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ABSTRACT

Aims. We use multi-band observations by the Herschel Space Observatory to study the dust emission properties of the nearby spiral
galaxy NGC 300. We compile a first catalogue of the population of giant dust clouds (GDCs) in NGC 300, including temperature and
mass estimates, and give an estimate of the total dust mass of the galaxy.
Methods. We carried out source detection with the multiwavelength source extraction algorithm getsources. We calculated physical
properties, including mass and temperature, of the GDCs from five-band Herschel PACS and SPIRE observations from 100 to 500 µm;
the final size and mass estimates are based on the observations at 250 µm that have an effective spatial resolution of ∼170 pc. We
correlated our final catalogue of GDCs to pre-existing catalogues of HII regions to infer the number of GDCs associated with high-
mass star formation and determined the Hα emission of the GDCs.
Results. Our final catalogue of GDCs includes 146 sources, 90 of which are associated with known HII regions. We find that the dust
masses of the GDCs are completely dominated by the cold dust component and range from ∼1.1× 103 to 1.4× 104 M�. The GDCs have
effective temperatures of ∼13–23 K and show a distinct cold dust effective temperature gradient from the centre towards the outer parts
of the stellar disk. We find that the population of GDCs in our catalogue constitutes ∼16% of the total dust mass of NGC 300, which we
estimate to be about 5.4× 106 M�. At least about 87% of our GDCs have a high enough average dust mass surface density to provide
sufficient shielding to harbour molecular clouds. We compare our results to previous pointed molecular gas observations in NGC 300
and results from other nearby galaxies and also conclude that it is very likely that most of our GDCs are associated with complexes of
giant molecular clouds.

Key words. methods: observational – galaxies: star formation – ISM: clouds

1. Introduction

Interstellar dust plays a pivotal role in the formation of molecular
clouds and accordingly also in the formation of stars (e.g. Li
& Greenberg 2003; Bergin & Tafalla 2007; Dobbs et al. 2014).
Molecules predominantly form on the surfaces of dust grains,
especially molecular hydrogen (H2), the principal component of
molecular clouds (e.g. Gould & Salpeter 1963; Shull & Beckwith
1982; Cazaux & Tielens 2002). The dust grains further act as an
additional shielding component against the energetic interstellar
radiation field that would otherwise rapidly destroy the newly
formed molecules. Furthermore, since a significant fraction of
ultraviolet and optical photons emitted by stars are re-radiated by
dust in the infrared, dust is an often-used tracer of star formation
in galaxies (e.g. Kennicutt & Evans 2012).

Dust is morphologically complex on galactic scales, but we
can approximate its distribution into two main components: a
smooth, more diffuse component of dust that is associated with

? The catalogue is only available at the CDS via anony-
mous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via
http://cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/612/A81
?? Herschel is an ESA space observatory with science instruments

provided by European-led Principal Investigator consortia and with
important participation from NASA.

the young and old stellar populations in the galactic disk and
fills much of the volume of the galaxy; and a clumpy, more
compact dust component that is likely associated with star-
forming regions, such as giant molecular clouds (GMCs) or
HII regions. Studies that are predominantly interested in iden-
tifying the dust component that is associated with complexes
of molecular clouds thus often use source detection algorithms
that automatically filter out the diffuse dust component while
focussing on identifying the more clumpy dust structures. This
approach has proved fruitful in characterizing the properties of
the interstellar medium (ISM) in star-forming regions within
nearby galaxies (e.g. Foyle et al. 2013; Natale et al. 2014; Kirk
et al. 2015).

High-resolution studies of tracers of both star formation
and the cold, clumpy component of the ISM are required to
obtain additional insight into the process of star formation within
galaxies. Performing such studies, however, requires observa-
tions across a range of regions within galaxies so that the role
of environment on star formation can be assessed. Our location
inside the Milky Way makes it very difficult to assemble such a
sample within the Galaxy because of line of sight confusion and
large inaccuracies in GMC properties due to systematic distance
uncertainties. One obvious way to circumvent this problem is
to observe other nearby galaxies, in which these limitations are
minimized, while also providing crucial information about the
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Table 1. Galaxy parameters of NGC 300.

Morphological type Scd
RA (J2000) 00h54m53.54s

Dec (J2000) −37◦41′04.3′′

Distancea 1.98 Mpc
Major axis position angle (north eastwards) 114.3◦

Inclination between line of sight and polar axis 48.5◦

R25
b 9.75′ (∼5.62 kpc)

Estimated total mass (dark and luminous)c 2.9× 1010 M�
Stellar massd 2.1× 109 M�
HI massc 1.5× 109 M�

Notes. Data from the HyperLeda database (Makarov et al. 2014) except
where noted otherwise. (a) Tully et al. (2013). (b) Length of the projected
semi-major axis of the galaxy at the isophotal level 25 mag arcsec−2.
(c) Westmeier et al. (2011). (d) Data from the S4G catalogue (Sheth et al.
2010; Muñoz-Mateos et al. 2013; Querejeta et al. 2015).

galactic context of star formation. Given the difficulty of survey-
ing an entire galaxy in molecular lines to find GMCs, more easily
available dust emission observations can be used as a proxy for
GMCs.

In the past few years the Herschel Space Observatory has
enabled high-resolution studies of the far-infrared (FIR) dust
emission in nearby galaxies including M 33 (Natale et al. 2014)
and M 31 (Kirk et al. 2015). These dust emission observations, in
addition to previous molecular gas observations, allowed a con-
sistent and comprehensive study of the clumpy ISM within these
galaxies and showed that the properties of GMCs and GMC
complexes in the most nearby galaxies are consistent with those
of clouds found in the Milky Way (e.g. Kirk et al. 2015).

Beyond the Local Group, the spiral galaxy NGC 300 is par-
ticularly well-suited for studies connecting Galactic and extra-
galactic star formation. It is located in the Sculptor Group in
close proximity to the Milky Way (about 1.98 Mpc; Tully et al.
2013) and has a relatively low inclination angle (48.5◦; see also
Table 1 for a list of more galaxy parameters).

NGC 300 shows many signs of recent (high-mass) star-
forming activity, as is evident from its large number of
HII regions (e.g. Deharveng et al. 1988), supernova remnants
(SNRs; e.g. Blair & Long 1997; Payne et al. 2004), and OB asso-
ciations (Pietrzyński et al. 2001). The star formation rate (SFR)
in the disk of NGC 300 was estimated by Helou et al. (2004) to
be ∼0.11 M� yr−1. NGC 300 shows a metallicity gradient, whose
values range from ∼0.3 Z� in the outskirts to ∼0.8 Z� in the cen-
tre (Kudritzki et al. 2008; Bresolin et al. 2009; Gogarten et al.
2010).

More recently, Faesi et al. (2014, hereafter F14) undertook
a study of molecular gas and star formation towards a sample
of 76 HII regions of NGC 300 at 250 pc scales with the Ata-
cama Pathfinder Experiment (APEX). These authors concluded
that the scaling relation between the SFR and total molecular gas
mass is consistent with the relation found by Lada et al. (2012)
for local clouds. Faesi et al. (2016) followed this up with high
angular resolution observations with the Submillimeter Array
(SMA) of 11 regions already targeted by APEX and found that
the GMCs they observed share similar physical properties and
GMC scaling relations with GMCs in other nearby galaxies and
our Milky Way.

Although a complete census of GMCs in NGC 300 would
be extremely valuable, a complete mapping survey for CO emis-
sion would require prohibitive amounts of telescope time with
either ALMA, the SMA, or a single dish, single mode, antenna

such as APEX. However, we used observations by the Herschel
Space Observatory to obtain a submillimetre/FIR survey of the
entire galaxy to measure its dust content. In this paper we present
the first results from our analysis of Herschel observations of
NGC 300 and produce the first comprehensive study of the total
population of giant dust clouds (GDCs) throughout this galaxy.
The catalogue of GDCs and the analysis of their properties is
intended to serve as the foundation for establishing a galaxy-
wide census of GMCs in NGC 300 and will be useful in future
comparisons between the dust and molecular gas characteristics
in this galaxy.

This paper is structured as follows: In Sect. 2 we present the
observations and data. Section 3 discusses the source extraction
algorithm and our chosen settings. Section 4 deals with the selec-
tion criteria we used to obtain the final catalogue of GDCs and
describes how we determined GDC physical properties, such as
temperature and mass. In Sect. 5 we discuss our results and place
these results in the context of the whole galaxy.

2. Observations and data

2.1. Herschel Space Observatory

We obtained photometric observations of NGC 300 with the
Herschel Space Observatory (PI: Jan Forbrich) with two of
its instruments, the Spectral and Photometric Imaging Receiver
(SPIRE; Griffin et al. 2010) and the Photodetector Array Camera
and Spectrometer (PACS; Poglitsch et al. 2010).

The SPIRE observations took place on 2012 May 11 with
a total exposure time of 4558 s; we obtained these Large map
observations in the Cross scan pointing mode. The three-band
imaging photometer of SPIRE carried out broadband photome-
try in three spectral bands centred at approximately 250, 350, and
500 µm. We refer to these images as SPIRE-250, SPIRE-350,
and SPIRE-500, respectively. In our further analysis, we used
the absolute calibrated extended emission maps (“extdPxW”),
for which the absolute flux offset of the maps was derived from
Planck all-sky maps1, as the flux estimates derived from these
maps should be more reliable than the point source maps for our
extended sources.

The two PACS observations were carried out on 2012 June 25
with a total exposure time of 3245 and 3803 s; the observation
mode was Scan map (largeScan source mapping) with a Line
scan pointing mode and a medium scan map rate. For the PACS
observations we chose the blue channel with the 85–125 µm fil-
ter in addition to the red channel with the 125–210 µm filter,
corresponding to reference wavelengths of 100 and 160 µm. We
refer to these two images as PACS-100 and PACS-160, respec-
tively. For the PACS observations, we used maps generated with
JScanam (HPPJSMAP), as these should be well-suited for our
source detection purposes in NGC 300 (Herschel Science Center
Helpdesk, priv. comm.). All images were downloaded from the
Herschel Science Archive and processed through its automated
pipeline (Standard Product Generation or SPG); the generator for
the data products is SPG v13.0.0.

Figure 1 shows all five Herschel maps of NGC 300 and
Table 2 lists their most important parameters, including values
for the FWHM spatial resolution in arcseconds converted into
physical units at the distance of NGC 300.

1 http://herschel.esac.esa.int/hcss-doc-13.0/load/
spire_drg/html/ch06s10.html
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Fig. 1: Herschel maps and GALEX FUV image of NGC 300. a) SPIRE-500, b) SPIRE-350, c) SPIRE-250, d) PACS-160, e) PACS-
100, and f) GALEX FUV. The beam sizes of the Herschel images are indicated in the boxes on the lower left of the images. The
black circle in the GALEX FUV image indicates our chosen region of interest, inside which we searched for sources.

Table 2: Information on the Herschel bands.2

Filter Pixel size Flux units FWHMa FWHMb

[arcsec] [arcsec] [pc]
PACS-100 1.6 Jy/pixel 7.0 67
PACS-160 3.2 Jy/pixel 11.5 110
SPIRE-250 6 MJy/src 17.6 169
SPIRE-350 10 MJy/src 23.9 229
SPIRE-500 14 MJy/src 35.2 338

Notes. (a) Adopted values after consultations with the Herschel Science
Center Helpdesk.
(b) Estimated for a distance to NGC 300 of 1.98 Mpc.
(c) Calibrated with Planck (see Section 2.1).

2.2. Catalogue of HII regions

The most complete catalogue of HII regions of NGC 300 up to
the date of writing is from Deharveng et al. (1988, hereafter
D88). It is primarily based on an Hα photographic plate taken
by the ESO 3.6 m telescope with an exposure time of 90 minutes
and further spectroscopic identifications for the smallest HII re-
gions (D88).

2 http://herschel.esac.esa.int/twiki/pub/Public/
DataProcessingWorkshop2015/Herschel_SPGV13.pdf

We assessed the quality of this catalogue by overplotting it
on a newer and more sensitive extinction corrected line-only Hα
map based on the ESO/WFI observations from F14 (see their
§ 2.2. for a detailed description on how this image was pro-
cessed). We found that the positions of the whole D88 HII region
catalogue needed a linear shift to match the emission features
from the F14 Hα map. We excluded six HII regions from our
further analysis because we found no Hα emission at their posi-
tions in the newer F14 Hα map. For 12 HII regions we needed to
make individual slight corrections to the D88 position to make
them match with HII regions in the new F14 Hα map. See Ap-
pendix A for a more detailed discussion on how we corrected the
D88 HII region catalogue.

We adopted the flux and size values of the HII regions as
given in D88 without applying any corrections to their values;
HII regions for which no size estimate was given in D88 are
treated as point sources in our further discussion. We also made
no attempt at extending the catalogue with any previously uncat-
alogued HII regions visible in the Hα map of F14.

2.3. Other ancillary data

Figure 1 also includes an image in the far ultraviolet (FUV) at an
effective wavelength of 151.6 nm obtained by the Galaxy Evo-
lution Explorer (GALEX). The GALEX image is included in this
comparison to show that the extent of the (visible) stellar disk is
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Fig. 1. Herschel maps and GALEX FUV image of NGC 300. Panel a: SPIRE-500, panel b: SPIRE-350, panel c: SPIRE-250, panel d: PACS-160,
panel e: PACS-100, and panel f: GALEX FUV. The beam sizes of the Herschel images are indicated in the boxes on the lower left of the images.
The black circle in the GALEX FUV image indicates our chosen region of interest, inside which we searched for sources.

Table 2. Information on the Herschel bands.

Filter Pixel size Flux units FWHMa FWHMb

[arcsec] [arcsec] [pc]

PACS-100 1.6 Jy/pixel 7.0 67
PACS-160 3.2 Jy/pixel 11.5 110
SPIRE-250 6 MJy/src 17.6 169
SPIRE-350 10 MJy/src 23.9 229
SPIRE-500 14 MJy/src 35.2 338

Notes. http://herschel.esac.esa.int/twiki/pub/Public/
DataProcessingWorkshop2015/Herschel_SPGV13.pdf. (a) Adopted
values after consultations with the Herschel Science Center Helpdesk.
(b) Estimated for a distance to NGC 300 of 1.98 Mpc. (c) Calibrated with
Planck (see Sect. 2.1).

2.2. Catalogue of HII regions

The most complete catalogue of HII regions of NGC 300 up
to the date of writing is from Deharveng et al. (1988, hereafter
D88). It is primarily based on an Hα photographic plate taken
by the ESO 3.6 m telescope with an exposure time of 90 min and
further spectroscopic identifications for the smallest HII regions
(D88).

