4 Photometry sources of uncertainties

One of the major sources of uncertainties in the flux estionati
arises from the background emission associated with eachpcl

Survey Wavelength  Sensitivity FWHM
(um) (MJyysr) ()
MIPSGAL 24 2.7 5.9
Hi-GAL 70 27 10.0
Hi-GAL 160 70 135
Hi-GAL 250 16 18.0
Hi-GAL 350 & 24.0
Hi-GAL 500 & 345
ATLASGAL 870 7 19.2
BGPS 1100 25 33.0

1 adapted from Carey et al. (2009)

2 adapted from Traficante et al. (2011)
3 adapted from Csengeri et al. (2014)

4 adapted from Ginsburg et al. (2013)

Table 2. Sensitivity and FWHMs comparison between the surveys used i
this work: MIPSGAL, Hi-GAL, ATLASGAL and the BGPS.

The background identification and removal is particulariyical

for Hi-GAL data, where the cold dust emission associatedh wit
the background structures has the peak of its emissionRergtto
etal. 2010). The uncertainties in the background estimatie less
important in the ATLASGAL and BGPS data, since most of the ex-
tended emission is filtered out in these ground-based enpats.
Furthermore, these clumps are not isolated but found iniriox

of other contaminating sourcadyper does a 2d-Gaussian model-
ing of the source companions which are then subtracted foribe
flux evaluation. As indicated in Table 1, we performed therseu
deblending in seven clumps. Finally, another source of iiaicey
arises from the comparison of surveys wittifglient sensitivities
and spatial resolutions, as showed in Table 2, which coutdrpo
tially affect the background estimation and the flux estimation of
the clumps. Also, in ground-based experiments part of ttenebed
emission may be filtered-out, resulting in a potential uadéma-
tion of the source fluxes. We have assumed an error on the Hi-GA
fluxes of 20% (as in Traficante et al. 2015a) and of 40% on the
ATLASGAL and BGPS fluxes to account for the uncertainties-ari
ing from the combination of dlierent surveys, namely due to the
different beam responses and filtering associated with spaeg-ba
and ground-based surveys.
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Figure 1. Flux comparison between the ATLASGAL catalogue of Csengeri
et al. (2014) and thélyper photometry for 122 sources identified in the
Galactic region 21 < | < 24°. Upper panel peak flux comparison. The
agreement is excellent, with a mearffeiience ot 2%. The red line is the

fit, and the blue line is theax line. Central panel integrated flux compar-
ison using an aperture of 2fr theHyper photometry. The blue line is the
y=x line. Lower panel the same of the central panel but using an aperture
radius of 30'.

4 DUST PROPERTIES

We adopted a single-temperature greybody model to fit thecsou
SEDs. The model assumes that the temperature gradiensalbeos
clump is small due to the absence of significance internaicesu
and strong interstellar radiation fields outside the clubpwever,
the error associated with the mass estimation assuminggéesin
temperature greybody model instead of solving a complatara

tive transfer model is negligible for starless clumps (\&k et al.
2011).
The source flus, at frequency is:

S, = @

d2
where M is the source mag$the heliocentric distancey the
dust mass absorption dieient at reference frequeney = 230
GHz, fixed to 0.5 g ci? and assuming a gakist mass ratio of 100
(Preibisch et al. 1993pB,(T) is the blackbody value at temperature
T and frequency, and Q is the solid angle of the source. The
free parameters of the fit are mass and temperature. We figed th
spectral indey for all the sources t@ = 2.0, appropriate for dense,
cold clumps (e.g. Sadavoy et al. 2013).

We derived the physical parameters of each clump using Hi-
GAL plus ATLASGAL and (when available) BGPS fluxes. The fits
to the SEDs have been performed with tiyefit routine (Mark-
wardt 2009). The SEDs are shown in Figure 2 and the physical
parameters are summarized in Table 3.

The mean temperature of these clumps B >=11.2+1.0K.
This temperature is significantly lower than the averageptar
ture of starless clump candidates T >~ 155K, Traficante et al.
2015a). Massive clumps prior to the ignition of any protostare
mostly warmed-up by the external radiation field and showra te
perature gradient, from about 18-28 K at the edges towardstab
8-11 K at the center, where the region is shielded by exteaut
ation fields (Peretto et al. 2010; Wilcock et al. 2011). Thepdd
greybody model does not take into account this variatiomgver
the very low temperatures we measure are compatible withica co
central core and relatively low contribution of any extémaaia-
tion field.

The mass of the clumps covers the range 268< 3098 M,,
with a bolometric luminosity (evaluated in the range 241 <
1100um) 18 < L < 669 L,. The mean mass is 1.2 x 10° M
for a mean bolometric luminosity 6£200 L,. The average M
ratio, a good indicator of the evolution of massive regiduel{-
nari et al. 2016; Cesaroni et al. 2015), is orlyL/M >=~ 0.17,
~ 5 times lower than the mearyM of starless clump candidates
(1.1, Traficante et al. 2015a)/M << 1 is a strong indication that
the regions are still quiescent (Molinari et al. 2016). IglFe 3 we
show the clump distribution in a-tM diagram against the sample
of starless clump candidates in Traficante et al. (2015&).gFéen
tracks are the Molinari et al. (2008) evolutionary tracks $m-
gle high-mass cores. This model describes the evolutioraskive
cores from the beginning of the star formation process poidhe
formation of a zero-age main sequence star in thélldiagram,
following the McKee & Tan (2003) accretion model. The high-
mass cores follow a two-phases model. During the initiatetam
phase the luminosity increases sustained by the collapbehen
mass slightly decreases due to outflows (the analogous @fss Ol
object in the low-mass regime). The sources follow an almest
tical path in the diagram, up to a turnover point (the analsgaf a
class | object) after which the sources follow an almostzmntal
path. This second phase begins with the formation of an Idlbre
the luminosity remains roughly constant while the mass jrebad
through radiation and molecular outflows. The dotted lin&iig-
ure 3 corresponds to the best fit of the analogous of Class 0 ob-
jects for massive cores (Molinari et al. 2008). This modsbLases
that the accretion rate onto the central star increasestiwith For
comparison, we also show the empirical border between @ass
and Class | sources (discussed in, e.g. André, Ward-Thom@s
Barsony 2000; Duarte-Cabral et al. 2013), which insteadsicen
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Figure 3. Bolometric luminosity vs. envelope mass. The red pointstage
clumps presented in this work. The grey points are all thdests clump
candidates identified in Traficante et al. (2015a). The fiagkis correspond
to the evolutionary tracks for massive cores with final masge8, 13, 18
and 28 M, from left to right, respectively. The green-dotted linéhis fit to
Class 0 objects as in Molinari et al. (2008)xM*12. The blue-dotted line
is the empirical border between individual Class 0 and Clga®tostel-
lar objects discussed in Duarte-Cabral et al. (2013, artertes therein),
LOCM1'67.

ers a decreasing accretion rate (blue-dotted line). In bagks, the
clumps distribution lie well below the Class 0 regime, in gioa
characterized by extremely young objects.

