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Abstract. We report the results of a 1.2 mm continuum emission survey toward 146 IRAS sources thought to harbour high-
mass star forming regions. The sources have FIR colors typical of UCHII regions and were detected in the CS(2 — 1) line
survey of Bronfman et al. (1996). Regions of 15’ x 10’, centered on each IRAS source, were mapped with an angular resolution
of ~24”, using the SIMBA array on the SEST telescope. 1.2 mm emission was detected toward all IRAS sources. We find that
the dust cores associated with these sources have typical sizes of 0.4 pc and masses of 5 X 10° M. Dust temperatures and
luminosities, derived from the SED, are typically 32 K and 2.3 x 10° L,
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1. Introduction

The process of formation of massive stars is still not well un-
derstood (e.g. Garay & Lizano 1999). There are two main
hypotheses to explain their mass build-up: (i) through coa-
lescense of low-mass stars in high stellar density clusters (n >
108 stars pc‘3; Bonnell et al. 1998) and (ii) through accretion
(Osorio & Lizano 1999; Yorke & Sonnhalter 2002; McKee &
Tan 2003). Recent observations of disks (Shepherd et al. 2001)
and jets (Garay et al. 2003 ) give support to the accretion sce-
nario, but coalescence cannot be ruled out.

Understanding the formation and early evolution of mas-
sive stars requires knowledge of the physical conditions of
their birth environment. Due to the intrinsic scarcity of high-
mass stars and the short timescales involved in their forma-
tion (t ~ 10° yr, McKee & Tan 2003), the early stages of
such formation have been only recently explored by system-
atic surveys (Plume et al. 1992, 1997; Bronfman et al. 1996;
Beuther et al. 2002; Sridharan et al. 2002; Mueller et al. 2002).
From a survey of molecular emission, in several transitions
of CS, toward regions of massive star formation associated
with water masers, Plume et al. (1997) found that high-mass
stars are formed in molecular cores with typical densities of
6 x 10° cm™3, radii of 0.5 pc and virial masses of 4 x 10> M.

* Table 1 and Figs. 6 to 23 are only available in electronic form at
http://www.edpsciences.org

With the goal of determining the physical characteristics
of molecular cores harboring recently formed massive stars, at
spatial scales of ~0.5 pc, we have made a survey of 1.2 mm
continuum emission toward 146 objects, thought to harbour
high-mass star forming regions, using the SIMBA bolometer at
SEST (Nyman et al. 2001). The sources were selected from the
CS(2 — 1) survey of Bronfman et al. (1996) ensuring high den-
sity gas and that they have FIR colours typical of ultra compact
H II regions (Wood & Churchwell 1989). The 1.2-mm emis-
sion was mapped within regions of ~15” X 10’ centered on the
IRAS sources. Moreover, since the sites of massive star forma-
tion are known to be gregarious, a further goal of this survey
was to find massive cores in early stages of evolution, previ-
ous to the formation of a central massive object. In this paper
we present the basic data set of the 1.2-mm objects associated
with the IRAS sources. The identification of dense, cold and
massive pre-stellar objects from this survey will be the subject
of a further publication.

2. Observations

The observations were made using the 37-channel hexago-
nal bolometer array SIMBA installed at the SEST 15 m tele-
scope. The passband of the bolometer has an equivalent width
of 90 GHz and is centered at 250 GHz. The SEST telescope
has a beamwidth of 24" at the frequency band of SIMBA.
The 1.2 mm emission was mapped toward 146 regions,
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centered on IRAS sources. We observed typically 2-3 maps
per source, with a final rms of 40 mJy beam™!. Typical map
sizes were 900" x 600”. The maps were observed in the fast
mapping mode in three runs between June 2001 and July 2002.
The scans are in azimuth at a velocity of 80”/s, separated in
elevation by 8”. Data reduction was done using the MOPSI
(Zylka 1998) software in three steps. In the first step, a stan-
dard procedure was followed to create an intensity map and to
define a proper baseline to avoid artifacts close to the source.
In the second stage, a model of the source is created using the
previous map, which is used in the correlated sky noise filter-
ing of the last step. Care was taken in choosing the intensity of
the despiking because some sources were too strong. Sky opac-
ity corrections were applied and the maps were calibrated from
observations of Uranus or Mars. The calibration uncertainties
are estimated at 20%.

2.1. Source selection

The 146 observed IRAS sources were chosen as follows. We
selected the brightest CS sources (T4 > 2.0 K) in the Bronfman
et al. (1996) survey. Of the near 200 sources fulfilling this cri-
teria, we observed 103 that homogeneously cover the galactic
longitude. We complemented this sample with 34 sources that
exhibit wings in the CS spectrum, indicative of outflow phe-
nomena, and 9 sources without detections in the radio con-
tinuum survey of Walsh et. al (1998). The total number of
sources brighter than 2.0 K is 116, exhibiting broad wings in
the CS(2—1) line is 82 and with no radio continuum detec-
tions is 21. The Galactic coverage of our survey is shown in
Fig. 1. The majority of the sources are within the solar circle
(95%).