We assessed the quality of this catalogue by overplotting
it on a newer and more sensitive extinction corrected line-only
Hα map based on the ESO/WFI observations from F14 (see

their Sect. 2.2 for a detailed description on how this image
was processed). We found that the positions of the whole
D88 HII region catalogue needed a linear shift to match the
emission features from the F14 Hα map. We excluded six
HII regions from our further analysis because we found no Hα
emission at their positions in the newer F14 Hα map. For 12
HII regions we needed to make individual slight corrections
to the D88 position to make them match with HII regions in
the new F14 Hα map. See Appendix A for a more detailed
discussion on how we corrected the D88 HII region cata-
logue.

We adopted the flux and size values of the HII regions as
given in D88 without applying any corrections to their val-
ues; HII regions for which no size estimate was given in D88
are treated as point sources in our further discussion. We also
made no attempt at extending the catalogue with any previously
uncatalogued HII regions visible in the Hα map of F14.

2.3. Other ancillary data

Figure 1 also includes an image in the far ultraviolet (FUV) at an
effective wavelength of 151.6 nm obtained by the Galaxy Evolu-
tion Explorer (GALEX). The GALEX image is included in this
comparison to show that the extent of the (visible) stellar disk is
very well defined in the FUV. We therefore used this image for
the definition of our region of interest (ROI), inside which we
searched for GDC source candidates.
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The European Southern Observatory (ESO) published an
optical image of NGC 300, which we adopted for a qualitative
comparison throughout this work. This image is a composite
of individual observations with the Wide Field Imager (WFI)
instrument of the MPG/ESO-2.2 m telescope at La Silla, Chile.
The field of view of the image is 30.22 × 30.22 arcmin and the
total exposure time amounted to around 50 h2. We downloaded
the image as fullsize original file (TIFF) from the ESO home-
page, after which we converted it into RGB FITS files with
matching astrometry.

For the source selection we also used archival observations
of NGC 300 in the optical by the Hubble Space Telescope. We
downloaded calibrated but unprocessed Level 0 images from
the Mikulski Archive for Space Telescopes (MAST) and used
the DrizzlePac software package3 to create combined images of
exposures with the same filter, the same camera, and within the
same visit. We corrected geometric distortions of the ACS/Wide
Field Camera (WFC) images using the newest reference files4

and combined some of the images into mosaics using Montage
(v3.3)5. We created (false colour) RGB images if there were at
least two exposures with different filters available for a region. In
Appendix C we present more details on the Hubble images we
used.

3. Source extraction

3.1. Algorithm

We used the multi-scale, multiwavelength source extraction
algorithm getsources6 for the compilation of the source cata-
logues of NGC 300. We chose this algorithm because it was
specifically created for the purpose of source extraction in
Herschel images.

The getsources algorithm is primarily intended for FIR sur-
veys of Galactic star-forming regions with Herschel, in particular
the detection of (point-like) protostars (Men’shchikov et al.
2012). However, it is also ideally suited for our purpose of detect-
ing GMCs in nearby galaxies as most of these objects also
exhibit a point-like structure due to our inability to resolve these
sources in more detail, given the spatial resolution.

The getsources algorithm allows one to define which images
should be used for the detection and on which images the
combined multiwavelength extraction and measurements for the
final catalogue should be performed. For example, it is possi-
ble to use all images for the detection and subsequently make
multiwavelength extractions for various selections of the bands.

The algorithm also incorporates the multi-scale, multiwave-
length filament extraction method getfilaments, which detects
and subtracts filamentary structures from the original images
prior to the detection and measurement steps (Men’shchikov
2013). In our case, these filamentary structures correspond to
diffuse extended emission throughout the stellar disk, which is
particularly relevant for the SPIRE images (250–500 µm).

3.2. Settings

For the source extraction with getsources, we defined a circular
ROI with a radius of 12′, centred at RA = 00h54m56.4432s and
Dec =−37◦40′23.0016′′, inside which we searched for sources.
2 http://www.eso.org/public/images/eso1037a/
3 http://drizzlepac.stsci.edu/
4 http://www.stsci.edu/hst/acs/analysis/distortion
5 http://montage.ipac.caltech.edu/
6 http://www.herschel.fr/cea/gouldbelt/en/getsources/

We based the definition of the ROI on the GALEX FUV image,
since the largest extent of the (visible) stellar disk is best seen at
this wavelength (see Fig. 1). We wanted to incorporate the whole
visible stellar disk while including only a minimum of back-
ground to minimize false detections due to background sources.
Moreover, an upper limit for the size of the ROI was set by
the PACS images whose field of view was smaller than for the
SPIRE maps.

For the source detection we resampled all images to the res-
olution of the PACS 100 image (1.6′′ per pixel). We did not
shift the resampled images in position as their relative position
to each other was already satisfactory. We chose the upper limit
in spatial scale for the image decomposition step as 1.5 times the
FWHM of SPIRE-500, which corresponds to a physical scale of
about 500 pc. Visual inspections confirmed that this value is suf-
ficient to include even the biggest GDC structures seen in the
SPIRE-500 image.

The getsources algorithm uses a global goodness (GOOD)
value to classify the source candidates into reliable and tentative
detections. This GOOD value incorporates a combination of the
global detection significance over all wavelengths and the global
signal-to-noise ratio (S/N). Sources classified as tentative are
indicated by a negative GOOD value and are automatically dis-
carded by getsources for its final catalogue. However, we decided
to include these tentative sources in our list of source candidates
to check whether some of these were actually false negatives.

We performed two different multiwavelength extractions:
one in which all five Herschel bands were used (yielding
200 source candidates) and one that used only the three SPIRE
images (yielding 156 source candidates). The latter approach
should also be able to detect pre-star-forming GDCs that do
not show significant emission at 100 and 160 µm. For the most
part, the two source extractions produced nearly identical results.
However, in the more crowded central region the extraction using
all five Herschel bands was able to decompose the extended
objects into more individual regions. The inclusion of the PACS
images also led to a decreased size estimate for the source can-
didates, as the extent of the sources could be better constrained.
Therefore, we decided to adopt the results of the source extrac-
tion performed for all Herschel bands (200 source candidates),
but added source candidates from the extraction limited to the
SPIRE bands that did not show up in the SPIRE plus PACS run
(six source candidates). We refer to this combined catalogue of
206 source candidates further on as the merged semifinal get-
sources catalogue. This catalogue includes 44 source candidates
that getsources labelled as tentative and would have discarded
for its final catalogue.

To verify the performance of getsources, we compared its
results to the source extraction with two other point source
detection algorithms (SUSSEXtractor and DAOPHOT, both
implemented in HIPE, the Herschel Interactive Processing Envi-
ronment). We found the results to be in good agreement regard-
ing the detection of point sources (getsources covers ∼80% of
the HIPE point source candidates). However, getsources was
superior in the overall detection of extended structures.

4. Source catalogue

4.1. Selection of the sources

To analyse the merged semifinal getsources catalogue in more
detail, we created thumbnails to perform a visual inspec-
tion of each source to assess its significance. We overplotted
the (wavelength-dependent) FWHM shapes of the 206 source
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candidates as determined by getsources on the corresponding
Herschel maps. This allowed us to determine at which wave-
lengths the source candidates had a well-defined shape, that is
whether they showed significant emission at that wavelength. We
adopted the shape of the FWHM at SPIRE-250 as a size estimate
for the source candidates and additionally overplotted this shape
on the GALEX FUV, ESO/WFI, and Hubble images.

We checked the ESO/WFI and Hubble images in particu-
lar for hallmark features of GDCs such as dark dust lanes seen
in absorption or HII regions, and unmistakable signs of a false
detection, such as a well-confined disky or elliptical structure
indicating a background galaxy. This was especially significant
for source candidates located between spiral arm features or posi-
tioned on the outskirts far away from the visible stellar disk.
Although we expect the majority of GDCs to be positioned
inside a spiral arm feature, this was not a prerequisite for the
final selection. Foyle et al. (2010), for example, concluded in their
analysis of three spiral galaxies that even in grand-design spirals
star formation in interarm regions is significant.

Our most important criterion for the validation of a source
was the existence of significant flux values in the Herschel
bands. We required a S/N > 3 in at least two Herschel bands
for a source candidate to be considered as a valid source. We
especially checked the SPIRE bands for convincing emission
features, as we expect the thermal emission of the cold dust of
the GDCs to be most prominent at these wavelengths. In contrast,
the existence of significant flux values in the PACS bands was
not a necessary selection criterion, as some of the colder GDCs
with only little or no ongoing star formation are not expected to
show up brightly at 100 and 160 µm. In particular in the central
regions the increased density of the older stellar population con-
tributes increasingly to the heating of the cold dust in the ISM of
NGC 300 and thus also leads to higher values of diffuse emission
in the SPIRE images. We took into account that smaller GDCs
located in a spiral arm near the central region might not stand out
clearly from the surrounding high diffuse background emission.
Conversely, source candidates located near the edge of or beyond
the visible stellar disk that show only a small contrast to their sur-
roundings are much more likely to be background sources, since
background objects begin to dominate the FIR emission outside
the visible stellar disk, where there is only very little or no con-
tribution from the galaxy itself (see Fig. 1). Figure 2 shows the
outermost contour of the diffuse extended emission of NGC 300
that was modelled by getfilaments. This structure traces the vis-
ible stellar disk very well, which is why one of our selection
criteria for the GDC catalogue was that the source candidates
had to be located inside this contour.

If a source candidate was labelled as tentative by getsources
we required convincing evidence for its inclusion in the GDC
catalogue. We adopted the contrary approach for source candi-
dates labelled as reliable: if there was no convincing evidence for
a false or spurious detection or other problems such as blending
effects, we kept the sources in our selection.

In total, we discarded 60 source candidates from the merged
semifinal getsources catalogue (marked in Fig. 2 with dashed
ellipses) for the following reasons:

– Source candidates identified as background galaxies (blue
dashed ellipses). We visually identified nine source can-
didates as background galaxies, five of which are located
inside the diffuse extended structure determined by get-
sources;

– Source candidates blended with other sources (yellow
dashed ellipses). This applied to three source candidates, two
of which were strongly blended. We added the flux of the

M. Riener et al.: Gathering dust: A galaxy-wide study of dust emission from cloud complexes in NGC 300

4. Source catalogue

4.1. Selection of the sources

To analyse the merged semifinal getsources catalogue in more
detail, we created thumbnails to perform a visual inspection
of each source to assess its significance. We overplotted the
(wavelength-dependent) FWHM shapes of the 206 source can-
didates as determined by getsources on the corresponding Her-
schel maps. This allowed us to determine at which wavelengths
the source candidates had a well-defined shape, that is whether
they showed significant emission at that wavelength. We adopted
the shape of the FWHM at SPIRE-250 as a size estimate for the
source candidates and additionally overplotted this shape on the
GALEX FUV, ESO/WFI, and Hubble images.

We checked the ESO/WFI and Hubble images in particular
for hallmark features of GDCs such as dark dust lanes seen in
absorption or HII regions, and unmistakable signs of a false de-
tection, such as a well-confined disky or elliptical structure indi-
cating a background galaxy. This was especially significant for
source candidates located between spiral arm features or posi-
tioned on the outskirts far away from the visible stellar disk. Al-
though we expect the majority of GDCs to be positioned inside a
spiral arm feature, this was not a prerequisite for the final selec-
tion. Foyle et al. (2010), for example, concluded in their analysis
of three spiral galaxies that even in grand-design spirals star for-
mation in interarm regions is significant.

Our most important criterion for the validation of a source
was the existence of significant flux values in the Herschel
bands. We required a S/N ratio > 3 in at least two Herschel bands
for a source candidate to be considered as a valid source. We es-
pecially checked the SPIRE bands for convincing emission fea-
tures, as we expect the thermal emission of the cold dust of the
GDCs to be most prominent at these wavelengths. In contrast,
the existence of significant flux values in the PACS bands was
not a necessary selection criterion, as some of the colder GDCs
with only little or no ongoing star formation are not expected to
show up brightly at 100 and 160 µm. In particular in the central
regions the increased density of the older stellar population con-
tributes increasingly to the heating of the cold dust in the ISM of
NGC 300 and thus also leads to higher values of diffuse emission
in the SPIRE images. We took into account that smaller GDCs
located in a spiral arm near the central region might not stand out
clearly from the surrounding high diffuse background emission.
Conversely, source candidates located near the edge of or beyond
the visible stellar disk that show only a small contrast to their sur-
roundings are much more likely to be background sources, since
background objects begin to dominate the FIR emission outside
the visible stellar disk, where there is only very little or no con-
tribution from the galaxy itself (see Figure 1). Figure 2 shows the
outermost contour of the diffuse extended emission of NGC 300
that was modelled by getfilaments. This structure traces the vis-
ible stellar disk very well, which is why one of our selection
criteria for the GDC catalogue was that the source candidates
had to be located inside this contour.

If a source candidate was labelled as tentative by getsources
we required convincing evidence for its inclusion in the GDC
catalogue. We adopted the contrary approach for source candi-
dates labelled as reliable: if there was no convincing evidence for
a false or spurious detection or other problems such as blending
effects, we kept the sources in our selection.

In total, we discarded 60 source candidates from the merged
semifinal getsources catalogue (marked in Figure 2 with dashed
ellipses) for the following reasons:
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Fig. 2: Our catalogue of 206 source candidates overplotted on
the SPIRE-250 image. The small ellipses denote the SPIRE-250
FWHM of the 206 source candidates; the small dashed ellipses
further indicate the 60 source candidates that we ultimately dis-
carded (see text for details). The white contour lines trace flux
values of 0.04 Jy. The large dashed black ellipse denotes the
isophotal radius R25 as defined in Table 1. The red contour indi-
cates the area from which getsources subtracted diffuse extended
emission in addition to any background subtraction. The large
black circle indicates our chosen ROI, inside which we searched
for sources.

– Source candidates identified as background galaxies (blue
dashed ellipses). We visually identified nine source candi-
dates as background galaxies, five of which are located inside
the diffuse extended structure determined by getsources.

– Source candidates blended with other sources (yellow
dashed ellipses). This applied to three source candidates, two
of which were strongly blended. We added the flux of the
two strongly blended discarded source candidates to their
blended counterparts that we kept in the final catalogue.

– Tentative source candidates positioned inside the diffuse ex-
tended structure determined by getfilaments, but very likely
spurious detections or background sources (red dashed el-
lipses). This applied to 17 source candidates that were classi-
fied as tentative by getsources; they have only weak fluxes in
the Herschel bands and no convincing GDC features (such as
dark dust lanes, young massive star clusters, or HII regions)
were visible in the optical images. Most of these source can-
didates were positioned near the outer edge of the fitted dif-
fuse extended structure, where the likelihood of detecting
background sources was higher.

– Source candidates that did not fulfill our criterion of a posi-
tive detection (S/N > 3) in at least two Herschel bands (green
dashed ellipses). This applied to one source candidate from
the SPIRE-only source detection run with getsources, which
only had one positive detection in the SPIRE-250 band.

