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ABSTRACT

Context. Massive-star formation and the processes involved are still poorly understood. The ATLASGAL survey provides an ideal
basis for detailed studies of large numbers of massive-star forming clumps covering the whole range of evolutionary stages. The
ATLASGAL Top100 is a sample of clumps selected by their infrared and radio properties to be representative for the whole range of
evolutionary stages.
Aims. The ATLASGAL Top100 sources are the focus of a number of detailed follow-up studies that will be presented in a series of
papers. In the present work we use the dust continuum emission to constrain the physical properties of this sample and identify trends
as a function of source evolution.
Methods. We determine �ux densities from mid-infrared to submillimeter wavelength (8–870� m) images and use these values to
�t their spectral energy distributions and determine their dust temperature and �ux. Combining these with recent distances from the
literature including maser parallax measurements we determine clump masses, luminosities and column densities.
Results. We de�ne four distinct source classes from the available continuum data and arrange these into an evolutionary sequence.
This begins with sources found to be dark at 70� m, followed by 24� m weak sources with an embedded 70� m source, continues
through mid-infrared bright sources and ends with infrared bright sources associated with radio emission (i.e., Hii regions). We �nd
trends for increasing temperature, luminosity, and column density with the proposed evolution sequence, con�rming that this sample
is representative of di� erent evolutionary stages of massive star formation. Our sources span temperatures from approximately 11
to 41 K, with bolometric luminosities in the range 57L� � 3:8 � 106 L� . The highest masses reach 4:3 � 104 M� and peak column
densities up to 1:1 � 1024 cm� 1, and therefore have the potential to form the most massive O-type stars. We show that at least
93 sources (85%) of this sample have the ability to form massive stars and that most are gravitationally unstable and hence likely to
be collapsing.
Conclusions. The highest column density ATLASGAL sources cover the whole range of evolutionary stages from the youngest to
the most evolved high-mass-star forming clumps. Study of these clumps provides a unique starting point for more in-depth research
on massive-star formation in four distinct evolutionary stages whose well de�ned physical parameters a� ord more detailed studies.
As most of the sample is closer than 5 kpc, these sources are also ideal for follow-up observations with high spatial resolution.
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1. Introduction

Massive stars (>8 M� ) play an important role in the evolution of
their host galaxies (Kennicutt 2005). During the early stages of
their formation they drive powerful molecular out�ows that in-
ject momentum into the surrounding environment. At their later
stages they drive strong stellar winds and emit copious amounts
of ionizing radiation that shape their local environments and reg-
ulate further star formation. Massive stars are also primarily re-
sponsible for the production of nearly all heavy elements, which
are returned to the interstellar medium (ISM) through stellar
winds and supernovae, leading to an enrichment of the local and
global environment and changes to the chemistry. Yet the for-
mation and early evolutionary stages of massive star formation
are still not well understood (see Zinnecker & Yorke 2007 for a
review).

? Full Table 1, including �uxes, is only available at the CDS
via anonymous ftp tocdsarc.u-strasbg.fr (130.79.128.5 ) or via
http://cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/599/A139

The main hurdles to an improved understanding are that
high-mass stars are rare and are therefore typically found at large
distances from the Sun (>2 kpc), and that the earliest stages
of their formation take place while they are still deeply em-
bedded in their natal molecular clouds. Consequently, the ear-
liest stages are hidden from more traditional observations at op-
tical and near-infrared wavelengths and therefore observations
in the far-infrared and submillimeter (submm) regimes are re-
quired to probe these extremely dense environments. Further-
more, massive stars are known to form almost exclusively in
clusters (de Wit et al. 2004) and therefore high-resolution is re-
quired to separate individual (proto-)cluster members.