2.2. Distances

Kinematical distances were derived using the CS(2 — 1) line
velocities reported by Bronfman et al. (1996), a flat rotation
curve, and the standard IAU constants for the solar velocity and
solar radius of, respectively, 220 km s~! and 8.5 kpc. The two-
fold ambiguity in kinematic distance that affects sources within
the solar circle was resolved using a standard spiral arms model
following Bronfman et al. (2000). For sources in the I quadrant,
we adopted distances from the literature and, when not avil-
able, adopted the near distance. The nearest source is located at
400 pc and the farthest one is at 13 kpc. The average distance
is 4.4 kpc. The distribution of distances is shown in the lower
right panel of Fig. 3

3. Results

1.2-mm emission was detected toward all 146 observed regions
(each ~15’ x 10" in size). Maps are shown in Figs. 6-22. In al-
most half of the maps we detected two or more objects (aver-
age of 2.2 sources per map. Figure 5 shows the distribution of
number of sources per map). In particular we find that all IRAS
sources are associated with 1.2 mm emission. The observed and
derived parameters of the 1.2-mm sources associated with the
IRAS sources are summarized in Table 1. Column 1 gives the

IRAS name; Col. 2 the distance; Col. 3 the number of sources
per map; Cols. 4 and 5 the right ascension and declination of the
peak in the 1.2-mm emission; Col. 6 the 1.2-mm flux density;
Col. 7 the angular size of the 1.2-mm emission. The derived
parameters, dust temperature, mass, density and luminosity, are
given in Cols. 8 to 11, respectively. In what follows we describe
how the value of the parameters were obtained.

3.1. Sizes

The angular sizes, given in Col. 7 of Table 1, correspond to the
geometrical mean of the observed semi-major and semi-minor
axes of Gaussians fitted to the 1.2-mm emission. An histogram
of the distribution of the physical sizes, determined from the
angular sizes using the distances listed in Col. 2, is shown in
the upper left panel of Fig. 3. The average radius of the sources
in our survey is 0.4 + 0.2 pc.

3.2. Temperatures

Dust temperatures were derived by fitting the spectral energy
distribution (SED) using a modified blackbody model,

SV = QBV(Td) {1 - exp(_Tv)} (1)

where S, B,, Q and Ty are respectively the flux density, the
Planck function, the angular size of the source and the dust tem-
perature. We assume that the dependence of the optical depth,
7,, with frequency, v, can be expressed as

B
7, = (1) , )

Yo

where 3 is the power law index and vy is the frequency at which
the optical depth is unity, hereafter refereed as the turnover fre-
quency.

A model with two dust components at different tempera-
tures had to be used to obtain a good fit of the SED (consist-
ing of the 1.2 mm flux and the fluxes in the four IRAS bands;
see Fig. 2). We adopted as angular size of the colder compo-
nent that given in Table 1. We find that the cold component
has a typical temperature of ~32 K, a turnover frequency of
~3 x 10° GHz, and a power law index between 1.5-2.5. The
warmer component has a typical temperature of ~140 K and a
turnover frequency of ~2 x 10* GHz (8 was fixed to 1). The
angular size of this component was estimated from the fit. An
histogram of the temperatures for the cold component is shown
in the upper right panel of Fig. 3.

3.3. Masses and densities

The dust clouds in our survey have Ny (= N(H) + 2N(H»))
column densities considerably smaller than 1026 cm™2, the
value at which 715 nm ~ 1 for a temperature of ~32 K (e.g.
Mezger 1994). Therefore, the emission is optically thin and the
dust mass can be computed using the expression (e.g. Chini
et al. 1987),
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Fig. 1. Galactic distribution of the sources in the survey. Top: longitude-latitude coverage. Bottom: longitude-velocity distribution.

where k, and D are, respectively, the dust mass absorption co-
efficient and the distance to the source.

The value of the opacity is set by the characteristics of the
dust, which are not well determined observationally. Different
assumptions about these characteristics can lead to values that
differ up to one order of magnitude. The opacities compiled
by Hildebrand (1983) have been commonly used in the lit-
erature (e.g. Walker et al. 1990; Beuther et al. 2002). More
recently, Ossenkopf & Henning (1994) computed and tabu-
lated the opacity of dust in a broader wavelength range. We
adopt a dust opacity at 1.2 mm of 1 cm? g~!, computed by the
last authors for typical conditions of dense protostellar clouds.
This opacity is a factor of 5 greater than the opacity given
by Hildebrand(1983), implying masses five times smaller than
those computed using the Hildebrand’s value. Assuming a gas-
to-dust mass ratio R = My/My = 100, the total cloud mass is
given in terms of the flux density at 1.2 mm by,

fof 2o

The masses computed using this expression are given in Col. 9
of Table 1. An histogram of the distribution of masses is shown
in the middle left panel of Fig. 3. The average value of the
masses is 5.0 x 10> Mo,

The densities were determined from the masses assum-
ing a mean mass per particle of u 2.29my and that the
sources have spherical morphologies with the radius given in
Table 1. The distribution of densities is shown in the bottom
right panel of Fig. 3. The average density of our sample is

S\( D
M. =20.689 = |(—
=0 ) i

y

11.998
d

“

M

np, = 2.1 X 10° cm™3. The average surface density, X = o is

I.1+1.5gcm™.