– Source candidates positioned outside the diffuse extended
structure determined by getfilaments, which we adopted as
a good tracer for the dust in the stellar disk (black dashed
ellipses). This applied to 30 source candidates, of which 14
were labelled tentative by getsources. Another two of these
discarded sources are associated with the HII regions #1 and
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Fig. 2. Our catalogue of 206 source candidates overplotted on the
SPIRE-250 image. The small ellipses denote the SPIRE-250 FWHM of
the 206 source candidates; the small dashed ellipses further indicate the
60 source candidates that we ultimately discarded (see text for details).
The white contour lines trace flux values of 0.04 Jy. The large dashed
black ellipse denotes the isophotal radius R25 as defined in Table 1. The
red contour indicates the area from which getsources subtracted diffuse
extended emission in addition to any background subtraction. The large
black circle indicates our chosen ROI, inside which we searched for
sources.

two strongly blended discarded source candidates to their
blended counterparts that we kept in the final catalogue;

– Tentative source candidates positioned inside the diffuse
extended structure determined by getfilaments, but very
likely spurious detections or background sources (red dashed
ellipses); This applied to 17 source candidates that were
classified as tentative by getsources; they have only weak
fluxes in the Herschel bands and no convincing GDC fea-
tures (such as dark dust lanes, young massive star clusters,
or HII regions) were visible in the optical images. Most of
these source candidates were positioned near the outer edge
of the fitted diffuse extended structure, where the likelihood
of detecting background sources was higher;

– Source candidates that did not fulfill our criterion of a posi-
tive detection (S/N > 3) in at least two Herschel bands (green
dashed ellipses). This applied to one source candidate from
the SPIRE-only source detection run with getsources, which
only had one positive detection in the SPIRE-250 band;

– Source candidates positioned outside the diffuse extended
structure determined by getfilaments, which we adopted as
a good tracer for the dust in the stellar disk (black dashed
ellipses). This applied to 30 source candidates, of which 14
were labelled tentative by getsources. Another two of these
discarded sources are associated with the HII regions #1
and #72 from D88. Both of these regions were already tar-
geted by F14 but do not show a detection in CO. These
HII regions also do not show up very brightly in the
continuum-subtracted Hα image from F14.

The final catalogue automatically produced by getsources would
have consisted only of the 162 source candidates of the merged
semifinal getsources catalogue classified as reliable and would
have neglected any sources labelled as tentative. For our final
catalogue of GDCs, we discarded 28 of those source candidates
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#72 from D88. Both of these regions were already targeted
by F14 but do not show a detection in CO. These HII re-
gions also do not show up very brightly in the continuum-
subtracted Hα image from F14.

The final catalogue automatically produced by getsources
would have consisted only of the 162 source candidates of the
merged semifinal getsources catalogue classified as reliable and
would have neglected any sources labelled as tentative. For our
final catalogue of GDCs, we discarded 28 of those source candi-
dates labelled as reliable, a third of which we could unambigu-
ously identify as background galaxies. However, we also chose
to include 12 sources in our final catalogue that were classified as
tentative by getsources because they show convincing emission
features in all SPIRE bands; five of these tentative sources also
show associations with HII regions from D88, which we took
as additional evidence for their validity. Based on these results
we conclude that the catalogue automatically produced by get-
sources would have had a false positive rate of 17.3%, and 27.3%
of the objects neglected by getsources as tentative sources would
have been false negatives.

In total, we retained 146 of the 206 source candidates for
our final catalogue of GDCs (see Figure 2). Table B.1 in the
Appendix lists the RA and DEC positions and the flux val-
ues for all five Herschel bands as determined by getsources for
the 146 sources in the final catalogue. The flux values are the
measurements of the total (background corrected) fluxes of the
sources, for which the contributing flux inside the footprint of
each source was summed up. The footprint was determined by
getsources as the area containing non-negligible flux of a source
and has a size that is about two times as large as its FWHM,
although this can vary significantly depending on the source. In
particular in the crowded central regions the footprints of the
sources often overlap considerably, but the deblending algorithm
contained in getsources should be able to attribute correctly the
flux contribution to the respective sources to a very high degree.
If the ratio of flux-to-flux error for a source at a certain wave-
length was < 3.0, we assumed that the total flux was not mea-
surable at that wavelength. In such cases, we only give an upper
limit of the flux as three times the estimate of the total flux er-
ror (indicated by ’<’ in front of the value). This affected mostly
SPIRE-500 flux estimates.

Figure 3 shows a histogram of the quality assessment by get-
sources for all source candidates of the merged semifinal get-
sources catalogue and the subsample of sources selected for the
final catalogue of GDCs. The majority of the source candidates
and most of those that were ultimately discarded have a "GOOD"
value below 3 (negative values just indicate that getsources la-
belled them as tentative). According to additional information
contained in the catalogues produced by getsources, the user
is advised to use only source candidates with "GOOD" values
larger than one to three. As can be seen in Figure 3, this would
have excluded most of our source candidates. However, since
getsources is intended mainly for source detection in Galactic
star-forming regions, we argue that its application in an extra-
galactic context is expected to result in lower quality values due
to the much poorer absolute spatial resolution and the detection
of completely different physical objects (entire complexes of dif-
ferent star-forming regions instead of single protostars). In many
cases, the modelling of the diffuse extended structure by getfila-
ments could also have reduced the total flux values by an amount
that is too much and would thus have had adverse consequences
for the quality assessment. The flux values of central sources em-
bedded deep inside the fitted diffuse extended structure were re-
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Fig. 3: Histogram showing the getsources quality assessment
("GOOD") of the GDCs. The unfilled histogram includes all 206
source candidates from the merged semifinal getsources cata-
logue; individual values of the source candidates are denoted by
the ticks in the rug plot. The filled histogram shows the sub-
sample of 146 GDCs selected for the final catalogue; individual
values of these GDCs are indicated in white in the rug plot. The
dashed vertical line denotes the threshold between reliable and
tentative sources.

duced by a high amount of assumed (diffuse) background emis-
sion that could be more than twice as high as for sources located
near the edge of the visible stellar disk, where the amount of flux
allocated to diffuse extended emission drops to almost zero.

From the visual inspection of all source candidates in the an-
cillary data, we can almost fully rule out contamination of the
catalogue by resolved background galaxies, as these would have
been already identified in the ESO/WFI images and, where avail-
able, the Hubble images. In one problematic case (GDC #24) a
resolved background galaxy is situated close to a GDC, which
shifted the central position of the GDC about 12" away from the
centre of the dust emission peak.

In Figure 4 we plot a histogram of the getsources total
SPIRE-250 flux estimates for the final GDC catalogue and for
the rejected source candidates. We did not include sources with
uncertain SPIRE-250 flux estimates in this plot, i.e. sources for
which the total flux value did not exceed three times the flux un-
certainty (this concerned six of the selected GDCs and six of the
discarded source candidates). The bin size of 0.125 dex corre-
sponds to the median total flux error of the sources. We estimated
the contamination fraction (CF) per flux bin as Ndiscarded/(Nreal +
Ndiscarded), i.e. the ratio of discarded sources to the total amount
of source candidates (real and discarded) in the flux bin. Our
contamination fraction drops to below 10% above a total flux
value of 86 mJy and we therefore adopted this as our de facto
sensitivity limit, beyond which we essentially detect only GDCs.
Below this flux limit the number of rejected sources increases
and reaches a peak around a total flux value of 46 mJy, be-
low which our source candidates are dominated by background
sources or spurious detections. All of the seven sources that
we could resolve as background galaxies and that had reliable
SPIRE-250 flux estimates are located around the 50% CF thresh-
old.
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Fig. 3. Histogram showing the getsources quality assessment
(“GOOD”) of the GDCs. The unfilled histogram includes all 206 source
candidates from the merged semifinal getsources catalogue; individual
values of the source candidates are denoted by the ticks in the rug plot.
The filled histogram shows the subsample of 146 GDCs selected for the
final catalogue; individual values of these GDCs are indicated in white
in the rug plot. The dashed vertical line denotes the threshold between
reliable and tentative sources.

labelled as reliable, a third of which we could unambiguously
identify as background galaxies. However, we also chose to
include 12 sources in our final catalogue that were classified as
tentative by getsources because they show convincing emission
features in all SPIRE bands; five of these tentative sources also
show associations with HII regions from D88, which we took
as additional evidence for their validity. Based on these results
we conclude that the catalogue automatically produced by get-
sources would have had a false positive rate of 17.3%, and 27.3%
of the objects neglected by getsources as tentative sources would
have been false negatives.

In total, we retained 146 of the 206 source candidates for
our final catalogue of GDCs (see Fig. 2). Table B.1 lists the
RA and Dec positions and the flux values for all five Herschel
bands as determined by getsources for the 146 sources in the
final catalogue. The flux values are the measurements of the total
(background corrected) fluxes of the sources, for which the con-
tributing flux inside the footprint of each source was summed up.
The footprint was determined by getsources as the area contain-
ing non-negligible flux of a source and has a size that is about
two times as large as its FWHM, although this can vary signif-
icantly depending on the source. In particular in the crowded
central regions the footprints of the sources often overlap con-
siderably, but the deblending algorithm contained in getsources
should be able to attribute correctly the flux contribution to the
respective sources to a very high degree. If the ratio of flux-to-
flux error for a source at a certain wavelength was <3.0, we
assumed that the total flux was not measurable at that wave-
length. In such cases, we only give an upper limit of the flux
as three times the estimate of the total flux error (indicated by
“<” in front of the value). This affected mostly SPIRE-500 flux
estimates.

Figure 3 shows a histogram of the quality assessment by
getsources for all source candidates of the merged semifinal get-
sources catalogue and the subsample of sources selected for the
final catalogue of GDCs. The majority of the source candidates
and most of those that were ultimately discarded have a “GOOD”
value below 3 (negative values just indicate that getsources

M. Riener et al.: Gathering dust: A galaxy-wide study of dust emission from cloud complexes in NGC 300

10 100 1000
F250 [mJy]

10

20

30

40

N
um

be
r o

f s
ou

rc
es

CF > 50% CF < 10%

GDCs
Rejected source candidates
Rejected source candidates
without background galaxies

Fig. 4: Histogram of the getsources SPIRE-250 total flux esti-
mates for the GDCs in our final catalogue (black dots) and the
discarded sources from the merged semifinal getsources cata-
logue (blue open circles). The red diamonds show the discarded
sources not including the nine resolved background galaxies.
The dotted vertical lines indicate thresholds for the contamina-
tion fraction (CF) of over 50% (below 46 mJy) and less than 10%
(above 86 mJy). The bin size is 0.125 dex, which corresponds to
the median uncertainty of the total flux values.

0 1 2 3 4 5 6 7 8 9
Deprojected galactocentric distance [kpc]

0

5

10

15

20

25

30

N
um

be
r o

f s
ou

rc
es

Source candidates (206)
GDCs (146)

Fig. 5: Histogram of the deprojected galactocentric distances
of the GDCs. The unfilled histogram includes all sources from
the merged semifinal getsources catalogue; individual values of
these sources are indicated by the ticks in the rug plot. The filled
histogram shows the subsample of GDCs selected for the fi-
nal catalogue; individual values of these GDCs are indicated in
white in the rug plot. The vertical lines indicate the R25 distance
of NGC 300 (dotted) and the median deprojected galactocentric
distance of the selected GDCs (dashed).

4.2. Deprojected galactocentric distances

We used a Python-script8 for the computation of the deprojected
galactocentric distances of the GDCs. The values taken for the
distance, position angle of the major axis, and inclination an-
gle between the line of sight and polar axis are listed in Table

8 https://gist.github.com/jonathansick/9399842
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Fig. 6: Cold dust effective temperature map of NGC 300 over-
plotted with the final catalogue of 146 GDCs (small black dashed
ellipses). The large dashed black ellipse denotes the isophotal ra-
dius R25 as defined in Table 1.

1. Figure 5 shows a histogram of the deprojected galactocentric
distances of all source candidates detected by getsources and the
subsample of the final catalogue of GDCs. This shows that the
sources we discarded were mostly situated outside the B-band
25th magnitude isophotal radius R25.

4.3. Effective dust temperatures

One common approach to estimate the dust temperature is to fit a
single modified black body to the SED at FIR wavelengths (e.g.
Rémy-Ruyer et al. 2013; Kirk et al. 2015), which however is
likely not the best method to characterize the physical causes re-
sponsible for the dust heating. Bendo et al. (2012) studied three
nearby spiral galaxies and found that the evolved stellar popu-
lation of a spiral galaxy is likely the dominant heating source
for dust observed at wavelengths longer than 160 µm. These au-
thors further concluded that dust models need to include two
thermal components: one component whose SED peaks below
160 µm for the dust heated by star-forming regions and regions
in which stochastically heated grain emission dominates (i.e. el-
evated 24-70 µ emission; e.g. in the Magellanic Clouds; Bernard
et al. 2008), and one component with an SED that peaks at longer
wavelengths for the cooler dust that is relatively unaffected by
star formation activity and is heated mainly by the evolved stel-
lar population.

For NGC 300 we derived effective temperature maps us-
ing two-component black-body fits to seven photometric bands
between 24 and 500 µm; Spitzer Space Telescope’s Multiband
Imaging Photometer for Spitzer (MIPS; Rieke et al. 2004) at 24
and 70 µm, PACS-100/160, and SPIRE-250/350/500). We con-
volved all the images to the lowest resolution, i.e. the pixel scale
of the SPIRE-500 image (see §2.4 of Galametz et al. 2012, and
references therein for more information on the convolution). We
used convolution kernels from Gordon et al. (2008) and per-
formed the convolutions using the conv_image script9. We used
9 http://dirty.as.arizona.edu/~kgordon/mips/conv_psfs/
conv_psfs.html
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Fig. 4. Histogram of the getsources SPIRE-250 total flux estimates for
the GDCs in our final catalogue (black dots) and the discarded sources
from the merged semifinal getsources catalogue (blue open circles).
The red diamonds show the discarded sources not including the nine
resolved background galaxies. The dotted vertical lines indicate thresh-
olds for the contamination fraction (CF) of over 50% (below 46 mJy)
and less than 10% (above 86 mJy). The bin size is 0.125 dex, which
corresponds to the median uncertainty of the total flux values.

labelled them as tentative). According to additional information
contained in the catalogues produced by getsources, the user
is advised to use only source candidates with “GOOD” values
larger than one to three. As can be seen in Fig. 3, this would
have excluded most of our source candidates. However, since
getsources is intended mainly for source detection in Galactic
star-forming regions, we argue that its application in an extra-
galactic context is expected to result in lower quality values due
to the much poorer absolute spatial resolution and the detec-
tion of completely different physical objects (entire complexes
of different star-forming regions instead of single protostars).
In many cases, the modelling of the diffuse extended structure
by getfilaments could also have reduced the total flux values by
an amount that is too much and would thus have had adverse
consequences for the quality assessment. The flux values of cen-
tral sources embedded deep inside the fitted diffuse extended
structure were reduced by a high amount of assumed (diffuse)
background emission that could be more than twice as high as
for sources located near the edge of the visible stellar disk, where
the amount of flux allocated to diffuse extended emission drops
to almost zero.