In recent years, a number of Galactic plane surveys have
been undertaken that probe large volumes of the Galaxy and
provide a straightforward way to identify a large sample of
embedded massive stars and clusters that will include exam-
ples of sources in all of the important evolutionary stages.
These surveys provide almost complete coverage of near-
infrared to radio wavelengths (e.g., the UKIRT Infrared Deep
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Sky Survey Galactic Plane Survey (UKIDSS GPS), Lucas et al.
2008; Galactic Legacy Infrared Mid-Plane Survey Extraordi-
naire (GLIMPSE), Benjamin et al. 2003; Midcourse Space Ex-
periment (MSX), Price et al. 2001; Wide-Field Infrared Survey
Explorer (WISE) Wright et al. 2010; Multiband Infrared Pho-
tometer forSpitzersurvey of the inner Galactic Plane (MIPS-
GAL), Carey et al. 2009;Herschelinfrared Galactic Plane Sur-
vey (Hi-GAL), Molinari et al. 2010; APEX Telescope Large
Area Survey of the Galaxy (ATLASGAL), Schuller et al. 2009;
Bolocam Galactic Plane Survey (BGPS), Aguirre et al. 2011
and the Co-ordinated Radio and Infrared Survey for High-Mass
Star Formation (CORNISH), Purcell et al. 2013 and Hoare et al.
2012).

Dust emission is generally optically thin at submm wave-
lengths and therefore surveys at these wavelengths are an excel-
lent tracer of column density and total mass. The ATLASGAL
survey covers a total area of 420 square degrees, tracing dust
throughout the inner Galaxy (300� < ` < 60� with jbj � 1:5�

and was subsequently extended to 280� < ` < 300� with
� 2� < b < 1� (Schuller et al. 2009). The survey was con-
ducted with the Large APEX Bolometer Camera (LABOCA,
Siringo et al. 2009) using the Atacama Path�nder EXperiment
12 m telescope (APEX; Güsten et al. 2006), which is located
at a height of� 5100 m on the Chajnantor plateau in the Ata-
cama desert in Chile. APEX has an angular resolution of 19.200

at 870� m.
Subsequently, the ATLASGAL compact source catalog

(CSC; Contreras et al. 2013; Urquhart et al. 2014a) and the AT-
LASGAL Gaussclumps source catalog (GCSC; Csengeri et al.
2014) were extracted, identifying� 10 000 dust clumps located
throughout the inner Galaxy. These catalogs include large num-
bers of potential high-mass-star forming regions in di� erent evo-
lutionary stages from massive starless regions to clumps associ-
ated with (ultra-) compact Hii regions on the verge of destroying
their natal environment. In the past, studies into massive-star for-
mation have focused on a single well de�ned evolutionary stage
(e.g., UCHii regions, Wood & Churchwell 1989; high-mass pro-
tostellar objects, Sridharan et al. 2002; or Class II methanol
masers, which exclusively pinpoint the locations of high-mass
protostars, Walsh et al. 1997, 2003). Although many of these
have been successful in parameterising these stages they tell us
little about how these various phases are connected, how their
properties change as the embedded star evolves or the relative
lifetimes of each stage. However, covering the full mid-infrared
to submm wavelength regime with unprecedented sensitivity and
resolution, the above-mentioned unbiased Galactic plane surveys
and in particular the ATLASGAL catalogs provide an excel-
lent starting point to study the complete evolutionary sequence
of massive stars in a robust statistical manner (Urquhart et al.
2014a).

We have used the ATLASGAL survey to select a sample of
� 100 massive clumps that likely represent di� erent evolutionary
stages (Giannetti et al. 2014). We have also correlated this sam-
ple with methanol masers (Urquhart et al. 2013a), young stellar
objects (YSOs) and Hii regions (Urquhart et al. 2013b, 2014b)
to constrain the evolutionary state of the sample's sources. This
sample has also been the subject of molecular line follow-up
studies to fully characterize the evolutionary sequence and de-
rive the physical properties of di� erent stages. The results of
these studies have been discussed in a series of papers. For ex-
ample, CO depletion and isotopic ratios have been investigated
by Giannetti et al. (2014), SiO emission for the northern sources
to trace shocked gas was studied by Csengeri et al. (2016), and
NH3 has been used to investigate infall towards selected sources

by Wyrowski et al. (2016) with a number of papers in prepa-
ration focusing on their associated out�ows (Navarete et al.,
in prep.) and modeling of their chemistry (Giannetti et al.,
in prep.). Using these spectroscopic and continuum surveys will
provide the most detailed view of the evolutionary sequence of
massive stars and robust constraints on the physical properties,
chemical conditions, and kinematics of this unique sample of
high-mass-star forming regions selected from the whole inner
Galactic plane.

