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ABSTRACT

Context. The onset of massive star formation is not well understoadibee of observational and theoreticdfidulties. To find the
dense and cold clumps where massive star formation can take, e compiled a sample of high infrared extinction ckud/e
observed the clumps in these high extinction clouds in tRBentn continuum emission and ammonia with the goals of degitte
masses, densities, temperatures, and kinematic distances

Aims. We try to understand the star-formation stages of the highaion clumps by studying their infall and outflow propes, the
presence of a young stellar object (YSO), and the level o&Bedepletion. Are the physical parameters, density, masgérature,
and column density correlated with the star-forming prtps? Does the cloud morphology, quantified through therooldensity
contrast between the clump and the clouds, have an impabeagvolution of star formation occurring inside it?

Methods. Star-formation properties, such as infall, outflow, CO dé&ph, and the presence of YSOs, were derived from a molecula
line survey performed with the IRAM 30m and the APEX 12m tetgses.

Results. We find that the HC®(1-0) transition is the most sensitive for detecting imfig/imotions. SiO, an outflow tracer, was mostly
detected toward sources with infall, indicating that ihisaccompanied by collimated outflows. We calculated Infalocities from

the line profiles and found them to be of the order of 0.3—7 kmEhe presence of YSOs within a clump depends mostly on the
clump column density; no indication of YSOs were found betbw10?% cm 2.

Conclusions. Star formation is on the verge of beginning in clouds thatehadow column density contrast; the infall is not yet
present in the majority of the clumps. The first sighs of ongastar formation are broadly observed in clouds where thamo
density contrast between the clump and the cloud is higlzer tihvo; most clumps show infall and outflow. Finally, we fine thost
evolved clumps in clouds that have a column density contrig$ter than three; in many clumps, the infall has alreadiedaland
toward most clumps we found indications of YSOs. Hence, theccmorphology, based on the column density contrast twiee
cloud and the clumps, seems to have a direct connection kédtbvolutionary stage of the objects forming inside.

Key words. Stars: formation — ISM: clouds — ISM: jets and outflows — ISMiletules — Submillimeter: ISM —

1. Introduction the shapes and radial velocities of molecular lines. Inghjser,

) o ) we try to use the molecular emission observed toward the leamp
Massive star formation is thought to occur in clumps that agg high extinction clouds, whose continuum and ammoniaebse
deeply embedded in the dense gas and dust of the natal molggions were discussedlin Rygl et al. (2010), hereafterRafme
ular cloud. In these cold and dense environments, obsensati stdy the infall properties of the clumps and other indimasifor
are often hindered by absorption or high optical depth of thge onset of star formation.
emission and the confusion of many objects due to a limited an
gular resolution. Molecular transitions in the submm weawnegth
range are particularly useful probes to study these regaimse Crucial for the understanding of massive star formation is
their critical densities are similar to the densities ongests for observational evidence for the infall of matter. In low-matar-
regions in which stars are forming. Even without resolving t forming regions (SFRs) such as the Bok globule B335, infadl h
star-forming clumps, one can find signposts of star fornmatiobeen inferred from the observed line profiles (Zhou &t al.3)99
such as outflows and infall, from the kinematics derived frorhhere are but few infall studies for candidate high-massssta

(Wu_ et all 2005; Fuller et &l. 2005; Beltran et al. 2006); koer,

* This publication is based on data acquired with the IRAM 30rl'.h,eIr number is currently Increasing rapidly. A recent stogt
Telescope and the Atacama Pathfinder Experiment (APEX).MRALOpe.Z'SePUIcre. eLall(2010), using a.sample of infrarertt da
is supported by INSICNRS (France), MPG (Germany), and IGNaNd infrared bright clumps from the literature, found a good
(Spain). APEX is a collaboration between the Max-Plancititat fur ~ correlation between the clump dust mass and the outflow mass,

Radioastronomie, the European Southern Observatory,ren@nsala irrespective of the clump being infrared dark or bright. Séae
Space Observatory. authors claim that the outflow properties during star foramat
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remain unchanged within a large range of masses and infrasdoingated or filamentary, this phenomenological feature wed
properties of the clumps. taken into account in defining the three cloud categories.

For our infall study of dense clumps, we used not only The high extinction cloud sample that was studied in Paper
the shapes of the HC@L-0) line but also the shapes of thd contained 50 clumps, of which 12 were infidise clouds, 19
HCO*(4-3), CO(3-2), and CO(1-0) emission lines. The difD Peaked clouds, and 19 in multiply peaked clouds. Almdst al
ferent molecular transitions probefiéirent densities and there-clumps showed Nb{1,1) emission, indicating the presence of
fore different parts of the clump. Lower-CO lines trace the Nigh-density gas (Paper I). In the current paper, we reert t
kinematics of the lower density material of the clumps. Agthi résults of a molecular survey on the clumps in high extimctio
densitiesn > 10%cm3, and cold temperatures15K, the CO clouds. With these results, we try to pinpoint their evaiogry
molecule depletes from the gas phdse (Kramerlet al] 199@). 1§t@ge and test our proposed evolutionary sequence of thésclo
level of CO depletion therefore indicates if the clump isdcolVe observed all the positions that containedg{ll(l) emission
and dense, and hence young, or if it consists of already md¥ih the IRAM 30m telescope in the 'CO*(1-0), SiO(2-1),
processed material. Apart from the presence of broad wimgsHCO" (1-0), CHCN(5-4)K=0, 1, 2, 3, and 4 levels, " (1-0),
lines from CO and other molecules, outflows can additionalk80(2-1), and CO(2-1) molecular transitions. Next, a aobs
be traced by an enhanced abundance of SiO, which is a gét Of these sources was observed with the Atacama Pathfinder
shock tracer (Schilke et'al. 1997). We also observe@®land EXperiment submillimeter telescope (APEX) in highktran-
CHsCN, which trace the more evolved stage of the young steli@fions: NH"(3-2), BCO(43-304), HCO'(4--3), and CO(3-2).
object (YSO). The APEX targets included mostly active and evolved soyrces

L . .which are expected to emit strongly in these higher excita-

Star formation is also evident by the presence of healijg, ansitions. In addition, a few fiise and peaked clouds
sources: a YSO's radiation increases the temperature of ij& o a4ded to allow comparison between the three categories
dust and gas surrounding it. This is not only visible in iné

e . ; of clouds. The line data were interpreted using the RADEX ra-
emission of the dust but also in several molecules lik€@& B 9

and CHCN. These molecules are often observed toward hdlatlve transfer code (van der Tak etlal. 2007) to arrive ad@h

9fthe physical parameters of the clumps.

molecular cores, because the elevated temperaturd£Q K) Thg ?/esultspof the line observatigns are compared with
in these regions evaporate the icy grain mantles, incrgabie results from similar surveys toward other samples, e.g.
gas phase abundancesc(zf SUCh. species by orders of magni Haestudy of line emission toward Infrared Dark Clouds
(Mangum & Wootteri 1993: Olmi et al. 1996: van der Tak €t 8lpncq) and other massive star-forming region by Ragafl et a
2000). Additionally, for CHCN one can estimate rotational tem->066) T\otte et 2. [(2007),_Piliai et al. (2007), Pirogowaét
peratures of the hot phase from the emission in lines arisi *007), Purcell et all (2009), Lopez-Sepulcre etlal. (3040d
Lrotm d'ffeiren“f Ie\{[ﬁls t.haft cover a Wtjjef rargge in ttemperatur?/asyunina et 21.[(2011); the survey of methanol maser ssurce
ut are close logether in frequency. Using these racersieNeb Purcell et al.[(2006); the high-mass protostellar olsjecir-

fine starless clumps as clumps without YSOs _and signs of \/'y by Fuller et al. (2005) and Beuther & Sridharan (2007} an
fall/outflows and prestellar clumps as clumps without YSOS bifyiiar work toward hot molecular cores by Araya et al. (2005
with |nfa||/.outflows. ] and UCHiregions by Churchwell et al. (1992). This comparison
The higher density components of the clumps were stugll allow assessment of the fiierences in evolutionary stages
ied with N;H* and H3CO*; NH* is known to be a reli- covered by these studies.
able probe of cold gas with lower depletion than most other The observations and data reduction are described in Sect. 2
species.(Tafalla et al. 2002). The hyperfine structure @ff)is  Sect. 3 gives the results of the infall study, the derivedpera-
molecule also allowed to estimate its excitation tempeesnd ture and density estimates, the search for YSO indicatizms,
column density. The optically thiniCO* (1-0) line was used to the CO depletion study. These results are interpreted fin ¢ify
determine the local standard of rest velocitysg) of the clump.  an evolutionary sequence of the three classes of cloudsein th

We tried to correlate star-formation behavior in the clum@iscussion (Sect. 4) and summarized in Sect. 5.
not only with surface density but also with the morphology
and physical conditions of the cloud. In Paper I, we seleate . S
sample of high extinction clouds based on our extinctionsnag: S@mple of high extinction clumps and
from the first Galactic quadrant and performed 1.2mm dust Observations
continuum observations of them. We defined three categori
of clouds based on their 1.2 mm dust continuum contrast b%—i The sample
tween the clump column density and the cloud column densifjhe high extinction clouds were selected from color-excess
Clouds with a low clump to cloud column density contr&i() maps in the 3.am—-4.5um Spitzer IRAC bands |(Fazio et al.
Cny, <2 were defined asiiffuse clouds and thought to be the 2004). The maps cover Galactic longitudes X0 1 < 60° in
youngest clouds: they are the coldest and show few signaiof ghe first quadrant, 295< | < 35C in the fourth quadrant,
formation, such as masers and infrared emission. Clouds wéind -1° < b < 1° in Galatic latitude. The method to con-
higher contrast 2Cy,,, <3 were defined ageaked cloudshaving  struct the extinction maps is described in Paper |. We sadect
at least one clump (or peak, hence ‘peaked’ clouds) with k hithese clouds based on a aré—4.5um color excess (CE) above
contrast to the cloud emission; these clouds were thoudi to0.25 mag, which corresponds to a visual extinction 20.45mag
the following stage. They show slightly higher temperasiaed by Ay = 81.8 x CE(3.6 um— 4.5um) using the reddening law of
wider line widths (larger turbulence). The most evolveduds [Indebetouw et all (2005) (for more details, see Paper |) Ukr-g
were themultiply peaked clouds, defined by a still higher con- antee visibility with the Helsberg 100m and the IRAM 30m
trast Cy,, >3 and generally containing several clumps (hengelescopes, we focused on the clouds in the first Galactid-qua
‘multiply peaked’ clouds). Most of the maser emission and imant. In Paper | we analyzed the dust continuum emission and
frared sources were found toward these clouds. Even thawgh she ammonia inversion transitions of the clumps in highrexti
eral clouds, mostly the peaked and multiply peaked ones, &ign clouds to derive their physical properties: the clurhpse
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masses between 10 up 4B, they are cold~16K, and are 2.3. APEX observations
found at distances between 1 and 7 kpc, with the majoritydei
at 3kpc. A summary of the properties of théfdse, peaked, and
multiply peaked high extinction clouds, based on Paperdrés
sented in Tablgl1l. Additionally, we calculated the surfaee-
sity, following[Lopez-Sepulcre et al. (2010) EqXl= 4M/xD?,
whereM is the clump mass in grams amdthe diameter of the
clump in cm.

I:f‘he observations were carried out with the APEX 12m sub-
millimeter telescope located on the Chajnantor plateathén t
d Atacama desert (Chile) during several runs between 200& Jun
10 and November 2. We used the double sideband receiver
APEX-2A equipped with two fast Fourier transform spectrom-
eter (FFTS) backends (Risacher et al. 2006; Klein et al. [R006
The signal and image sidebands are separated by 12 GHz. We
used two setups in our observations, which are described in
2.2. IRAM 30m observations Table[2. Each FFTS has a bandwidth of 1 GHz, and 8192
channels, which corresponds to a velocity resolutior @fL2—
The spectral line survey of the clumps in high extinctioruds (.15km s? for lines between 285—-350 GHz. For theG®O (4—
was performed with the IRAM 30m telescope in 2007, Jung) rotational transition, we observed only thg 4 3q3 K level,
We exploited the possibility of the ABCD receivers to ob&ervsince the remaining( levels of this transition were outside the
simultaneously at two frequencies, one~d00 GHz and the bandpass due to a mistake in the center frequency.
other at~230 GHz. With two diferent receiver setups, we ob- Each observation was performed with offi-iberations us-
served a total of seven molecular ”neS, listed in Table 2 Tlihg three subscans, integrating in total between 90—23tnskc
SiO(2-1) and HCO*(1-0) transitions were observed simultapn source. From the IRAM 30m observations, which were car-
neously in the same backend, since they are only separatediby out before the start of our APEX runs, it was clear that th
100 MHz. The higher frequency CO(2-1) and 180(2-1) transif positions were often contaminated by extended CO emis-
tions were observed in both setups, which increased thalsigsion. Therefore, we used for the APEX observatioffsposi-
to-noise ratio byv2. For the~100 GHz lines, we used severakions much further out, at 1800which in most cases were free
VESPA backend settings: one with a (relatively) narrow bandf emission.
width of 40MHz and a channel spacing of 0.02MHz, corre- The calibration of the APEX data was, just as with the IRAM
sponding to velocity resolution of 0.08 km’s and two wider 30m telescope, carried out using the chopper-wheel teakniq
bandwidths of 120 and 160 MHz using a channel spacing The telescopefciencies, necessary to calculate the main beam
0.04 MHz, corresponding to a velocity resolution of 0.16 krh s brightness temperature, are listed in Tablerefta:frefoR: each
The wider bandwidths were necessary to allow the SiO(2-ijn, the focus was adjusted on a planet, usually Jupitentifgs
and H3CO*(1-0) lines to be observed together in the 160 MH&ere made once every three hours on nearbyegions with
bandwidth and to enable the broad, multiple€H;CN(5-4) strong dust continuum emission, such as Sgr B2(N). Thepreci
line profile to fit within the 120 MHz band. For the230 GHz itable water vapor was between 1.44 and 2.80 mm, while the sys
CO(2-1) and 180(2-1) lines, which both have very wide linem temperatures ranged from 190-300K at 280 GHz and 410—
profiles, we used the 1 MHz backend, whidfieos a bandwidth 575K for 356 GHz.
of 512 MHz and a spectral resolution of 1.5 km sTable2 gives
an overview of the bandwidth and spectral resolution forhea% .
transition. We observed in position-switching mode, whaee <-4 Data reduction

off positior] was located 800away. The processing of the data, such as smoothing (spectragwver
During the observations, we performed a pointing check eing) to increase the signal-to-noise ratio and baselinérach

ery 1.5 hours on a nearby quasar or on theéfjions G10.6-0.4 tion, was done in CLASS (Pety 2005). For most lines, Gaussian

or G34.3-0.2. The pointing was found to be accurate within 4 fitting was performed to retrieve the basic line parametarsh

The focus check was usually performed on Jupiter or 3C 273a& line widthsy, sg, and line intensities. For the lines with hy-

the beginning of each observing run. The opacity at 230 Ghperfine structure (hfs), we used the hfs method, which allows

was variable from excellent winter weather conditions(0.1) additionally the derivation of the optical depth of the mafis

to average summer conditionso& 0.5. The system tempera-component (when applicable). The spectral plots were aiso p

tures at 230 GHz ranged from 270-920K. At 100 GHz the opagared in CLASS.

ity ranged from 0.04-0.1, and the system temperatures veere b

tween 87 and 173 K.