3.4. Bolometric luminosities

The bolometric luminosities, listed in Col. 11 of Tablel, were
calculated by integrating the SED. The distribution of lumi-
nosities is shown in the middle right panel of Fig. 3. The
average luminosity of 2.3 x 10° Ly corresponds to that of a
06.5 ZAMS star. The median luminosity is 6.2 X 10* L, there-
fore the source of energy of half of our objects would corre-
spond to stars with spectral type of O8 or earlier if they are
excited by a single star. Our sample does, however, contain a
few low luminosity objects such as IRAS 08076-3556 (Persi
et al. 1994) and IRAS 11590-6452 (Bourke et al. 1997). Most
of our sources (91%) have luminosities >10* L, which corre-
spond to that of a star B0O.5 (Panagia 1973).

3.5. Morphologies

The 1.2-mm emission associated with the IRAS sources ex-
hibits a variety of morphologies. Filaments are seen in 24% of
the sources, 23% show clumpy morphologies and 53% have
regular shapes. The mechanisms of formation of massive and
dense cores are still poorly known and the variety of struc-
tures seen in the maps illustrates the complexity of the prob-
lem. The common appearance of filaments in our maps, as well
as in other star forming regions (e.g., Mizuno et al. 1995), sug-
gests that gravitational instabilities in filaments are likely to
be an important mechanism of core formation (Larson 1985;
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Fig. 2. SED of typical 1.2-mm/IRAS sources. Top: IRAS 15439-5449.
Bottom: IRAS 17143-3700. The subscripts C and H refers to cold and
hot components, respectively.

Tilley & Pudritz 2003). The clumpy structure could be ex-
plained if the cores are formed by turbulent shocks (Padoan
et al. 2001). Therefore, both gravitational fragmentation and
turbulent shocks seem to play a fundamental role for the origin
of the massive and dense cores. The present survey provides a
wealth of observational data to further explore the rol of fila-
mentary structure in massive star formation.

3.6. The luminosity-to-mass ratio

Figure 4 shows an histogram of the luminosity-to-mass ratio.
The average value of L/M for our sample is 71 = 56 Ly/M.
Comparisons with other works need a scaling of the opacities.
Mueller et al. (2002) and Beuther et al. (2002) reported average
values of 140 =+ 100 and 20 + 107 Ly/Mo, respectively, which
rescaled to our opacity of 1 cm? g~! correspond to values of
133 and 100 Lo /M.

Sridharan et al. (2002) proposed that the L/M ratio is an
indicator of cloud evolution. To achieve this conclusion, they
compared the luminosity-to-mass ratio distribution of sources
undetected in radio continuum surveys (Parkes-MIT-NRAO or
PMN survey, Griffith et al. 1994, and the 5 GHz Green Bank
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survey, Gregory & Condon 1991) with that of sources asso-
ciated with UC HII regions reported by Hunter (1997) and
Hunter et al. (2000). They found that sources with no radio
detections have lower values of L/M. They suggested that this
result can be explained if the embedded cluster becomes more
luminous with time. To corroborate this hypothesis we divided
our sample into two subsamples, those with and without ra-
dio continuum detections in the PMN survey. The right panel
of Fig. 4 shows the distribution of the luminosity-to-mass ra-
tio for both subsamples. The average value of L/M for cores
associated with UC HII regions is 85 + 62, whereas that of
cores not associated with UC HII regions is 57 + 45 Ly/Mp.
Applying the Kolmogorov-Smirnov test to both subsamples
we obtained a K-S statistics of 0.27 with a significance level
of 0.007. Therefore, the null hypothesis (both subsamples are
from the same distribution) cannot be discarded.

In the following we describe an alternative approach to ex-
plain the difference in the luminosity-to-mass ratio among dust
cores assuming that all systems are roughly coeval. Most of the
IRAS sources in our sample are luminous and thus are likely
to host a cluster of young stars containing a massive star. Due
to the strong dependence of luminosity with mass, the total lu-
minosity is dominated by the most luminous member of the
cluster. Thus it is possible that the value of the L/M ratio is
mainly determined by the most luminous member of the clus-
ter. In what follows we assess this hypothesis in a simple way.
Assuming a Salpeter initial mass function (dN o M~23 dM)
and using the mass-to-luminosity relation for stars, L oc M>?
(Bressan et al. 1993), we obtain that the mass and luminos-
ity of the most massive star of the cluster, Muyax and Lpax
respectively, are related to the total luminosity of the cluster
by the expression, Lepster = 0.3 X LiaxMmax. Figure 6 plots
the Leoud/Meioua Tatio of the dust cores (determined from the
observations) versus Ly, (derived using the last expression),
showing that there is a clear correlation between these quanti-
ties. A robust estimation fit to the observed relationship gives
Leioud/Meioua = 0.75L%2. We conclude that the luminosity-to-
mass ratio can be interpreted as an indicator of which type of
star is the most conspicuous one of the cluster.