In this paper we use multi-wavelength dust continuum emis-
sion to characterize this sample of candidate massive-star form-
ing regions, in terms of dust temperatures, bolometric lumi-
nosities, and clump masses. Together with the latest distances,
these quantities are key to the further analysis of the sample.
To derive the sources' physical properties from dust contin-
uum spectral energy distributions (SEDs), we complement the
870 � m ATLASGAL data with publicly availableHerschel/Hi-
GAL (Molinari et al. 2010), MSX (Egan et al. 2003), and WISE
(Wright et al. 2010) data in order to cover a wavelength range
from 8 � m to 870� m. Furthermore, we show that our sample
comprises a representative set of sources covering all of the im-
portant embedded evolutionary stages of massive-star formation.

This paper is organized as follows: in Sect. 2 we describe
how the initial selection was made and brie�y discuss how the
source classi�cation has evolved as new survey data have be-
come available. In Sect. 3 we explain how the photometry and
SEDs have been obtained. In Sect. 4 we derive physical param-
eters from the results of the SED modeling, while in Sect. 5 we
discuss the assignment of our sources to di� erent stages of devel-
opment and an evolutionary sequence. In Sect. 6 we summarize
our �ndings and present a brief outlook on future work.

2. Sample selection and classi�cation

We selected 110 sources from the ATLASGAL compact source
catalog that are likely to be at di� erent evolutionary stages,
using ancillary data to trace their star formation activity. We
originally selected 102 sources as being the brightest sources
at submm wavelengths in four distinct groups as described by
Giannetti et al. (2014), using ancillary mid-infrared and radio
data. During various ongoing follow-up projects, eight sources
were added, and here we investigate the physical properties of
this sample of 110 sources as a necessary reference for future
studies. In the following sections we refer to this sample as the
ATLASGAL “Top100”.

2.1. Classi�cation

Since the initial classi�cation of the sources by Giannetti et al.
(2014), new catalogs have become available, allowing for a re-
�ned classi�cation that better re�ects the physical properties of
the sources in di� erent evolutionary stages. In this paper, we re-
classify our sample using four distinct phases of massive-star
formation. Three of these phases are drawn from the scheme
originally outlined by Giannetti et al. (2014) and Csengeri et al.
(2016; i.e., mid-infrared weak, mid-infrared bright and Hii re-
gions). Here we re�ne this classi�cation and extend it to in-
clude the youngest starless/pre-stellar phase based on the physi-
cal properties of the sample.

A schematic diagram of the classi�cation process is shown
in Fig. 1. First, the sources are checked for radio contin-
uum emission using the CORNISH survey (Hoare et al. 2012;
Purcell et al. 2013), the RMS survey (Urquhart et al. 2007,
2009), or the targeted observations towards methanol masers
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Fig. 1.Classi�cation process for the Top100 sample.