The observed output counts were calibrated to antenaR€Sults

temperatures[ 1, using the siandard chopper-wheel techniqu, overview of all the detected lines per clump and the clump
(Kutner & Ulich 11981) TheTx temperature is the brightnessjpooo positions are given in Talile B.1. For sources with Ro de

temperature of an equivalent source that fills the entirea2  ection, we put a @ upper limit (also in TablEBI1).
dians of the forward beam pattern of the telescope. This ean b

converted to a main beam brightness temperaiiysg, by mul-
tiplying by the ratio of the forwardféiciency,Fe, and the main 3.1. Infall

beam diciency,Beq: The infall signature of a source can be recognized by a lioe pr
file with a double-peaked structure, where the intensityhef t

(1) blue peak exceeds the intensity of the red peak (Leung & Brown
1977; Zhou et al. 1993; Myers etlal. 1996; Mardones &t al.[1997
Evans 1999). Infall models assume a source where the irdall v

Tabl€e2 lists the ficiencies for each transition. locity, density, and excitation temperature increase tdvthe

center. In this scenario, the blue peak of an optically tisiek-

! The df position is an observation of ‘blank’ sky, which is observed@bsorbed line originates in the rear part, and the red petilein
to remove the instrumental bandpass structure. front part of the infalling shell. An increase in the infa#tlocity,

Twg = — X Tx.
MB Beﬂ‘XA
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Table 1. Properties of clumps in high extinction clouds based on Piape

diffuse clouds peaked clouds multiply peaked clouds  all clouds
mean range mean range mean range mean

cloud mass Mo 495 17-3039 1420 70-5500 1900 500 — 6500 910
cloud diameter pc 0.8 0.2-23 1.7 0.7-3.7 1.9 1.2-38 1.2
clump mass Mo 105 12 - 283 130 28-738 185 21-431 150
clump Ny, 10%2?cm? 54 29-95 5.5 33-77 8.5 25-26.3 6.8
clump diameter pc 03 011-056 033 0.14-0.76 0.36 0.1870. 0.3
clumpAv km st 1.2 0.7-23 14 09-25 1.6 0.8-2.8 15
clump d kpc 2.8 1.1-57 3.4 1.9-7.2 3.6 2.1-4.7 3
clump temperature K 135 9.3-16.7 157 119-186 175 1247 16
clumpx gcnr? 0.3 0.2-0.5 0.3 0.2-0.5 0.5 02-15 0.4

Notes. Rows are (from top to bottom) cloud mass, cloud diametemplmass, clump column density, clump diameter, clump lirdthyiclump
kinematic distance, clump rotational Nitemperature, and clump surface density.

Table 2. Molecular lines and frequencies

Molecule J+1->1J E,/ks Frequency ngix2 Bandwidth Resolution Beam B Fet lorm.s
(K) (GHz) (cn3) (MHz)  (kms™) () (K)
IRAM 30m telescope
H3Cco* 1-0 4.16 86.754 Ix10° 160 0.16 29 0.78 0.98 0.06
Sio 2-1 6.25 86.847 3x10° 160 0.16 29 0.78 0.98 0.07
HCO* 1-0 4.28 89.189 8x10° 40 0.08 28 0.78 0.98 0.10
CH3CN 5-4,K=0,1,2,3 13.22 91.98F 47x1C° 120 0.16 27 0.78 0.98 0.09
NoH* 1-0 4.47 93.174 BHx10° 40 0.08 27 0.78 0.98 0.11
C!80 2-1 15.81 219.560 .2x 10° 512 1.5 12 0.62 0.94 0.12
CcoO 2-1 16.60 230.538 .1x 10 512 1.5 11 0.58 0.92 1.3
APEX telescope
NoH* 3-2 26.83 279.512 GBx1¢° 1000 0.15 22 0.73 0.97 0.23
H,CO 404~33° 34.90 290.623 @2x1¢° 1000 0.15 22 0.73 0.97 0.20
HCO" 4-3 42.80 356.734 .9x10° 1000 0.12 18 0.73 0.97 0.47
Cco 3-2 33.19 345.796 .Bx 10 1000 0.12 18 0.73 0.97 1.1

Notes. Columns are (from left to right) the molecule, its transitids upper energy level, its frequency, its critical cotudensity, the bandwidth
used in the observation, the velocity resolution of the plzg®n, the telescope beam, the main beam and forward b&aiemcy of the obser-
vation, and the meanclnoise value® Calculated from the collision rates &it= 20K from the LAMBDA molecular database (Schoier et al.
2005).® Frequency andk, /kg for the K=0 level. Observed werk=0, 1, 2, 3, 49 The observed level is given in subscript.

Vin, Can cause the red peak to diminish; at very large valueg,of 3.1.1. CO line profiles

the red peak can even disappear and become a red “shoulder”

red excess, in contrast to this blue excess, may be caused byvgé_started the study with the CO(2—1) and CO(3-2) lines, whos
Eansion or ou(;flow. A_Iternballti\t;elﬁ, the red _excesz c?r} be exhu gtelgﬁl/gﬁ/nssl'?f(featrﬁeagounﬁoﬁgzﬁlld zilgc%%mgﬁzg%%’orﬁént of
an outwards moving blob of matter, instead of large-scal@®" : \ ) mp
oﬁtward motion (Eva|1591999). To interpret the infall pr%ﬁfe atie interstellar medium (ISM); has a very extended distritn
an optically thick line, it is also necessary to compare ithwi 1€ df position is not necessarily free of its emission. This can
U i e s e S o T e sir e e e, T
r, often a line from a rare i WS a marim e / . 1€ !
c?g‘?ni,nogtteheasysteem?c vaelgcﬁysz;)ttct)ﬁg ggllszbssoorpﬁoi m?:r?lhufe.“?m CO transitions. Since highdrtransitions have a higher
of Fhe optically thick Iine..The observeql line profiles c;ma'd- gmljcr?il ?\er]?jg;s:[i?elrreeirgffrgr]] Iesmciggi]:l)?]ef?otna %&%:Sc%pac
gltlorgtodlarge schale motlzns S#CE asllnfgll, ilso be .|nfllea§hc gbolo?/ed this strz;{teg?/ and observed, in addition to the.GQ(Z
ndan n . Hence, it i _ 1N ad > SN
tg ir?vglstigaatgein(;:aﬁl ugs?r?gtsg\ljgralt rr?olce?:tjjless. Tg p;:r%tfée(?énte Sﬁne with the IRAM 30m, the CO(3-2) line with APEX using di-
depths in the clouds and thereby possiblgedent infall veloci- ferentdf positions. Also, because of the molecules’ ubiquity and
ties, we used lines with fferent critical densities: the CO(2—1),/€latively low critical density, CO observations pick upiesion

I 'from various Galactic arms. This manifests itself in thectpam
CO(3-2), HCG(1-0), and HCO(4-3) t tions. .
(3-2) (1-0). an (4-3) transitions by more than one peak at various local standard of rest (LEBR) v

locities.

We searched for infall signatures by comparing the veloci-
ties of the CO(2-1) and CO(3-2) emission peaks with those of
the optically thin 180(2-1) line. When the peak of the ogitic
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Fig.1. Two examples of infalbutflow signatures of thé>’CO PP M Ghbo-SHS-L
line profiles. The optically thin 180(2—-1) emission (schfer [ hico” 1oy 00220640021 WMT. 1
better visibility, shown in green) indicates the systengtoeity.

The CO(2-1) and CO(3-2) emission is shown in black and red,
respectively. The panels show infalbp) and outflow pottom.

~

F HCoY (1-0) g

Twe [K]

thick line of the main isotopologue appeared shifted bluehvoi o NN, ‘
the 180 peak, the source was marked a blue excess source or a 5 Velodty (m/s) 60
blue source. A source with a red shifted peak was marked a red
source. Fig.2. Three examples of infabutflow signatures of the
In general, both the CO transitions showed similar behavithCO*(1-0) line profile. Red marks both!FCO*(1-0), which
(see TablgBl2). Two examples of infall and outflow signaturés optically thin, and the systemic velocity of the dense.gas
are presented in Figl 1. When the peaks of the optically #mick Compared to this the shift of the peak of the HED-0) emis-
thin lines were at the same velocity, nothing could be imferr Sion, in black, becomes clear. The panels show infaiidgle
Mostly, the CO lines were broader than the 180 lines and hafd bottory, outflow (bottom righ}, and a case of central self-
line wings extending from 10 to almost 50 kit selative to the absorption, where both peaks are equap). The profiles show
systemic LSR velocity. Line width broadening is partiallyecto  various degrees of self-absorption.
a high optical depth, which is higher for the CO lines than for
180 lines. However, the wings are dominated by gas undeggoi
strong and dominant motions, such as infall or outflow, and as
cases such as G022:080.21MM1 by high-velocity emission SV = Vthick — Vthin 2)
features (‘bullets’). AVihin
The results for CO are given in Talple B.2. For the lower tral
sition, the presence of wings is indicated, and, if prestety
velocity range is given. The CO line profiles delivered thstfir
indications of infall or outflow. A deeper study was done viite
HCO*(1-0) and H3CO*(1-0) lines, reported in the next sectio

Wherevthick and vy, are the LSR velocities of the peaks of the
optically thick and thin lines, respectivelvinin is the line width
of the optically thin line. The line width and LSR velocity of
the HCO*(1-0) line were retrieved by Gaussian fits (Table
nEa). For the optically thick HC®(1-0) line, the profiles of-
ten showed non-Gaussian shapes; therefore, the positithre of
3.1.2. The skewness parameter §v peak was determined by eye (also given in Tdablg B.3). After
) . ) i Mardones et al.| (1997), we adopt the definition of significant
The optically thick HCO(1-0) line profiles were used for anpjye and red excess, namely for the formedvf< —0.25 and
in-depth study of infall and outflow motions in the clumps€Thine |atter wherv > 0.25.
systemic velocity of a clump was determined from the oplycal ~ The skewness parameter was determined for the HCO
thin H'3CO*(1-0) line. Examples of HC{1-0) line profiles 0), HCO'(4—3), and CO(3-2) lines (all listed in Tale B.2).
are shown in FigL12. For half of the clumps, the HGO-0) For all molecules, the values ranged between —1.5 and 1-5, ex
line showed a double-peaked profile with a self-absorptipn dcept for G14.39-00.75B where thw of the HCO (1-0) line
Here, the ratio of the two intensity pea e, was used to check was —5.79. The latter is due to a very blue shifted HCG0)
whether the source showed blue or red excess in the emisgi@ak, most likely caused by a high self-absorption in thisce.
(ratio listed in Tablé BI2). The clumps in high extinction clouds have skewness parame-
When the HCO(1-0) line profile showed only one peakiters similar to values in the literature: —0.5 for UCkgions
we compared its velocity with the velocity of the opticalhirt  (Wyrowski et al.| 2006), —1.5 to 1 for HMPOs_(Fuller et al.
H3CO"(1-0) peak. The measure of this shift in velocity i2005), —1 to 2 for Extended Green Objects (EGOs, Chen et al.
called the skewness parameter. Following the method @uwtlin2010), which are shocked regions, and —0.5 for the cluster-
inIMardones et all (1997), the skewness param®tas defined forming clump G24.4(Wu et al. 2005).
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Table 3. Distribution of the skewness parameter per molecule

FON,HT (1-0) G013.91-00.51 MM1

Transition Npwe Nred  Nskew  Niot E P <év>
HCO*"(1-0) 24 14 38 47 0.22 0.07 -0.26 1
HCO"(4-3) 5 4 9 18 0.06 050 -011
CO(2-1% 24 11 35 35 0.37 0.02 - ]
CO(3-2) 8 7 15 16 0.06 0.50 -0.31 I
30 35

20 25

Notes. Columns are (from left to right) number of blue excess sairce Yoty Cm/e)
number of red excess sources, total number of sources wighificant o LN (5-2) 6017.19400.81 MM1 |
skewness, total number of sources, the excess parametprotiability L

of the distribution to arise by chance, and the average skssvn

@ The numbers of the CO(2—1) transition serve only as an itidiza

Cross correlations of the skewness between the thfter-di
ent molecules (Fid.]3, clumps from peaked and multiply pdake R R
clouds are color coded in light of the evolutionary sequetise 15 20 ity ey 2 35
cussion in Secf_412) show that the HG@-3) line is the least
sensitive to infall angr outflow, while the HCO(1-0) seems Fig.4. NoH*(1-0) ¢op) and NH*(3-2) (ottom) line profiles.
the most sensitive. Most of the HCQ@1-3) lines'sv values are The green lines show the locations of the hyperfine compsnent
< 10.25, while those of the HCQ(1-0) and CO(3-2) lines ex-
hibit a range of skewness. Also, Fuller et al. (2005) fourat th
the transitions with higher critical densities show lesflin P = 0.02, should be treated with care, because the same defi-
These observations suggest that the infall occurs predotiin nitions of blue and red sources do not apply. Due to the plessib
in the low-density environment, which is in contrast witte thconfusion in the line profiles, the CO(2—1) was just classifie
increasing infall velocity toward the center that is expecin  based on the peak emission with respect to the 180(2-1) line
the collapsing clump model. The observations can possiely Without the calculation ofv. Therefore, the numbers in Tables
explained by the dierent optical depths of the HCQransi- [B.2 and3 have to be taken just as indications. In conclusien,
tions, because an infall profile requires the transitiongsbf- HCO*(1-0) line shows a significant blue excess and is the best
ficiently opaque. Depending on the density of the infall envindicator of infall for our sample of clumps. The excess para
ronment, the transitions with a high critical density migbt be eter of the HCO(1-0) line, 0.22, is similar to values found in
opaque enough to observe the skewness profile, while ti@msit a previous survey dy Fuller etlal. (2005) of high-mass ptetes
of lower critical density will be already siiciently optically lar objects reaching excesses of 0.29 and 0.31. Studiesvef lo
thick to observe the infall profile. For the HC@—-0) and CO(3— mass star formation also report similar numbers (Mardonak e
2) lines, the skewness seems to be correlated, which magegth97; Evars 2003).
infall determination based on these two molecules moratsidi

The excess parameter shows the average behavior of the blue ) o .
excess over the red excess sources. It is defin€d-a¢Nyy. — 32 Temperature and density estimations from NoH™ (1-0)

Nred)/Niot, WhereN,eq is the number of red excess sourdsiie and (3-2) transitions
the total number of blue excess sources, ldgdhe total number The NoH*(1-0) and NH*(3-2) rotational transitions have hfs
of all sources,(Mardones etial. 1997). arising from the interaction between the molecular eledteid

Tablel3 lists the excess parameter and average skewnesgypaqient and the electric quadrupole moments of the two-nitr
rameter Dy transition. For each transition, we calculatesugh gen nucleil(Caselli et al. 1995). TheN* (1-0) rotational transi-
the binomial test, the probabilify that the distribution between tion is split into seven hyperfine components. The three fmgin
blue and red excess sources occurred by chance. The b'no'ﬁéﬂ‘ine groups were well resolved in our observations (sge Fi

distribution is defined as [4), and for a few sources we could fit all seven components. In
n (n-K) the higher transition, we were barely able to even resolee th
P= (k)p (2P, (3)  three main groups of hfs components (Fiy. 4).