4.1 Massive starsfrom massive clumps

In order to investigate if our clumps are likely going to fomas-
sive stars we first explore their mass-radius relationshipem-
pirical high-mass star formation threshold in this diagtzas been
proposed by Kafimann & Pillai (2010, KP), which identified as
potentially high-mass star forming regions all the clustaith
M(r) > 870 M, (r/pc)**. Recently, Baldeschi et al. (2017) ana-
lyzed the bias in the estimation of the physical parametensas-
sive clumps and found a relationship M(¥) 1282 M, (r/pc)t42,
which is more stringent then the KP threshold. As shown in Fig
ure 4, following the KP criterion all but three clumps are \abo
the threshold, 15.631-0.377, 30.357-0.837 and 32.00B-Cbn-
versely, following the Baldeschi et al. (2017) criterion [draps
may not form high-mass stars: 15.631-0.377, 30.357-0.88V a
32.006-0.51 plus 19.281-0.387, 25.982-0.056, 28t09P41 and
34.13%0.075.

Another criterion to identify massive star forming regidas
assuming that there is a mass surface density threshdbelow
which clumps may not form massive stars. The valu&as still
debated. Tan et al. (2014) assumelsQ3; < 1 g cnt? as the range
of values for the threshold, while e.g. Urquhart et al. (90adénti-
fied X, = 0.05 g cn1? based on the analysis of massive clumps in
ATLASGAL. In our sample there are no sources with< 0.05
g cnt?, and 7 sources witlk < 0.1 g cnt? (Table 3). In Fig-
ure 4 we also show lines of constant surface density. Thepsdum
15.631-0.377, 30.357-0.837 and 32.006-0.51 are the sowitk
the lowest mass and surface density. Four sources, 18.288;0
24.013-0.488, 24.528-0.136 and 25.660228 haveX > 0.2 g
cm2and M> 2x 10° M. These clumps are among the most mas-
sive 70um quiet clumps observed to date and they will potentially

10000 F T
F M(r)=870 (r/pc)™** Mg
[ - M()=1282 (r/pc)'** M

T

i
. T I
= 1000 B Hﬁ%ﬁr_:" 3
= %;,7_%—#-’ g 1
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100 I
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Figure 4. Mass vs. radius distribution of the zén quiet clumps. The light
green dotted line delimits the empirical KP threshold fagthmass star
formation in IRDCs. All but three sources lie above the thoéd. The dark
green dotted line is the Baldeschi et al. (2017) threshadgle clumps are
below this more stringent threshold. The grey asterisk mé#nk position
of the clump embedding the massive protostar in SDC335 {@eeé al.

2013).

form stars with mass comparable with the most massive peotos
observed in the Galaxy (Peretto et al. 2013; Avison et al5201

Combining these two criterion the majority of these clumps
will likely produce massive stars.

4.2 MIR counterparts

Although 70um quiet clumps are good candidates to be starless
(Dunham et al. 2008; Giannini et al. 2012; Veneziani et al.3)0

it may happen that some of these clumps already embean24
sources (Elia & et al. 2017), identified thanks to the bettéiP $4
GAL sensitivity compared with Hi-GAL (Table 2). In the Guter
muth & Heyer (2015) 24m source catalogue, 5 clumps have in-
deed a 24m counterpart. Two of them (18.787-0.286 and 30.454-
0.135) however are likely to be foreground sources, as theyha
only to have a 2MASS counterpart and they are not locatedeat th
Hi-GAL column density peak.

In order to look for faint 24«m sources not identified in the
Gutermuth & Heyer (2015) catalogue, we visually inspectesl t
MIPSGAL counterparts of each clump. This inspection revézt
in 50% of the sample at least one 2% counterpart is present
within a 250um beam centered in the clump centroid. Four sources
(18.787-0.286, 24.013.488, 30.357-0.837 and 34.131075)
have more than one 24n counterpart within the clump region.
The complete list of sources identified by eye, with theirifioss,
isin Table 4.

To investigate the properties of these counterparts we per-
formed a dedicated photometry on the MIPSGAL maps with the
Aperture Photometry Tool packayéNVe estimate the photometry
in a circular region with a radius of 3/5which includes= 1 MIPS
24um beam (5.9) in the aperture, and applied the correspond-
ing aperture correction of 2.78, as suggested in the MIP&uins
ment handbodk The background has been estimated as the median
value of the emission measured in a circular annulus sudiagn

3 http://www.aperturephotometry.org/aptool/
4 http://irsa.ipac.caltech.edu/data/SPITZER/docs/
mips/mipsinstrumenthandbook/50/
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Figure 2. SED fitting for the 18 clumps studied in this work.



Clump Mass Luminosity Radius = Temperature 2 Distance
(Mo) (Lo) (Pc)  (gen?) (K) (kpo)

15.631-0.377 269(79) 18 0.54(0.05) 0.06(0.01) 9.6(0.4) 600. 3.47(0.35)
18.787-0.286  1915(550) 206 0.69(0.07) 0.27(0.06)  1043(0. 2.96  4.36(0.44)
19.281-0.387 701(206) 123 0.67(0.07) 0.10(0.02) 11.3(0.5 1.61  3.82(0.38)
22.53-0.192 1579(488) 349 0.80(0.08) 0.16(0.04) 11.8(0.6 2.01  5.77(0.58)
22.756-0.284  655(194) 136 0.55(0.06) 0.14(0.03)  11.3(0.5 0.67  4.43(0.44)
23.271-0.263 997(297) 285 0.72(0.07)  0.13(0.03) 12.3(0.6 4.76  5.21(0.52)
24.013-0.488  1957(559) 294 0.81(0.08) 0.20(0.04)  10.9(0.4) 5.83.18(6.05)
24.528-0.136  2074(650) 215 0.80(0.08)  0.22(0.05) 1066(0. 1.34  5.19(0.52)
25.609:0.228  3098(953) 299 0.97(0.10) 0.22(0.05)  10.3(0.4) 2.81.57(5.56)
25.982-0.056 889(275) 200 0.80(0.08)  0.09(0.02) 11.9(0.6 1.33  5.00(0.50)
28.178-0.091  2092(610) 669 0.85(0.09) 0.19(0.04)  1265(0. 8.72  5.35(0.54)
28.537-0.277  1153(327) 145 0.67(0.07) 0.17(0.03) 9.9(0.4 12.63 4.96(0.50)
28.792:0.141  449(128) 72 0.61(0.06) 0.08(0.02)  10.6(0.4) 6.46 2(0.86)
30.357-0.837 372(111) 98 0.67(0.07) 0.06(0.01) 12.6(0.6) 3.46  4.30(0.43)
30.454-0.135  1326(419) 233 1.0(0.10) 0.08(0.02)  11.7(0.6 1.40  5.84(0.58)
31.946+0.076  1431(440) 156 0.82(0.08)  0.14(0.03) 10.7(0.5) 0.59.51(.55)
32.006-0.51  449(127) 50 0.70(0.07) 0.06(0.01)  10.0(0.3) .399 4.24(0.42)
34.131%0.075  480(142) 108 0.55(0.06) 0.11(0.02) 12.0(0.6) 0.86 56(8.36)