4. Comparison with previous works

Several surveys of molecular line emission toward massive
star-forming regions (hereafter MSFRs) have been carried out
during the last decade (see Evans 1999 for a review). The prop-
erties of massive and dense cores derived from these observa-
tions are in good agreement with those derived by us using as
tracer dust emission. For instance, Plume et al. (1997) observed
the CS(5 — 4) line emission toward several MSFR and found
that the cores have an average radius of 0.5 pc, and average
virial mass of 4 x 10> My and densities, derived from large
velocity gradient models, of 8 x 10° cm™3.

Large surveys of dust emission toward MSFRs have
been recently reported by Mueller et al. (2002) and Beuther
et al. (2002). We note, beforehand, that since different ob-
servational works using as probe the dust emission may
assume different opacities, a comparison needs a rescal-
ing of the dust opacities. Mueller et al. (2002) carried out
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Fig. 3. Distribution of parameters of 1.2-mm cores associated with high-mass star forming regions. Upper left: size distribution. The average
radius is 0.4 + 0.2 pc. Upper right: temperature distribution. The average temperature is 32 + 5 K. Middle left: mass distribution. The
average mass is 5.0 x 10° M. Middle right: luminosity distribution.The average luminosity is 2.3 X 10° L. Lower left: density distribution.
The average density is 2.1 x 10° cm™>. Lower right: distance distribution. The average distance is 4.4 kpc.

observations of dust emission at submillimeter wavelenghts to-
ward 51 MSFRs associated with water masers. The average lu-
minosity of the sources in their sample is 2.5 x 10° Ly, sim-
ilar to that of the objects in our sample (1.7 x 10° Ly). They
found that the cores in their sample have an average radius of

0.16 £ 0.1 pc, an average mass of 2.1 x 10> M, and an average
surface density of 0.77 + 1.8 cm™2, in good agreement with our
results. Beuther et al. (2002) made observations of dust emis-
sion at millimeter wavelengths toward 69 MSFRs selected from
Bronfman et al. (1996). The average luminosity of their objects
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is 2.0 x 10* Lo, about ten times smaller than that of the objects
in our sample. They found that the cores have an average radius
of 0.2 + 0.2 pc, and (rescaled) average mass of 3.0 X 10> Mg
and average density of 7.8 x 10* cm™3. Their derived values are
about one order of magnitude smaller than the those derived
by us, a difference most likely due to the difference in lumi-
nosity of the two samples. Walsh et al. (2003) mapped con-
tinuum emission at 1200, 850 and 450 um toward 71 fields of
methanol masers. A comparison of the maps at 1200, 850 and
450 um of the 14 sources in common between this and our sur-
vey shows a very good agreement in the morphologies of the
dust emission. Further, the flux density dependence with fre-
quency, in the range from 1200 um to 450 um, are well fitted
with power law relationships of the form §,, oc v*, with « being
in the range 3 to 4 with an average value of 3.5. This implies
a power law index of the optical depth dependence with fre-
quency (see Sect. 3.2) of 8 =~ 1.5, similar to those reported by
Lis et al. (1998) for Orion clouds.

The dust temperatures of the sources in our sample ((T4) =
32+5 K) are similar to those derived in other large scale surveys

(Mueller et al. (2002), (Tq) = 29 =9 K Sridharan et al. (2002),
(Tq) = 45 £ 11) as well as in more limited surveys ( Molinari
et al. (2000), (Tq) = 32 = 5 K, Hunter (1997), (T4) = 40 =
10 K). The derived temperatures are in good agreement with
theoretical calculations of temperature profiles of dust cocoons
enshrouding UC HII regions (Wolfire & Churchwell 1994).

5. Summary

We have carried out a 1.2-mm continuum emission survey,
using the bolometer camera SIMBA at the SEST telescope,
toward 146 galactic regions. Each mapped region is about
15" x 10’ in size and is centered on an IRAS source thought
to be associated with a region of high-mass star formation. The
main results are summarized as follows.

1.2-mm emission was detected toward all IRAS sources.
We find that the 1.2-mm/IRAS objects, which are represen-
tative of molecular cores harboring recently formed massive
stars, have typically sizes of ~0.4 pc, masses of 5 x 103 My,
densities of 2 x 10° cm™3, dust temperatures of ~32 K, and
luminosities of ~2 X 10° L.