For fitting the NH*(1-0) transition we took the hfs into ac-
wheren is the total number of trial the number of successesgcount by using the hfs method for the line fitting in CLABS
andp the success probability. In our casés the total number of This method assumes one excitation temperature and one line
blue and red excess sourcletie number of blue excess sourceswyidth for all seven hyperfine components, as well as the Featt t
and the success probabilipyequals b if the blue and red ex- the opacity as a function of frequency for each hfs has a gaus-
cess sources are randomly distributed. We can then caddblat sian shape. Then, besides the intrinsic line width and rated
possibility that the distribution of the number of blue smes intensities, the hfs method also determines the opticaindefp
equal or higher than the number observed arises by chance kye main hfs group. The total optical deptk can be calculated
adding all possibilitie®(n, k, p) + P(n, k+1, p) + .. untiilk = n.  from the obtained main hfs group optical depthun by mul-

The small probability? of 7% for HCO(1-0) line in Table tiplying it by the sum of relative intensities of the satelfi S
indicates that there are significantly more blue excesgssu astit = Stmain. In case the relative intensities are scaled so that
than expected for a random distribution. On the other hdrel, their sum equals unity, the hfs fit directly delivers the kofatical
higher CO(3-2) and HCQ4-3) transitions have a probabilitydepth (the sum of all the hfs optical depths). We calculaled t
of 50%. Hence, the number of blue excess sources is likely hy
chance and not significant. The results for the CO(2-1) line? httpy/www.iram.e§ RAMES/otherDocumengpostscripticlassHFS. ps
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Fig.3. Skewness parameter of the HO@-0) line versus that of the HC@-3) and*?CO(3-2) lines. The dashed lines mark the
boundary of significant excesséat > |0.25. The blue triangles represent clumps in peaked cloudsewind red squares represent
sources in multiply peaked clouds.

N

column density of BH*, Ny,n+ (A3J) following IBenson et al. citation temperature of M*(1-0) and the NHhlrotational tem-
(1998). The results of thedd*(1-0) line profile fitting; the inte- perature:
grated intensity (including the hyperfine componentsgltop- Tex NoH*
tical depth, and line width are placed together with thetaticin gk (1-0) ~ T
temperature and the column density in Tdble B.4. FgAN3-
2), TabldB.5 lists the parameters obtained by GaussiaViis. The individual filling factors range from 0.2 to 0.8. For clpsm
did not observe the hfs as clearly as in the lower transitih aG17.19+00.81 MM2, and MM3, we found meaningless filling
could therefore not determine the optical depth for the @ighfactors larger than unity, which is possibly due to an overes
transition. timation of the excitation temperature. A filling factor diea
than unity indicates either that the source size is smdibar the

For sources withr(1_o), ot < 0.4, which usually also had high beam or that the source is clumpy instead of centrally coseign
relative errors, we found unrealistically highy values that were Alternatively, the NH*(1-0) line could be sub-thermally ex-
much higher than the ammonia rotational temperatufgg, Ccited, a consequence of densities lower than the criticasite
(Paper 1). The CLASS hfs method does not provide good esfit such densities, a transition’s upper energy level becouame
mates for excitation temperatures (hence also column ies)si derpopulated: collisions do not manage to populate it, &ed t
when the relative errors in optical depth are very largelQ%) System is in non-LTE. In this case, the excitation tempeeatu
and when the optical depth is very smalli(o) ot < 0.4) (see, Will be lower than the kinetic temperature, thus mimickihg t
e.g. Fontani et al. 2005, 2011). After discarding theseam) behavior of a small filling factor.
the excitation temperatures generally ranged from 3 to 28/K, To have another estimate of the filling factor, we performed
eraging 8.1K . In fact, only two sources hadTa, > 20K; radiative transfer modeling to obtain the intrinsigH column
G017.19-00.81 MM2 (28K) and MM3 (29K). We assumeddensity. In a non-LTE system, the ratios of line intensitlesi-
that the NH* gas has a similar kinetic temperature as thate from the LTE predictions and become a function of density
NHz gas and that they are both in local thermal equilibriureolumn density, temperature, and optical depth. In pdeicu
(LTE), in which case théle, should equall,o.. However, the we consider the bBH*(1-0yN,H*(3-2) line ratio and combine
determined excitation temperatures were, with the exoemf this with non-LTE radiative transfer modeling using RADEX
G017.19-00.81 MM2 and MM3, all lower than the rotational(van der Tak et al. 2007) and the molecular database LAMBDA
temperature from ammonia. Theffdirence between tHE, de-  (Schoier et gl. 2005). Figuié 5 shows the integrated intiesf
termined here and tHE, determined by ammonia is theeN*  the two NbH* transitions plotted against each other. We use dif-
filling factor. While Tey, is inversely proportional to the filling ferently colored symbols for each cloud clasdsf{tie, peaked,
factor (sed_All), the rotational temperature is an intciism- and multiply peaked) in the graphs shown throughout thigpap
perature (independent dfsince it is solely determined by line to visualize the (possible) behavior forfiirent phases of cloud
ratios). We estimated the filling factor from the ratio of #se evolution. The integrated intensitf,TMde, of the lower tran-

(4)

rot, NHz
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sition, NbH*(1-0), exceeded that of JN*(3-2) by an average = The RADEX results for the volume density were almost all
of within a factor two or less of the measured volume densitynfro
[ Twsdv(N2H*(1 - 0)) the 1.2mm continuum (Tablé 4). Given the uncertainties @ th
< fTMde(N2H+(3— 2)) >= &9 (5)  derivations of both volume densities, we can say that they ar
) ] - o _in agreement for most of the sources. ThgHN ratio and the
In this ratio, we assumed that the filling factor ratio is hesiit  N,H+(1-0) optical depth can therefore be used to estimate the
is ||ke|y that the f|”|ng factors of the two transitions catout hydrogen volume density and intrinsi@”" column density of
as the APEX beam is Only Sl|ght smaller than the IRAM 30[@ C|ump for a given kinetic temperature_
beam (Tablel2 lists all beamsizes). There are three soutaes t e estimated the abundange,of NoH* by comparing the
lie far from the average: G014.63-00.57 MM1, GO1%09.81 \, ... corrected by the filling factor from the temperature ratio
MM2, and G022.0600.21 MM1, which are all bright at 24n  (for each source individually) to the hydrogen column dgmsi

and contain water masers (see Tabld B.1). Nh,, measured from the 1.2 mm continuum (Paper I):
- N+
'y 50 e e x¥(NoH?) = % (6)
& [ E ] Hz
“oao L 3
X, C ) | 1 The individual clump abundances are listed in Tdbld B.4, and
S b - L ] range from @6 — 4.0 x 10°°, with a mean of B x 10°°.
[ [ w ] . . .
- : Al ] The true abundances are likely to be slightly lower, sinee th
oo L " E N4, is a beam-averaged column density and contains an un-
= 5 a ] known filling factor. Taking this into account, the abundais
5 oL i#ﬁ B in agreement with the value of Pirogov et al. (2007) for high-
= C & ] mass star-forming cores and the results of Ragan et al. J2006
= gL ! ! L] Vasyunina et al/(2011) for IRDCs.

0 10 20 30

Tyshv N;H (3-2) [K km s
STughv NoH(32) [K dem <7 3.3. Presence of young stellar objects

Fig.5. NoH"(1-0) integrated intensity versusN*(3-2) inte-
grated intensity for all detected sources. The blue triesmgép-
resent clumps in peaked clouds, while the red squares @yregH,CN and HCO are usually found toward YSOs or hot
sources in multiply peaked clouds. The green solid line marfplecular cores (Mangum & Wootién 1993; Olmi etlal. 1996;
the trend of the observed ratio of 2.9. van der Tak et al. 2000), which are warga {00 K) and dense
(= 10° — 1P cm®) (Kurtz et al/2000). Both molecules can be

The observed bH* column density is roughly proportionalused as a tracer of ongoing star formation.
(depending on the value dfey, see Eq[CAB) with excitation CHsCN is a symmetric-top molecule where each rotational
temperatureNy,n: o TE? for 5K< Tex <10K, which in turn level is split for diferent projections of angular momentum
is inversely proportional with filling factor. Hence, theticaof — along the symmetry axis of the molecule labeled by the quantu
observed NH* column density (from the pH*(1-0) line) and numberK. Within one rotational level) + 1 — J, the transitions
the intrinsic column density calculated by RADEX (based oof the K components are determined solely by collisions, and
the NbH*(1-0YN,H*(3-2) integrated intensity ratio) can be intheir relative intensities are therefore related to thekmntem-
terpreted as a result of the filling factor of theH\ (1-0) line. perature of the region (Solomon etlal. 1971). Kheomponents
Using RADEX, we estimated the behavior,+/Avandny, with one rotational level are very closely spaced in freqyen
for different values of the M*(1-0YN,H"(3-2) line ratio and and can be observed simultaneously with one backend with a
the opacity of NH*(1-0) for kinetic temperatures of 10, 15, 20pandwidth>30 MHz. Under the assumption that the §EN(5—
25 K. We chose this temperature range based on rotational tethK=0, 1, 2, 3, and 4 emission is optically thin and uniformly
peratures derived from the ammonia observations (see alde T fills the beam and that aK transitions within thisJ level are
). The results are shown in Fig. 6 and TdHle 4. characterized by one temperature, we derived the rotadtiema

In Fig.[6 we marked the positions of the sources from TableperaturesT o, and the total CEHCN column density following
at the intersection of the ratio of the (1-0) and (3—2)Ninten- |Araya et al.|(2005). These authors studied thegCN emission
sities and the BH* (1-0) optical depth in the plot calculated withtoward objects similar to ours (massive star-forming clajgmd
a kinetic temperature closest to the Ntdtational temperature showed that it is reasonable to assume the optically thiit om
of the clump. To obtain the intrinsic K™ column density, we this line. A beam-filling factor smaller than unity wouldtect
multiplied N,++/Av by the observed pH*(1-0) line width. In  the K levels similarly and hence would have no large influence
the plots, we see that a risifg;, increases the column densityon the temperature derivation if the filling factor does naityv
for a given optical depth and a line ratio, while the voluma-de from oneK component to another. The GBN column den-
sity decreases. For the handful of sources that we have meghssity, however, is fiected by the beam-filling factor. Given the
both NbH* transitions, we compared the filling factor based obeam size of 27 against the average angular clump size found at
the column density with the one determined from the tempel-3 mm,~20”, the beam-filling factor could be slightly smaller
ature. On average, the filling factors agreed within 30%.eHethan unity.
we excluded clumps G017.490.81 MM2 and MM3, since col- We detected th& =0 to 3 levels, or a subset of these, for
umn density-derived filling factor came out larger thanyrihd several sources; the data were too noisy (Ins of 0.9 K) for
which confirms that for these sources the derivation of thid™N a K=4 level detection. All detections, deriva8d,;, and column
parameters, from which the excitation temperature andneolu densities are given in Table B.6. The @EN rotation temper-
density are calculated, gave unrealistic values. atures were much higher than the Ntémperatures (see Table

3.3.1. Hot molecular cores: CH3CN and H,CO
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Table 4. Results of RADEX calculations based on the (18}2) NbH* ratio

N,H*(1-0) N,H*(3-2)
Source name [ Tuedv Av T STuedv  Trot  Nihe obs N+ R NNy, obs My, R
(Kkms?t) (kms?) (Kkms?t) (K) (10%cm?) (10%cm?)  (10Pcm®)  (10°cnm3)
G013.91-00.51 MM1 12.9 1.19 5.34 2.4 14.1 2.2 5.8 2.2 0.3
G014.63-00.57 MM1 45.8 2.46 2.35 25.6 18.1 8.9 18.7 7.7 3.4
G014.63-00.57 MM2 17.9 1.27 3.90 8.2 15.7 2.8 9.4 7.3 34
G017.19-00.81 MM2 32.9 2.21 1.0 18.7 18.7 13.5 7.7 6.3 4.0
G017.19-00.81 MM3 25.1 1.74 0.91 1.7 20.1 10.9 2.7 0.8 1.8
G018.26-00.24 MM1 235 2.50 2.10 8.6 18.2 3.7 10.5 1.8 1.4
G018.26-00.24 MM2 26.0 2.16 4.00 7.6 17.4 4.3 10.1 1.3 1.0
G022.06-00.21 MM1 28.7 2.50 1.17 16.3 24.7 7.7 13.0 6.8 5.2
G024.37-00.15 MM2 12.7 2.28 1.55 54 15.7 2.1 6.2 1.2 2.9
G024.94-00.15 MM1 20.0 2.48 1.30 7.4 15.2 4.2 5.0 2.0 2.9
G030.96-00.00A MM1 22.8 2.38 0.26 7.7 18.6 - 3.1 0.7 1.8
G034.71-00.63 MM1 11.7 2.31 2.61 6.1 17.8 1.9 17.6 1.0 3.4
G034.71-00.63 MM2 115 1.58 4.90 2.7 12.4 2.1 6.3 1.1 1.4
G053.81-00.00 MM1 9.0 1.64 0.56 3.7 12.4 1.0 12.1 3.6 8.6

Notes. Column are (from left to right) source name, integratetHN1-0) line intensity, FWHP BH*(1-0) line width, NH*(1-0) optical depth,
integrated NH*(3-2) line intensity, NH rotational temperature (Paper 1), observedHN column density, calculated M* column density from
RADEX, observed hydrogen density from the 1.2 mm continuBapér |), calculated hydrogen density from RADEX.

umn density of 5< 10?>cm™2, almost all clumps show infrared
- emission and signs of outflows.