reported by Walsh et al. (1998). When radio continuum emis-
sion is found at either 4 or 8 GHz within 1000of the ATLAS-
GAL peak, the source is considered to be a compact Hii region.
We have adopted the radius of 1000as our association criterion
from Urquhart et al. (2014c), where they compared the angular
o� sets between the peak of the submm emission and a number
of massive-star formation tracers, determining that� 85 per cent
of compact embedded objects were located within 1000of each
other. Furthermore, we re�ned the distinction between mid-
infrared weak and mid-infrared bright sources by inspecting
the emission in the 21� m MSX (Price et al. 2001) and 24� m
MIPSGAL (Carey et al. 2009) images. Looking for signs of star-
formation, a source is considered mid-infrared bright if there is
a compact mid-infrared source associated with the submm emis-
sion peak and the �ux reported in the compact source catalogs
(Egan et al. 2003; Gutermuth & Heyer 2015) is above 2.6 Jy,
corresponding to a 4, 8, or 15M� star at 1, 4, and 20 kpc, respec-
tively (Heyer et al. 2016). Accordingly a source is considered to
be mid-infrared weak when the compact mid-infrared emission
in the 21/24 � m band is below 2.6 Jy or no compact source is
associated with the peak. Finally, the sources in the starless/pre-
stellar phase are identi�ed from a visual inspection of Hi-GAL
PACS 70� m images. Showing no compact emission at 70� m
within 1000of the submm emission peak, a source is considered
70 � m weak. This means that sources showing di� use emission
at 70� m or compact 70� m sources o� set from the dust peak are
still considered as 70� m weak clumps.

In Fig. 2 we show example three color images for each class
and below we brie�y describe the observed features of each
phase and give the number of sources classi�ed in each:

– Starless/pre-stellar stage (16 sources): a quiescent phase,
which represents the earliest stage of massive-star formation
(Fig. 2, top panel). These clumps are either mostly devoid of
any embedded pointlike sources in the Hi-GAL 70 micron
images or only show weak emission. They are likely to be
the coldest and least luminous sources of the whole sam-
ple, and may already be collapsing, but no protostellar ob-
ject has yet formed (e.g., Motte et al. 2010; Elia et al. 2013;
Tra�cante et al. 2015). This class is called “70� m weak”
from here on.

Fig. 2.Three-color images of sample sources for each class sorted from
youngest (top) to most evolved (bottom). Size: 50 � 50; red: ATLAS-
GAL 870 � m; green: PACS 160� m; blue: PACS 70� m.
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– Protostellar stage (33 sources): compact point sources are
clearly seen in the 70� m Hi-GAL image and so protostel-
lar objects are present (Fig. 2, second panel). The embed-
ded 70� m sources are either not associated with any mid-
infrared counterparts within 1000of the peak emission or the
associated compact emission is below our threshold of 2.6 Jy,
which indicates that the star formation is at an early stage and
that the clumps are likely to be dominated by cold gas. We
call this class “mid-IR weak” throughout the paper.

– High-mass protostellar stage (36 sources): this phase is char-
acterized by strong compact mid-infrared emission seen in 8
and 24 micron images and is one of the most active stages of
massive-star formation (Fig. 2, third panel). These clumps
are likely undergoing collapse in the absence of a strong
magnetic �eld (Urquhart et al. 2014c, 2015), show signs of
infall (Wyrowski et al. 2016) and are likely to be driving
strong out�ows (Navarete et al., in prep.). Due to the in-
fall, out�ows, and already active young stellar objects, these
sources are also likely to be signi�cantly hotter than the
sources in the quiescent phase, giving rise to the bright emis-
sion at mid-IR wavelengths (called “mid-IR bright” from
here on).

– Compact Hii region phase (25 sources): in the latest evo-
lutionary phase of massive-star formation we de�ne here,
the sources have just begun to disperse their natal envelope
and are ionizing their local environment, creating compact
Hii regions (Fig. 2, bottom panel). These sources are asso-
ciated with bright mid-infrared emission and compact radio
continuum emission arising from the ionization of their envi-
ronment, making them easily distinguishable from the earlier
evolutionary phases. We refer to this class as “Hii regions”
from here on.