Table 3. Clumps properties derived from the SEDs. Col.1: Clump na@w;2: Clumps mass with errors estimated from the SED fit assiming a flux
uncertainties of 20% for Hi-GAL fluxes (Traficante et al. 281&nd of 40% on ATLASGAL and BGPS fluxes, plus an uncertantie distance estimation
of 10%; Col.3: Bolometric luminosity estimated integratithe flux in the range 160-11@@n; Col. 4: Source radius derived from the geometric meanef th
FWHMs in Table 1; Col. 5: Temperatures and associated wainées; Col. 6;y2 of the SED fits done using Hi-GAL, ATLASGAL and, where avaliab
BGPS datasets; Col.7: Source distance taken from Trafiehmde (2015a).

each source. These g counterparts are very faint, with fluxes

F,, in the range 45 < F,, < 29.31 mJy. The source photometry Clump 24umRA - 24um Dec 24um flux
is in Table 4. O © (mJy)
To further characterize and classify these sources we look f 18.787-0.28611 18:26:15.2  -12:41:30 28.2
counterparts in the GLIMPSE survey (Benjamin et al. 2008)hE 18.787-0.2862'  18:26:15.4  -12:41:38 4.45
sources have GLIMPSE counterparts within a radius’ofrdm 19.281-0.387  18:27:33.9  -12:18:23 18.68
the 24um centroid (the MIPSGAL beam), associated with 5 dif- 22.53-0.192  18:32:59.7  -09:19:59 29.31
ferent clumps, showed in Table 5. One source, 19.287-012862 24.013:04881  18:33:186  -07:42:24 9.46
GLIMPSE sources associated with thei2d counterpart. All but 24.013-04882 18j33j18'1 '07j42j33 18.62
24.013-04883  18:33:17.6  -07:42:44 13.11
1 source have GLIMPSE counterparts at all the four IRAC bands 28.178-0091 18:43:02.2  -04:14:32 24.08
3.6, 4.5, 5.8 and 8m. 18.787-0.28& does not have a coun- 30.357-0.837L  18:49:40.9  -02:39:47 15.61
terpart at 8.um. We use the GLIMPSE fluxes to classify these 30.357-0.8372  18:49:40.4  -02:39:50 5.49
clumps according to the prescriptions of Lada (1987) andceGut 30.454-0.135  18:47:23.9  -02:15:55 9.27
muth et al. (2009). The Lada (1987) classification schemasst 31.946+0.076 18:49:22.3  -00:50:35 19.49
on the slopeax of spectral index in the IRAC bands: € a« < 3 34.13%#0.0751 18:53:21.1  01:06:13 8.95
for Class I,-2 < a < 0 for Class Il and-3 < a < -2 for Class 34.13%0.0752  18:53:21.1  01:06:23 6.13

Il objects. The scheme proposed by Gutermuth et al. (2098) i
IRAC colour-colour classification (Phase 1) plus a refiniising

a JHKs[3.6][4.5] YSO classification (Phase 2). The two classifi-
cation schemes agree well and we found 6 Class | sources and 3
Class Il sources. 18.787-0.2&6has a Class | and Class Il source Table 4. Emission of the 24m source for the clumps with a faint 24n
associated with the same 2¢h counterpart. The classificationisin  counterpart identified. Col.1: Clump name; Col. 2-3: Cooatiés of the

Table 5. At least five clumps embed Class | or Class Il sourges b 24um source counterpart; Col. 6: Integrated flux of the.@#source. The
are 7Qum quiet in the Hi-GAL maps. flux has been estimated in a radius of’3#&nd corrected for an aperture

correction of 2.78.

1 There is also a foreground 24n source with a 2MASS counterpart and a.24 flux of 560
mJy (Gutermuth & Heyer 2015).
2 There is also a foreground 24n source with a 2MASS counterpart and g.24 flux of 82
mJy (Gutermuth & Heyer 2015).

The MIR fluxes can be used to estimate the properties of the
central stars with the Robitaille et al. (2006) SED fittingltdrhis
tool computes radiative transfer models of young stelldeab in
a range of masses and evolutionary stages to model a cetatral s
an accretion disk and an envelope (Robitaille et al. 200®jtRitie
et al. 2007). The tool provides several hundreds of modelsh e
one describing a set of physical parameters wijf galue describ-
ing the goodness of the fit. The grid of models for each souree a
shown in Figure 5. In order to obtain a representative vabuehie
physical parameters, we average the fit results for all nsogéh

x? < 5. The representative values are obtained with a weighted
mean, with the weight being the inverse of yfevalue, similar to

the procedure adopted in Grave & Kumar (2009). If the number
of models withy? < 5 is less then 50, or thg? values were al-
ways above 5, we average the results of the best 50 models. The
weighted values of the extinction, column density and méasiseo
central star for each source are in Table 5. All these soures
highly extincted, with A in the range 25 < Ay < 934 mag, cor-
responding to surface densitie85 T < 210 g cnt? applying



the conversion factor described in Bohlin, Savage & Dralé¥ §).

The best fit models are compatible with stars of intermedisss, Clump kVLSf*l ‘ - Téx Ttot
in the range 7 < M, < 5.5 M,. (kms™) (kms™) 9

The absence of a 7in counterpart in a FIRubmm bright 15.631-0.377  40.2(0.1)  0.30(0.01) 3.41(0.70) 3.75(0.73)
clump is not a good indicator that the clumps are starlessieSaf 18.787-0.286  65.7(0.1)  1.07(0.01)  5.20(0.39) 1.86(0.13)
these clumps embed already formed intermediate mass 1stass, 19.281-0.387  53.6(0.1)  0.47(0.03)  3.15(0.80)  5.33(1.17)

2253-0.192  76.30.1) 1.250.01) 5.01(0.13)  1.22(0.03)

In the next Sections we analyze the data obtained from the 22.756-0.284  105.1(0.1) ~ 0.95(0.01)  4.25(0.52) 1.62(0.19
23.271-0.263  82.3(0.1) 0.94(0.01)  8.32(2.03) 0.62(0.15)

dgnse gas tracers and we explorg if these data may help ito- dist 240130488 94501) 091(0.02)  3.76(0.36) 3.67(0.31)
guish between clumps with and without 2 counterparts. 25.609-0.288 113.6(0.1) 1.05(0.01) 6.64(1.43) 0.61(0.13)
25.982-0.056  89.8(0.1) 0.69(0.01)  4.19(0.80) 1.58(0.29)

28.178-0.091  98.2(0.1) 1.07(0.02) 22.71(20.44)  0.180.0
28.537-0.877  88.3(0.1) 0.78(0.01)  4.37(0.35)  2.28(0.17)

of which may still be in the process of accreting.