From the visual inspection of all source candidates in the
ancillary data, we can almost fully rule out contamination of the
catalogue by resolved background galaxies, as these would have
been already identified in the ESO/WFI images and, where avail-
able, the Hubble images. In one problematic case (GDC #24) a
resolved background galaxy is situated close to a GDC, which
shifted the central position of the GDC about 12′′ away from the
centre of the dust emission peak.

In Fig. 4 we plot a histogram of the getsources total SPIRE-
250 flux estimates for the final GDC catalogue and for the
rejected source candidates. We did not include sources with
uncertain SPIRE-250 flux estimates in this plot, i.e. sources for
which the total flux value did not exceed three times the flux
uncertainty (this concerned six of the selected GDCs and six
of the discarded source candidates). The bin size of 0.125 dex
corresponds to the median total flux error of the sources.
We estimated the contamination fraction (CF) per flux bin as
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Fig. 4: Histogram of the getsources SPIRE-250 total flux esti-
mates for the GDCs in our final catalogue (black dots) and the
discarded sources from the merged semifinal getsources cata-
logue (blue open circles). The red diamonds show the discarded
sources not including the nine resolved background galaxies.
The dotted vertical lines indicate thresholds for the contamina-
tion fraction (CF) of over 50% (below 46 mJy) and less than 10%
(above 86 mJy). The bin size is 0.125 dex, which corresponds to
the median uncertainty of the total flux values.
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Fig. 5: Histogram of the deprojected galactocentric distances
of the GDCs. The unfilled histogram includes all sources from
the merged semifinal getsources catalogue; individual values of
these sources are indicated by the ticks in the rug plot. The filled
histogram shows the subsample of GDCs selected for the fi-
nal catalogue; individual values of these GDCs are indicated in
white in the rug plot. The vertical lines indicate the R25 distance
of NGC 300 (dotted) and the median deprojected galactocentric
distance of the selected GDCs (dashed).

4.2. Deprojected galactocentric distances

We used a Python-script8 for the computation of the deprojected
galactocentric distances of the GDCs. The values taken for the
distance, position angle of the major axis, and inclination an-
gle between the line of sight and polar axis are listed in Table

8 https://gist.github.com/jonathansick/9399842
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Fig. 6: Cold dust effective temperature map of NGC 300 over-
plotted with the final catalogue of 146 GDCs (small black dashed
ellipses). The large dashed black ellipse denotes the isophotal ra-
dius R25 as defined in Table 1.

1. Figure 5 shows a histogram of the deprojected galactocentric
distances of all source candidates detected by getsources and the
subsample of the final catalogue of GDCs. This shows that the
sources we discarded were mostly situated outside the B-band
25th magnitude isophotal radius R25.

4.3. Effective dust temperatures

One common approach to estimate the dust temperature is to fit a
single modified black body to the SED at FIR wavelengths (e.g.
Rémy-Ruyer et al. 2013; Kirk et al. 2015), which however is
likely not the best method to characterize the physical causes re-
sponsible for the dust heating. Bendo et al. (2012) studied three
nearby spiral galaxies and found that the evolved stellar popu-
lation of a spiral galaxy is likely the dominant heating source
for dust observed at wavelengths longer than 160 µm. These au-
thors further concluded that dust models need to include two
thermal components: one component whose SED peaks below
160 µm for the dust heated by star-forming regions and regions
in which stochastically heated grain emission dominates (i.e. el-
evated 24-70 µ emission; e.g. in the Magellanic Clouds; Bernard
et al. 2008), and one component with an SED that peaks at longer
wavelengths for the cooler dust that is relatively unaffected by
star formation activity and is heated mainly by the evolved stel-
lar population.

For NGC 300 we derived effective temperature maps us-
ing two-component black-body fits to seven photometric bands
between 24 and 500 µm; Spitzer Space Telescope’s Multiband
Imaging Photometer for Spitzer (MIPS; Rieke et al. 2004) at 24
and 70 µm, PACS-100/160, and SPIRE-250/350/500). We con-
volved all the images to the lowest resolution, i.e. the pixel scale
of the SPIRE-500 image (see §2.4 of Galametz et al. 2012, and
references therein for more information on the convolution). We
used convolution kernels from Gordon et al. (2008) and per-
formed the convolutions using the conv_image script9. We used
9 http://dirty.as.arizona.edu/~kgordon/mips/conv_psfs/
conv_psfs.html
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Fig. 5. Histogram of the deprojected galactocentric distances of the
GDCs. The unfilled histogram includes all sources from the merged
semifinal getsources catalogue; individual values of these sources are
indicated by the ticks in the rug plot. The filled histogram shows the
subsample of GDCs selected for the final catalogue; individual values of
these GDCs are indicated in white in the rug plot. The vertical lines indi-
cate the R25 distance of NGC 300 (dotted) and the median deprojected
galactocentric distance of the selected GDCs (dashed).

Ndiscarded/(Nreal + Ndiscarded), i.e. the ratio of discarded sources to
the total amount of source candidates (real and discarded) in
the flux bin. Our contamination fraction drops to below 10%
above a total flux value of 86 mJy and we therefore adopted
this as our de facto sensitivity limit, beyond which we essen-
tially detect only GDCs. Below this flux limit the number of
rejected sources increases and reaches a peak around a total flux
value of 46 mJy, below which our source candidates are domi-
nated by background sources or spurious detections. All of the
seven sources that we could resolve as background galaxies and
that had reliable SPIRE-250 flux estimates are located around
the 50% CF threshold.

4.2. Deprojected galactocentric distances

We used a Python-script7 for the computation of the deprojected
galactocentric distances of the GDCs. The values taken for the
distance, position angle of the major axis, and inclination angle
between the line of sight and polar axis are listed in Table 1.
Figure 5 shows a histogram of the deprojected galactocentric dis-
tances of all source candidates detected by getsources and the
subsample of the final catalogue of GDCs. This shows that the
sources we discarded were mostly situated outside the B-band
25th magnitude isophotal radius R25.

4.3. Effective dust temperatures

One common approach to estimate the dust temperature is to fit
a single modified black body to the SED at FIR wavelengths
(e.g. Rémy-Ruyer et al. 2013; Kirk et al. 2015), which however
is likely not the best method to characterize the physical causes
responsible for the dust heating. Bendo et al. (2012) studied three
nearby spiral galaxies and found that the evolved stellar popula-
tion of a spiral galaxy is likely the dominant heating source for
dust observed at wavelengths longer than 160 µm. These authors
further concluded that dust models need to include two thermal
7 https://gist.github.com/jonathansick/9399842

M. Riener et al.: Gathering dust: A galaxy-wide study of dust emission from cloud complexes in NGC 300

10 100 1000
F250 [mJy]

10

20

30

40

N
um

be
r o

f s
ou

rc
es

CF > 50% CF < 10%

GDCs
Rejected source candidates
Rejected source candidates
without background galaxies

Fig. 4: Histogram of the getsources SPIRE-250 total flux esti-
mates for the GDCs in our final catalogue (black dots) and the
discarded sources from the merged semifinal getsources cata-
logue (blue open circles). The red diamonds show the discarded
sources not including the nine resolved background galaxies.
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(above 86 mJy). The bin size is 0.125 dex, which corresponds to
the median uncertainty of the total flux values.
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nal catalogue; individual values of these GDCs are indicated in
white in the rug plot. The vertical lines indicate the R25 distance
of NGC 300 (dotted) and the median deprojected galactocentric
distance of the selected GDCs (dashed).

4.2. Deprojected galactocentric distances

We used a Python-script8 for the computation of the deprojected
galactocentric distances of the GDCs. The values taken for the
distance, position angle of the major axis, and inclination an-
gle between the line of sight and polar axis are listed in Table

8 https://gist.github.com/jonathansick/9399842
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Fig. 6: Cold dust effective temperature map of NGC 300 over-
plotted with the final catalogue of 146 GDCs (small black dashed
ellipses). The large dashed black ellipse denotes the isophotal ra-
dius R25 as defined in Table 1.

1. Figure 5 shows a histogram of the deprojected galactocentric
distances of all source candidates detected by getsources and the
subsample of the final catalogue of GDCs. This shows that the
sources we discarded were mostly situated outside the B-band
25th magnitude isophotal radius R25.

4.3. Effective dust temperatures

One common approach to estimate the dust temperature is to fit a
single modified black body to the SED at FIR wavelengths (e.g.
Rémy-Ruyer et al. 2013; Kirk et al. 2015), which however is
likely not the best method to characterize the physical causes re-
sponsible for the dust heating. Bendo et al. (2012) studied three
nearby spiral galaxies and found that the evolved stellar popu-
lation of a spiral galaxy is likely the dominant heating source
for dust observed at wavelengths longer than 160 µm. These au-
thors further concluded that dust models need to include two
thermal components: one component whose SED peaks below
160 µm for the dust heated by star-forming regions and regions
in which stochastically heated grain emission dominates (i.e. el-
evated 24-70 µ emission; e.g. in the Magellanic Clouds; Bernard
et al. 2008), and one component with an SED that peaks at longer
wavelengths for the cooler dust that is relatively unaffected by
star formation activity and is heated mainly by the evolved stel-
lar population.

For NGC 300 we derived effective temperature maps us-
ing two-component black-body fits to seven photometric bands
between 24 and 500 µm; Spitzer Space Telescope’s Multiband
Imaging Photometer for Spitzer (MIPS; Rieke et al. 2004) at 24
and 70 µm, PACS-100/160, and SPIRE-250/350/500). We con-
volved all the images to the lowest resolution, i.e. the pixel scale
of the SPIRE-500 image (see §2.4 of Galametz et al. 2012, and
references therein for more information on the convolution). We
used convolution kernels from Gordon et al. (2008) and per-
formed the convolutions using the conv_image script9. We used
9 http://dirty.as.arizona.edu/~kgordon/mips/conv_psfs/
conv_psfs.html
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Fig. 6. Cold dust effective temperature map of NGC 300 overplotted
with the final catalogue of 146 GDCs (small black dashed ellipses). The
large dashed black ellipse denotes the isophotal radius R25 as defined in
Table 1.

components: one component whose SED peaks below 160 µm
for the dust heated by star-forming regions and regions in which
stochastically heated grain emission dominates (i.e. elevated 24–
70 µm emission; e.g. in the Magellanic Clouds; Bernard et al.
2008), and one component with an SED that peaks at longer
wavelengths for the cooler dust that is relatively unaffected by
star formation activity and is heated mainly by the evolved stellar
population.

For NGC 300 we derived effective temperature maps using
two-component black-body fits to seven photometric bands
between 24 and 500 µm; Spitzer Space Telescope’s Multiband
Imaging Photometer for Spitzer (MIPS; Rieke et al. 2004)
at 24 and 70 µm, PACS-100/160, and SPIRE-250/350/500).
We convolved all the images to the lowest resolution, i.e.
the pixel scale of the SPIRE-500 image (see Sect. 2.4 of
Galametz et al. 2012, and references therein for more infor-
mation on the convolution). We used convolution kernels from
Gordon et al. (2008) and performed the convolutions using the
conv_image script8. We used the resulting maps to construct
the 24–500 µm SED for each individual pixel. We then fit each
pixel’s SED with a two-component modified black body using
the MPFIT package9. This algorithm performs a Levenberg-
Marquardt least-squares minimization to the data points for the
following assumed two-component model (see also Eq. (3) of
Galametz et al. 2012):

Fν = AW [ν βW Bν(TW )] + AC[ν βC Bν(TC)], (1)

where Bν(TC) and Bν(TW ) are the Planck functions of the cold
and warm dust effective temperatures, AC and AW are the cold
and warm dust component amplitudes (incorporating optical
depth and normalization frequency for β), and βC and βW are
the power law exponents of the dust emissivities. Based on theo-
retical expectations (Li & Draine 2001) we decided to fix βW to a
value of 2. We fixed βC to a value of 1.7, which was motivated by

8 http://dirty.as.arizona.edu/~kgordon/mips/conv_psfs/
conv_psfs.html
9 http://cow.physics.wisc.edu/ craigm/idl/mpfittut.html
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results from the Planck mission that found values for the spectral
index at FIR wavelengths of 1.78 ± 0.08 for local clouds (Planck
Collaboration XXV 2011) and 1.62 ± 0.10 over the whole sky
(Planck Collaboration XI 2014). Our fit thus contains four free
parameters: TC , TW , AC , and AW . To produce reliable effective
temperature estimates, we required that each pixel have intensity
≥3σ in at least six of the seven bands.

Our comparisons show that the dust mass in our GDCs is
completely dominated by the cold dust contribution, where the
total mass of dust in the cold component is 100–1000 times
higher than the total mass of dust in the warm component. For
this reason we focus only on the cold dust effective tempera-
ture in our further discussion, as its thermal emission completely
dominates the dust mass in our GDCs at the wavelength regime
of 250–500 µm.

Figure 6 shows our cold dust effective temperature map for
NGC 300. We calculated mean cold dust effective temperatures
for our GDCs by averaging across the temperature values inside
the elliptical structure that we adopted for their size estimate.

A single fixed value of β is likely not the best choice for all
of our GDCs (Faesi et al., in prep.). The emission and absorp-
tion properties of the dust grains depend on their composition
(e.g. Zubko et al. 2004; Demyk et al. 2017) and the dust emis-
sivity varies with the environment (e.g. Paradis et al. 2009).
Tabatabaei et al. (2014), for example, studied the variation of β
across M 33 and found that it declines from close to 2 in the cen-
tre to about 1.3 in the outer disk; these authors conclude that this
decrease is likely due to reduced metallicity. Our estimate for
the uncertainty of the dust effective temperature values reflects
this possible variation of β throughout the disk of NGC 300. For
the error estimate, we compared the cold dust effective tempera-
ture map derived for β = 1.7 with cold dust effective temperature
maps for β values of 1.5 and 2. We calculated the difference in
cold dust effective temperature for each pixel, which yielded a
median value of ±1.5 K that we adopt as our uncertainty for the
cold dust effective temperature.

4.4. Mass determination

We estimated the dust masses of the GDCs, assuming that the
dust is optically thin, i.e.

Md =
FνD2

Bν(Td)κν
, (2)

where Fν is the flux at frequency ν, Bν (Td) is the Planck function
at frequency ν for dust effective temperature Td, κν is the mass
absorption coefficient that expresses the effective surface area
for extinction per unit mass, and D is the distance.

We estimated κν from computations of a model for inter-
stellar dust consisting of a mixture of carbonaceous grains
and amorphous silicate grains with RV = 3.1 (Weingartner &
Draine 2001). We fitted their values of κν from 245.471 µm to
512.861 µm in log–log space with the lowest order polynomial
that yielded a good match10 to interpolate the values of κν at 250,
350, and 500 µm as 4.023, 1.915, and 0.949 cm2/g, respectively.