For both the CHCN and HCO molecules, there is a gen-
eral cut-df in the column density at 4 10°2cm?, below
which no YSOs are found. This cutids slightly lower than
the column density of1 x 10°3cm2 theoretically required
to form massive stars (0.7 g cfyKrumholz & McKeel 2008).
Lopez-Sepulcre et al. (2010) found a column density tholesh
of 7.7 x 10??cm™, below which the outflow rate decreases
rapidly and the outflows are less massive. Hence, while ebser
vational data seem to strongly support a column density cut-
off for (massive) star formation, they also seem to indicate a
slightly lower threshold than theoretically advocatedeTdif-

10 15 20 25 ference, however, is not too large, and the observed colenn d
Trot(NH3) [K] sities are beamaverages, which means that if the sourcéssize

Fig. 7. CHsCN rotational temperatures versus NFbtational smaller, we are underestimating the true column density.
temperatures. Clumps for which the gXEN temperature had er-
rors smaller than 12K are red.
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3.3.2. Outflow: SiO(2-1) emission

Apart from evidently heating their environments, (maskive
YSOs drive strong molecular outflows_(Beuther et al. 2002),
B.dand FiglY), since the GIEN traces warmer gas than ammowhich may remove, in the case of disk accretion, the angular
nia does. For the 5CO(43—34) line, the observed main beammomentum away from the forming star. While mechanisms to
brightness temperatures, LSR velocities, and line widthsew accelerate the outflow have been proposed for low-massostar f
determined from Gaussian fits and are listed in TRblé B.7. mation (Shu et al. 2000), in the high-mass scenario the aceel
To understand if YSOs are preferably present in denser i mechanism is not well understood yet.
more compact clumps, we plotted all the clumps with evidence Interstellar dust grains contain silicates (Draine 2088pck
for an embedded YSO in a size versus the column density grapiives driven by outflows can sputter Si-bearing compounds in
(Fig.[8). In addition to plotting clumps with evidence of athodust grains leading to increased SiO abundances in the post-
molecular core through the detection of D and CHCN, we shock gas (Schilke et al. 1997). Thus, SiO is expected to be as
plot clumps with a 24m detection (direct evidence of dustsociated with ongoing star formation via its formation bist
heated by an YSO) and SiO emission (evidence of outflow@pservations support this, since SiO is more common in more
see Sec{_3.3.2). Apparently, YSOs are found in clumps of alttive (or evolved) sources, while very weak in quiesceen (e
sizes, but, more interestingly, they are mostly found ahhigarly) sources (Beuther & Sridharan 2007). Naturally, dse a
column densities. The minim&,, at which the HCO(403—- expects to observe wide line widths. We found line widthsrfro
304) line was detected is % 1072 cm2, while the CHCN(5-4) ~1.5-7 km s? for very weak SiO detections, while for stronger
K = Oemission was still observed toward one less dense clu®i® emitting sources the line widths increase up to 26 kin s
with Ny, = 3 x 10?2cm2. The column density cutfbis most The individual values for all detections are given in Tdbl& B
clearly seen in the 2dm and SiO line detections; above a colalong with the main beam brightness temperatures and LSR ve-
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258 N 7 To check if the SiO line widths, and hence the outflows,
0o 5 K ..‘#.A}' lX b N 3 are stronger for the more evolved sources, we compared them
g ] with the hydrogen column density determined from the 1.2 mm
22— 0‘2 S 0‘4 S 0‘6 R continuum. Figurd_10 shows that up to column densities of

FWHM diometer [pe] 10?%cm2 there is a tendency of increasing line widths with
column density. The few clumps that are above this column

Fig.8. High extinction clumps placed in a diagram of colum@jensity limit, G014.63-00.57 MM1, G017.400.81 MM2,
density versus the FWHM diameter (in pc) derived from thg022.06-00.21 MM1, and G014.63-00.57 MM2, show no clear
1.2mm continuum (Paper ). The detections of MIPSu@¥% trend. The SiO emission was detected toward all multiphkpda
emission, HCO(43-3p4), CHsCN(5-4)K=0, and SiO(2-1) are clouds, but just toward three peaked clouds (25%) and ordy tw
marked in color, black symbols are non-detections. These®s diffuse clouds (18%), singling out the multiply peaked clouds as
mark the clumps in diuse clouds, triangles clumps in peakedctive regions of star formation.
clouds, and squares clumps in multiply peaked clouds.

N R 3.3.3. Prestellar and starless sources

outflow -
),

o
o
I

el Our sample contained 19 sources with no evidence of a YSO.

| 1 Of these sources, one-third shows infall in the HC-0) line

} . profile indicating that these are inpeestellar phase, one-third

; 1 is expanding according to the HC(@-0) skewness parameter,
|

|

|

I

A
|

©
~

| 1 and the last third shows neither infall nor outflow. The sesrc
= 1 without any signs of infall or YSOs were definedsar|ess.
L By Sl - | 1 Motte et al. (2007) showed howflcult it is to find high-
Lo —— mass analogies of low-mass starless cores, such as L1521F
B [k% = ! ? (Shinnaga et al. 2004), in their study of the Cygnus X complex
Remarkably, they found SiO emission in all of the observed
Fig.9. SiO detections against the HCQ-0) skewness param-infrared-quiet massive dense cores, indicating that stand-
etersv. The green crosses represent sources filusk clouds, tion is already ongoing.
the blue triangles clumps in peaked clouds, and the red sguar In our sample, we found six prestellar and six starless
sources in multiply peaked clouds. sources. Only half of them contain a clump (an overdensity of
typical hydrogen column density of 3cm=2, which could be
identified by the Miriad routine “sfind”, see Paper I); most of
locities. The mean noise level of the SiO observations i B,0 them are too dfuse in the mm continuum. The masses of the
which is comparable to previous studies in massive stamifty  prestellar clumps, derived from the 1.2mm continuum, were
regions by Beuther & Sridharan (2007) and Motte etlal. (200'Qreater than their virial masses, indicating that gravitythe
which reached noise levels of 0.02 K and 0.10K, respectivelydominant force. However, also for the starless clumps, thei
We detected the SiO(2-1) transition toward 50% of thérial parameters indicate that gravity dominates theierinal
whole sample. Of all the SiO-emitting sources, aremarkaiale dynamics. Apparently, it is not merely the lack of gravibatl
jority, 70%, coincided with infall sources (having a HCQ-0) force that separates the starless from the prestellar dumige
skewness parametéy < —0.25), as illustrated in Fid.]9. This prestellar and starless sources were found in tifiusé and
finding indicates that accretion is accompanied by colledat peaked clouds, but not in the multiply peaked clouds, which
outflows, which cause the enhancement of SiO. A further 15%adrees with the previous indications of the multiply peaked
the SiO detections are sources exhibiting expansior:(0.25), clouds as the most evolved clouds. Most of the starless ssurc
and the remaining 15% are sources showing neither expansigre in difuse clouds, which are dark in the 24 MIPS im-
nor infall (-0.25 < ¢v < 0.25). Clumps without SiO detectionsages. The prestellar sources were generally found in the-vic
have HCO(1-0) skewness parameters divided almost equalty of infrared objects, most likely more evolved YSOs. Taes
between infall (ten clumps) and expansion (eight clumps).  YSOs are possibly responsible for introducing shocks inéirt

o
)

Tus SI0(2=1) [K]

| o
N
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surrounding medium through stellar winds and outflows, thus o R

supporting the formation of higher densities regions wigeas-
itational collapse can occur. This implies that stars fotose

to other stars, which is a well-known fact and agrees with the
observed clustering of newly formed stars (see, for example
Lada & Lada 2003). The limited number of both starless and
prestellar sources in a total of 12 clumps, compared to the
31 sources with a YSO indication, agrees with the findings of
Motte et al. (2007) that the starless and prestellar phases a
short and dynamic.

IS

Depletion m

3.4. CO depletion Fig.11. CO depletion versus the rotational temperature derived
. . from NHs. The green crosses represent sourcesingé clouds,

As a clump. contracts, the '?Ve' of depletion of C-bearl e blue triangles clumps in peaked clouds, and the red eguar
molecules like CO_or CS increases (Kramer etial. 1999 ceq in multiply peaked clouds. The black dashed linésnar
Bergin & Langer 1997). The CO depletion in a clump Caghe yrend of anincrease in CO depletion with colder tempeest
therefore be used as a time marker. Observations of masspe,|| the clumps, while the green, blue, and red solid limesk

protostellar objects (Purcell etial. 2009) and clumps in @D 4 trends for the sources infilise. peaked. and multioly peaked
(Pillai et al. 2007) show depletion of CO, indicating thaese cjoude. - Peares, PYP

objects are already in a state of collapse and not in the chem-
ically earliest stage. CO depletion as a time marker shoald b
treated with some caution, because heating of the gas (bY2 YS  All derived quantitiesNciso, Nn,, xciso, andy are listed in
can cause the CO to be desorbed to the gas phase, creatingTalle[B.9. In most of the clumps, 180 appears to be depleted.
CO-depletion levels as in the chemically earliest stagesrad We find a CO depletion 0f=0.5-5.5 with an average of 2.3,
the onset of collapse. which is slightly lower than what is found in clumps of IRDCs
We used 180, a less common isotopologue of CO, to mgg=2-10, Pillai et al. 2007). Observations by, e.g., Krametet a
sure the depletion in the clumps of the high extinction ckud(1999) and Bacmann etlal. (2003) have shown that molecuar de
In contrast to CO, the line profile of 180 lines consisted qjletion is enhanced at lower temperatures. In[Eiy. 11, wifpto
one Gaussian without any wings or self-absorption. Thisis all clumps the CO depletion against the rotational tempeeat
indication that the 180(2—1) emission has a low or moderaf¢hile Kramer et al.[(1999) found an strong exponential depen
optical depth, which would agree with previous observatiorience of CO depletion with temperature, our data are toe scat
that derived the 180 optical depths by comparing the 18a daered to diferentiate between linear and exponential behavior.
with emission from the even rarer'@® (Crapsi et gll_2005; Nevertheless we can see that higheorresponds on average to
Pillai et al.l 2007). Therefore, in this work, we will assuni@tt colder sources (dashed black line).
the 180(2-1) line is optically thin. The 180(2-1) line files Figure 11 shows that clumps infflise clouds (green crosses
were fitted with a Gaussian. Tallle B.8 lists our obtained-intand green line) and peaked clouds (blue triangles and biag li
grated intensities, the LSR velocities, and the line widths indeed follow the trend of higher CO depletion with coldente
The column density of 180 was calculated in the opticallyeratures. For clumps in multiply peaked clouds (red scuzned
thin limit (see Eq.A.#) under the assumption of a beam filked line), the situation is ffierent; the clumps have a large spread
ing factor of unity, which is likely for a beam of ¥land in temperature as well ag and on average the opposite trend
clumps that have an average size of' 20 the 1.2mm contin- is seen: increasing with higher temperature. This is mainly
uum. Second, we assume LTE and equate the excitation teraused by a few clumps with high temperature and hjgh
perature to the rotational temperatufigy;, derived from the G017.19-0.81 MM2, G014.63—00.63 MM1, and G022-0621
NH3(1,1) and NH(2,2) transitions. In very dense and cold reMM1, all three of which have dust column densities above
gions, where NH inversion transitions are dominated by col10?®cm~2 and water masers. Possibly these sources were heated
lisions rather than by radiative excitations and de-ekoits, so fast by the embedded YSO that the CO was not freed into the
Trot is @ good measure for the kinetic temperature of the systejas phase yet and the depletion values are thus still high.
(Walmsley & Ungerechts 1983; Danby et al. 1988). The back-
ground temperature was taken at 2.73 K. With the total column
density of 180Nciso, known, we calculated the abundance o#. Discussion
180 relative to H, ycis0, by comparing it to the hydrogen col-

L 4.1. Infall velocities
umn density:

o — Ncieo @) In Sect[3.1, we determined by binomial tests that the HQO
Xco Ny, - 0) line was the best suited of the molecular transitions weat
had observed to study infall. For sources that had a double-

The canonical number fogcisg in the nearby ISM is 7 x 10°7 ; S LT . ;
. \ X peaked HCO(1-0) line profile, indicating a systemic infalling
(Ererking et al. 1982). At larger distances towards the odber motion, we calculated the infall velocity;, according to

ring and the Galactic center, this value is expected to blednig
(Wilson & Rood 1994), which would increase the CO depletiowyers etal.|(1996) as

we measured. _The ratio between the observed abundesse, AVch_ 1 + e(Tolue=Taip)/ Teip
and the canonical value for the abundang&nonicas then re- Vin = n In( o o) T ) 9)
sulted iny the CO depletion factor: Vred — Vblue 1+ Tred e Taie

_ Xcanonical wherev,eq andvy,e are the LSR velocities of the red and blue

Xobs (8) peaks, whose main beam temperatures are givemhyand
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Thive: respectively, and g, is the main beam temperature of theontained several clumps. Here, we review all the results in
dip between the two peaks. All these quantities refer toplees light of the hypothetical evolutionary sequence we prodpse
tral shape of the optically thick line, except favni,. With the i.e., from the quiescent fluse clouds to the peaked ones, and
volume density of the clumpy, and clump radius}, the in- finally to the multiply peaked clouds.

fall velocity can be converted to a mass infall rai, (after

M t all 1996):
vers et a ) 4.2.1. Diffuse clouds

Min = A7RENH,Mvin (10)  Eor the class of diuse clouds, more than half of the investi-

gated sources were not well-defined clumps but positiong-of d
fuse emission within a cloud. The skewness parameter dsalys
e{]pund a slight excess of blue sources, indicating infalt, the
inomial test showed that this result is not significant (Eslele
For low-mass star formation, the mass infall rates onto a p@' The .dfmse clouds are Ilke[y the phase Wher_e the clumps
tostar are between a few times105 M, yr-* (Palla & Stahler are beginning to collapse. This would agree with the clump
© masses found in Paper |, where on average we found less mas-

1993; [Kirk et al.[ 2005) and~ 10°%M, yr! (Whitneyetal. . . \
1997). This is too Iovzl to form high?myass (stars, since thelt ¢ clumps in the diuse clouds than in the peaked or multi-

prestellar phase is much shorter, less than B*yr, accord- ply peaked clouds (see also Teldle 1). Moreover, few X80

ing to/Motte et al.|(2007), which would mean a mass infall rafe>r® indications were found toward clumps irffdse clouds,
of 3x 104 M, yr! to form a 10 M, star. Theoretical mod- and half of the starless and prestellar sources were fouvettb

els predict a mass accretion onto a high-mass protosteltar Cthe difuse clouds (the other half was found toward the peaked

(at radii< 0.1 pc) of My, of 10-3 M, yr-* (McKee & Tan 20083; clouds). A young evolutionary stage can also be identifiethby

: 7] : - O depletion, since CO depletion requires a certain defisity
Banerjee & Pudritz_2007). Observations of massive clumps s - .
(with typical radii > 0.1pc) find mass infall rates of 18— ew10* cnr?, Kramer et all_1999; Bergin & Tafalla 2007). Low

104 Mo yr~t (Fuller et al[ 2005 Peretto etlal. 2006). In highgep.IGtion levels can indicate that the clump has not yeteac
resolution observations of high-mass protostellar cdhesnass a_hlgh elnough density. Th? W?aln deplﬁtlonhlevfel of clumps in
infall rate is indeed higher and covers the predicted orfierag- 9/iuSe cloudsi(=1.9) was slightly lower than that found toward
nitude (102-10"* M,, yr~1,[Beltran et al. 2006, 2008). Our masdhe clumps in peaked and multiply peaked clougisd.3). The
infall results, given in TablE]5, fall in the range of the otveel depletion timescalerg ~ 5x 10°/ny, (Bergin & Tafalla 2007), is
values for massive star-forming clumps. ~4x 10*yr for clumps in difuse clouds, which is slightly longer

To explore further the mass infall rate, we calculated the ihhan that for in peaked clouds&x 10°yr) and multiply peaked

fall timescale using the clump mass obtained from the 1.2 m?anUdS t2x 10%y).

continuum (Paper )rin = —M—yr. This timescale can be com-

pared with the free-fall imescater = 3.3 x 10’n""2yr, which Taple 6. Infall properties from the HCQ(1-0) line profile for
was calculated using the density obtained from the sameh.2 rgifferent classes of clouds

continuum observations (Paper ). Both timescales arengive

whereu = 2.33 the mean molecular weight ang;, the mass of
an hydrogen atom. For the clunmp, and clump radiu®, we
took the volume density and clump radius determined in Pap
from 1.2 mm dust continuum observations.