5 LINE ANALYSIS 28.792:0.141 107.2(0.1) 0.99(0.03) 13.91(12.52)  0.10(0.09)
o 30.357-0.837  78.8(0.1) 0.57(0.13)  4.06(4.25) 0.90(0.81)
We detected bH* (1-0), HNC (1-0) ad HCO (1-0) emission 31.946:0.076  96.4(0.1) 1.19(0.01) 11.52(0.36)  0.32(0.01)
in all our clumps. We excluded from the line analysis the gum 32.006-0.51 71.6(0.1)  0.32(0.02) 3.02(0.70) 12.19(2.19)
24.528-0.136 as it shows absorption features due to thaurom- 34.1340.075 56.8(0.1)  0.74(0.06) 3.85(3.36) 1.34(0.90)
tion of the df-position and 30.454-0.135 because the spectra show
at least two components along the line of sight with simitaemn- Table 6. NoH* parameters. Col. 1: Clump name; Col. 2iH\ central ve-
sities but we cannot separate the two sources in the dushaant locity; Col. 3: Velocity dispersion measured ag@8in2)2xFWHM of the

data. The spectra of the 16 clumps are presented in Appendix B hyperfine fit; Col. 4: Excitation temperature; Col. 5: Totptioal depth.

51 NH” Fets and B are the telescope forward and beafficeency re-
The N;H* (1-0) spectra were fitted using the CLASSs task, spectively. We assum¢ = 0.98 andBerr = 0.78 (Rygl et al.

which takes into account all the hyperfine components. Tt 2013). o _
cal depthr, central NH* velocity v sg and velocity dispersion Tex varies in the range 8 < Tex < 227 K, as ghgwn in
o are estimated directly from the fit, following the presdmptof Table 6. Assuming a kinetic temperaturg ¥ 10 K, similar to

the CLASS manual. These are shown in Table 6. The total opti- the average dust temperature of these sources, all butdiuees

cal depth varies in the rangek Tiot < 12.2. In four C|umps the (28178-0091, 28.792.141, 319460076) are not thermalised,
uncertainties associated with the estimation of the optepth, with Tex<Ty. However, we assumed a filling factor of 1 for all the
o, are such thaty, < 30,. In two of these clumps, 28.178-0.091 observations which may overestimate the region gfiNemission

and 28.7920.141, the fit gives = 0.10 which is the lowest al-  and underestimate[

lowed value permitted in thefs routine. For these four clumps The N,H" column density has been derived as in Caselli
we evaluated them.s.of the spectrum in CLASS before and af- €t al. (2002) and Pineda et al. (2013), with a dipole magnete

ter the subtraction of the line fit. These valuefatifor less than =~ Mentup = 3.4 Debye and a rigid rotor rotational constant of
10%, Suggesting that the fits are well constrained, so Wq:)mm;e B = 46.58687 GHz (Sanhueza et al. 2012, and references therein).

the parameters estimated from the fit. The optical deptheofrtain The N;H* column densities are in Table 7. The averagéiNcol-
component can be recovered framl aSTmain = I * Tiots with r umn density is 9.21012 cm’z, with a maximum of~ 1.7 x 10%
the relative intensity of the main hyperfine component (9)25he cm? in 24.013-0.488. The NH* column density estimates are
majority of the clumps for which the fit converges are modsiyat similar to what is observed in other star forming regionsf&eeza
optically thin withTmain < 1. The average value is man >= 0.61, etal. 2012; Rygl et al. 2013).

in agreement with the average optical depth of quiescemmu The NH* abundance with respect to the,FK(N.H*), the
associated with IRDCs (Sanhueza et al. 2012). Two souroes ha latter derived from the dust surface density and assuminganm
Tman > 1. There is an indication that the,N* (1 — 0) optical molecular weight of 2.33, is in the ranges0« 107*° < X(N,H")

depth decreases as the clump evolves from a quiescent to-an ac< 9.4 x 10° (Table 7), with an average value af X(N;H") >=
tive phase (fronfyuescent = 0.8 10 Tacive = 0.5, Sanhueza et al. 29X 10710, These values are likely to be underestimated as we are

2012), to increase again when the protostellar core fornative assuming a filling factor of 1, however they are in agreemetit w
HII region identified by a bright 8m emission §,eq = 1.8, San- the findings in massive dense cqudsmps (Pirogov et al. 2007;
hueza et al. 2012). Lower optical depths in protostellaesavith Rygl et al. 2013) and in massive clumps associated with IRDCs
respect to prestellar cores are also observed in low-mastosin- (Ragan et al. 2006; Sanhueza et al. 2012). The source wittighe
ing regions with comparable column densities (Crapsi e2G05; est NH* abundanceX(N,H*)~ 107, is 32.006-0.51. This is one
Emprechtinger et al. 2009). of the sources with the lowest mass surface density, is biblew P
The excitation temperature.Jis derived assuming LTE: threshold for the formation of massive stars (see Sectibphahd
does not embed any 24n source. However 15.631-0.377, one of
Tex = __To with ) the other source below the KP threshold and with ngr@4coun-
In(A-*+1) terparts, has a M* abundance close to the average. There is no
T 1 clear indication thaX(N,H") is different between sources with and
A= To(l—e™) e _1 3 without a 24um counterpart.

where T = hV/k, Tbg = 27 K and T = TZ Fet/Bets.
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Figure 5. Grid of models for each clump with an embedded MIR source &&mdd from the Robitaille et al. (2006) SED fitter tool. THadk curve in each

panel is the best-fit model.

52 HNC and HCO*

The HNC and HCO optical depth and gas column density cannot
be directly estimated from the data as we have only obsehed t
HNC and HCO (1 - 0) line, which we expect to be optically thick
within these cold, dense regions (e.g Sanhueza et al. 2012).

We have estimated the HC@nd HNC column densities with
RADEX (van der Tak et al. 2007) in a similar fashion to Peretto
et al. (2013). We have well constrained measurements ofuke d
column density, gas temperature (assumed equal to theetust t
perature) and velocity dispersion (fromyM emission) for our

clumps, and the only unknown variable is the gas column tensi
We run RADEX iteratively assuming fierent values of the HCO
and HNC column densities until the evaluated radiation &nap
ture matched the measured peak temperature. We consislegrtii
perature as the temperature of the main peak in the H@1@ HNC
spectra. RADEX allows also the estimation of the opticaltdey
the lines. As showed in Table 7, both the HC&hd HNC lines are,
within the uncertainties, optically thick in all clumps. dtefore,
the measured temperature is a lower limit for the tempesabir
the main peak in both HCGand HNC spectra, which gives a lower
limit to the estimated gas column density. The HG®d HNC col-
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Figure 6. Distribution of Ay for the best-fit models of each source embedded in clumpsMIEhcounterparts. The blue vertical line is the weightedrage
mean with weight equal to the? value of each fit.

umn densities with the uncertainties and the abundancativeeto 5.3 Skewnessin HNC and HCO™ spectra
the dust and to the M* are in Table 7. Although with the strong
caveat that this procedure gives only an estimate of thegama
density using a single optically thick line observatiore thalues

we found are comparable to those found in massive clumps (e.g
Miettinen 2014; Zhang et al. 2016). We do not find any significa
differences in the HNC or HCCQabundances between clumps that