The L/M ratios of the 1.2-mm/IRAS sources have an aver-
age value of 71 Ly/My. We do not find statistically significant
differences in the L/M ratios for sources with and without de-
tections in radio continuum surveys. We suggest that the dif-
ference in the luminosity-to-mass ratio among the dust cores
is related to the luminosity of the most massive star embedded
within them rather than being an indicator of the core evolu-
tionary stage.
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Table 1.
Observed parameters Derived parameters
Peak coordinates
Source D N @ 0 Siomm 6Os T4 M. Ny, L
(kpe) (1950) (1950) dy () (K) (Mo) (cm™) (Lo)

08076-3556 0.4 1 080739.78 -355619.8 1.8 37 18 56x10° 40x10° 1.6x10!
08303-4303 2.3 1 083024.08 —430339.4 4.8 29 30 26x10° 19x10° 6.7x10°
08448-4343 0.7 1 08444725 4343328 6.1 44 25 39x10" 29x10° 1.1x10°
08470-4243 2.1 1 08465936 —424320.6 5.8 31 33 23x10>° 1.8x10° 1.1x10*
09002-4732 1.2 1 090012.07 —473208.7 24.0 41 39 26x10>° 49x10° 39x10*
09018-4816 2.6 4 090151.64 4816129 14.7 35 31 9.8x10> 29x10° 52x10*
09094-4803 9.6 2 09092391 4803289 1.1 30 23 14x10° 13x10* 4.0x10*
10365-5803 24 1 10363621 -580336.8 8.0 38 30 47x10° 14x10° 1.9x10*
11298-6155 10.0 1 112946.34 -615556.3 3.0 28 32 27x10° 27x10* 1.7x10°
11332-6258 1.9 1 11331133 -625812.2 33 30 30 1.3x10>° 1.4x10° 53x10°
11590-6452 0.4 1 115900.61 -645210.3 54 30 22 13x10" 1.5%x10° 53x10!
12320-6122 4.4 2 123200.06 -612320.1 13.8 35 37 21x10° 1.3x10° 22x10°
12326-6245 4.4 1 12324075 -624605.9 17.3 31 40 24x10° 22x10° 27x10°
12383-6128 4.5 2 12382358 6128159 6.7 58 27 1.6x10° 2.1x10* 49x10*
12572-6316 2.9 1 125718.05 -631622.2 3.0 35 29 27x10*> 58x10* 56x10°
13079-6218 4.9 5 13080031 6218422 18.5 35 36 3.6x10° 1.6x10° 28x10°
13080-6229 34 6 130800.60 -622903.1 8.3 35 39 74x10> 9.0x10* 32x10°
13111-6228 4.0 7 131111.13 -622828.0 11.1 42 32 1.6x10° 7.6x10* 13x10°
13134-6242 3.0 2 13132622 -624239.7 6.7 26 35 51x10° 24x10° 3.1x10*
13140-6226 3.1 1 131400.81 -622635.4 2.9 30 28 3.1x10> 79x10* 7.8x10°
13291-6229 32 1 132909.66 -622955.0 35 45 30 35x10> 27x10* 4.4x10*
13291-6249 2.8 1 132906.10 -624952.2 4.8 29 32 36x10>° 14x10° 25x10*
13295-6152 4.5 1 13293117 -615216.2 2.7 39 25 72x107 29x10* 7.0x10°
13471-6120 5.4 3 13471064 -612025.3 9.1 30 39 20x10° 1.0x10° 2.7x10°
13484-6100 5.5 1 134827.81 -610049.7 4.0 28 32 LIx10° 69x10* 7.1x10*
14013-6105 5.6 4 14011811 -610543.5 7.0 31 35 1.9x10° 7.5x10* 1.7x10°
14050-6056 3.9 2 14050391 -605634.7 5.8 35 34 77x10> 6.7x10* 7.2x10*
14164-6028 35 1 14162637 -602824.9 1.0 27 29 1.3x10> 34x10* 93x10°
14206-6151 39 1 14203486 -615158.6 2.8 35 27  49x10> 44x10* 1.3x10*
14212-6131 4.0 1 14211674 -613129.8 7.3 37 27 13x10° 9.7x10* 12x10°
14382-6017 4.5 1 14381220 -601742.0 44 42 29  84x10> 26x10* 7.5x10*
14453-5912 2.8 2 144518.61 -5912169 53 39 30 42x10> 72x10* 2.8x10*
14498-5856 3.5 1 14495247 -585640.1 7.1 33 30 87x10° 1.3x10° 3.5x10*
15122-5801 4.1 3 151214.07 -580035.8 44 36 31 73x10> 51x10* 7.2x10*
15254-5621 4.4 1 15252734 -562110.0 11.6 34 35 19x10° 12x10° 12x10°
15290-5546 6.0 1 152900.60 -554602.9 12.8 33 36 3.7x10° 1.0x10° 3.9x10°
15384-5348 2.8 3 153827.65 -534858.1 16.4 55 34 1L.1x10° 6.8x10* 1.0x10°
15394-5358 2.8 1 15392797 5357483 17.2 33 25 1.8x10° 4.8x10° 1.5x10*
15408-5356 2.7 5 154053.63 -535625.6 28.2 46 37 1.6x10° 1.9%x10° 19x10°
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Table 1. continued.