Table[3. In general, the free-fall timescale is longer tha@ t™ - qq Nove MNeg Neew Nt E P <ov>

estimated infall timescale, which indicates that the masalli :

rate calculated in Eq._10 is likely overestimated. The fdamu Diffuse 4 2 6 8 025 0.34 -0.001

in Eq.[I0 assumes a spherically symmetric infall of the entir Peaked 1 2 13 17 053 0.01 -063
Multiply p. 9 8 17 20 005 050 -072

clump, while most likely the HC@Q(1-0) emission is originat-

ing in an optically thick low-density layer in the outer padf .
the clump (see aldo Lopez-Sepulcre étlal. (2010)). We alko CNotes Columns are (from left to right) number of blue excess sajrce
n : ’ T ; number of red excess sources, total number of sources witifisant

culated the HCO(4-3) infall velocities and mass infall rates for CO*(1-0) skewness, total number of sources, the excess pamamet
the few sources that showed a double-peaked blue-excess :I_I“{é probability of the distribution to arise by chance, ahe &verage

profile (Tablel5). Unfortunately, the error in the infall @elty {cor(1-0) skewness.
of G024.94-00.15MM1 was quite high, leaving only G014.63—

00.57 MM1 to serve as a comparison. For the latter, the infall

velocity derived from the higher excitation HC(#-3) line pro-
file is half of the one derived from the HCQL—-0) line pro-
file, and the HCO(4-3) infall timescale is twice the HC@1-0)
timescale. At least for this one source, we find an indicatiat |n the peaked clouds, the distribution of blue and red saurce
the HCO'(1-0) infall velocities and mass infall rates are indeeglom the HCO'(1-0) line profile significantly favors the blue
overestimated. sources with infall. The excess parameter was 0.53 with anly
1% possibility for this distribution to arise by chance (T&8).
Apparently, most clumps in the peaked clouds are accretang m
terial. The infall velocities and mass accretion rates fealed

In Paper |, we defined three classes of high extinction cloudas well as the one for multiply peaked) clouds have a vergwid
based on the contrast of the clump to the cloud in the 1.2 mange, whose mean lies far above the infall velguoityss accre-
continuum and the number of clumps per cloud. These cloutitsn rate of the dtuse clouds. All the SiO detections of clumps
comprise diftuse clouds, clouds with a low clump-to-cloud colin peaked clouds coincide with sources that show infall base
umn density contragly,, <2, peaked clouds, clouds with highetthe HCO (1-0) skewness parameter (Hig. 9). The strong corre-
contrast 2Cy,, <3 having at least one clump, multiply peakedation between the infall characteristics and SiO outflomes
clouds, clouds with still higher contra€ly,, >3 that generally that accretion is accompanied by collimated outflows, which

4.2.2. Peaked clouds

4.2. Evolutionary sequence
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Table 5. Infall velocities, mass infall rates, and timescales fer bfue excess sources

Source Vin10 Min1o Tin10 Vina3 Minas Tina3 Ty
(kms?t)  (103M,yrt) (ACyr) (kms?l)  (10°3Myyrt)  (1Cyr) (1Cyr)
Diffuse clouds
G013.28-00.34... MM1 1.09(0.15) 1.5 0.6 - - - 1.5
G013.97-00.44... MM1 0.31(0.13) - - - - - -
Peaked clouds
G013.91-00.51... MM1 0.69(0.10) 2.2 0.66 - - - 0.70
G024.94-00.15... MM1 1.34(0.12) 3.3 0.32 0.34(0.66) 0.85 21 0.74
MM2  3.00(0.13) 6.2 0.13 - - - 0.78
G030.96-00.00... MM2 1.76(0.15) 9.4 0.75 - - - 1.50
G035.49-00.30... MM1 7.4(0.13) 16.6 0.06 - - - 0.78
MM2  0.84(0.10) 1.4 0.5 - - - 0.85
G053.81-00.00... MM1  7.4(0.10) 9.6 0.03 - - - 0.55
Multiply peaked clouds
G014.63-00.57... MM1 2.7(0.14) 22.0 0.15 1.30(0.35) 10.6 .300 0.38
MM2 - - - 0.90(0.28) 2.7 0.26 0.38
G017.19-00.81... MM2 0.66(0.20) 3.1 0.46 - - - 0.42
MM3  1.65(0.13) 2.8 0.26 - - - 0.85
G018.26-00.24... MM3  6.1(0.18) 16.0 0.08 - - - 0.80

Notes. Columns are (from left to right) source name, infall velgrinhass accretion rate; accretion timescale based on the"HS0Q) line, infall
velocity; mass accretion rate; accretion timescale basedeoHCO (4-3) line, and free-fall timescale.

leads to an enhancement of SiO. This correlation does not exasers, they also have very high column densities (theatsti

ist for the earlier or later classes. enough to form massive stars, e.g., Krumholz & McKee 2008).
They show strong CO depletion values while having elevated
temperatures~ 20 K) due to the rapid heating of the environ-
ment by the YSO. Most likely, these three clumps are actively

Among the multiply peaked clouds, there were almost eqU8fming massive YSOs, which is why they have such extreme

numbers of blue and red excess sources (based on the (1€0 Properties.
0) skewness). These clouds seem to be hosting clumps in-a vari

ety of evolutionary stages: from clumps with still ongoiragee-
tion to clumps where the feedback from the formed young st
halts further accretion. We performed spectral line observations of several mogecul

Many clumps in these clouds presented SiO emission. Figursing the IRAM 30m and the APEX telescopes toward a sample
shows that the number of clumps with SiO emission showing clumps in high extinction clouds spanning various eviolut
infall is about equal to those showing expansion (both igfadl  ary stages. The skewness parameter was used to classifgsour
expansion characteristics are based on the HTED) skewness based on their line profiles as infall sources or outfexpanding
parameter), meaning that the outflow continues even afigeda sources. The HCQ1-0) and CO(3-2) lines were found to be
scale infall has finished. more sensitive to infall and outflow than the HO@-3) line.

The volume density of the multiply peaked clouds, > Only the HCO (1-0) profiles showed a significant excess of in-
10°cm 3, is much larger than what is found for the peaketll sources, and therefore the HEQ-0) line profile was found
clouds. Multiply peaked clouds have the highest detectade r to be most &ective to investigate infall profiles.
of the CHCN(5—4)K=0 and BCO(4334) lines, indicating SiO emission, which is thought to be a tracer of shocks, was
that this class contains the most YSOs or hot molecular corpsedominantly detected toward sources with infall. Thiglifig
In Paper |, we already found that the Rllibtational temper- is consistent with a scenario in which accretion is accorigzhn
atures were on average higher for clumps in multiply peakég collimated outflows that lead to an enhancement of SiO.
clouds than for the other classes (Tdble 1). Rhkevels of the Between the three cloud classes, the peaked clouds have
CH3CN(5-4) line allowed a handful of rotational temperatura significant high excess of infall sources, while for theeoth
estimates, ranging between 23 and 34 K. The increasing esfiasses no significant excess was found. Possibly, thé jiifase
dence for YSOs is likely the reason for the broadening of thras not yet begun in mostitlise clouds and already has come
line width found toward clumps in this class (observed fa thto an end in some of the clumps of the multiply peaked clouds.
NoH*(1-0), NHs(1,1), 180(2-1), and HCO*(1-0) lines) by in- The infall velocities and mass infall rates suggest an iwirey
creasing turbulence. trend when going from the fluse clouds (1.%1073 My yr~1) to

Finally, three clumps in the multiply peaked cloudsthe peaked (and multiply peaked) clouds (1.5<163 M, yr?)
G014.63-00.57 MM1, GO017.300.81 MM2, and suggesting that mass infall increases in these later stsyre
G022.06-:00.21 MM1, all show various characteristics thameasurements of clumps infillise clouds are, however, neces-
are diferent to the properties of the bulk of the sampleary to confirm this.

Examples include their SiO intensity against column dgnsit From RADEX calculations, we found that the ratio of the
the CO depletion against temperature, and thejHN1- Ny;H"(1-0) to NH*(3-2) integrated intensity is sensitive to
0)/N2H*(3-2) ratio. While these clumps have strong outflowshe hydrogen volume density, and together with th#dN1—
suggested by their SiO emission and the presence of walgroptical depth can be used to derive good estimates of not

4.2.3. Multiply peaked clouds

a§SSummary
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only the hydrogen volume density but also the intrinsigHN

Krumholz, M. R. & McKee, C. F. 2008, Nature, 451, 1082

column density. Apart from the ammonia rotational tempekurtz, S., Cesaroni, R., Churchwell, E., Hofner, P., & Welleys C. M. 2000,

atures, determined in Paper I, we added several other tem

Protostars and Planets IV, 299
tner, M. L. & Ulich, B. L. 1981, ApJ, 250, 341

perature estimates. All estimates converge to a temperatify, ¢ J & Lada, E. A. 2003, ARAZA. 41, 57

range between 10 and 40K, where the higher value is detesung, C. M. & Brown, R. L. 1977, ApJ, 214, L73

mined by CHCN, a molecule usually found in hot cores andlopez-Sepulcre, A., Cesaroni, R., & Walmsley, C. M. 2018,/ 517, AG6+
UCHuregions. Similarly, various density estimates place tHéangum, J. G. & Wootten, A. 1993, ApJS, 89, 123

density in the order of Tm 3.

Mardones, D., Myers, P. C., Tafalla, M., et al. 1997, ApJ,,48%9
McKee, C. F. & Tan, J. C. 2003, ApJ, 585, 850

~ The presence of YSOs in the clumps of the high extingotte, F., Bontemps, S., Schilke, P., et al. 2007, A&A, 47842
tion clouds was established by 2¢h emission, but also indi- Myers, P. C., Mardones, D., Tafalla, M., Williams, J. P., &lkfér, D. J. 1996,
rect evidence through outflows (SiO emission) and the pres-ApJ, 465, L133

ence of hot molecular cores through €EN and HCO emis-

sion was gathered. We find that most of the YSOs are locate

OlImi, L., Cesaroni, R., Neri, R., & Walmsley, C. M. 1996, A&B15, 565

CEaIIa, F. & Stahler, S. W. 1993, ApJ, 418, 414

'Qetto, N., André, P., & Belloche, A. 2006, A&A, 445, 979

clumps of peaked and multiply peaked clouds, while almost mety, J. 2005, in SF2A-2005: Semaine de I'Astrophysiquencaise, ed.
YSO indications were present inftlise clouds. The presence of F. Casoli, T. Contini, J. M. Hameury, & L. Pagani, 721—
an YSO seems independent of the physical size of the clunfai. T.. Wyrowski, F., Hatchell, J., Gibb, A. G., & Thomps, M. A. 2007,

since YSOs are found over a large range of clump diametegs
However, there seems to be (hydrogen) column densityffcaito

A&A, 467, 207
bgov, L., Zinchenko, I., Caselli, P., & Johansson, L. E2B07, A&A, 461,
523

(4-5)x 10”?cm2, below which few or no YSOs are found. Thepurcell, C. R., Balasubramanyam, R., Burton, M. G., et D62MNRAS, 367,
cutdf is most clear in the 24m emission and in the presence of 553

SiO emission.

Purcell, C. R., Minier, V., Longmore, S. N., et al. 2009, A&2304, 139
agan, S. E., Bergin, E. A., Plume, R., et al. 2006, ApJS, 368,

In summary, the diuse clouds seem to contain clumps thagisacher’ C. Vassilev, V., Monje, R., et al. 2006, AGA, 4647
are on the verge of infall. The first stages of star formati@ aryg, K. L. J., Wyrowski, F., Schuller, F., & Menten, K. M. 201A&A, 515,
ongoing in the peaked clouds, since a majority of the clumpsA42+, Paper |
is infalling and many clumps also show outflows. The multiplychilke, P., Walmsley, C. M., Pineau des Forets, G., & FloDeR. 1997, A&A,

peaked clouds harbor the more evolved clumps, where irdall

chdier, F. L., van der Tak, F. F. S., van Dishoeck, E. F., &&B] J. H. 2005,

already stopped in some of them, and generally we find indi-pga, 432, 369
cations of YSOs. Hence, the cloud morphology seems to hasténnaga, H., Ohashi, N., Lee, S., & Moriarty-Schieven, G2604, ApJ, 601,
a direct connection with the evolutionary stage of the disjec 962

forming inside.
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Appendix A: Formulas and equations used
Al NoH*
The excitation temperatuiigy can be calculated as

hv/k

hv/k
AlmT)
whereA = 7, T(J,(T)+J,(Tog) is the outcome of the CLASS hfs
method fitting. Usindn(e + 1) ~ ¢, one can simplify the above
equation as

(A.1)

ex

T n 1

Tex = At f + 1. (A.2)

If we ignore the 41" in the above equation, we find th@gx «
1/f. Since the averadgks was found to be around 10 K, ignoring
the “+1” in the above equation would lead to an uncertainty of
(on average) 10%.

We calculated the column density 05N, N+, following
Benson et &l. (1998):
[Cmiz] 2

AVT
Nh: = 3.3% 10111“"t V7 ex (A.3)
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whereAv is the line width obtained from the hyperfine fit and
Tex is the excitation temperature.

A.2. CO

In LTE, the total column density\t, of the CO molecule can
be calculated from the integrated main beam brightnessdemp
ature of an optically thin line as follows:

Ny o 3N Qo) &M [Tuedv
' 813512 9uGK Gnu €"/KTer — 1 3,(Tex) — 3,(2.73)"

where h Planck constant

k the Boltzmann constant

S line strength

Up the dipole moment of the molecule

Tex the excitation temperature

Q(Tex) partition function afl ey,

Q(Tex) ~ 0.38(Tex + 0.88)

Ou the rotational degeneracy for the upper energy

Ok the K degeneracy

Onuc the nuclear degeneracy

E, the energy of the upper level

v the transition frequency

LM g

The properties of the 180=2—1 transition are:S=
Ju/(23y + 1)=0.4, whereJ, is the angular momentum quan-
tum number of the uppeil level, up=0.1098 Debye0.1098x
10 ®e.s.u.g,=2J, + 1=5,9«=1, gnuc=1, Ex=k x 1581 erg, and
v=21956 GHz.

The general formula for the CO column density, valid in the
optically thick and thin regime is

u/kTex
3h  Q(Tew €5 f AV,

= A5
873Sud 9uOk Gnuc €"/KTer — 1 (A3)

Ntot

where all the quantities are as defined above.
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Fig.6. NH*(1-0) optical depth versus the ratio obiI*(1-0) and NH*(3-2) integrated intensities. The four plots represent
RADEX calculations with dterent temperatures: top left 10K; top right 15K; bottom R®K; bottom right 25 K. The black
dashed contours represent the logarithm of the line widtlesithe column density, log{\- /Av) with a contour step of 0.1. The
red dashed contours are log() with a contour step of 0.2. The lowest and highest contoluesare given in each plot. The values
of the sources in Tabld 4 are plotted by black dots.
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Table B.1. Molecular line survey overviewx/” for a detection and ‘.. when not observed. For non-detei3r- upper limits are given in Kelvin. Positions are expressetlid00 coordinates. Water maser
detections from Paper I.