Optically thick line profiles can be used to identify sigrasiof dy-
namical activity in star forming regions. Theflirence in velocity
between the brightest peaks of an optically thick line andeti
cally thin line can be used to compute the the skewness p&ame
6v (Mardones et al. 1997), defined as

host a 24«um counterpart and clumps without any MIR counter- s, — Vihick — Vithin (4
parts. Due to the uncertainties in these measurements kowes AViin
cannot give definitive conclusions on the observed trends. where i is the LSR velocity of the brightest HCCor HNC

peak, \hin andAvy,, are respectively the LSR velocity and FWHM
of N,H* assumed as an optically thin line. We estimatggfitting
2 Gaussians to each HC@nd HNC spectrum with thepfitfun



T T T T

25 T T :
Models=50 18.787-0.286_2 | Models = 1178
|
|
i

18.787-0.286_1

Counts
Counts
o
o
=]
T
L

4
Moss (Mo)

T
19.281-0.387_1 | Models=73 22.53-0.192_1 ——Models=50
| ]
i 20 v 4
i
i

i
20F i 4

Counts

L[] | : o [hH

0 2 4 6 8 0 2 4 8
Mass (Mo) Mass (Mo)
25 T u T 10 T T 0 T
| |
24.013+0.488_1 | Models=50 24.013+0.488_2 | Models=21
| |
20 ! B 8- e B
15 B 6 B
P P
£ | € !
3 3 '
o 1 o 1
10 i B 4 | B
| !
| ‘
5 . B 2F . B
| |
| |
| |
0 T V‘ T 0 T T : T
o] 2 4 6 8 o] 2 4 6 8
Mass (Mo) Mass (Mo)
25 T T T 100F — T T =
|
30.357-0.837_1 Models=50 30.357-0.837_2 Models=206
i

20

Counts
Counts

'
'
'
'
'
'
'
0
i
'
i
4 20k . 4
1
'
1
0 L 0 L

Moss (Mo) Moss (Mo)

Figure 7. Same of Figure 6, but for the mass of central stars.

IDL routine (Markwardt 2009). In clumps without a well defthe activity (Smith et al. 2013). Outflows are more reliably gedy
double peak in the HCOor HNC spectra, ik Was estimated looking for high-velocity wing emission away from the sysie
with a single Gaussian. The skewness parameters are in 8able velocity of the cloud. Since this is outside the scope of gaper,
Mardones et al. (1997) defingv| > 0.25 as a significant detection  for the purpose of this work, we simply interpret a significeaiue
of skewness. of év in the HCO spectra as an indication of significant dynam-
ical activity, regardless of their origin. This is the case &ll but
A positive skewness parameter indicates a red asymmetry in 2 clumps. Five HNC spectra hayv| < 0.25, an indication that

the spectrum, which could be interpreted as signature dfootg HCO" emission traces more dynamically active gas as further ex-
activity (e.g. Peretto, Andre & Belloche 2006). A negat#vecon- plored in Paper Il. Note that the clump 25.982-0.056 has sgthm
versely is indicative of blue-asymmetric spectrum, a digreaof ric HCO* and HNC line profiles with peaks shifted from thgH\
infall motions in both HCO (Fuller, Williams & Sridharan 2005) central velocity. This clumps has a skewness parameteehtban
and HNC (Kirk et al. 2013) spectra. Simulations of infallinigh- in some asymmetric, double-peaked spectra (e.g. 28. DB8-0see

mass star forming regions showed however that red-asyritmetr spectra in Appendix B).
HCO" (1 - 0) spectra may be observed also in absence of outflows



Clump Class A s Y % Models
(mag) (gcm?) (Mo)

18.787-0.2861 | 56.4t4.6 12.41.0 4.6%0.62 7.69-16.42 50
18.787-0.28&2 | 75.9%16.9 17.6.3.8 2.87%0.98 0.38-5.00 1178
19.281-0.387 111 66.5+8.3 14.9%1.9 4.6Q:0.55 0.36-5.00 73
22.53-0.192 | 93.49.3 21.¢2.1 5520.73 8.6811.00 50
24.013+0.4881 | 63.0:2.2 14.30.5 4.1%0.35 0.02-8.10 50
24.013+0.4882 | 69.6t14.0 15.63.1 4.940.96 12.9627.70 21
30.357-0.8371 Il 36.8+4.1 8.3:0.9  3.9%0.45 0.69-5.00 50
30.357-0.8372 Il 25.7+5.9 5.81.3  2.730.82 0.125.00 206

119.281-0.387 has a Class | and Class Il source associatedhgisame 24m counterpart.

Table 5. Physical parameters and classification of the centrals@ach clump with NIRVIIR counterparts. Col 1: Clump name; Col. 2: Source clasgifo
obtained as described in the text; Col. 3: Average magnitGdé 4: Average column density, obtained frony Asing the conversion described in Bohlin,
Savage & Drake (1978); Col. 5: Average mass of the centrgl 8@l.6: y2 range of the models used to estimate the weighted paranssteisscribed in the
text; Col. 6: Number of models used to estimate the physiaedrpeters. The average values and uncertainties asslowifiiethe estimation of 4, column
density and mass of the central star have been evaluate@ asethhted mean and variance of the distributions with wisigiqual to the inverse of thé
value of each fit.

Clump N(H) N(N2H*) N(HCO") N(HNC) X(NgH*)  X(HCO*)  X(HNC) 7(HCO*) 7(HNC)
(102 cm?)  (102cm?)  (102cm?)  (10%2cm?) (10719 (10719 (10719)

12.70:13,70 3.14(0.62) 1.251.53 8'028,76 4-77t10'23 17.29t34.89
29.1@??23 2.31(0.53) o.9@§f§§ 4.2@8? 3.03%5 3.79j£9107
9.6013990  3.73(0.85)  0.86:%% 3.58:%‘84 3.15j6-;38 8.33:261-30
84.50_“93;38 2.72(0.67) 5.3;58% 19.93112333 8.14:?177?5 19.5@4%-21?
9.401330-3% 2.47(0.55) 0.2315318 2.53§%-%8 0.62°1% 4.14§§-1’g
37.3({2‘30-00 2.99(1.06) 3.02 4 11.28ﬁﬁ§8 5.741204 13.701%%%1
26.40%?;%% 3.28(0.69) 1.2% gg 5.15ﬁ§f‘§§ 3.86:3326% 10.2{%‘%51
17.3020 1.33(0.41) 1.01 3.06"3 3.33 " 6.651401
46.40:552% 2.67(0.67) 8.0@%‘5‘5’:“ 19.4{3’_5%{8 13.08;%%8 22.8&3?;-1%8
24502730 0.45(0.45)  1.27245  4.923% 3367 8.46°1%2
20.9@21188 2.50(0.46) 0.5*_78-88 474359 2.12*1‘-%2 9.77;})98?9
56.40_8188 0.74(0.74) 7.9@8335t 27.173958 9071845 20.06:4643
9.0@5-% 2.02(1.35) 1.33&88 6.33j&%g 3.oq6-3§g 8.69j;%03
66.4@2%% 3.08(0.67) 4.78 % 18.133’_%%6 7.62%—%9 18.40:3%42;
10.90 9.39(1.81) - 6.93/:08 6.76'3352  14.585°