We based our mass determinations on the SPIRE-250 flux
measurements by getsources and calculated the uncertainty
of the mass values by error propagation of the individual
parameters11. For the uncertainty of the distance, we adopted

10 The polynomial we used was of the form y(x) = 0.1131x3 −
0.08277x2 − 3.869x + 8.798.
11 For the error propagation calculations we used Uncertainties, a
Python package for calculations with uncertainties, developed by Eric
O. Lebigot: http://pythonhosted.org/uncertainties/

a value of ±0.06 Mpc, which is the 1σ error in fractional dis-
tance for NGC 300 from the Cosmicflows-2 catalogue (Tully
et al. 2013). We used an error of ±1.5 K for the cold dust effec-
tive temperature (see previous section). Owing to the exponential
term in the Planck function, this temperature uncertainty would
translate to upper and lower bounds for Bν (Td) that differ by a
factor of about 1.1 to 1.3. To simplify the error calculation, we
took the bigger uncertainty value as its symmetric error, which
leads to slight overestimates for the lower uncertainty limits of
the dust mass values. The flux uncertainties we used are given in
Table B.1. We calculated no masses for GDCs for which the flux
uncertainty exceeded the flux values and for which we only list
upper limits for the flux. We assume no uncertainty for the mass
absorption coefficient, but caution that for a different assump-
tion of the dust grain composition its value could be higher by
a factor of about two (Fanciullo et al. 2015; Demyk et al. 2017).
Moreover, in its outskirts the metallicity of NGC 300 is similar
to that of the Large Magellanic Cloud (LMC; Kudritzki et al.
2008; Bresolin et al. 2009), for which Galliano et al. (2011)
showed that the standard grain composition (graphite and sili-
cate) used for the Milky Way does not give physically realistic
results. Therefore, we caution that our mass estimates may vary
within a factor of two depending on the detailed and spatially
varying dust composition in NGC 300.

We compared the GDC masses based on the SPIRE-250
fluxes to the masses obtained using the two other SPIRE bands,
for which we used the corresponding flux values and mass
absorption coefficients for 350 and 500 µm. For the total flux val-
ues of SPIRE-350/500 getsources determined bigger footprints,
inside which the flux was summed up. Thus the deblending
got more unreliable, especially in the more crowded central
regions of NGC 300 and the number of reliable mass estimates
decreased. The number of GDCs for which we could compare
SPIRE-250 mass estimates with SPIRE-350 or SPIRE-500 mass
estimates was thus reduced to 106 and 33 objects, respectively.
The SPIRE-350 mass values are on average about 30% higher
than the SPIRE-250 mass values, but about 93% are still compat-
ible within the uncertainties. The 33 SPIRE-500 mass values are
on average a factor of 2.5 higher than the SPIRE-250 mass values
and only 30% are compatible within the uncertainties. However,
the number of GDCs for which we could calculate mass esti-
mates using the SPIRE-500 band is very low (only about 24%
of the total sample of GDCs), which effectively excluded this
wavelength for the mass estimation.

Finally, we also checked how lower or higher values of the
spectral index β would affect our dust mass estimate. For β =
1.3 and β = 1.5 the mass estimates would be on average about
35% and 19% lower, respectively. For β = 2 the mass estimates
would be on average about 39% higher. However, almost all of
those values are compatible within the uncertainties to our mass
determinations for β = 1.7 with an assumed error for the cold
dust effective temperature of ±1.5 K.

4.5. Flux at 24 µm

We used the Spitzer/MIPS 24 µm image from the Spitzer Local
Volume Legacy Survey12 (Dale et al. 2009) to estimate flux
values of our GDCs at 24 µm. In addition to the background
subtraction that was already performed on the image we cor-
rected for an additional background flux due to the stellar disk
of the galaxy. We determined a median flux value inside the
ROI of 0.001 mJy, which we subtracted from all the pixels. We

12 http://irsa.ipac.caltech.edu/data/SPITZER/LVL/
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used the aperture_photometry task of the photutils13 package
(Bradley et al. 2016) to sum up all positive flux values inside
the SPIRE-250 FWHM ellipses, which we adopted as the effec-
tive contour sizes of our GDCs. For the uncertainty values we
compared these flux values to aperture photometry results for
GDC FWHM minor and major axes multiplied by a factor of
0.9 and 1.1 and took the bigger flux difference as its symmetric
error. We made no corrections for blended GDCs. Table B.1 lists
the flux values at 24 µm for all GDCs. In Sect. 5.4 we use the
24 µm fluxes to correct the Hα measurements for the effects of
extinction.

4.6. Hα flux and correlation with HII regions

We used the line-only Hα map from F14 to calculate Hα-
fluxes for our GDCs. We performed the aperture photometry
again with the photutils package. We used its Background2D
task and determined a median background value per pixel of
0.34 × 10−18 erg s−1 cm−2, which we subtracted from all the pix-
els. Similar to the flux determination at 24 µm, we summed up
all positive flux values inside the SPIRE-250 FWHM ellipses
that we adopted as the effective contour sizes of our GDCs. For
the uncertainty values we compared these flux values to aper-
ture photometry results for GDC FWHM minor and major axes
multiplied by a factor of 0.9 and 1.1 and took the bigger flux
difference as its symmetric error. We made no corrections for
blended GDCs. Table B.1 lists the Hα flux values for all GDCs.

We also correlated our GDCs with the slightly modified cat-
alogue of HII regions from D88 (see Sect. 2.2). We adopted the
size estimates from D88 and treated all HII regions for which
no size estimate existed as point sources at the resolution of
the ESO/WFI image. We slightly increased the effective con-
tour size (i.e. both the semi-minor and semi-major axis) of the
GDCs to 1.1 times the area of their SPIRE-250 FWHM size to
account for HII regions with no size estimate situated just out-
side the SPIRE-250 FWHM extent of the GDC. We established
an association between a GDC and an HII region if their areas
intersected; the point source-like HII regions had to be located
inside the association area that we adopted for the GDCs.

Column (17) in Table B.1 lists the HII regions associated
with each GDC. The superscripted letters in brackets indicate
whether APEX observations by F14 of these HII regions exist
and whether they showed a detection (D), marginal detection
(M), or non-detection (N) in CO(J = 2-1).

We find that 90 of our GDCs (about 62% of the final cata-
logue) are associated with at least one HII region from D88. We
note that this result does not sensitively depend on the effective
contour size we adopted for the GDCs: even when we double the
semi-minor and semi-major axes of the SPIRE-250 FWHM size
about 30% of the GDCs still show no association with any D88
HII regions according to our criterion. For 54 GDCs an associ-
ated D88 HII region was already targeted by F14, 31 of which
showed a CO detection (D) and 17 showed no detection in CO
(N). We can thus confirm that the F14 sample is a reasonably
unbiased sampling of the GDC distribution in NGC 300 because
by targeting its HII regions for associated molecular gas they
also sampled the distribution of GDCs, in particular the dynamic
range in cold dust effective temperature and dust masses, very
well (see Table B.1).

Altogether, 117 of the 166 HII regions (∼70%) from our
revised D88 catalogue show an association with at least one
of our GDCs. Even though in our source selection we saw the

13 https://photutils.readthedocs.io

presence of an HII region as an affirmative sign for the correct
detection of a GDC with ongoing star formation, this was not a
primary selection criterion and our catalogue should thus not be
biased towards GDCs associated with HII regions.

We compared these results based on the D88 HII region
catalogue to two more recent Hα observations of NGC 300.
Soffner et al. (1996) observed three fields in the central region of
NGC 300 with an Hα filter at the 3.5 m NTT telescope. Each of
these fields had an extent of 2.2× 2.2 arcmin, an exposure time of
900 and 1800 s, and a resolution of 0.13 arcsec/pixel; this allowed
Soffner et al. (1996) to identify many more HII regions (88) than
D88 (33) for the same area. If we associate our GDCs in the
fields observed by Soffner et al. (1996) with their catalogue of
HII regions instead of that by D88, the number of GDCs from our
catalogue correlated with HII regions increases by a third (from
21 to 28). If the whole stellar disk of NGC 300 were mapped in
Hα similar to the study of Soffner et al. (1996), we would thus
also expect our number of GDCs associated with HII regions to
increase by up to a third (or about 30).

We also qualitatively checked the line-only Hαmap from F14
and the ESO/WFI images in Fig. D for HII regions not cata-
logued by D88 and get a similar result of an additional 26 GDCs
associated with at least one small HII region.

If we consider these two estimates for GDCs associated with
HII regions not catalogued by D88, the percentage of GDCs from
our catalogue not associated with any HII region decreases to
18–20%.

4.7. Comparison with APEX observations

In this section we would like to examine the relation between
the dust emission and molecular gas in NGC 300, as it is well-
known from work on other nearby galaxies that the flux in the
FIR correlates with the CO line emission (e.g. Corbelli et al.
2012; Wilson et al. 2012; Grossi et al. 2016).

Since at the time of writing there are no galaxy-wide molec-
ular gas observations available for NGC 300, we have to restrict
our comparison to the 76 pointed CO(J = 2-1) APEX observa-
tions of F14. The APEX observations have a FWHM beam size
of 27′′, which corresponds to a spatial resolution of about 250 pc
at the distance of NGC 300. The goal of F14 was to get CO mea-
surements for a representative sample of star-forming regions
throughout the stellar disk of NGC 300, for which they targeted
HII regions for their associated molecular gas.

Figure 7 shows a comparison between the catalogue of GDCs
(yellow ellipses) and the APEX CO(J = 2-1) pointed observa-
tions from F14. For 33 of the 42 CO detections in F14 (shown
as blue and yellow circles), the footprints of our GDCs over-
lap more than 50% with the APEX beam area. The remaining
9 APEX pointings that yielded a detection in CO either partly
overlap with a GDC or at least have a GDC close by. There are
also 15 GDCs whose footprint overlaps more than 50% with the
APEX beam area of observations that yielded no CO detections.
The percentage of APEX CO detections coinciding with GDCs
is thus much higher (79%) than the percentage of APEX CO
non-detections coinciding with GDCs (44%). It is clear from this
comparison that dust structures are much more likely to be found
where molecular gas is present. Of the 15 GDCs associated with
APEX CO non-detections, 11 are situated at a galactocentric dis-
tance beyond 2.81 kpc (= 0.5·R25), i.e. they are located in the
outer part of the galaxy, where the lower metallicity values might
explain the CO non-detections. It is also possible that in these
regions the dust is associated with HI instead of H2 traced by CO.
Another explanation might be that these GDCs are associated
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Fig. 7: SPIRE-350 map of NGC 300 overplotted with the fi-
nal catalogue of 146 GDCs (small black dashed ellipses) and
the APEX CO(J=2-1) pointed observations from F14 (remain-
ing small circles; the colours indicate whether there was a detec-
tion (blue), marginal detection (yellow), or non-detection (red) in
CO(J=2-1)). The beam size of the Herschel image is indicated
in the box in the lower left of the image. The white contour lines
trace flux values of 0.04 Jy. The large black dashed ellipse indi-
cates the isophotal radius R25 as defined in Table 1.

throughout the stellar disk of NGC 300, for which they targeted
HII regions for their associated molecular gas.

Figure 7 shows a comparison between the catalogue of
GDCs (yellow ellipses) and the APEX CO(J=2-1) pointed obser-
vations from F14. For 33 of the 42 CO detections in F14 (shown
as blue and yellow circles), the footprints of our GDCs over-
lap more than 50% with the APEX beam area. The remaining
9 APEX pointings that yielded a detection in CO either partly
overlap with a GDC or at least have a GDC close by. There are
also 15 GDCs whose footprint overlaps more than 50% with the
APEX beam area of observations that yielded no CO detections.
The percentage of APEX CO detections coinciding with GDCs
is thus much higher (79%) than the percentage of APEX CO
non-detections coinciding with GDCs (44%). It is clear from this
comparison that dust structures are much more likely to be found
where molecular gas is present. Of the 15 GDCs associated with
APEX CO non-detections, 11 are situated at a galactocentric dis-
tance beyond 2.81 kpc (= 0.5·R25), i.e. they are located in the
outer part of the galaxy, where the lower metallicity values might
explain the CO non-detections. It is also possible that in these re-
gions the dust is associated with HI instead of H2 traced by CO.
Another explanation might be that these GDCs are associated
with evolved HII regions in which much of the molecular gas
has been dissociated by long-term exposure to the intense radia-
tion field present there. This would also explain the four GDCs
located in the inner part of the galaxy, which are associated with
non-detections in CO.

Any comparisons between CO observations to our GDCs
need to account for some limitations of our catalogue. Owing
to the fairly large beam size at 250 µm (∼ 170 pc) compact
dust peaks with sizes below the Herschel resolution that spa-
tially correspond to peaks in CO emission might not be present
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Fig. 8: Total flux at 250 µm for 21 of our GDCs plotted against
the integrated CO(J=2-1) intensity of the associated APEX
pointings from F14. The colours indicate whether F14 detected
CO (blue circles and yellow squares) or not (red crosses: upper
limits in ICO). The blue dashed line shows a fit only through the
blue data points (orthogonal distance regression also taking the
error bars into account); the slope of this fit is 0.8 ± 0.2.

in our catalogue, especially if the dust is heated by active star-
forming regions and the bulk of the dust emission is shifted to the
mid-infrared. The sizes we adopted for our GDCs (their FWHM
shape at 250 µm) is of course also tied to the spatial resolution
of the SPIRE-250 image and, in cases in which larger dust com-
plexes were segmented into individual GDCs, the deblending
and size attribution might have been compromised.

A direct comparison between the GMC complexes (GMCCs)
detected with APEX and the GDCs from our catalogue is further
difficult because the APEX CO measurements represent single
observations towards the central position of the associated bright
HII region. Follow-up observations of a subsample of the APEX
pointings with ALMA confirm that in many cases the bright-
est CO source is indeed offset from the central APEX pointing
(Faesi et al., in prep.). We thus restricted our comparison to a
sample of 21 GDCs, where the APEX beam fully encompassed
the elliptical shape we adopted as the size estimate for our GDC.

Figure 8 shows a plot of the total flux of the GDCs at 250 µm
against the integrated CO(J=2-1) intensity of the corresponding
GMC complexes as determined by F14. Neglecting the CO up-
per limits and marginal detections, we see a good correlation
between the CO intensity and the dust emission with a Pearson
correlation coefficient of 0.63. A fit through only the data points
that have CO detections (blue circles) yields a slope of 0.8± 0.2.
Only two of the CO non-detections are located at larger galacto-
centric radii (3.3 and 5.4 kpc, with CO upper limits <118 mK km
s−1), while all the other GDCs associated with CO detections,
marginal detections, and non-detections are located at galacto-
centric distances less than 3.1 kpc.