Observed parameters Derived parameters

Peak coordinates

Source D N @ 0 Si2mm  Os Tq4 M. Ny, L
(kpe) (1950) (1950) dy () (K) (Mo) (cm™) (Lo)

15411-5352 2.8 5 154109.25 -535250.8 11.5 34 35 77x10° 1.9x10° 1.4x10°
15437-5343 5.2 1 15434192 5343364 33 31 34 79x10> 43x10* 6.1x10*
15439-5449 3.5 1 15435620 5449232 5.3 32 35 57x10° 87x10* 4.4x10*
15502-5302 5.6 1 15501636 -530253.0 17.0 29 45  34x10° 1.7x10° 75x10°
15520-5234 2.9 1 155200.02 -523427.1 20.3 30 44 1.1x10° 37x10° 20x10°
15522-5411 3.1 2 15521534 -541110.2 4.8 50 29 5.0x10> 29x10* 21x10*
15557-5215 4.2 3 155551.68 -5215025 8.3 33 27 1.7x10° 14x10° 23x10*
15567-5236 7.0 6 15564476 -523627.1 20.7 30 40 72x10° 1.7x10° 8.0x10°
15570-5227 6.1 2 15570558 -522801.3 5.6 36 34 1.8x10° 3.7x10* 1.6x10°
15584-5247 4.7 1 155829.00 -524702.2 4.8 43 31 1.1x10° 28x10* 3.6x10*
15596-5301 4.6 1 15594039 -530117.2 5.9 33 30 13x10° 7.7x10*  6.4x10*
16026-5035 4.8 4 160240.24 -503516.9 5.9 51 31 13x10° 2.1x10* 14x10
16037-5223 4.9 1 16034795 -522252.0 8.9 29 34 19x10° 14x10° 1.1x10°
16060-5146 53 2 16060250 -514716.1 38.3 28 46  68x10° 45x10° 75x10°
16065-5158 4.0 2 160630.53 5158242 23.8 28 40 27x10° 44x100 29x10°
16071-5142 5.2 1 160710.27 5142345 12.8 31 29 37x10° 19x10° 8.3 x10*
16076-5134 5.2 1 16073823 5134158 10.7 38 33 26x10° 7.6x10* 2.0x10°
16119-5048 3.3 3 16115773 -504821.2 7.3 32 30 82x10° 1.6x10° 3.3x10*
16132-5039 3.2 6 16131339 5039325 6.7 43 33 63x10° 52x10* 6.3x10*
16158-5055 34 5 161549.79 -5056 00.9 21.4 53 35 20x10° 7.8x10* 1.6x10°
16164-5046 3.7 4 16162320 -504557.7 35.2 27 44 32x10° 7.0x10° 40x10°
16172-5028 3.5 7 1617 14.63 5028 26.4 67.3 70 33 74x10° 1.1x10° 44x10°
16177-5018 34 4 161745.65 -501813.0 46.0 32 39 40x10° 72x10° 34x10°
16272-4837 34 1 16271453 -483718.8 9.3 31 27 12x10° 23x10° 3.0x10*
16297-4757  10.7 2 162946.85 —475727.7 6.3 34 32 6.6x10° 3.0x10* 51x10°
16304-4710 114 1 163022.74 4710243 1.8 33 33 22x10° 87x10° 1.0x10°
16313-4729 11.0 4 163113.21 —472936.8 8.1 43 31 93x10° 2.0x10* 93x10°
16318-4724 6.6 4 16315244 4724552 8.2 28 33 32x10° 1.1x10° 25x10°
16330-4725 109 1 163301.85 —472521.2 9.3 49 39 82x10° 1.2x10* 1.9x10°
16344-4658 3.6 3 16342847 -465904.4 9.0 42 27  13x10° 85x10* 51x10*
16348-4654 122 7 16344927 4654414 12.1 28 30 1.8x10* 9.9x10* 6.5x10°
16351-4722 32 1 163508.03 —472208.7 10.7 29 36 8.6x10° 25x10° 9.3x10*
16362-4639 3.1 3 163617.01 -463924.2 1.8 48 24 23x10> 1.6x10* 1.7x10*
16372-4545 4.1 2 16371637 —-454513.1 2.2 39 25 4.6x10> 26x10* 3.7x10*
16385-4619 6.4 1 16383387 -461948.0 4.5 29 33 1.7x10° 5.6x10* 13x10°
16424-4531 2.8 2 164227.89 4531327 7.8 41 30 64x10>° 94x10* 1.9x10*
16445-4459 6.5 1 164427.60 —445954.7 4.4 30 31 1.8x10° 52x10* 1.1x10°
16458-4512 3.8 1 16455231 4512488 14.2 53 29 22x10° 59x10* 51x10*

16484-4603 2.7 1 16482375 —460326.6 10.1 40 35 6.6x10° 1.1x10° 5.5x10*
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Table 1. continued.