2.081
4.38 = 93 —%gg -3,
1180 . . 3.60 1215
10001080 433235 0628 36748 160380  57ridl

15.631-0.377  1.58(0.26)  4.97(0.55)
18.787-0.286  6.91(1.55)  15.94(0.94)
19.281-0.387  2.68(0.52)  10.00(1.21)
22530192  4.24(1.03)  11.55(0.23)
22.756-0.1284  3.72(0.78)  9.18(0.74)
23.271-0.263  3.31(0.78)  9.88(2.62)
24.013:0.488  5.13(1.03)  16.81(0.93)
25.609:0.228  5.66(1.29)  7.50(1.53)
25.982-0.056  2.39(0.52)  6.37(0.80)
28.178-0.091  4.98(1.03)  2.24(2.24)
28.537-0.277  4.41(0.78)  11.04(0.60)
28.792:0.141  2.08(0.52)  1.53(1.53)
30.357-0.837  1.42(0.26)  2.87(1.85)
31.946:0.076  3.66(0.78)  11.28(0.45)
32.006-051  157(0.26)  14.78(1.49)
34.1310.075  2.73(0.52)  11.81(6.01)

Table 7. NoH* and HCO' column density and abundances of our clumps. Col. 1: Clunmpen&ol. 2: b column density derived from the parameters in
Table 3; Col. 3: NH* column density; Col. 4-5: HCOand HCN column densities estimated iterating RADEX as dlesdrin Section 5.2; Col. 6-8: M*,
HCO" and HNC abundances with respect tg; i€ol. 9-10: Optical depth of HCOand HNC spectra as obtained from the RADEX run.

In the following, we restrict the analysis to clumps with esy 5.4 Infalling properties
metric line profiles and significant blue-shifted peaks. (inéth
6v < —-0.25), as these profiles are the more unambiguously as-
sociated with infall motions. We identify 7 clumps with sifin
cant infall signatures in either HCCand HNC spectra, or both.
The HCO spectrum of 22.756-0.284 has the blue- and red-shifted
peaks of the same intensity. The HNC spectra on the contesrgh
blue-shifted peak, compatible with infall signatures. 8éhof these

The spectra of the seven clumps with blue-shifted peaks ean b
used to determine their infall velocitiegand mass accretion rates
M.

We calculated the infall velocities following the “two lagé
model of Myers et al. (1996). According to this modg}, i¢:

clumps (22.53-0.192, 24.048.488 and 30.357-0.837) embed a . _ a? |n(1+e‘Tb‘“e‘Td‘p)’Td‘p ) 5)
Class | or Il source (Tables 5 and 7). It is very likely thatsie Vred = Vbiue  \ 1 + €Trea=Teip)/Taip

clumps are already collapsing and these central stars iiracst

creting from the surrounding clumps. Vied @nd e are the velocities of the red and blue peaks respec-

tively, and Tieq and Tpi,e their main beam temperatureSyip is

the main beam temperature of the valley between the two peaks
The parameters for each source are in Table 9. These paramete
have been obtained fitting 2 Gaussians to either the HGG®INC
spectrum, as indicated in Table 9, with thefitfun IDL routine
(Markwardt 2009). The spectra with the Gaussian fits aregarei

8.



Clump Vred Vblue Tred Tolue Tdip Line
(kmsh (kms K K K

22.53-0.192 79.86(0.03) 75.43(0.02) 0468(01) 1.54(0.03) 0.52(0.01) HCO
22.756-0.284  106.66(0.04) 103.89(0.02) 0.31(0.01) 0.844) 0.24(0.01) HNC
24.013-0.488 96.50(0.01) 93.00(0.01) 0.46(0.01) 0.94(0.02) @BD1) HCO
25.609+0.228 114.87(0.05) 112.00(0.01) 0.46(0.01) 0.53(0.01) 45@.01) HNC
28.178-0.091 99.50(0.01) 96.12(0.02) 0.65(0.01) 0.82)0. 0.51(0.01) HCO
30.357-0.837 79.75(0.03) 78.26(0.03) 0.22(0.01) 0.8a(0. 0.17(0.01) HNC
31.946+0.076 98.67(0.02) 93.71(0.02) 0.85(0.02) 1.22(0.02) @@®»1) HCO

Table 9. Parameters used to estimate infall velocities adoptind/iyers et al. (1996) model. The parameters have been deritied fiwo Gaussians at each
HCO* spectrum showing infall signatures with tiefitfun routine (Markwardt 2009). The uncertainties comes fromfithier all but Tg;p for which we

assume the same uncertainties of the correspondiggaid Tpue. Col. 1: Clump name; Cols.-A: velocities of the red- and blue-shifted peak respegtivel
Cols. 4-5: temperatures of the red- and blue-shifted peak respgtiCol. 6: temperature of the dip between the red- and bhifed peaks. Col. 7: line

spectrum used to fit the Gaussians.

Clump 6v (HCO*)  6v (HNC)
15.631-0.837 -0.06 0.06
18.787-0.286 0.71 0.58
19.281-0.387 0.70 0.75
22.53-0.192 -0.28 -0.18
22.756-0.284 1.25 -0.50
23.271-0.263 0.28 0.31
24.013-0.488 -0.70 -0.58
25.609-0.228 -0.64 -0.64
25.982-0.056 0.48 0.36
28.178-0.091 -0.82 0.19
28.537-0.277 0.89 0.63
28.792-0.141 -0.01 0.08
30.357-0.837 -0.43 -0.32
31.946+0.076 -0.95 -0.23
32.006-0.51 1.42 1.53
34.13%0.075 1.36 -0.11

Table 8. Skewness parametév evaluated in each clump according to the
definition of Mardones et al. (1997). Col. 1: clump name; @o8: skew-
ness parameter evaluated for the HC&nd HNC spectra respectively.

The infall velocities are listed in Table 10. They are in the
range 002 < Vi, < 0.37 km s, with an averag®;,=0.16 km s*.
Infall velocities of massive star forming regions are in thege
0.1 € Vinmass< 1 km s (Fuller, Williams & Sridharan 2005), and
similar velocities have been observed in massive collgpsiouds
(Kirk et al. 2013; Peretto et al. 2013).

The infall velocities allow us to evaluate the mass accretio
rateM = AnR2n,umyvin (Myers et al. 1996), wheray, is the hy-
drogen mass andy, the volume density obtained from the dust
mass and assuming spherical clumps for simplicity. Theedicer
rates we obtain are.07 < M < 2.04 x 10 Mo/yr (see Table
10). These values are comparable with the predicted aconeties
onto massive protostellar cores (McKee & Tan 2003) and wath v
ues observed in high-mass star forming regions (Fulledjaifks &
Sridharan 2005; Rygl et al. 2013; Peretto et al. 2013) andiohahl
protostellar sources (Duarte-Cabral et al. 2013).