Source name R.A. Declination HCO H*CO* HCO™ N,H* N,H* SiO CHCN H,CO CcO 180 CcO HO
(h:m:s) e::")y  (1-0) (1-0)  (4-3) (1-0) (3-2) (2-1) (5-K}0 (do3-30s) (2-1) (2-1) (3-2) 22GHz
G012.73-00.58... MM1 18:15:41.3 -18:12:44 + N N <021  <0.48 Y  <0.78
MM2 18:15:32.7 -18:10:15 +/ N N <026  <0.54 N V .
G013.28-00.34... MM1 18:15:39.9 -17:34:37 Ni . Ni . V <0.47 . N Ni . n.d.
G013.91-00.51... MM1 18:17:34.8 —17:06:52 + N V N V <032  <0.48 N N N v n.d.
G013.97-00.45... MM1 18:17:16.5 -17:01:16 +/ v . Y, . <0.25 <0.48 . Y, v . .
G014.39-00.75A.. MM1 18:19:19.0 -16:43:49 N Ni y <027  <0.60 Ni Ni N n.d.
MM2 18:19:17.4 -16:44:04 + V V . <020 <0.32 N V V a
G014.39-00.75B.. MM3 18:19:33.3 -16:45:01 +/ v . Y, . <0.21 <0.34 . v v . . .
G014.63-00.57... MM1 18:19:15.2 -16:29:59 +/ Ni V Ni N V V Ni N N V v o
MM2 18:19:14.3 -16:30:41 N N N N N N N N N N . 5
MM3 18:19:02.9 -16:30:29 +/ V . N . <018  <0.26 - N N . o
MM4 18:19:20.5 -16:31:42 +/ Ni Ni <0.18  <0.29 N Ni S
G016.93-00.24... MM1 18:20:50.8 -14:06:01 +/ N . N . <020 <0.24 . N N . =
G017.19-00.81... MM1 18:19:08.9 -13:36:29 + N V N V V <0.24 Ni N N V . B
MM2 18:19:12.9  -13:33:46 +/ N V N Ni N N; Ni Ni Ni V N
MM3 18:19:12.1  -13:33:32 4/ v . v . v v . v v . . 2
MM4 18:19:15.2  -13:39:29 +/ N V N y <014 N <054 N v . S
G018.26-00.24... MM1 18:25:11.8 -13:08:04 Ni V Ni N N; Ni N; Ni N V nd. 3
MM2 18:25:06.4 —13:08:51 + V V N N N <0.30 V N N V nd. o
MM3 18:25:05.6 —13:08:20 +/ N V N N N V N N N V a
MM4 18:25:045 -13:08:27 +/ N V N N N N N N N V =2
MM5 18:25:01.8 -13:09:06 +/ V . V . <020 <0.26 - N V . .5
G022.06-00.21... MM1 18:30:34.7  -9:34:46 + N V V N V V V N N V v B
MM2 18:30:38.5  -9:34:29 4/ N . V . <021  <0.27 - V V . - B
G023.28-00.12... MM1 18:34:235  -8:32:20 + N V V N V V <054 N V =1
MM2 18:34:20.4  -8:33:16 +/ N . N . <021  <0.26 V V . . 3
G024.37-00.15... MM1 18:36:27.8  —7:40:24 + N . V . <018  <0.25 . N V . nd. =
MM2 18:36:18.3  —7:41:00 N N N N N N N N N N y B
G024.61-00.33... MM1 18:37:23.1  —7:31:39 +/ N V N N N N N N N V n.d. %-
MM2 18:37:21.3  -7:33:07 + V . V . <0.18  <0.20 - N N . nd. o
G024.94-00.15... MM1 18:37:19.7  -7:11:41 + Ni V Ni Ni Ni Ni Ni Ni Ni V Vv R
MM2 18:37:12.2  -7:11:23  + N . N . N N . N V . n.d.
G025.79-00.81... MM1 18:35:20.5  -556:36 + N N N <0.24 N N
MM2 18:35:26.3  -5:59:21 +/ N . N . <0.16  <0.24 . N N .
G030.96-00.00A.. MM1 18:47:28.9 -1:48:07 +/ v v Y, v <0.26 <0.27 <0.56 Y, v v
G030.96-00.00B.. MM2 18:47:41.9  -1:52:13 + N V N V <026  <0.27 <053 N V -
G030.96-00.00C.. MM3 18:47:48.2  -1:51:30 +/ N . N . <015  <0.20 . N N . n.d.
G034.71-00.63... MM1 18:56:48.3 1:18:49 N V N N N; V V N N v n.d.
MM2 18:56:58.2 1:18:44 < N V N N N <0.22 <057 N V .
MM3 18:57:06.5 1:16:52 +/ v . Y, . v <0.19 Y, Y, " n.d.
G034.77-00.81... MM1 18:57:40.7 1:16:09 +/ Y, " Y, " <0.14 <0.20 . Y, Y, .
G034.85-00.43... MM1 18:53:23.2 1:53:16 N <28 4 <072 <0.15 <0.20 <063 N V



Table B.1. continued.

Source name R.A. Declination HCO H®CO* HCO™ N,H* N,H* SiO CHCN H,CO CcO 180 CcO HO
(h:m:s) e::")y  (1-0) (1-0)  (4-3) (1-0) (3-2) (2-1) (5-K0 (doz-30s) (2-1) (2-1) (3-2) 22GHz

G035.49-00.30A.. MM1 18:57:05.2 2:06:29 + N N <0.17 N N N v
G035.49-00.30B.. MM2 18:57:08.4 2:09:01 + V N V <0.24 N N n.d.

MM3  18:57:08.1 2:10:47 N, N, N, <0.22 v N, v
G037.44-00.14A.. MM1 18:59:14.0 4:07:37 <0.12  +/ N <0.18  <0.24 N N .
G037.44-00.14B.. MM2 18:59:10.2 4:04:32  +/ Y, Y, <0.16 <0.24 v . .
G050.06:00.06... MM1 19:23:12.4  15:13:35 + N N <0.18  <0.22 N N n.d.

MM2 19:23:09.2  15:12:42 N N . <020  <0.26 . N N .
G053.81-00.00... MM1 19:30:55.7  18:29:55 +/ N N V V <0.22 V N N n.d.
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Table B.2. Infall and outflow study using the HCQL-0), CO(2-1), HC®4-3) and CO(3-2) lines. When the source was not observeiktdes marked as *..".

Source name HC{1-0) CO(2-1) HCO"(4-3) CO(3-2)
TTbr_l:f oV Profile  Profile Wing&Range Profile oV Profile oV
/(km st)
G012.73-00.58... MM1 - 0.19(0.01) - - /M
MM2 0.43(0.04) 0.51(0.13) R - /43
G013.28-00.34... MM1 1.58(0.34) -0.59(0.13) B B /14 . .
G013.91-00.51... MM1 1.63(0.17) -0.64(0.19) B R 2% B —0.46(0.21) - -
G013.97-00.45... MM1 1.24(0.17) -0.73(0.13) B - n .
G014.39-00.75A.. MM1 - —0.52(0.03) B B /38
MM2 . —0.45(0.03) B B ¥13
G014.39-00.75B.. MM3 - -5.79(0.29) B - /36 . . . .
G014.63-00.57... MM1 1.05(0.09) - - B /30 B —-0.59(0.21) B —2.06(0.21)
MM2 0.45(0.13) 1.18(0.13) R B /23 B —-0.78(0.21) - -
MM3 - 0.55(0.04) R B y16 . .
MM4 - 0.22(0.03) - - y12
G016.9300.24... MM1 - —-0.62(0.13) B - n w . . .
G017.19-00.81... MM1 0.35(0.04) 0.32(0.13) R R /29 R 0.37(0.21) R 1.07(0.21)
MM2 1.47(0.15) -0.48(0.13) B R /%3 R 0.55(0.21) R 1.15(0.21)
MM3 2.39(0.36) -0.35(0.13) B B /85 . . . .
MM4 0.40(0.08) 0.27(0.16) R R /44 - —0.06(0.23) R 0.48(0.23)
G018.26-00.24... MM1 - —1.18(0.04) B B /20 R 0.42(0.22) B —-1.45(0.22)
MM2 - —1.03(0.14) B B y12 - -0.11(0.22) B —-0.98(0.22)
MM3 1.68(0.65) -1.12(0.14) B B /25 - 0.00(0.22) B -1.18(0.22)
MM4  0.89(0.35) - - R y23 - —0.04(0.23) B -1.14(0.23)
MM5 - 0.49(0.16) R B y15 . . . .
G022.06-:00.21... MM1 0.23(0.07) 0.79(0.14) R R 146 - -0.11(0.22) R 1.31(0.22)
MM2 0.55(0.21) 0.76(0.15) R R /42 . . .
G023.28-00.12... MM1 - —-0.47(0.14) B - n - —-0.23(0.22) R 0s22)
MM2 0.26(0.07) 0.33(0.22) R - /94 . .
G024.37-00.15... MM1 —-0.59(0.22) B B /M . . . o
MM2 -1.11(0.26) B R Y17 - —-0.15(0.31) B -1.11(0.31)
G024.61-00.33... MM1 - -0.72(0.13) B B 127 R 0.26(0.22) B -1.75(0.21)
MM2 - —0.07(0.14) - B y40 . . . o
G024.94-00.15... MM1 2.03(0.24) -0.80(0.14) B B 2y B —0.43(0.28) B —-0.99(0.22)
MM2 2.24(0.30) -0.66(0.16) B B /97 . .
G025.79-00.81... MM1 0.44(0.10) 1.08(0.14) R - /20
MM2 - 0.25(0.06) R - n . . . .
G030.96-00.00A.. MM1 - 0.66(0.03) R R /20 - —0.04(0.16) R 0.63(0.22)
G030.96-00.00B.. MM2 1.90(0.24) -0.42(0.18) B B /38 - —0.17(0.26) - —0.19(0.24)
G030.96-00.00C.. MM3 - -0.27(0.02) B B /26 . .
G034.71-00.63... MM1 - -0.11(0.01) . . /43 . . . .
MM2 - —0.35(0.07) B R ¥25 B —0.40(0.22) R 0.35(0.22)
MM3 - 1.09(0.04) R R ¥22 . .
G034.77-00.81... MM1 - —-0.76(0.07) B B n
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Table B.2. continued.

Source name HC{1-0) CO(2-1) HCO"(4-3) CO(3-2)
TbTI:: oV Profile  Profile Wing/Range Profile ov Profile ov
/(kmst)
G034.8500.43... MM1 - 0.31(0.03) R B n
G035.49-00.30A.. MM1 2.78(0.49) -0.66(0.05) B B /1§
G035.49-00.30B.. MM2 1.61(0.16) -0.20(0.01) - B /1Yy
MM3 - —0.18(0.01) - B yll
G037.4400.14A.. MM1 - - - - n
G037.4400.14B.. MM2 - 0.00(0.20) - - n ~
G050.06-00.06... MM1 0.97(0.12) 0.0(0.14) - - /34 -
MM2 - 0.00(0.01) - - y17 ]
G053.81-00.00... ©MM1 3.02(0.33) —0.34(0.13) B B /34 g
)
Q

Notes. Columns are (from left to right) source name, ratio of theehiuer red peak intensity of the HC(—0) line, HCG (1-0) skewness parameter, HOQ®-0) profile, CO(2-1) profile, CO(2:=1)
winggCO range of wings, HCQ4-3) profile, HCO(4-3) skewness parameter, CO(3-2) profile, and CO(3-2)rek&swparameter.
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Table B.3. Molecular line survey results for HCQL—0) and H3CO*(1-0); columns 7—11 are based on Gaussian fits.

Source name HCO*(1-0) HBCO*(1-0)
Thive VLSRblue Tred VLSRred T VLSR T VLSR AV
(K) (kms™?) (K) (kms™?) (K) (kms™) (K) (kms™?) (kms?
G012.73-00.58... MML1 ] ] - - 1.72(0.09) 6.82(0.01) 0.758).0 6.69(0.02)  0.68(0.05)
MM2 1.04(0.06) 5.16(0.25) 2.41(0.06) 6.87(0.25) - - 1.190) 6.50(0.02)  0.72(0.05)
G013.28-00.34.. MM1 1.20(0.10) 40.17(0.25) 0.76(0.102.48(0.25) - - 0.55(0.06) 41.30(0.06)  1.91(0.15)
G013.91-00.51... MM1 2.08(0.08) 22.08(0.25) 1.27(0.08%.08(0.25) ; ; 1.7(0.07) 22.97(0.02)  1.39(0.04)
G013.97-00.45.. MM1 1.43(0.09) 18.51(0.25) 1.15(0.09).88(0.25) - - 0.82(0.06) 20.03(0.05)  2.08(0.11)
G014.39-00.75A.. MM1 - - - - 2.39(0.12) 17.20(0.03) 1.008). 17.83(0.03)  1.22(0.07)
MM2 ; ; ; ; 0.86(0.12) 16.99(0.06) 0.79(0.06) 17.58(0.03) 3(0.08)
G014.63-00.57... MM1 3.18(0.13) 16.19(0.25) 3.04(0.13p.3@(0.25) - - 1.25(0.05) 18.55(0.03)  2.45(0.07)
MM2 0.56(0.11) 17.14(0.25) 1.24(0.11) 20.28(0.25) - - 1(B85) 18.44(0.02)  1.56(0.04)
MM3 - ; - ; 1.20(0.09) 18.24(0.06) 0.61(0.06) 17.41(0.05) 5Q(0.12)
MM4 - - - - 0.55(0.07) 19.42(0.09) 0.45(0.09) 19.24(0.04) 8@ 0.12)
G016.9300.24... MM1 2.55(0.11) 23.14(0.25) - - - - 1.13(0.05) 23m0@1)  1.01(0.04)
G017.1900.81... MM1 1.78(0.14) 23.68(0.25) 5.05(0.14) 25.48D.2 - ; 1.23(0.06) 25.00(0.02)  1.50(0.05)
MM2 4.77(0.20) 21.93(0.25) 3.25(0.20) 24.82(0.25) - - 10685) 22.79(0.02)  1.78(0.05)
MM3 4.47(0.12) 22.18(0.25) 1.86(0.12) 24.44(0.25) - - 10766) 22.73(0.02)  1.54(0.04)
MM4 0.93(0.05) 19.89(0.25) 2.33(0.05) 22.69(0.25) ; - @B83) 22.1(0.05)  2.19(0.11)
G018.26-00.24...  MM1 - - - - 1.51(0.1)  65.46(0.08) 0.7840.0 68.4(0.04)  2.49(0.09)
MM2 1.36(0.12) 65.59(0.25) - - - - 1.00(0.05) 67.79(0.03) 140.08)
MM3 1.16(0.17) 65.64(0.25) 0.69(0.17) 71.45(0.25) ; - @BO4) 68.62(0.04)  2.67(0.09)
MM4 0.84(0.17) 65.26(0.25) 0.94(0.17) 71.66(0.25) - - QU7a4) 68.83(0.05)  2.95(0.11)
MM5 0.71(0.25) 67.28(0.25) - ; ; ; 0.75(0.04) 66.56(0.04) 430.11)
G022.0600.21... MM1 0.86(0.20) 46.54(0.25) 3.81(0.20) 52.95%D.2 - ; 1.32(0.06) 51.35(0.03)  2.01(0.08)
MM2 0.42(0.10) 49.35(0.25) 0.77(0.10) 53.16(0.25) - - @B85) 51.82(0.05)  1.75(0.1)
G023.28-00.12... MML1 ; - - ) 3.25(0.12) 99.85(0.03) 0.70%). 99.03(0.04)  2.03(0.09)
MM2 0.42(0.09) 96.13(0.25) 1.63(0.09) 99.94(0.25) ) - @B26) 99.52(0.08)  1.31(0.18)
G024.37-00.15.. MM1 0.71(0.06) 57.77(0.25) - - - - 0.394). 59.24(0.08)  2.49(0.17)
MM2 ; - ; ; 0.37(0.08) 53.7(0.24) 0.45(0.06) 56.23(0.08) (222)
G024.61-00.33... MM1 1.08(0.14) 41.56(0.25) - - - ] 1.48¢). 42.79(0.02)  1.72(0.05)
MM2 1.23(0.09) 43.52(0.25) - - - - 0.70(0.06) 43.63(0.04) 41(0.09)
G024.94-00.15.. MM1 2.62(0.10) 45.77(0.25) 1.29(0.10D.28(0.25) ; ; 0.88(0.05) 47.37(0.04)  2.00(0.08)
MM2 2.06(0.09) 46.93(0.25) 0.93(0.09) 49.91(0.25) ; - 0B@4) 48.17(0.05)  1.87(0.11)
G025.7900.81... MM1 0.49(0.08) 49.18(0.25) 1.11(0.08) 51.57%D.2 - - 0.62(0.05) 49.85(0.04)  1.60(0.09)
MM2 - - ) ] 0.25(0.04) 50.27(0.14) 0.26(0.08) 50.03(0.11) 970.24)
G030.96-00.00A.. MM1 ; ; ; ; 2.61(0.14) 76.66(0.03) 0.99(0.06) 7H@B4)  2.14(0.09)
G030.96-00.00B.. MM2 2.43(0.11) 91.59(0.05) 1.28(0.11) 95.06).2 - - 0.79(0.05) 92.81(0.06)  2.94(0.13)
G030.96-00.00C.. MM3 - - - ; 0.74(0.03) 93.91(0.12) 0.52(0.05) 94(BG4)  1.58(0.12)
G034.71-00.63... MML1 . ; ; 1.008). 44.76(0.03)  2.26(0.08)

MM2 2.11(0.11) 45.23(0.25)
MM3 0.64(0.07) 48.41(0.25)
MM1 - -
MM1 -
MM1 1.14(0.05)

G034.77-00.81...
G034.8500.43...
G035.49-00.30A..