Observed parameters Derived parameters

Peak coordinates

Source D N @ 0 Si12mm  Os Tq4 M. Ny, L
(kpe) (1950) (1950) dy () (K) (Mo) (cm™) (Lo)

16487-4423 35 4 164846.65 4422457 5.6 44 30 7.0x10> 4.1x10* 3.0x10*
16489-4431 34 1 16 48 56.89 —443121.7 3.8 35 28 47x10° 63x10* 1.5x10*
16506-4512 2.4 3 16503832 4512519 26 63 33 14x10° 85x10* 1.1x10°
16524-4300 3.6 1 16522895 —430010.2 10.3 33 31 13x10° 1.7x10° 4.2x10*
16547-4247 2.9 1 16 54 43.66 4247322 17.6 33 33 14x10° 33x10° 6.3x10*
16562-3959 1.5 10 165614.72 -395925.9 81.3 43 38 15x10° 1.2x10° 4.8x 10*
16571-4029 1.9 8 165703.00 —402957.5 17 68 37 50x10> 7.7x10° 7.6x10*
17006-4215 2.6 2 17004023 -421547.2 11.5 29 33 67x10> 3.7x10° 4.1x 10*
17008-4040 2.0 2 17005290 -404021.7 38.6 38 31 15x10° 79x10° 5.2x10*
17016-4124 2.6 2 17014021 4125145 27.1 31 32 17x10° 75x10° 5.9x10*
17136-3617 1.9 1 171340.14 -361743.3 20.0 37 31 72x10° 45x10°  1.1x10°
17143-3700 4.0 1 1714 22.28 -36 59 56.9 24 29 31 37x10> 53x10* 4.1x10*
17158-3901 2.0 3 171553.69 -390051.4 18.4 31 32 72x10*° 44x10° 22x10*
17160-3707 5.8 4 171603.07 -370748.1 37.2 63 30 13x10* 5.8x10* 43x10°
17175-3544 1.5 4 17173242 -354403.1 50.0 29 43 8.1x10* 19x10° 7.8x10*
17204-3636 3.0 1 172028.16 -363618.6 6.6 36 30 63x10° 1.0x10° 1.5x10*
17220-3609  10.0 1 172203.27 -361003.5 23.4 34 30 24x10* 14x10° 6.8x10°
17233-3606 0.8 3 172321.05 -360643.2 54.0 28 45 2.1x10*> 38x10° 1.7x10*
17244-3536 2.4 1 172428.09 -353651.3 5.0 37 31 28x10> 9.1x10* 1.9x10*
17258-3637 2.4 3 17255510 -363759.8 37.0 32 42 14x10° 75x10° 19x10°
17269-3312 4.2 5 17265772 -331231.8 4.0 35 31 70x10> 1.1x10° 4.9x10*
17271-3439 3.8 1 172706.85 -343923.7 59.2 39 35 7.1x10° 49x10° 2.6x10°
17278-3541 1.2 2 17275358 3542155 17.2 66 27 28x10*> 12x10° 58x10°
17439-2845 8.0 1 17435947 -284455.3 9.3 46 30 6.1x10° 2.7x10* 4.8x10°
17441-2822 8.1 2 17440937 -282203.4 447 64 35 25x10° 40x10° 3.7x10°
17455-2800 10 1 17453246 -280044.1 13.8 45 31 13x10* 3.1x10* 81x10°
17545-2357 2.5 1 1754 30.26 2357482 7.6 48 30 48x10> 6.0x10* 1.4x10*
17589-2312 3.8 1 175855.01 -231219.3 1.4 29 30 2.1x10*> 34x10* 21x10*
17599-2148 34 1 1800 00.80 -214811.6 18.2 41 32 19x10° 1.7x10° 1.1x10°
18032-2032 5.7 1 1803 15.76 -203156.4 114 29 38 30x10° 15x10° 3.2x10°
18056-1952 5.6 1 18054046 -195216.5 15.2 33 34 42x10° 15x10° 3.5x10°
18075-2040 5.0 3 18073597 -204000.2 1.7 39 21 6.8x10> 21x10* 24x10*
18079-1756 2.4 1 1807 55.68 —175621.5 1.4 40 32 70x10" 1.8x10* 2.0x 10*
18089-1732 3.7 6 180856.34 -173219.6 12.6 30 31 17x10° 28x10° 5.2x10*
18110-1854 4.1 2 181104.80 -185423.1 7.8 30 34 11x10° 14x10° 9.6x 10*
18116-1646 4.4 1 181141.85 -164638.9 12.6 35 35 21x10° 13x10° 1.8x10°

18117-1753 3.8 10 18114437 -175258.8 15.7 35 32 22x10° 20x10° 1.1x10°
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Table 1. continued.