The free-falltime s = (3r/(32Gny,))*?, with G gravitational
constant anh., gas column density, is@—4.7x 1C° yr (see Table
10), significantly higher than the massive starless clunmgliciates
lifetime (s 10* yr, Motte et al. 2007; Tackenberg et al. 2012; Svo-

boda et al. 2016) but consistent with the accretion timescaf
Duarte-Cabral et al. (2013). Within 1 free-fall time, asgugncon-
stant accretion rate equal to the value measured today|uhms
accrete a mass 3% Mgyer < 637 M,. A clump such as 22.53-
0.192 already embeds a core with a central star 6fM, and has
the potential to accrete mass comparable with or even hitjaer
the most massive core in SDC335 (Peretto et al. 2013; Avisah e
2015) within one free-fall time.

Two clumps have infall signatures but no visiblei24 coun-
terparts, 22.756-0.284 and 25.6@228. We can estimate an up-
per limit to the mass of an embedded object assuming a cdnstan
accretion rate over time into a single protostar equal toattteal
clump accretion rate and a clump lifetime prior to the forioabf
a detectable protostar { 10* yr, the expected lifetime of infrared-
quiet high-mass protostars, Motte et al. 2007). This is greunpmit
as the clump accretion rate measured today may have indrease
since the start of the collapse, and the clump may fragmesgvn
eral protostellar cores. We obtain M2.5 M, and M< 1.7 M, for
22.756-0.284 and 25.689.228 respectively. Also, the mass up-
per limits are below the range of masses estimated for stiins w
MIPSGAL and GLIMPSE counterparts. We cannot exclude that
low-mass stars may have already formed but are deeply erabedd
in these clumps, and likely not yet visible at 2.

6 EVOLUTIONARY INDICATORSIN 70um QUIET
CLUMPS

In this Section we compare various evolutionary indicatar/é1
ratio, dust temperature, surface density, linewidtgHiNabundance
and mass accretion rate) to look foiffdrences between clumps
with or without a 24um source. We first divide our 16 clumps
with well defined gas emission spectra in two groups: clumitis-w
out 24um counterpartsN24, 8 clumps) and clumps with a g
counterpart Y24, 8 clumps). We further divide the first group in
two sub-samples: clumps with low values of the skewness pa-
rameter (2 clumpsiN24.L), which may be considered as the less
evolved, and clumps with a significant value of the skewness p
rameter N24._S). The properties for the three groups are summa-
rized in Table 11.

e L/Mratio: The firstindicator, the IM ratio, is a well-identified
indicator of clumps evolution (Molinari et al. 2008; Molinat al.
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Figure 8. Bue-shifted spectra used to estimate the infall paramel&esred line is the result of the IDhp£it fun routine. The blue-dotted vertical lines are
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Clump Infall vel. Accr. rate s Mg 24um
(kms?)  (103Moyrh) (1Cyr)  (Mo)

22.53-0.192  0.34(0.01) 2.04(0.66) 3.000.6) 610(237)
22.756-0.284  0.0%0.01) 0.25(0.08) 2.6(0.6)  65(24)
24.013:0.488  0.21€0.01) 1.52(0.46) 2.7(0.6)  415(152)
25.609:0.228  0.02¢0.01) 0.17(0.06) 2.8(0.6)  50(19)
28.178-0.091  0.00.01) 0.37(0.11) 2.8(0.6)  105(39)
30.357-0.837  0.04{0.01) 0.07(0.02) 47(1.0)  31(12)
31.946:0.076  0.37£0.01) 1.96(0.63) 3.3(0.7) 637(247)

PP RPOROPR

Table 10. Infall parameters of the seven clumps with blue-shifteccspeCol.1: Clump name; Col. 2: Infall velocity; Col. 3: Maaccretion rate derived from
the infall velocity; Col. 4: Estimated free-fall time; C&: Mass accreted within 1 free-fall time; Col. 6: Presenceatisence) of a 24m counterpart.



Clump UM T b o X(NaH™) M
group  (Le/Mo) (K) (@cm?)  (kms?) (1009 (103 Mo yr?)
N24.L 0.11+0.07 10.:0.7 0.020.01 0.6%0.49 1.921.73 -
N24.S 0.18:0.08 11.@1.1 0.140.06 0.720.27 3.582.91 0.21:0.06
Y24  0.26:0.07 11.60.9 0.1%0.07 0.9%029 2.661.04 1.19:0.92

Table 11. Average values of various parameters and the associateersiisn for the three classes of 7@ quiet clumps: objects with no 24n counterparts
and low skewness parametéM24.L); clumps with no 24m counterparts but significant value of the skewness pamn@€f4.S); clumps with 24:m
counterparts Y24). Col. 1: clump phase; Col.2:/M ratio; Col. 3: dust temperature; Col. 4: surface densitg]. G: velocity dispersion; Col. 6: pH*

abundance relative to the;HCol. 7: mass accretion rate.

2016; Cesaroni et al. 2015). The average values of the thoepg
are L/Mpoga L = 0.11+0.07, L/Mn2sas = 0.18+0.08 and LUMyo4 =
0.20 + 0.07. The LM ratio is very low in each group and, within
the dispersion of the measurements, they all exhibit a viemilas
value.

e Dust temperatureThe dust temperature is also thought to
increase as the clump evolves, and the inner cores warmeaup th
dust envelope. The average temperatures of the three gesaps
TN24_|_ =101+ 07, TN24_S =110+ 11 and Tyz4 =116 +0.9.

As for the /M indicator, although on average tiN24_L clumps
are slightly colder than th®24_S andY24 clumps, within the dis-
persion there is no clear indication of a trend among theszeth
groups. The observed 24n sources may be too young to signifi-
cantly alter the properties of the surrounding dust on clsogles.

e Surface densityA trend of increasing surface density from
more quiescent to more evolved clumps has been observed-in pr
vious surveys of star forming clumps (e.g. Urquhart et all20
Svoboda et al. 2016), although it is not well establisheg. @ath-
borne et al. 2010). Combining a large sample of massive dump
the Galaxy taken from the Hi-GAL survey, Merello & et al. (201
showed that there is no evidence of increasingith the clumps
evolution. Here, we findyz4 . = 0.07+0.01,2n\24 s = 0.14+ 0.06
andZy,4 = 0.15+ 0.07 g cnT2. TheN24_L clumps have the lowest
values of surface densities on average, but there is fiiereinces
betweerN24_L andY24 clumps.

e Velocity dispersionAn indicator of the evolution of massive
clumps and cores that can be derived from the gas propesties i
the expected increase of the linewidth as the region ev@&esth
etal. 2013). Average values for the three groupsragg_ = 0.65+
049, ON24.S = 0.79 + 0.27 and0'y24 = 091+ 0.29. There is a
slight increase going from the first to the third group, hogrehe
average values of the velocity dispersion are consistethimihe
dispersion.

e ¥ vs.o: In Figure 9 we show the relation between gas veloc-
ity dispersion and mass surface density of our clumps tooeepf
there is an evolutionary trend. The Pearson correlatiofficant is
significant, 0.71. However the clumps with a/2# source do not
occupy a specific locus of points in this plot, supportinghipoth-
esis that this correlation may be due to the dynamical ptigseof
the star forming regions, and not with the clumps evolutassug-
gested in some star formation models (Ballesteros-Paretdak
2011).