2.38(0.25)  44.52(0.07)

o.59£o.o7)
; ] - 0.83(0.07)
54.06(0.25) 0.41(0.05)7.7§0.25)

42(0.07)
56(0.04)

0.46(0.04)

55.72@).

55.61(0.07)

0.76(0.04) 45.83(0.03) 73(0.08)
- 0.88(0.05) 46.49(0.03) 76(0.07)
0.23(0.03%3.68(0.1)
0.53(0.06)

2.21(0.21)

0.90(0.08)

2.17(0.15)
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Table B.3. continued.

Source name HCO*(1-0) HBCO*(1-0)
Thive VLSRblue Tred VLSRred Tvs VLSR Tws VLsR AV
(K) (kms?) (K) (kms™?) (K) (kms™?) (K) (kms?) (kms?
G035.49-00.30B.. MM2 1.71(0.06) 44.14(0.25) 1.06(0.06.24(0.25) - - 0.65(0.04) 45.39(0.03)  1.68(0.07)
MM3 2.92(0.07) 45.02(0.25) - - - - 0.92(0.05) 45.85(0.04) 99%0.09)
G037.44:00.14A.. MM1 - - - - - - 0.93(0.07) 18.26(0.02)  0.64(0.04)
G037.44:00.14B.. MM2 - - - - 0.27(0.17) 40.46(0.08) 0.28(0.17) 4QqOiB8)  1.33(0.17)
G050.06-:00.06... MM1 0.98(0.06) 53.23(0.25) 1.01(0.06) 55.364D.2 - - 0.62(0.04) 54.44(0.04)  1.89(0.09)
MM?2 - - - - 2.96(0.06) 54.93(0.01) 0.60(0.05) 54.93(0.05) 73(0.11)
G053.81-00.00... MM1 3.66(0.10) 23.69(0.25) 1.21(0.10%.72(0.25) - - 0.76(0.04) 24.13(0.02)  1.29(0.06)

01

Notes. Columns are (from left to right) HC1-0) blue peak intensity and its LSR velocity, HG@-0) red peak intensity and its LSR velocity, HQ@®-0) peak intensity and its LRS velofély,
H13CO*(1-0) peak intensity and it LSR velocity, FWHP of thé*80*(1-0) line.
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Table B.4. Properties of NH*(1-0) based on Gaussian fits.

Source name [ TweAv Visr Av Tiot Tex N+ X
(Kkms?t)y  (kms?) (km st (K) (102 cm?) (1079
G012.73-00.58.. MM1  3.7(0.1)  6.68(0.01) 0.42(0.01) @Im8) 5.3(1.6) 5.3(22)  0.26

MM2  6.7(0.2)  6.35(0.01) 0.83(0.04) 5.97(0.91) 4.6(0.8) .112.8) -
G013.28-00.34.. MM1  9.3(0.4) 41.33(0.02) 1.68(0.07) @B 4.3(0.8) 20.6(5.0) 4.0
G013.91-00.51... MM1 12.9(0.4) 22.75(0.01) 1.19(0.03)34f.45) 5.7(0.6)  22.0(3.0) 1.0
G013.97-00.45.. MM1  8.5(0.3) 19.87(0.03) 2.07(0.09) 5027) 7.8(3.0) 15.2(8.2) -
G014.39-00.75A.. MM1  6.6(0.3)  17.64(0.02) 1.14(0.07) 8(0776) - -

MM2  6.9(0.3)  17.12(0.02) 0.92(0.05) 0.82(0.86) - -
G014.39-00.75B.. MM3  6.7(0.3)  21.15(0.01) 0.72(0.04) 981%5) 4.4(0.9)  14.8(4.0) 1.0
G014.63-00.57... MM1 458(2.3) 18.45(0.01) 2.46(0.02)35@.13) 13.3(0.8) 89.0(7.4)  0.52

MM2  18.0(0.7)  18.23(0.01) 1.27(0.03) 3.90(0.42) 7.6(0.9) 27.8(4.5) 0.5

MM3  7.7(0.3)  17.44(0.03) 1.34(0.08) 3.71(0.93) 4.8(1.3) 3.0(4.8) 1.4

MM4  2.8(0.2)  19.03(0.03) 0.63(0.06) 6.66(2.54) 3.7(1.6) .3(2.2) 2.4
G016.9300.24.. MM1  87(0.3) 23.63(0.02) 0.84(0.05) 4.17(1.05).9(56)  12.8(4.8) 1.0
G017.1900.81... MM1 21.0(0.6) 24.83(0.01) 1.54(0.04) 0.43(0.37) - - -

MM2  32.9(1.1) 22.65(0.01) 2.21(0.04) 1.0(0.23) 27.7(6.4)35.0(43.8) -

MM3  25.1(0.7) 22.50(0.01) 1.74(0.02) 0.94(0.17) 29.(0.3)109.7(28.0) -

MM4  45(0.2) 22.00(0.03) 2.10(0.05) 0.44(0.45) - - -
G018.26-00.24... MM1 23.5(1.0) 68.45(0.02) 2.50(0.06)10@.32) 8.7(1.4)  37.4(8.3) 1.1

MM2  26.0(1.0) 67.87(0.02) 2.16(0.01) 4.00(0.22) 7.1(0.4) 43.2(3.4) 1.7

MM3  37.4(1.3) 68.65(0.01) 2.70(0.01) 0.18(0.01) - - -

MM4  30.6(1.0) 68.72(0.01) 2.94(0.02) 0.18(0.21) - - -

MM5  16.8(0.8)  66.24(0.02) 1.75(0.06) 3.47(0.45)  6.4(0.9) 25.5(5.0) 1.6
G022.0600.21... MM1 28.7(1.3) 51.250.01) 2.50(0.01) 1.17(0.01)7.7(0.1) = 76.6(0.5)  0.48

MM2  8.3(0.4) 51.59(0.02) 1.74(0.08) 1.57(0.52) 7(2.4) 4184)  0.52

G023.28-00.12... MM1 17.9(0.6) 98.87(0.02) 2.11(0.06) 45(D.32) - - -
MM2  4.07(0.2)  99.35(0.03) 0.95(0.09) 4.95(1.98) 3.9(1.8) 8.9(5.5) -
G024.37-00.15.. MM1 13.5(0.8) 58.87(0.02) 2.53(0.05)33(0.27) 8.6(1.8) = 23.5(6.9) 1.4
MM2  12.8(0.5) 56.18(0.02) 2.28(0.07) 1.55(0.32) 7.9(1.7) 21.4(6.4) 1.3
G024.61-00.33... MM1 16.2(0.5) 42.82(0.01) 2.12(0.04) 19(D.54) - - -
MM2  10.6(0.4)  43.56(0.01) 1.66(0.04) 0.18(0.06) - - -
G024.94-00.15.. MM1 20.0(0.8) 47.24(0.02) 2.48(0.05)30(0.20) 12.1(1.8) 41.6(8.9)  0.88

MM2  11.9(0.4) 48.22(0.01) 1.92(0.05) 0.36(0.30) - -
G025.7900.81... MM1 11.1(0.3) 49.78(0.01) 1.56(0.05) 1.35(0.34)0.4(2.9) 20.7(8.2) -
MM2  3.000.2)  49.78(0.06) 1.90(0.24) 1.62(0.91) - -
G030.96-00.00A.. MM1 22.8(0.8) 75.21(0.01) 2.38(0.02) 0.18(0.10) - - -
G030.96-00.00B.. MM2 25.2(0.3) 92.95(0.01) 3.15(0.02) 0.26(0.12) - -
G030.96-00.00C.. MM3  13.6(0.6) 94.29(0.02) 1.50(0.06) 1.76(0.51P.6(2.9)  22.4(9.4) 1.1
G034.71-00.63... MM1 11.7(0.7) 44.57(0.04) 2.31(0.10)61@.61) 5.3(1.4)  18.5(6.6) 1.7
MM2  11.5(0.5) 45.54(0.02) 1.58(0.08) 4.90(0.91) 4.9(1.1) 20.9(6.2) 15
MM3  8.9(0.3)  46.24(0.01) 1.59(0.05) 1.47(0.35) 8.1(2)  7(8.1) 1.7
G034.77-00.81... MM1  1.6(0.1)  43.29(0.06) 1.60(0.19) 1(1126) - -
G034.85-00.43... MM1 350.1) 55.68(0.02) 0.72(0.05) 8.20(2.04) .6(B1)  9.8(3.9) -
G035.49-00.30A.. MM1  8.3(0.3) 55.28(0.01) 2.14(0.04) 8(0102) - - -
G035.49-00.30B.. MM2  9.4(0.4)  45.40(0.01) 1.37(0.04) 280%4) 4.6(0.6)  18.4(3.3) 1.3
MM3  14.8(0.5) 45.69(0.01) 1.86(0.04) 3.28(0.30) 6(0.6) .0£3.2) 1.7
G037.4400.14A.. MM1  3.4(0.1)  18.14(0.01) 0.57(0.02) 4.19(0.90) .5(a) 5.6(1.7) -
G037.4400.14B.. MM2  1.0(0.1)  40.15(0.13) 1.07(0.35) 0.92(5.20) - - -
G050.06-:00.06... MM1 53(0.2) 54.23(0.02) 1.32(0.07) 3.83(0.82) .1(%) 10.3(3.4) 1.4
MM2  4.3(0.2) 54.93(0.03) 1.32(0.08) 1.85(0.85) 5(2.4)  (8B)  0.63
G053.81-00.00... MM1  9.0(0.3) 24.11(0.01) 1.64(0.03) 5(D&5) - - -

Notes. Columns are (from left to right) source name, n2hp(1-0) peakn beam brightness temperature, LSR velocity at thid*{l-0) peak
intensity, FWHP HCO(1-0) line width, NH*(1-0) total optical depth, MH*(1-0) excitation temperature ,N* column density, and the JM*
abundance relative to the;ldolumn density obtained from the 1.2 mm observations (P@per



Table B.5. Observed properties of JM*(3—-2) and HCO(4-3). When the source was not observed the field is marked.as *

Source name pH*(3-2) HCO"(4-3)
Tmsadv VLsr Av [ Twsdv VLsr Av Tolue VLSRblue Tred VLSR red
(Kkms?)  (kms?) (kms?t)  (Kkms?) (kms?) (kms?) (K) (kms?1)  (kms?)

G013.91-00.51.. MM1 2.4(0.2) 22.77(0.08) 1.56(0.2) 440 22.43(0.06) 1.38(0.16) - - - -

G014.39-00.75A. MM1  1.9(0.3)  17.67(0.1) 1.32(0.26) . . o . . . .

G014.63-00.57.. MM1 25.6(0.4) 18.63(0.04) 5.34(0.08) 9@¥4) 17.75(0.04) 5.05(0.1) 6.92(0.30) 17.1(0.2) 4.68qp 20.4(0.2)
MM2  8.2(0.4) 18.42(0.07) 3.31(0.2)  7.6(0.3)  18.29(0.08).75§0.19) 1.99(0.26) 17.3(0.2) 1.78(0.26) 18.9(0.2)

G017.19-00.81.. MM1 9.8(0.4) 25.18(0.05) 2.88(0.14) 8.8(0.5) BEO06) 2.31(0.14) - - 3.50(0.45) 25.5(0.2)
MM2 18.7(0.4) 22.82(0.04) 4.21(0.1) 255(0.7) 22.78(0.0%.99(0.19) 3.92(0.45) 21.4(0.2) 5.26(0.45) 23.8(0.2)
MM4  1.7(0.3) 21.57(0.15) 1.88(0.37) 4.1(0.5) 21.97(0.1%).61(0.36) - - 1.4(0.44) = 22.7(0.2)

G018.26-00.24.. MM1  8.6(0.3) 68.52(0.10) 5.05(0.21) @7 68.67(0.21) 5.38(0.48) 1.55(0.46) 66.9(0.2) 2.MKP. 69.4(0.2)
MM2  7.6(0.4) 67.95(0.10) 4.37(0.25) 3.6(0.3) 67.76(0.1%.15(0.28) - - - -
MM3 12.9(0.3) 68.73(0.06) 4.33(0.14) 11.7(0.5) 68.529).04.21(0.21) - - - -
MM4  8.9(0.4) 68.90(0.09) 4.42(0.20) 7.2(0.5)  68.84(0.13).26(0.32) - - - -
G022.06:00.21.. MM1 16.3(0.4) 51.24(0.06) 5.33(0.15) 27.0(0.9) .18{0.09) 5.31(0.22) - -
G023.28-00.12.. MM1  4.7(0.4) 98.96(0.14) 4.01(0.40) @@Y 98.57(0.18) 3.03(0.46) 2.01(0.51) 97.8(0.2) - -
G024.37-00.15.. MM2  5.4(0.3) 56.21(0.11) 3.92(0.27) ®Z)Y 57.11(0.39) 5.48(0.86) - - - -
G024.61-00.33.. MM1 6.7(0.3) 42.86(0.07) 3.49(0.19) @@ 42.80(0.10) 3.10(0.24) - - 3.08(0.54) 43.5(0.2)
G024.94-00.15.. MM1  7.4(0.3) 47.13(0.09) 3.94(0.22) ®G) 46.70(0.17) 4.67(0.35) 2.20(0.44) 45.9(0.2) 2.0M4p. 47.9(0.2)
G030.96-00.00A. MM1  7.7(0.3) 75.30(0.07) 3.73(0.17) 7.7(0.7) 7%Q13) 3.14(0.34) - - - -
G030.96-:00.00B. MM2  6.7(0.3) 92.96(0.11) 4.69(0.26) 5.2(0.6) S2B19) 3.54(0.54) - - - -
G034.71-00.63.. MM1  6.1(0.4) 44.76(0.12) 4.40(0.29) (B% 44.38(0.15) 6.16(0.41) 3.15(0.50) 43.8(0.2) 3.15GP 45.8(0.2)
MM2  2.7(0.4) 45.88(0.29) 4.09(0.62) 1.2(0.5)  45.14(0.13).74(0.44) - - - -
G053.81-00.00  MM1 3.7(0.34) 24.44(0.11) 2.48(0.32) . . o .