2.2. Distances

We have determined distances for 109 of the 110 sources of the
sample. These distances have been drawn from the literature and
supplemented with our own kinematic distances (Wienen et al.
2015). The distances given in Table 1 are based on those given
by Giannetti et al. (2014) but incorporate the results of the lat-
est maser parallax measurements reported by Reid et al. (2014);
this has resulted in the distances for six sources changing by
� 2 kpc. For a small number of sources the distances adopted by
Giannetti et al. (2014) disagreed with distances reported in the
literature. Given that the distances extracted from the literature
are kinematic in nature and have been determined using the same
H i data and comparable radial velocity measurements these vari-
ations likely result from slight di� erences in the method applied
and the sensitivity and transition of the line surveys used in dif-
ferent studies.

There are eight sources where the literature distance and
distance adopted by Giannetti et al. (2014) disagree by more
than a few kpc. For one source (AGAL330.954� 00.1821)
higher resolution Hi data have become available from tar-
geted follow-up observations made toward UC Hii regions
(Urquhart et al. 2012) and we have adopted the distance ob-
tained from the analysis of this data, which utilizes the pres-
ence or non-presence of Hi self absorption as a distance indi-
cator. We have examined the mid-infrared images for the other
seven sources and �nd three to be coincident with localized
areas of extinction, which would suggest that a near distance

1 We use source names from Contreras et al. (2013).

Fig. 3. Galactic distribution of the ATLASGAL Top100 sample. The
positions of the Hii regions, mid-infrared bright, mid-infrared weak and
70 � m weak sources are indicated by the blue, green, red, and yellow
�lled circles, respectively. The orange shaded area indicates the region
of the Galactic plane covered by the ATLASGAL survey to a distance
of 20 kpc, within which the survey is complete for compact clumps
with masses>1000 M� . The background image is a schematic of the
Galactic disc as viewed from the Northern Galactic Pole (courtesy of
NASA/JPL-Caltech/R. Hurt (SSC/Caltech)). The Sun is located at the
apex of the wedge and is indicated by the� symbol. The smaller of
the two cyan dot-dashed circles represents the locus of tangent points,
while the larger circle traces the solar circle. The spiral arms are labeled
in white and Galactic quadrants are given by the roman numerals in
the corners of the image. The magenta line shows the innermost region
toward the Galactic center where distances are not reliable.

is more likely (AGAL008.684� 00.367, AGAL008.706� 00.414,
and AGAL353.066+00.452). Examination of the Hi data to-
wards AGAL316.641� 00.087 reveals absorption at the source
velocity and so we place this source at the near distance. The
lack of an absorption feature in the Hi data or evidence of extinc-
tion would suggest that the three remaining sources are located
at the far distance and indeed for three sources this is likely to be
the case (AGAL337.704� 00.054, AGAL337.176� 00.032, and
AGAL337.258� 00.101; Giannetti et al. 2015). For one source
(AGAL008.831� 00.027) we did not obtain a distance, as its ra-
dial velocity is close to zero (VLSR = 0:53 km s� 1), hence render-
ing a kinematic distance unreliable.

In Fig. 3 we present the distribution of the Top100 on
a schematic diagram of the Milky Way that includes many
of the key elements of Galactic structure, such as the loca-
tion of the spiral arms and the Galactic long and short bars
(Churchwell et al. 2009).

In Fig. 4 we show the distance distribution of the
Top100 sources, which features two distinct peaks at� 2 kpc and
� 4 kpc. These peaks correlate with the near parts of the Sagittar-
ius and Scutum-Centaurus arms, respectively, as seen in Fig. 3.
We note that we only show the histogram for the full sample, as
the sources in all four phases have a similar distance distribution.

A139, page 4 of 33

http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201526841&pdf_id=3


C. König et al.: ATLASGAL-selected massive clumps in the inner Galaxy. III.

Fig. 4. Heliocentric distance distribution of all ATLASGAL Top100
sources for which a distance has been unambiguously determined. The
bin size is 1 kpc.