Observed parameters Derived parameters

Peak coordinates

Source D N @ 0 Siomm  Os T4 M. Ny, L
(kpe) (1950) (1950) dy () (K) (Mo) (cm™) (Lo)

18134-1942 1.7 1 18132390 -194231.7 9.0 48 29 29x10> 1.1x10° 6.8x10°
18139-1842 4.1 1 18135523 -184244.4 2.6 32 32 42x10° 42x10* 5.8x10*
18159-1648 2.6 2 181600.92 -164909.0 18.2 30 30 13x10° 59x10° 2.5x10*
18182-1433 4.5 1 181818.37 -143316.9 3.3 27 30 74x10° 85x10* 2.8x10*
18223-1243 3.7 5 182222.08 -124410.6 4.6 41 21 9.8x10> 64x10* 2.7x10*
18228-1312 3.0 1 182253.00 -131204.2 9.3 40 34 74x10° 92x10* 5.9x10*
18236-1205 2.5 1 18233741 -120540.6 10.4 42 26 7.8x10>° 1.5x10° 82x10°
18264-1152 3.5 1 182626.69 -115222.8 7.6 29 27  1L1x10° 22x10° 1.6x10*
18290-0924 5.2 1 18285777 -092429.3 43 38 27  13x10° 39x10* 3.4x10*
18308-0503 3.1 3 18304981 0503153 4.26 39 31 40x10> 50x10* 2.1x10*
18311-0809 9.2 3 183109.85 -080944.6 8.0 39 31 6.6x10° 32x10* 3.6x10°
18314-0720 5.9 1 183127.01 -072018.9 16.2 69 32 53x10° 1.7x10* 44x10°
18316-0602 3.1 1 183139.71 -060154.3 10.6 34 30 1.0x10° 19x10° 29x10*
18317-0513 32 1 183146.14 -051312.9 7.7 37 31 77x102 1.0x10° 2.7x10*
18317-0757 4.9 1 183142.01 -075708.5 8.1 39 35 1.7x10° 5.1x10* 1.4x10°
18341-0727 6.4 3 183408.07 0727232 13.4 46 29 59x10° 51x10* 1.9x10°
18411-0338 6.3 1 18410837 -033825.8 5.2 33 33 19x10° 4.7x10* 1.6x10°
18434-0242 7.4 6 184326.99 -024232.6 11.1 26 39 46x10° 14x10° 1.1x10°
18440-0148 8.3 5 184400.58 -014843.1 0.57 31 27  46x10> 55x10° 79x10*
18445-0222 5.3 9 18443343 -022201.7 4.1 38 30 1L1x10° 32x10* 7.0x10*
18461-0113 6.1 1 18460694 -011325.8 3.8 29 29 15x10° 6.1x10* 6.3x10*
18469-0132 5.5 1 184656.92 0132249 4.8 35 31 14x10° 43x10* 14x10°
18479-0005 13.0 1 184757.21 -000531.7 11.6 27 38 15x10* 7.7x10* 1.4x10°
1850240051 7.1 1 18524993 005521.5 14.7 36 30 75x10° 1.0x10° 2.0x10°
1850740110 3.7 1 18504542 0111143 58.8 59 37 63x10° 1.5x10° 7.5x10°
18507+0121 3.7 3 18504578 012115.0 13.2 47 28 2.0x10° 92x10* 34x10*
1851740437 3.0 1 185146.05 043750.1 6.7 33 32 55x100 13x10° 22x10*
1853040215 5.1 1 185302.64 0215163 4.8 35 31 12x10° 47x10* 9.0x10*
19078+0901 11.8 3 190749.87 0901 19.9 105.7 33 30 15x10° 4.0x10* 5.6x10°
19095+0930 33 1 19093095 093047.6 53 28 34 50x10° 14x10° 4.2x10*
19097+0847 4.3 1 190944.70 08 4659.3 8.2 37 30 15x10° 89x10* 4.4x10*
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Fig. 6. Luminosity—to—mass ratio of the cores versus the luminosity of
the most luminous star within the core. The equation of the straight
line, fitted using a robust estimator, is L./M., = 0.75 (Lyax)**. The
mean absolute deviation is 0.2.
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Fig. 12. Same as Fig. 6. IRAS 16060-5146 and 16065-5158: o = 70 mly.
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Fig.14. Same as Fig. 6. IRAS 16304-4710: o = 60 mJy, IRAS 16313-4729 and 16348-4654: o = 90 mly, IRAS 16330-4725:
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Fig. 15. Same as Fig. 6. IRAS 16372-4545: o = 60 mJy and IRAS 16484-4603: o = 120 mJy.
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