In Figure 9 we compare the dust masses of 14 GDCs with the
molecular gas masses of coinciding GMC complexes that show a
detection in CO(2-1) as determined by F14. Since F14 used dif-
ferent values for the distance to NGC 300 and its inclination, we
recalculated the GMCC masses for the values we used through-
out this paper (see Table 1). Notwithstanding the rather low Pear-
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Fig. 7. SPIRE-350 map of NGC 300 overplotted with the final catalogue
of 146 GDCs (small black dashed ellipses) and the APEX CO(J = 2-
1) pointed observations from F14 (remaining small circles; the colours
indicate whether there was a detection (blue), marginal detection (yel-
low), or non-detection (red) in CO(J = 2-1)). The beam size of the
Herschel image is indicated in the box in the lower left of the image.
The white contour lines trace flux values of 0.04 Jy. The large black
dashed ellipse indicates the isophotal radius R25 as defined in Table 1.

with evolved HII regions in which much of the molecular gas
has been dissociated by long-term exposure to the intense radia-
tion field present there. This would also explain the four GDCs
located in the inner part of the galaxy, which are associated with
non-detections in CO.

Any comparisons between CO observations to our GDCs
need to account for some limitations of our catalogue. Owing
to the fairly large beam size at 250 µm (∼170 pc) compact dust
peaks with sizes below the Herschel resolution that spatially
correspond to peaks in CO emission might not be present in
our catalogue, especially if the dust is heated by active star-
forming regions and the bulk of the dust emission is shifted to the
mid-infrared. The sizes we adopted for our GDCs (their FWHM
shape at 250 µm) is of course also tied to the spatial resolution
of the SPIRE-250 image and, in cases in which larger dust com-
plexes were segmented into individual GDCs, the deblending
and size attribution might have been compromised.

A direct comparison between the GMC complexes (GMCCs)
detected with APEX and the GDCs from our catalogue is further
difficult because the APEX CO measurements represent single
observations towards the central position of the associated bright
HII region. Follow-up observations of a subsample of the APEX
pointings with ALMA confirm that in many cases the bright-
est CO source is indeed offset from the central APEX pointing
(Faesi et al., in prep.). We thus restricted our comparison to
a sample of 21 GDCs, where the APEX beam fully encom-
passed the elliptical shape we adopted as the size estimate for our
GDC.

Figure 8 shows a plot of the total flux of the GDCs at 250 µm
against the integrated CO(J = 2-1) intensity of the corresponding
GMC complexes as determined by F14. Neglecting the CO
upper limits and marginal detections, we see a good correla-
tion between the CO intensity and the dust emission with a
Pearson correlation coefficient of 0.63. A fit through only the
data points that have CO detections (blue circles) yields a slope
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Fig. 7: SPIRE-350 map of NGC 300 overplotted with the fi-
nal catalogue of 146 GDCs (small black dashed ellipses) and
the APEX CO(J=2-1) pointed observations from F14 (remain-
ing small circles; the colours indicate whether there was a detec-
tion (blue), marginal detection (yellow), or non-detection (red) in
CO(J=2-1)). The beam size of the Herschel image is indicated
in the box in the lower left of the image. The white contour lines
trace flux values of 0.04 Jy. The large black dashed ellipse indi-
cates the isophotal radius R25 as defined in Table 1.

throughout the stellar disk of NGC 300, for which they targeted
HII regions for their associated molecular gas.

Figure 7 shows a comparison between the catalogue of
GDCs (yellow ellipses) and the APEX CO(J=2-1) pointed obser-
vations from F14. For 33 of the 42 CO detections in F14 (shown
as blue and yellow circles), the footprints of our GDCs over-
lap more than 50% with the APEX beam area. The remaining
9 APEX pointings that yielded a detection in CO either partly
overlap with a GDC or at least have a GDC close by. There are
also 15 GDCs whose footprint overlaps more than 50% with the
APEX beam area of observations that yielded no CO detections.
The percentage of APEX CO detections coinciding with GDCs
is thus much higher (79%) than the percentage of APEX CO
non-detections coinciding with GDCs (44%). It is clear from this
comparison that dust structures are much more likely to be found
where molecular gas is present. Of the 15 GDCs associated with
APEX CO non-detections, 11 are situated at a galactocentric dis-
tance beyond 2.81 kpc (= 0.5·R25), i.e. they are located in the
outer part of the galaxy, where the lower metallicity values might
explain the CO non-detections. It is also possible that in these re-
gions the dust is associated with HI instead of H2 traced by CO.
Another explanation might be that these GDCs are associated
with evolved HII regions in which much of the molecular gas
has been dissociated by long-term exposure to the intense radia-
tion field present there. This would also explain the four GDCs
located in the inner part of the galaxy, which are associated with
non-detections in CO.

Any comparisons between CO observations to our GDCs
need to account for some limitations of our catalogue. Owing
to the fairly large beam size at 250 µm (∼ 170 pc) compact
dust peaks with sizes below the Herschel resolution that spa-
tially correspond to peaks in CO emission might not be present

101 102 103

F250 [mJy]

102

103

I C
O

 [m
K

 k
m

 s
-1

]

APEX CO detection
marginal APEX CO detection
no APEX CO detection

Fig. 8: Total flux at 250 µm for 21 of our GDCs plotted against
the integrated CO(J=2-1) intensity of the associated APEX
pointings from F14. The colours indicate whether F14 detected
CO (blue circles and yellow squares) or not (red crosses: upper
limits in ICO). The blue dashed line shows a fit only through the
blue data points (orthogonal distance regression also taking the
error bars into account); the slope of this fit is 0.8 ± 0.2.

in our catalogue, especially if the dust is heated by active star-
forming regions and the bulk of the dust emission is shifted to the
mid-infrared. The sizes we adopted for our GDCs (their FWHM
shape at 250 µm) is of course also tied to the spatial resolution
of the SPIRE-250 image and, in cases in which larger dust com-
plexes were segmented into individual GDCs, the deblending
and size attribution might have been compromised.

A direct comparison between the GMC complexes (GMCCs)
detected with APEX and the GDCs from our catalogue is further
difficult because the APEX CO measurements represent single
observations towards the central position of the associated bright
HII region. Follow-up observations of a subsample of the APEX
pointings with ALMA confirm that in many cases the bright-
est CO source is indeed offset from the central APEX pointing
(Faesi et al., in prep.). We thus restricted our comparison to a
sample of 21 GDCs, where the APEX beam fully encompassed
the elliptical shape we adopted as the size estimate for our GDC.

Figure 8 shows a plot of the total flux of the GDCs at 250 µm
against the integrated CO(J=2-1) intensity of the corresponding
GMC complexes as determined by F14. Neglecting the CO up-
per limits and marginal detections, we see a good correlation
between the CO intensity and the dust emission with a Pearson
correlation coefficient of 0.63. A fit through only the data points
that have CO detections (blue circles) yields a slope of 0.8± 0.2.
Only two of the CO non-detections are located at larger galacto-
centric radii (3.3 and 5.4 kpc, with CO upper limits <118 mK km
s−1), while all the other GDCs associated with CO detections,
marginal detections, and non-detections are located at galacto-
centric distances less than 3.1 kpc.

In Figure 9 we compare the dust masses of 14 GDCs with the
molecular gas masses of coinciding GMC complexes that show a
detection in CO(2-1) as determined by F14. Since F14 used dif-
ferent values for the distance to NGC 300 and its inclination, we
recalculated the GMCC masses for the values we used through-
out this paper (see Table 1). Notwithstanding the rather low Pear-
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Fig. 8. Total flux at 250 µm for 21 of our GDCs plotted against the
integrated CO(J = 2-1) intensity of the associated APEX pointings from
F14. The colours indicate whether F14 detected CO (blue circles and
yellow squares) or not (red crosses: upper limits in ICO). The blue dashed
line shows a fit only through the blue data points (orthogonal distance
regression also taking the error bars into account); the slope of this fit
is 0.8 ± 0.2. M. Riener et al.: Gathering dust: A galaxy-wide study of dust emission from cloud complexes in NGC 300
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Fig. 9: Dust masses vs. molecular gas masses for the 14 of our
GDCs coinciding with GMCCs having CO(2-1) detections from
F14. The dashed line shows a fit through the data points (orthog-
onal distance regression also taking the error bars into account);
the slope of this fit is 1.0 ± 0.3.

son correlation coefficient of 0.35, most of the 14 GDCs in Fig-
ure 9 are consistent with a general trend that regions with higher
dust masses also have higher molecular gas masses. A fit through
those 14 data points yields a slope of 1.0 ± 0.3. Even though the
scatter is substantial and we are limited to low-number statis-
tics, Figure 9 thus nonetheless serves as a valuable starting point
for the discussion of the gas-to-dust ratio in NGC 300. How-
ever, we have to caution that both mass estimates are subject
to many assumptions and uncertainties. For the molecular gas
mass estimates from F14, systematic uncertainties might be due
to the CO-to-H2 conversion factor and possible variations of the
CO(2-1)-to-CO(1-0) line ratio throughout the disk of the galaxy.
For our calculation of the total dust mass, systematic uncertain-
ties might have been introduced by our adopted values for the
mass absorption coefficient and spectral emissivity index. Even
though the 14 GDCs plotted in Figure 9 are covered by an APEX
beam, most of these GDCs are not centred in the beam. There
could thus be a systematic bias towards lower APEX gas masses
in this comparison, if we assume that the dust emission peaks
are for the most part spatially coincident with the brightest CO
emission peaks. The fraction of molecular mass residing in CO-
dark gas might also be significant and its importance increases in
the outer regions of galaxies in which the metallicity decreases
and the amount of dust shielding gets lower (Wolfire et al. 2010).
The fit through the data points in Figure 9 that corresponds al-
most exactly to a constant gas-to-dust ratio of 80 acts thus as a
strict lower limit on the molecular gas-to-dust ratio.

We note again that F14 only calculated the molecular gas
mass (including helium), not the total mass including atomic hy-
drogen. However, since the neutral ISM is much more extended
than the molecular ISM and GMCs are typically clumpy and less
than 100 pc in size (e.g. Murray 2011), we expect that at the size
scales of the F14 GMCCs (∼250 pc) HI contributes more signifi-
cantly to the total gas mass than at smaller scales and might even
be a dominating factor. Mizuno et al. (2001) found that most of
the GMCs in the LMC are distributed in dense parts of HI gas.
In their study of GMCs in M33, Imara et al. (2011) also found

that the majority of clouds coincide with a local peak in the sur-
face density of HI with mean values for ΣHI of about 10 M� pc−2

near the GMCs. The average value of ΣHI in NGC 300 is about
7 M� pc−2 within R25 (Westmeier et al. 2011), which is slightly
higher than the average molecular gas surface densities of about
6 M� pc−2 for the GMCCs with CO detections from F14. If
we assume a constant HI surface density for the GMCCs with
a value equal to the average ΣHI we would expect HI to con-
tribute about 3.5·105 M� to the total gas mass of a structure with
radius 125 pc. This estimate for the HI mass exceeds the aver-
age molecular gas mass of the 14 GMCCs included in Figure
9 by about 13%, so on a first approximation we would expect
the average value of the total gas-to-dust ratio to be about 170,
which is slightly more than double the amount of the molecular
gas-to-dust ratio. Given that the atomic-to-molecular transition
typically seems to occur at an HI surface density of 10 M� pc−2

(e.g. Leroy et al. 2008) this would yield an upper limit for the
HI mass contribution to the GMCCs of about 4.9·105 M� and
gives us an upper limit of about 210 for the average total gas-
to-dust ratio of the 14 GMCCs in Figure 9. Leroy et al. (2011)
empirically found a metallicity-dependent total gas-to-dust ratio
in nearby galaxies of log10(δGDR) = 9.4−0.85·(12+log10(O/H)).
For a characteristic oxygen abundance of 12+log10(O/H) = 8.41
at 0.4·R25 in NGC 300 (Bresolin et al. 2009), this yields a gas-
to-dust ratio of about 180, which is in agreement with our esti-
mate above. Because of the metallicity gradient in NGC 300, the
oxygen abundance value ranges from about 8.57 in the centre to
8.16 at R25 (Bresolin et al. 2009), which translates to a predic-
tion for the gas-to-dust ratio in NGC 300 from about 130 near
the centre to about 300 in the outskirts of the stellar disk. For the
morphologically similar galaxy M33, Braine et al. (2010) esti-
mated the total gas-to-dust ratio from derived dust cross-sections
and found that it ranges from ∼125 in the inner parts ∼200 near
R25. Compared to M33, our predicted values of the total gas-to-
dust ratio in NGC 300 are almost identical in the central part but
higher near R25, which would also be expected from the similar
but slightly steeper slope of the metallicity gradient of NGC 300
as measured from O abundances of HII regions (Magrini et al.
2016).

5. Discussion

5.1. Cold dust effective temperature

Figure 10 shows the histogram of the cold dust effective temper-
atures for 140 GDCs from the final catalogue (for the remaining
six sources no temperature values could be determined). This
figure shows that the GDCs probe a wide range of effective tem-
peratures from ∼ 13 to 23 K. As one might expect, GDCs that
are associated with known HII regions have in general a slightly
higher cold dust effective temperature. All the GDCs with a cold
dust effective temperature above the median value of 17.8 K that
show no association with any D88 HII region are situated in the
inner part of the galaxy; these GDCs have a deprojected galac-
tocentric distance smaller than 2.81 kpc (= 0.5·R25). One likely
explanation for these increased temperatures is the radiation field
produced by the dense older stellar population near the centre
leading to higher stellar surface densities in the inner parts of the
galaxy (Westmeier et al. 2011), which is reflected in the radial
gradient in cold dust effective temperature in Figure 6.

Table B.1 in the Appendix confirms that the GDCs with the
highest cold dust effective temperature values nearly all corre-
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Fig. 9. Dust masses vs. molecular gas masses for the 14 of our GDCs
coinciding with GMCCs having CO(2-1) detections from F14. The
dashed line shows a fit through the data points (orthogonal distance
regression also taking the error bars into account); the slope of this fit
is 1.0 ± 0.3.

of 0.8 ± 0.2. Only two of the CO non-detections are located at
larger galactocentric radii (3.3 and 5.4 kpc, with CO upper limits
<118 mK km s−1), while all the other GDCs associated with CO
detections, marginal detections, and non-detections are located
at galactocentric distances less than 3.1 kpc.