This is con�rmed by Anderson-Darling tests2 (Stephens 1974)
performed for the di� erent classes yieldingp-values higher than
0.02 for all classes, con�rming the null hypothesis of two sam-
ples being drawn from the same distribution at the 3� signi�-
cance level. Furthermore, there is a drop-o� in the number of
sources beyond a distance of 6 kpc. As the whole sample is se-
lected so that the brightest sources in the ATLASGAL catalog
were selected for each category, a general distance bias toward
closer distances and being located in the closest spiral arms is
not surprising.

3. Spectral energy distributions

The evolutionary scheme for high-mass star formation described
in Sect. 2 is primarily based on the visual examination of infrared
images and the presence or absence of an infrared embedded
point source and is therefore largely a phenomenological classi-
�cation scheme. To robustly test this evolutionary sequence we
need to determine the sample members' physical properties and
search for trends in these parameters that support this. Key ele-
ments are the source temperatures and bolometric luminosities,
which can be determined from model �ts to the source's SEDs.

To achieve this goal we extracted multi-wavelength contin-
uum data (mid-infrared to submm wavelengths) and performed
aperture photometry to reconstruct the dust continuum SEDs.
The �uxes obtained from the photometry were �tted with a sim-
ple model to derive the dust temperature and integrated �ux,
which were subsequently used to estimate the bolometric lumi-
nosities and total masses. The data used and methods supplied
will be described in detail in the following subsections.

3.1. Dust continuum surveys

The mid-infrared wavelength regime is covered using archival
data from either the MSX (Egan et al. 2003) or the WISE

2 We chose the Anderson-Darling test over a Kolmogorov-Smirnov
test, as it is more sensitive to subtle di� erences in smaller samples (com-
pare, e.g., Razali & Wah 2011).

(Wright et al. 2010) surveys. The far-infrared spectrum is cov-
ered by the twoHerschel (Pilbratt et al. 2010) instruments
SPIRE (Gri� n et al. 2010) and PACS (Poglitsch et al. 2010),
covering the wavelength range from 70� m up to 500� m, with
�ve di � erent bands centered at 70, 160, 250, 350, and 500� m,
respectively. These bands are especially well suited to deter-
mine the peak of the SED for cool dust. The level 2.5 maps
from the Herschel Infrared Galactic Plane Survey (Hi-GAL,
Molinari et al. 2010) were retrieved from theHerschelScience
Archive (HSA)3, and were downloaded in version 11 of the
Standard Product Generation (SPGv11) pipeline. To obtain the
�ux for the longest wavelength (submm) entry of the SED,
the 870� m ATLASGAL maps are used.

For all of these data sets we extracted 5� 5 arcminute-sized
images centered on the source positions. Where necessary the
map units were converted to Jy pixel� 1 while keeping the origi-
nal resolution. For MSX and WISE images this meant convert-
ing from W m� 2 sr� 1 and digital numbers (DN) to Jy pixel� 1,
respectively4.

3.2. Aperture photometry

Aperture photometry was used to extract �uxes in a consistent
way from the mid-infrared and submm maps. The �ux den-
sity Faperwas integrated over a circular aperture centered on the
peak �ux pixel position. The peak position was identi�ed in ei-
ther the 250� m, 160 � m or the 870� m band, depending on
whether the band was su� ering from saturation, following the
order of the bands as previously stated. Assuming a Gaussian-
shaped source brightness pro�le with a full width at half max-
imum size (FWHM) as reported in Csengeri et al. (2014), we
use an aperture size for each source with a radius of 3� , where
� = FWHM=(2

p
2 ln 2) to obtain most of the �ux (>99%) of

a source. With a minimum aperture size of 55.100the apertures
were also selected such that they are resolved by the lowest res-
olution data (i.e. 36.600for SPIRE 500� m). We performed tests
that revealed that smaller aperture sizes underestimate the �ux,
while a larger aperture size might cut into some other emission
nearby, as the source confusion for some of the clumps of our
sample is signi�cant, since these are associated with some of
the most active star-forming sites in the Galaxy. Subsequently,
the background �ux densityFbg obtained from the median pixel
value of a circular annulus around the same center position as
the aperture was subtracted from the aperture �ux to obtain the
background-corrected source �uxF.