¢ N,H* abundanceThere is evidence that the,N* abundance
increases as the clump evolves (Sanhueza et al. 2012). JHie N
abundance for the three groups are respecti¥N,H*)n2aL =
1.92 + 1.73 x 1010, X(N2H+)N24_S = 356 + 2.91 x 101° and
X(N2H*)y24 = 2.66 + 1.04 x 1071°. Again, there is a weak indi-
cation that the abundance of thk4_L clumps is lower than in the
other two groups, but consistent within the dispersion.

N24_L+ |
N24_S % ]
Y240 |
i 10f e . e
L, 1.0F
£ x %
Y o
==
0.1 )
0.1
I (g cm?)

Figure 9. X vs. ¢ distribution of the clumps. Red crosses indicate sources
with no 24um counterpart. Black crosses mark sources with a faipin24
counterpart. Green and blue circles mark clumps with irigihatures and
red-shifted HCO spectra respectively.

e Mass accretion rateln some star formation models the ac-
cretion rate is expected to increase with time (e.g. McKeea T
2003). We have this information available for only 7 clumpgs,
N24_S and 5Y24 clumps. The mean values avR4 s = 0.21 +
0.06x 103 andMy,4 = 1.19 £ 0.92x 102 M,, yr-! respectively.
Despite using only 7 clumps,this is suggestive that the raas®-
tion rate is higher in clumps with a detectable.24 source than in
regions with still no observable inner cores (but dynanhycattive
at the clump scale). If the accretion rate is increasing witte,
this increase must be very rapid based on these (few) paisil)
the other indicators do not yet show evidences of evolutinoray
these groups of clumps.

The best candidates to embed massive pre-stellar cordseare t
two N24_L clumps, 15.631-0-377 and 28.792-0.141. These clumps
have on average slightlyfiérent values of the evolutionary indica-
tors compared to the other two groups. However, the values ar
compatible among the three groups within the dispersiorhef t
measurements.

These results suggest thatat@ quiet clumps are all at a very
similar (and very early) stage of evolution. The early rif@ @is-
ible 24um source does not alter the properties of star forming re-
gions at the clump scales.



7 SUMMARY bright clumps. This increase of the accretion rate may bditbie
sign of evolution in massive clumps, as all the other indicatio

We investigated the gas and dust properties of a sample 0B38 m ¢ shq\y any significant fierence between clumps with and with-

sive clumps selected to be in a very early stage of massive sta , 24um counterparts.

formation and 7@m quiet. We conclude that massive starless clumps are extremely rare
The dust properties have been constrained combining dataTpg |ack of 7Qum (and possibly 24m) emission is a necessary, but

from the Hi-GAL, ATLASGAL and BGPS surveys. The clumps  not sifficient condition to identify massive starless clumps. Mas-

have mass of .2 x 10° M, on average with 2 clumps that exceed  gjye condensations may quickly form deeply embedded prars

2% 10° Mo, and mass surface densities> 0.05 g cm®. Based and the majority, if not all of these massive clumps may alydwar-

on the analysis of the mass surface density and the KP oritéoi bor low-mass fragments. High resolution observations assled

identify high-mass stars precursor in IRDCs, the majorftshese to reveal the embedded content of these high density regions

clumps have the potential to form high-mass stars. The @nst t
peratures are k 13 K, lower than the average dust temperatures of
starless clump candidates €15 K Traficante et al. 2015a). The
luminosity is on average: 2 x 1%? L, with L/M ~ 0.17, signifi-
cantly lower than the IM ratio below which clumps are thought to
be quiescent (IM=1, Molinari et al. 2016). These values in clumps
selected to be 70m quiet suggest that these massive clumps are at
earliest stages of star formation.

The inspection of the 24m maps shows that half of these
clumps have at least one faint 2 counterpart. Eight 24m
sources associated with 5fldirent clumps have at least one
GLIMPSE counterpart. We used the SED fitter tool of Robiaill
et al. (2006) to get an estimate of the properties of these MIR
sources and found that they all have central stars deeplg@mb
ded in the clumps with 25 Ay < 93 mag. These are sources with
masses Z < M, < 5.5 M, and the equivalent of low-mass Class |
and Class Il sources.

The gas dynamics has been studied analyzing the emission
of the dense gas tracersiil® (1 — 0), HNC (1- 0) and HCO
(2 - 0) in the 16 clumps for which we have well defined spec-
tral line emission. The pH* emission is moderately optically thin
(< ™ >main= 0.6), in line with previous observations of regions
at the early stages of star formation. Blue asymmetries irCHN
and HCO spectra have been used to identify infall signatures.
Seven clumps have blue-shifted spectra with skewness pteam
6y < —0.25. Two clumps with no visible 24m sources have signs
of infall, suggesting that they are in a dynamical state alhmp
scale prior to the formation of an intermedjhigh mass core.

The infall velocities are~ 0.16 km s?! on average, simi-
lar to what is observed in other high-mass star forming mgio
with hints of protostellar activity. Similarly the mass aetion rate,
0.04 < M < 2.0 x 103 Mo/yr, is comparable with other mas-
sive star forming regions. With these accretion rates, mplauch
as 22.53-0.192 has the potential to form massive stars aaivlpa
with the most massive protostellar cores observed in thexgab
date within one free-fall timest ~ 2.5 — 4.5 x 10° yr. Assuming
a lifetime of 1@ yr, clumps with infall signatures and no p#h
sources may embed faint, low-mass protostars not detecttek i
MIPSGAL survey.

Finally we combine the dust properties with the gas dynamics
to discuss the evolution of these clumps and to search foerdi
ences between clumps with and without 24 counterparts. We
divided the clumps in three groups: clumps with nq24 counter-
part and low values of the HCGskewness parameteN24.L, 2
clumps), clumps with no 24m counterparts but significant value
of the skewness parametdédd4._S, 6 clumps), and finally objects
with at least one 24m counterpartY24, 8 clumps). We found no
significant diferences, within the dispersion, between these three
groups from indicators ag/M ratio, dust temperature, surface den-
sity, N,H* velocity dispersion and gas abundance. The only evi-
dence is that the accretion rate increases froppn24lark to 24um
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APPENDIX A: 24um AND HI-GAL IMAGES

24um and Higal 70-50@m images of the 18 clumps. The blue
cross in each map is the position of the 280 source centre.
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APPENDIX B: N,H* (1-0), HNC (1-0) AND HCO* (1-0)
SPECTRA
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FigureB1. NoH™ (1 - 0) spectra
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Figure B2. NoH™ (1 - 0) spectra continues
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Figure B3. HNC (1- 0) spectra
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Figure B4. HNC (1 - 0) spectra continues
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Figure B5. HCO" (1 - 0) spectra
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Figure B6. HCO" (1 - 0) spectra continues
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