In Fig. 9 we compare the dust masses of 14 GDCs with the
molecular gas masses of coinciding GMC complexes that show
a detection in CO(2-1) as determined by F14. Since F14 used dif-
ferent values for the distance to NGC 300 and its inclination, we
recalculated the GMCC masses for the values we used through-
out this paper (see Table 1). Notwithstanding the rather low
Pearson correlation coefficient of 0.35, most of the 14 GDCs in
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Fig. 9 are consistent with a general trend that regions with higher
dust masses also have higher molecular gas masses. A fit through
those 14 data points yields a slope of 1.0 ± 0.3. Even though the
scatter is substantial and we are limited to low-number statis-
tics, Fig. 9 thus nonetheless serves as a valuable starting point
for the discussion of the gas-to-dust ratio in NGC 300. How-
ever, we have to caution that both mass estimates are subject
to many assumptions and uncertainties. For the molecular gas
mass estimates from F14, systematic uncertainties might be due
to the CO-to-H2 conversion factor and possible variations of the
CO(2-1)-to-CO(1-0) line ratio throughout the disk of the galaxy.
For our calculation of the total dust mass, systematic uncertain-
ties might have been introduced by our adopted values for the
mass absorption coefficient and spectral emissivity index. Even
though the 14 GDCs plotted in Fig. 9 are covered by an APEX
beam, most of these GDCs are not centred in the beam. There
could thus be a systematic bias towards lower APEX gas masses
in this comparison, if we assume that the dust emission peaks
are for the most part spatially coincident with the brightest CO
emission peaks. The fraction of molecular mass residing in CO-
dark gas might also be significant and its importance increases in
the outer regions of galaxies in which the metallicity decreases
and the amount of dust shielding gets lower (Wolfire et al. 2010).
The fit through the data points in Fig. 9 that corresponds almost
exactly to a constant gas-to-dust ratio of 80 acts thus as a strict
lower limit on the molecular gas-to-dust ratio.

We note again that F14 only calculated the molecular gas
mass (including helium), not the total mass including atomic
hydrogen. However, since the neutral ISM is much more
extended than the molecular ISM and GMCs are typically
clumpy and less than 100 pc in size (e.g. Murray 2011), we expect
that at the size scales of the F14 GMCCs (∼250 pc) HI con-
tributes more significantly to the total gas mass than at smaller
scales and might even be a dominating factor. Mizuno et al.
(2001) found that most of the GMCs in the LMC are distributed
in dense parts of HI gas. In their study of GMCs in M 33,
Imara et al. (2011) also found that the majority of clouds coin-
cide with a local peak in the surface density of HI with mean
values for ΣHI of about 10 M� pc−2 near the GMCs. The aver-
age value of ΣHI in NGC 300 is about 7 M� pc−2 within R25
(Westmeier et al. 2011), which is slightly higher than the aver-
age molecular gas surface densities of about 6 M� pc−2 for the
GMCCs with CO detections from F14. If we assume a constant
HI surface density for the GMCCs with a value equal to the aver-
age ΣHI we would expect HI to contribute about 3.5× 105 M� to
the total gas mass of a structure with radius 125 pc. This esti-
mate for the HI mass exceeds the average molecular gas mass
of the 14 GMCCs included in Fig. 9 by about 13%, so on a
first approximation we would expect the average value of the
total gas-to-dust ratio to be about 170, which is slightly more
than double the amount of the molecular gas-to-dust ratio. Given
that the atomic-to-molecular transition typically seems to occur
at an HI surface density of 10 M� pc−2 (e.g. Leroy et al. 2008)
this would yield an upper limit for the HI mass contribution
to the GMCCs of about 4.9× 105 M� and gives us an upper
limit of about 210 for the average total gas-to-dust ratio of the
14 GMCCs in Fig. 9. Leroy et al. (2011) empirically found a
metallicity-dependent total gas-to-dust ratio in nearby galaxies
of log10(δGDR) = 9.4 − 0.85 · (12 + log10(O/H)). For a character-
istic oxygen abundance of 12 + log10(O/H) = 8.41 at 0.4·R25 in
NGC 300 (Bresolin et al. 2009), this yields a gas-to-dust ratio
of about 180, which is in agreement with our estimate above.
Because of the metallicity gradient in NGC 300, the oxygen
abundance value ranges from about 8.57 in the centre to 8.16 at
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Fig. 10: Histogram of the cold dust effective temperature for the
140 of our GDCs with dust effective temperature measurements;
individual temperature values of the GDCs are indicated by the
ticks in the rug plot. The shaded bars indicate the subsample
of 90 GDCs associated with HII regions from D88; individual
values of these GDCs are indicated in white in the rug plot. The
dashed vertical line shows the median temperature (17.8 K) of
the entire sample.

late with giant HII regions15, which indicates that a physical as-
sociation is at least partly responsible for this distribution. How-
ever, our approach of estimating the effective temperature is sub-
ject to many uncertainties, such as our implicit assumptions that
the SED can be properly modelled by the two-component black-
body fit and that the dust effective temperature along a given line
of sight is constant.

In Figure 11 we plot the estimate of the cold dust effective
temperature for each GDC against their deprojected galactocen-
tric distances. There is no obvious accumulation at a certain tem-
perature value and the high negative Pearson correlation coeffi-
cient of -0.77 suggests a relatively smooth radial cold dust effec-
tive temperature gradient in the disk of NGC 300; a fit through
the data points yields a slope of −1.3 ± 0.1. This gradient in
cold dust effective temperature ranges from ∼22 K in the centre
to ∼14 K at a galactocentric distance of 6 kpc, which is simi-
lar to the cold dust effective temperature gradient found in M33
(Kramer et al. 2010; Xilouris et al. 2012). There are some devi-
ations from the general trend, most notably the GDCs with very
high cold dust effective temperature at a galactocentric distance
of ∼ 2 − 2.5 kpc (GDCs #42, #65, #68, #102, #123, #124, and
#126) and ∼ 6 kpc (GDCs #2, #3, and #4); however, they are all
associated with big HII region complexes, which may explain
their increased dust effective temperature. The general trend in
decreasing cold dust effective temperature with increasing galac-
tocentric distance is likely due to the radial decrease in stellar
density (Westmeier et al. 2011) and thus interstellar radiation
field. The amount of heating of the cold dust is thus mainly a
function of the galaxy’s exponential surface brightness profile,
i.e. the radiation field produced by the total stellar population of
the galaxy.

15 An exception is GDC #107, which has a high dust effective tempera-
ture but correlates only with a medium-sized HII region.
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Fig. 11: Cold dust effective temperature vs. deprojected galac-
tocentric distances for the 140 of our GDCs with temperature
measurements. The coloured symbols all indicate GDCs that are
associated with D88 HII regions. The GDCs that also coincide
with regions that were observed by APEX (see section 4.7) are
indicated by blue filled circles (CO detections), yellow unfilled
squares (marginal CO detections), and red crosses (no CO detec-
tions). The vertical error bar in the lower left indicates the uncer-
tainty in temperature that we assume for all GDCs. The dashed
line is a fit through the data points and has a slope of −1.3 ± 0.1.
The shaded region indicates the typical temperature uncertainty
interval of ±1.5 K.

5.2. GDC dust masses

Figure 12 shows the dust mass distribution of all GDCs from the
final catalogue for which reliable mass estimates could be de-
termined from the SPIRE-250 flux values (134 sources in total).
The total dust mass in the sample is 6.7±0.2·105 M� with a me-
dian mass of 4.6·103 M�. Assuming our completeness estimate
from Figure 4 we used the median cold dust effective tempera-
ture of our GDC sample (17.8 K) to translate the flux value of
86 mJy (above which the contamination fraction drops below
10%; see Fig. 4) to an approximate mass completeness limit of
3.8·103 M�. Our sample of GDCs covers a range in dust masses
of about 1.2·103 to 1.4·104 M�.

The likelihood that a GDC is associated with an HII region
appears to be independent of its mass. Of the 86 GDCs above the
mass completeness limit 65% are associated with a D88 HII re-
gion. The GDCs #5, #30, and #45 are the most massive objects
of our catalogue that do not show any association with known
HII regions and, thus, are of particular interest for further stud-
ies, as they might be pre-star-forming environments. For the re-
maining GDCs below the mass completeness limit 64% show a
correlation with a D88 HII region.

In Figure 13 we plot the cumulative mass distribution for
75 GDCs that have dust masses above the mass completeness
limit of 3.8·103 M� and fractional mass uncertainties less than
0.5. We fit truncated and non-truncated power law functions
to the data using the mspecfit16 routine of Rosolowsky (2005),
which is designed to fit cumulative distributions and implements

16 https://github.com/low-sky/idl-low-sky/blob/master/
eroslib/mspecfit.pro
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Fig. 10. Histogram of the cold dust effective temperature for the 140 of
our GDCs with dust effective temperature measurements; individual
temperature values of the GDCs are indicated by the ticks in the rug
plot. The shaded bars indicate the subsample of 90 GDCs associated
with HII regions from D88; individual values of these GDCs are indi-
cated in white in the rug plot. The dashed vertical line shows the median
temperature (17.8 K) of the entire sample.

R25 (Bresolin et al. 2009), which translates to a prediction for the
gas-to-dust ratio in NGC 300 from about 130 near the centre to
about 300 in the outskirts of the stellar disk. For the morphologi-
cally similar galaxy M 33, Braine et al. (2010) estimated the total
gas-to-dust ratio from derived dust cross-sections and found that
it ranges from ∼125 in the inner parts ∼200 near R25. Compared
to M 33, our predicted values of the total gas-to-dust ratio in
NGC 300 are almost identical in the central part but higher near
R25, which would also be expected from the similar but slightly
steeper slope of the metallicity gradient of NGC 300 as measured
from O abundances of HII regions (Magrini et al. 2016).

5. Discussion

5.1. Cold dust effective temperature

Figure 10 shows the histogram of the cold dust effective temper-
atures for 140 GDCs from the final catalogue (for the remaining
six sources no temperature values could be determined). This
figure shows that the GDCs probe a wide range of effective tem-
peratures from ∼13 to 23 K. As one might expect, GDCs that
are associated with known HII regions have in general a slightly
higher cold dust effective temperature. All the GDCs with a cold
dust effective temperature above the median value of 17.8 K that
show no association with any D88 HII region are situated in the
inner part of the galaxy; these GDCs have a deprojected galac-
tocentric distance smaller than 2.81 kpc (= 0.5·R25). One likely
explanation for these increased temperatures is the radiation field
produced by the dense older stellar population near the centre
leading to higher stellar surface densities in the inner parts of the
galaxy (Westmeier et al. 2011), which is reflected in the radial
gradient in cold dust effective temperature in Fig. 6.

Table B.1 confirms that the GDCs with the highest cold
dust effective temperature values nearly all correlate with giant
HII regions14, which indicates that a physical association is
at least partly responsible for this distribution. However, our
approach of estimating the effective temperature is subject to

14 An exception is GDC #107, which has a high dust effective tempera-
ture but correlates only with a medium-sized HII region.
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Fig. 10: Histogram of the cold dust effective temperature for the
140 of our GDCs with dust effective temperature measurements;
individual temperature values of the GDCs are indicated by the
ticks in the rug plot. The shaded bars indicate the subsample
of 90 GDCs associated with HII regions from D88; individual
values of these GDCs are indicated in white in the rug plot. The
dashed vertical line shows the median temperature (17.8 K) of
the entire sample.

late with giant HII regions15, which indicates that a physical as-
sociation is at least partly responsible for this distribution. How-
ever, our approach of estimating the effective temperature is sub-
ject to many uncertainties, such as our implicit assumptions that
the SED can be properly modelled by the two-component black-
body fit and that the dust effective temperature along a given line
of sight is constant.

In Figure 11 we plot the estimate of the cold dust effective
temperature for each GDC against their deprojected galactocen-
tric distances. There is no obvious accumulation at a certain tem-
perature value and the high negative Pearson correlation coeffi-
cient of -0.77 suggests a relatively smooth radial cold dust effec-
tive temperature gradient in the disk of NGC 300; a fit through
the data points yields a slope of −1.3 ± 0.1. This gradient in
cold dust effective temperature ranges from ∼22 K in the centre
to ∼14 K at a galactocentric distance of 6 kpc, which is simi-
lar to the cold dust effective temperature gradient found in M33
(Kramer et al. 2010; Xilouris et al. 2012). There are some devi-
ations from the general trend, most notably the GDCs with very
high cold dust effective temperature at a galactocentric distance
of ∼ 2 − 2.5 kpc (GDCs #42, #65, #68, #102, #123, #124, and
#126) and ∼ 6 kpc (GDCs #2, #3, and #4); however, they are all
associated with big HII region complexes, which may explain
their increased dust effective temperature. The general trend in
decreasing cold dust effective temperature with increasing galac-
tocentric distance is likely due to the radial decrease in stellar
density (Westmeier et al. 2011) and thus interstellar radiation
field. The amount of heating of the cold dust is thus mainly a
function of the galaxy’s exponential surface brightness profile,
i.e. the radiation field produced by the total stellar population of
the galaxy.

15 An exception is GDC #107, which has a high dust effective tempera-
ture but correlates only with a medium-sized HII region.
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Fig. 11: Cold dust effective temperature vs. deprojected galac-
tocentric distances for the 140 of our GDCs with temperature
measurements. The coloured symbols all indicate GDCs that are
associated with D88 HII regions. The GDCs that also coincide
with regions that were observed by APEX (see section 4.7) are
indicated by blue filled circles (CO detections), yellow unfilled
squares (marginal CO detections), and red crosses (no CO detec-
tions). The vertical error bar in the lower left indicates the uncer-
tainty in temperature that we assume for all GDCs. The dashed
line is a fit through the data points and has a slope of −1.3 ± 0.1.
The shaded region indicates the typical temperature uncertainty
interval of ±1.5 K.

5.2. GDC dust masses

Figure 12 shows the dust mass distribution of all GDCs from the
final catalogue for which reliable mass estimates could be de-
termined from the SPIRE-250 flux values (134 sources in total).
The total dust mass in the sample is 6.7±0.2·105 M� with a me-
dian mass of 4.6·103 M�. Assuming our completeness estimate
from Figure 4 we used the median cold dust effective tempera-
ture of our GDC sample (17.8 K) to translate the flux value of
86 mJy (above which the contamination fraction drops below
10%; see Fig. 4) to an approximate mass completeness limit of
3.8·103 M�. Our sample of GDCs covers a range in dust masses
of about 1.2·103 to 1.4·104 M�.

The likelihood that a GDC is associated with an HII region
appears to be independent of its mass. Of the 86 GDCs above the
mass completeness limit 65% are associated with a D88 HII re-
gion. The GDCs #5, #30, and #45 are the most massive objects
of our catalogue that do not show any association with known
HII regions and, thus, are of particular interest for further stud-
ies, as they might be pre-star-forming environments. For the re-
maining GDCs below the mass completeness limit 64% show a
correlation with a D88 HII region.

In Figure 13 we plot the cumulative mass distribution for
75 GDCs that have dust masses above the mass completeness
limit of 3.8·103 M� and fractional mass uncertainties less than
0.5. We fit truncated and non-truncated power law functions
to the data using the mspecfit16 routine of Rosolowsky (2005),
which is designed to fit cumulative distributions and implements

16 https://github.com/low-sky/idl-low-sky/blob/master/
eroslib/mspecfit.pro
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Fig. 11. Cold dust effective temperature vs. deprojected galactocentric
distances for the 140 of our GDCs with temperature measurements.
The coloured symbols all indicate GDCs that are associated with D88
HII regions. The GDCs that also coincide with regions that were
observed by APEX (see Sect. 4.7) are indicated by blue filled circles
(CO detections), yellow unfilled squares (marginal CO detections), and
red crosses (no CO detections). The vertical error bar in the lower
left indicates the uncertainty in temperature that we assume for all
GDCs. The dashed line is a fit through the data points and has a
slope of −1.3± 0.1. The shaded region indicates the typical temperature
uncertainty interval of ±1.5 K.

many uncertainties, such as our implicit assumptions that the
SED can be properly modelled by the two-component black-
body fit and that the dust effective temperature along a given
line of sight is constant.