Notes. Columns are (from left to right) source nameHN (3—2) peak main beam brightness temperature, LSR velocihead\,H* (3—2) peak intensity, FWHP HC@®4-3) line width, NH* (3—
peak main beam brightness temperature, LSR velocity at €@'4—3) peak intensity, FWHP HC@—-3) line width, blue HCO(4-3) line intensity peak and its LRS velocity, and red HGO-
line intensity peak and its LSR velocity.
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Table B.6. Star formation tracers (i levels of CHHCN(5-4).K-level detections are marked ag, non-detections as ‘-".

Source name K levels Trot(CHsCN)  Tot(NH3)  N(CH3CN)
o 1 2 3 (K) (K) (10%cm?)
G014.63-00.57... MM1 v + « v 29(6) 18.1 5.9(2.6)
MM2  « v - - - 15.7 -
G017.19-00.81... MM2 + + + - 41(23) 18.7
MM3 « v - - - 20.0 -
MM4 Y - - - 20.1 -
G018.26-00.24... MM1 v « - - - 18.2 -
MM3 « v v - 23(10) 15.7 -
MM4 v - - - 16.6 -
G022.06-:00.21... MM1 + + « 32(5) 24.7 9.7(2.8)
G023.28-00.12... MM1 v « - - - 18.1 -
G024.37-00.15... MM2 v + - - - 15.7 -
G024.61-00.33... MM1 v + + v 68(28) 175 5.9(4.7)
G024.94-00.15... MM1 v + - 39(31) 15.2 -
MM2 v - - - 15.2 -
G034.71-00.63... MM1 v + « v 29(6) 17.8 5.4(2.8)
G035.49-00.30A.. MM1 + + - - - 13.2 -

Notes. Columns are (from left to right) source name, detection o§CN K levels, CHCN rotational temperature, NHotational temperature,
and CHCN column density.

Table B.7. Star formation tracers (i): SiO(2—-1) and®O(43—34) based on Gaussian fits. Non detections are marked by *-’, see
Table[B.1 for upper limits.

Source name SiO(2-1) 80(4-3)
Twvs VLsR AV Tus VLsR AV
(K) (kms™?) (km st) (K) (kms™?) (km st

G013.28-00.34... MM1 0.11(0.03) 39.47(0.43)  4.74(0.88) - - -
G013.91-00.51... MM1 - - - 0.53(0.17) 22.94(0.13) 1.24(0.3
G014.39-00.75A.. MM1 - - - 0.80(0.30) 17.64(0.14) 1.018).2
G014.63-00.57... MM1 0.45(0.04) 17.60(0.10)  5.17(0.34).41.10) 17.23(0.05) 3.62(0.11)
MM2 0.08(0.02) 18.73(0.53) 6.42(1.28) 0.85(0.15) 18.242) 2.71(0.37)
G017.1900.81... MM1 0.09(0.02) 24.68(0.50) 7.77(1.05 0.56(0.13)4.96(0.17) 2.28(0.39)
MM2 0.79(0.11} 22.22(0.25) 26.48(0.64) 1.39(0.10) 22.46(0.12) 5.92(0.34)
MM3 0.76(0.11} 21.95(0.25) 19.42(0.60) - - -
G018.26-00.24.. MM1 0.36(0.02) 66.88(0.16)  9.18(0.47).69(®.12) 68.02(0.18) 3.69(0.49)
MM2 0.09(0.02) 68.01(0.64) 11.14(2.35) 0.41(0.12) 670729) 3.12(0.70)
MM3 0.21(0.02) 68.50(0.27) 10.06(0.85) 0.46(0.14) 680527) 3.06(0.75)
MM4 0.25(0.02) 69.24(0.28) 13.02(0.83) 0.34(0.14) 6DNUF) 4.30(1.46)
G022.06:00.21... MM1 0.24(0.02) 48.27(0.35) 16.26(0.89) 1.88[D.151.04(0.08) 4.78(0.22)
G023.28-00.12... MM1 0.13(0.02) 101.05(0.55) 12.37(1.39 - - -
G024.37-00.15.. MM2 0.25(0.02) 54.53(0.30) 10.81(0.84).69(0.11) 55.79(0.21) 5.13(0.64)
G024.61-00.33... MM1 0.11(0.02) 40.44(0.49)  10.18(1.2).54(.10) 42.96(0.24) 3.63(0.50)
G024.94-00.15... MM1 0.24(0.03) 47.14(0.19) 5.91(0.51).69(®.12) 46.83(0.19) 3.87(0.50)
MM2  0.18(0.02) 47.39(0.38)  11.61(1.08) - - -
G025.7900.81... MM1 0.12(0.04) 49.20(0.56)  8.04(2.01) - - -
G034.71-00.63... MM1 0.15(0.02) 44.40(0.46) 14.14(1.19).49(0.13) 44.12(0.08) 3.02(0.21)
MM2 0.35(0.08) 45.47(0.23) 6.63(1.25) 0.27(0.09) 45.26(p 5.03(1.31)
MM3  0.17(0.04)  45.94(0.20)  3.37(0.62) - - -
G035.49-00.30B.. MM2 0.14(0.03) 45.07(0.25)  3.88(0.67) - - -
MM3 0.18(0.05)  45.32(0.14)  1.57(0.32) - - -
G053.81-00.00... MM1 0.11(0.01) 23.14(0.24)  9.14(0.52).47(®.11) 23.79(0.39) 4.81(0.79)

Notes. Columns are (from left to right) source name, SiO peak maambbrightness temperature, LSR velocity at the SiO peaksitie FWHP
SiO line width, HCO peak main beam brightness temperature, LSR velocityedtt68O peak intensity, and FWHP,BO line width.
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Table B.8. Observed properties of 180(2—1) based on Gaussian fitsdBkeations are marked by -, see TablelB.1 for upper limits.

Source name [ Tusdv VLsR AV
(Kkms™) (km st) (km st)
G012.73-00.58... MM1 - - -
MM2  2.1(0.7)  6.14(0.44)  1.84(0.7)
G013.28-00.34... MML1  4.3(05) 41.09(0.12) 1.53(1.79)
G013.91-00.51... MM1  9.7(0.5) 22.95(0.07) 2.81(0.19)
G013.97-00.45.. MM1 12.4(0.5) 19.66(0.05) 2.57(0.12)
G014.39-00.75A.. MM1 12.9(0.5) 17.67(0.04) 2.10(0.10)
MM2  14.1(0.5)  17.6(0.04) ~ 2.15(0.08)
G014.39-00.75B.. MM3  5.8(0.3) 21.06(0.04) 1.81(0.28)
G014.63-00.57.. MM1 188(0.2) 18.02(0.02) 3.14(0.05)
MM2  17.1(0.3)  18.34(0.02) 2.77(0.05)
MM3  11.0(0.2) 17.36(0.02) 2.24(0.04)
MM4  6.2(0.2)  18.9(0.03) 1.96(0.14)
G016.9300.24... MM1  87(0.3) 2355(0.04) 1.99(0.08)
G017.1900.81... MM1  9.9(0.2)  24.23(0.02) 2.85(0.06)
MM2  9.6(0.2) 22.63(0.02) 2.41(0.05)
MM3  9.00.1) 22.75(0.02) 2.51(0.05)
MM4  125(0.1) 21.72(0.01) 2.66(0.04)
G018.26-00.24.. MM1 10.3(0.5) 67.82(0.09) 3.70(0.25)
MM2  18.2(0.4)  67.44(0.03) 2.86(0.08)
MM3  155(0.4) 68.51(0.05) 3.72(0.11)
MM4 13.3(0.7)  68.4(0.1) 3.78(0.22)
MM5  17.0(0.5) 66.48(0.04) 2.82(0.08)
G022.0600.21.. MM1 19.000.3) 51.29(0.02) 3.08(0.05)
MM2  9.6(0.4) 51.87(0.05) 2.69(0.12)
G023.28-00.12... MM1 14.7(0.9) 99.15(0.08) 2.89(0.22)
MM2  6.1(0.8) ~ 99.54(0.15) 1.96(0.27)
G024.37-00.15.. MM1 14.6(0.4) 58.99(0.04) 2.93(0.1)
MM2  4.6(0.5)  56.32(0.2) 3.67(0.44)
G024.61-00.33... MM1 12.9(0.2) 42.43(0.02) 2.45(0.04)
MM2  3.9(0.3)  43.43(0.09) 3.12(0.26)
G024.94-00.15.. MM1  55(0.3) 47.07(0.05) 2.48(0.16)
MM2  47(0.3)  47.74(0.1)  3.26(0.2)
G025.7900.81... MM1  3.4(0.2)  49.8(0.06) 2.16(0.19)
MM2  42(0.2) 49.04(0.05) 2.77(0.12)
G030.90-00.00A.. MM1 19.8(0.7) 75.11(0.05) 3.22(0.13)
G030.96-00.00B.. MM2 17.8(0.4) 92.64(0.04) 3.86(0.10)
G030.90-00.00C.. MM3 15.4(0.5) 94.35(0.08) 4.46(0.18)
G034.71-00.63... MML  7.9(0.2)  44.93(0.04) 3.31(0.12)
MM2  57(0.2)  45.96(0.06) 2.82(0.14)
MM3  6.3(0.2) 46.55(0.04) 2.66(0.09)
G034.77-00.81... MM1  52(0.3) 43.72(0.08) 3.44(0.21)
G034.8500.43.. MM1  2.8(0.2) 5551(0.07) 2.11(0.14)
G035.49-00.30A.. MM1 11.8(0.2) 55.4(0.03) 2.77(0.06)
G035.49-00.30B.. MM2  4.1(0.2) 45.16(0.04) 2.04(0.13)
MM3  5.7(0.2)  45.67(0.05) 2.46(0.11)
GO037.4400.14A.. MM1 10(0.1) 18.07(0.05) 1.37(L5)
G037.4400.14B.. MM2  8.0(0.2) 40.11(0.03) 1.87(0.05)
G050.0600.06.. MM1 10.1(0.2) 54.19(0.02) 2.27(0.05)
MM2  10.4(0.3) 54.82(0.03) 2.06(0.05)
G053.81-00.00.. MM1  3.8(0.1) 23.89(0.02) 2.30(0.07)

Notes. Column are (from left to right) source name, integrated ilimensity, LSR velocity at the line intensity peak, and FWIié width.
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Table B.9. Derived abundance and depletion from the 180(2-1) line.

Source name Trot(NH3) Nciso Ny, Xciso 7
(K) (10**cm™?)  (10%?cm™?) (10°9)
G012.73-00.58...  MM1 9.3 - 4.5 - -
MM2 114 1.3(0.5) - - -
G013.28-00.34...  MM1 14.9 2.4(0.3) 2.9 83 21
G013.91-00.51... MM1 14.1 5.5(0.3) 7.7 7.1 2.4
G013.97-00.45...  MM1 16.6 6.9(0.3) - - -
G014.39-00.75A.. MM1 17.4 7.2(0.3) 5.7 126 1.3
MM2 20.0 7.9(0.3) - - -
G014.39-00.75B.. MM3 11.8 3.5(0.2) 5.7 6.2 28
G014.63-00.57...  MM1 18.1 10.5(0.1) 26.3 4 4.3
MM2 15.7 9.6(0.2) 15.4 6.2 27
MM3 15.8 6.1(0.1) 5.2 118 14
MM4 19.1 3.4(0.1) 3 115 1.5
G016.93-00.24... MM1 14.0 4.9(0.2) 4.2 118 14
G017.19-00.81... MM1 17.2 5.5(0.1) 4.9 11.3 15
MM2 18.7 5.4(0.1) 17.4 31 55
MM3 20.0 5.1(0.1) 5.3 9.6 18
MM4 20.1 7.0(0.1) 2.9 243 07
G018.26-00.24...  MM1 18.2 5.7(0.3) 9.8 59 29
MM2 17.4 10.1(0.2) 8.9 114 15
MM3 15.7 8.7(0.2) 7.1 122 1.4
MM4 16.6 7.4(0.4) 5.7 129 13
MM5 16.8 9.5(0.2) 6 158 11
G022.06-00.21... MM1 24.7 11.2(0.2) 25.4 44 3.8
MM2 15.5 5.4(0.2) 7.9 6.8 25
G023.28-00.12...  MM1 18.1 8.2(0.5) 6.5 126 13
MM2 10.0 3.4(0.6) - - -
G024.37-00.15...  MM1 18.6 8.1(0.2) 4.9 16.6 1
MM2 15.7 2.6(0.3) 4.4 58 29
G024.61-00.33...  MM1 17.5 7.2(0.1) 5.9 122 14
MM2 15.5 2.2(0.1) 3.5 6.3 27
G024.94-00.15...  MM1 15.2 3.1(0.1) 6.5 47 36
MM2 15.2 2.7(0.1) 5.5 48 35
G025.79-00.81... MM1 13.1 1.9(0.1) - - -
MM2 15.0 2.4(0.1) - - -
G030.96-00.00A.. MM1 18.6 11(0.4) 5.2 212 08
G030.96-00.00B.. MM2 15.0 10(0.2) - - -
(G030.96-00.00C.. MM3 16.4 8.6(0.3) 4.3 20 09
G034.71-00.63...  MM1 17.8 4.4(0.1) 5.8 76 22
MM2 12.4 3.4(0.1) 5.2 65 26
MM3 17.1 3.5(0.1) 25 14 1.2
G034.77-00.81...  MM1 15.0 2.9(0.1) - - -
G034.85-00.43... MM1 13.2 1.6(0.1) - - -
G035.49-00.30A.. MM1 18.6 6.6(0.1) 6.6 10 1.7
(G035.49-00.30B.. MM2 11.9 2.5(0.1) 5.3 46 37
MM3 13.6 3.2(0.1) 4.2 77 22
G037.44-00.14A.. MM1 15.0 0.6(0.05) - - -
G037.44-00.14B.. MM2 15.0 4.5(0.1) - - -
G050.06-00.06... ~ MM1 14.9 5.6(0.1) 4.4 128 13
MM2 14.1 5.9(0.1) 4.6 129 1.3
(G053.81-00.00...  MM1 12.4 2.2(0.1) 6.9 32 53

Notes. Columns are (from left to right) source name, Nidtational temperature, 180 column density, hydrogenrool density from the 1.2 mm
emission (Paper 1), 180 abundance, and CO depletion factor
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