When �uxes could be successfully extracted from the
MSX maps, we preferred these over the WISE �uxes, as the
MSX maps have a resolution of 1800similar to the longer wave-
length bands (e.g., 19.200 for ATLASGAL). In addition, MSX
su� ers less from saturation than the WISE data (compare, e.g.,
Cutri et al. 2012, Chap. VI.3; and Robitaille et al. 2007, Table 1).
In cases where the photometry extracted from the MSX images
is a non-detection we turned to the higher sensitivity WISE data
to determine the �ux.

An example for the photometry extraction in the far-infrared
to submm bands is presented in Fig. 5, showing the position and
size of the aperture and annulus used to estimate the background

3 http://herschel.esac.esa.int/Science_Archive.shtml
4 For more information see http://irsa.ipac.caltech.
edu/applications/MSX/MSX/imageDescriptions.htm and
http://wise2.ipac.caltech.edu/docs/release/prelim/
expsup/sec2_3f.html#tbl1
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Fig. 5. Images of a single source (AGAL317.867� 00.151) seen in the di� erent bands, showing the aperture (green circle), background annulus
(yellow dashed circle), ATLASGAL and peak �ux position (red and blue crosses, respectively) and the peak pixel search area (red dotted circle).
The beam size is indicated as a gray circle in the lower right corner.

contribution for this source. In total, we found one source to be
saturated at 70� m, one source at 160� m, 39 sources are satu-
rated at 250� m and 14 sources at 350� m. When one or more
bands in the far-infrared to submm range su� ers from satura-
tion, the SPIRE 250� m band is always one of them. More-
over we note that the fraction of sources being saturated in at
least one band increases through the classes: from no source suf-
fering from saturation for the 70� m weak sample, six sources
(i.e., 16%) of the mid-infrared weak class, ten in the mid-infrared
bright sample (i.e., 31%), and 23 (i.e., 92%) for the HII regions.
For the photometry, the saturated pixels were set to the maxi-
mum pixel value of the image, and the �ux is only taken as a
lower limit for the SED �tting (see Sect. 3.3). To ensure good �t-
ting results we require at least three bands in the far-IR to submm
regime to be free from saturation.

In Fig. 6 we show the emission pro�les of the submm bands
for a single source (AGAL317.867� 00.151). To better empha-
size the structure and make it comparable between the di� er-
ent bands, for each wavelength we subtracted the median back-
ground emission as determined far away (i.e., �ve times the
aperture size) from the source where the pro�le gets �at and
then normalized the �ux to the peak emission in that band. As
can be seen from the plot, the SPIRE 500� m band traces the
more extended emission, falling o� to the background plateau
level rather slowly compared to the other bands. Conversely, the
other bands trace the peak of the emission within the aperture,
but the background aperture still cuts into some local plateau as-
sociated with the cloud. The contribution of this is lower than
10% for all bands except the SPIRE 500� m. Accordingly we
assume a rather large measurement uncertainty of 50% for the
500� m band to account for the added uncertainty from the back-
ground correction as well as to account for the large pixel size
of 1500in this band. For the otherHerschelbands we assume a

Fig. 6.Emission pro�les of a single source (AGAL317.867� 00.151) for
the di� erent bands, showing the aperture (green shaded area) and back-
ground annulus (ochre shaded area). The horizontal dashed lines shown
in yellow, magenta and green indicate the �ux uncertainties we assume
for the ATLASGAL, SPIRE 500� m and remainingHerschelbands, re-
spectively. The 500� m band traces the more extended emission and we
therefore assume a measurment uncertainty of 50% in this band when
�tting the SEDs.

measurement uncertainty of 20% and a measurement uncertainty
of 15% for the �ux estimate of the ATLASGAL band. Finally,
the absolute calibration uncertainties are added to the intrinsic
measurement error in quadrature to obtain the uncertainties of
the (non-saturated) �ux densities.
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