In Fig. 11 we plot the estimate of the cold dust effective tem-
perature for each GDC against their deprojected galactocentric
distances. There is no obvious accumulation at a certain temper-
ature value and the high negative Pearson correlation coefficient
of −0.77 suggests a relatively smooth radial cold dust effective
temperature gradient in the disk of NGC 300; a fit through the
data points yields a slope of −1.3±0.1. This gradient in cold dust
effective temperature ranges from ∼22 K in the centre to ∼14 K
at a galactocentric distance of 6 kpc, which is similar to the cold
dust effective temperature gradient found in M 33 (Kramer et al.
2010; Xilouris et al. 2012). There are some deviations from the
general trend, most notably the GDCs with very high cold dust
effective temperature at a galactocentric distance of ∼2–2.5 kpc
(GDCs #42, #65, #68, #102, #123, #124, and #126) and ∼6 kpc
(GDCs #2, #3, and #4); however, they are all associated with big
HII region complexes, which may explain their increased dust
effective temperature. The general trend in decreasing cold dust
effective temperature with increasing galactocentric distance is
likely due to the radial decrease in stellar density (Westmeier
et al. 2011) and thus interstellar radiation field. The amount of
heating of the cold dust is thus mainly a function of the galaxy’s
exponential surface brightness profile, i.e. the radiation field
produced by the total stellar population of the galaxy.

5.2. GDC dust masses

Figure 12 shows the dust mass distribution of all GDCs from the
final catalogue for which reliable mass estimates could be deter-
mined from the SPIRE-250 flux values (134 sources in total).
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Fig. 12: Histogram of the dust mass distribution for the 134 of
our GDCs with reliable mass measurements; individual mass
values of the GDCs are indicated by the ticks in the rug plot.
The bin size of 0.17 dex corresponds to our median mass un-
certainty. The shaded bars indicate the subsample of 86 GDCs
associated with HII regions from D88; individual values of these
GDCs are indicated in white in the rug plot. The dashed vertical
line indicates the median mass value of 4.6·103 M� for the entire
sample and the vertical dotted line indicates our mass complete-
ness limit of 3.8·103 M�.

104

MGDC [M ]

100

101

102

N
 (M

 ≥
 M

G
D

C
)

M
as

s 
co

m
pl

et
en

es
s 

lim
it

Power law: 
γ = -4.0 ± 0.2
Truncated power law: 
γ = -3.2 ± 0.4

Fig. 13: Cumulative dust mass distribution for the 75 GDCs
with mass measurements above the mass completeness limit of
3.8·103 M� (vertical dotted line). The horizontal error bars indi-
cate the uncertainties in the dust masses. The red dashed line and
blue solid line show a power law and a truncated power law fit
to the data points, respectively.

a maximum-likelihood algorithm to account for uncertainties
in both the mass values and the number distribution. The non-
truncated power law distribution is defined as

N
(
M′ > M

)
=

(
M
M0

)γ+1

, (3)
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Fig. 14: Plot of the dust mass estimates against the deprojected
galactocentric distances for 134 of our GDCs with reliable mass
measurements. The coloured symbols all indicate GDCs that are
associated with D88 HII regions. The GDCs that also coincide
with regions that were observed by APEX (see section 4.7) are
indicated by the blue filled circles (CO detections), yellow un-
filled squares (marginal CO detections), and red crosses (no CO
detections). The error bars denote the uncertainty in the mass
estimates.

with the power law index γ and the maximum mass in the
distribution M0.

The truncated power law distribution is defined as

N
(
M′ > M

)
= N0


(

M
M0

)γ+1

− 1

 , (4)

with the additional parameter N0 indicating the point where
the distribution shows a significant deviation from a non-
truncated power law17.

For the non-truncated power law fit we obtained values for
γ and M0 of -4.0±0.2 and 1.80·104 M� (±0.14·104 M�), respec-
tively. The values of γ, M0, and N0 for the truncated power law
fit are -3.2±0.4, 1.45·104 M� (±0.14·104 M�), and 5.1±4.7, re-
spectively.

The truncated power law distribution is a much better fit to
the data points in Figure 13 than the non-truncated power law
distribution. Although the value of the power law index for the
truncated power law distribution (γ = −3.2 ± 0.4) is higher than
the value of the power law index that F14 derived from their mass
spectrum for resolved molecular clouds (γ = −2.7 ± 0.5), both
of which are in agreement considering the uncertainty intervals.

Figure 14 shows GDC dust mass as a function of deprojected
galactocentric distance. At a Pearson correlation coefficient of
0.29, the weak trend of GDC mass estimates to increase with
galactocentric radius does not appear to be significant in view of
the uncertainties. A likely explanation for the apparently lower
masses of the GDCs located below a galactocentric distance of
1 kpc could be that the subtracted flux attributed to diffuse emis-
sion was highest in the central region of the galaxy and that the
17 A more physical interpretation of N0 is obtained by setting N to N0
in Eq. 4 and solving for M; N0 thus gives us the number of clouds with
mass greater than M = 21/(γ+1) M0.
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Fig. 12. Histogram of the dust mass distribution for the 134 of our
GDCs with reliable mass measurements; individual mass values of
the GDCs are indicated by the ticks in the rug plot. The bin size of
0.17 dex corresponds to our median mass uncertainty. The shaded bars
indicate the subsample of 86 GDCs associated with HII regions from
D88; individual values of these GDCs are indicated in white in the
rug plot. The dashed vertical line indicates the median mass value of
4.6 × 103 M� for the entire sample and the vertical dotted line indicates
our mass completeness limit of 3.8 × 103 M�.

The total dust mass in the sample is 6.7 ± 0.2 × 105M� with
a median mass of 4.6 × 103M�. Assuming our completeness
estimate from Fig. 4 we used the median cold dust effective tem-
perature of our GDC sample (17.8 K) to translate the flux value
of 86 mJy (above which the contamination fraction drops below
10%; see Fig. 4) to an approximate mass completeness limit of
3.8× 103M�. Our sample of GDCs covers a range in dust masses
of about 1.2 × 103 to 1.4 × 104M�.

The likelihood that a GDC is associated with an HII region
appears to be independent of its mass. Of the 86 GDCs above
the mass completeness limit 65% are associated with a D88
HII region. The GDCs #5, #30, and #45 are the most massive
objects of our catalogue that do not show any association with
known HII regions and, thus, are of particular interest for further
studies, as they might be pre-star-forming environments. For the
remaining GDCs below the mass completeness limit 64% show
a correlation with a D88 HII region.

In Fig. 13 we plot the cumulative mass distribution for
75 GDCs that have dust masses above the mass completeness
limit of 3.8 × 103M� and fractional mass uncertainties less than
0.5. We fit truncated and non-truncated power law functions
to the data using the mspecfit15 routine of Rosolowsky (2005),
which is designed to fit cumulative distributions and implements
a maximum-likelihood algorithm to account for uncertainties
in both the mass values and the number distribution. The
non-truncated power law distribution is defined as

N(M′ > M) =

(
M
M0

)γ+1

, (3)

with the power law index γ and the maximum mass in the
distribution M0.

15 https://github.com/low-sky/idl-low-sky/blob/master/
eroslib/mspecfit.pro
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Fig. 12: Histogram of the dust mass distribution for the 134 of
our GDCs with reliable mass measurements; individual mass
values of the GDCs are indicated by the ticks in the rug plot.
The bin size of 0.17 dex corresponds to our median mass un-
certainty. The shaded bars indicate the subsample of 86 GDCs
associated with HII regions from D88; individual values of these
GDCs are indicated in white in the rug plot. The dashed vertical
line indicates the median mass value of 4.6·103 M� for the entire
sample and the vertical dotted line indicates our mass complete-
ness limit of 3.8·103 M�.
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Fig. 13: Cumulative dust mass distribution for the 75 GDCs
with mass measurements above the mass completeness limit of
3.8·103 M� (vertical dotted line). The horizontal error bars indi-
cate the uncertainties in the dust masses. The red dashed line and
blue solid line show a power law and a truncated power law fit
to the data points, respectively.

a maximum-likelihood algorithm to account for uncertainties
in both the mass values and the number distribution. The non-
truncated power law distribution is defined as

N
(
M′ > M

)
=

(
M
M0

)γ+1

, (3)
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Fig. 14: Plot of the dust mass estimates against the deprojected
galactocentric distances for 134 of our GDCs with reliable mass
measurements. The coloured symbols all indicate GDCs that are
associated with D88 HII regions. The GDCs that also coincide
with regions that were observed by APEX (see section 4.7) are
indicated by the blue filled circles (CO detections), yellow un-
filled squares (marginal CO detections), and red crosses (no CO
detections). The error bars denote the uncertainty in the mass
estimates.

with the power law index γ and the maximum mass in the
distribution M0.

The truncated power law distribution is defined as

N
(
M′ > M

)
= N0


(

M
M0

)γ+1

− 1

 , (4)

with the additional parameter N0 indicating the point where
the distribution shows a significant deviation from a non-
truncated power law17.

For the non-truncated power law fit we obtained values for
γ and M0 of -4.0±0.2 and 1.80·104 M� (±0.14·104 M�), respec-
tively. The values of γ, M0, and N0 for the truncated power law
fit are -3.2±0.4, 1.45·104 M� (±0.14·104 M�), and 5.1±4.7, re-
spectively.

The truncated power law distribution is a much better fit to
the data points in Figure 13 than the non-truncated power law
distribution. Although the value of the power law index for the
truncated power law distribution (γ = −3.2 ± 0.4) is higher than
the value of the power law index that F14 derived from their mass
spectrum for resolved molecular clouds (γ = −2.7 ± 0.5), both
of which are in agreement considering the uncertainty intervals.

Figure 14 shows GDC dust mass as a function of deprojected
galactocentric distance. At a Pearson correlation coefficient of
0.29, the weak trend of GDC mass estimates to increase with
galactocentric radius does not appear to be significant in view of
the uncertainties. A likely explanation for the apparently lower
masses of the GDCs located below a galactocentric distance of
1 kpc could be that the subtracted flux attributed to diffuse emis-
sion was highest in the central region of the galaxy and that the
17 A more physical interpretation of N0 is obtained by setting N to N0
in Eq. 4 and solving for M; N0 thus gives us the number of clouds with
mass greater than M = 21/(γ+1) M0.
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Fig. 13. Cumulative dust mass distribution for the 75 GDCs with mass
measurements above the mass completeness limit of 3.8 × 103 M� (ver-
tical dotted line). The horizontal error bars indicate the uncertainties in
the dust masses. The red dashed line and blue solid line show a power
law and a truncated power law fit to the data points, respectively.

The truncated power law distribution is defined as

N
(
M′ > M

)
= N0


(

M
M0

)γ+1

− 1

 , (4)

with the additional parameter N0 indicating the point where the
distribution shows a significant deviation from a non-truncated
power law16.

For the non-truncated power law fit we obtained values for
γ and M0 of −4.0 ± 0.2 and 1.80× 104 M� (±0.14× 104 M�),
respectively. The values of γ, M0, and N0 for the truncated
power law fit are −3.2±0.4, 1.45× 104 M� (±0.14× 104 M�), and
5.1± 4.7, respectively.

The truncated power law distribution is a much better fit
to the data points in Fig. 13 than the non-truncated power law
distribution. Although the value of the power law index for the
truncated power law distribution (γ = −3.2 ± 0.4) is higher than
the value of the power law index that F14 derived from their
mass spectrum for resolved molecular clouds (γ = −2.7 ± 0.5),
both of which are in agreement considering the uncertainty
intervals.

Figure 14 shows GDC dust mass as a function of deprojected
galactocentric distance. At a Pearson correlation coefficient of
0.29, the weak trend of GDC mass estimates to increase with
galactocentric radius does not appear to be significant in view of
the uncertainties. A likely explanation for the apparently lower
masses of the GDCs located below a galactocentric distance of
1 kpc could be that the subtracted flux attributed to diffuse emis-
sion was highest in the central region of the galaxy and that the
GDCs in that location are also more crowded and thus might
be more affected by the deblending, which could lead to possi-
ble underestimations of the dust mass values of some of these
GDCs. Since our mass estimate is highly dependent on the value

16 A more physical interpretation of N0 is obtained by setting N to N0 in
Eq. (4) and solving for M; N0 thus gives us the number of clouds with
mass greater than M = 21/(γ+1) M0.
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Fig. 12: Histogram of the dust mass distribution for the 134 of
our GDCs with reliable mass measurements; individual mass
values of the GDCs are indicated by the ticks in the rug plot.
The bin size of 0.17 dex corresponds to our median mass un-
certainty. The shaded bars indicate the subsample of 86 GDCs
associated with HII regions from D88; individual values of these
GDCs are indicated in white in the rug plot. The dashed vertical
line indicates the median mass value of 4.6·103 M� for the entire
sample and the vertical dotted line indicates our mass complete-
ness limit of 3.8·103 M�.
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Fig. 13: Cumulative dust mass distribution for the 75 GDCs
with mass measurements above the mass completeness limit of
3.8·103 M� (vertical dotted line). The horizontal error bars indi-
cate the uncertainties in the dust masses. The red dashed line and
blue solid line show a power law and a truncated power law fit
to the data points, respectively.

a maximum-likelihood algorithm to account for uncertainties
in both the mass values and the number distribution. The non-
truncated power law distribution is defined as
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Fig. 14: Plot of the dust mass estimates against the deprojected
galactocentric distances for 134 of our GDCs with reliable mass
measurements. The coloured symbols all indicate GDCs that are
associated with D88 HII regions. The GDCs that also coincide
with regions that were observed by APEX (see section 4.7) are
indicated by the blue filled circles (CO detections), yellow un-
filled squares (marginal CO detections), and red crosses (no CO
detections). The error bars denote the uncertainty in the mass
estimates.

with the power law index γ and the maximum mass in the
distribution M0.

The truncated power law distribution is defined as

N
(
M′ > M

)
= N0


(

M
M0

)γ+1

− 1

 , (4)

with the additional parameter N0 indicating the point where
the distribution shows a significant deviation from a non-
truncated power law17.

For the non-truncated power law fit we obtained values for
γ and M0 of -4.0±0.2 and 1.80·104 M� (±0.14·104 M�), respec-
tively. The values of γ, M0, and N0 for the truncated power law
fit are -3.2±0.4, 1.45·104 M� (±0.14·104 M�), and 5.1±4.7, re-
spectively.

The truncated power law distribution is a much better fit to
the data points in Figure 13 than the non-truncated power law
distribution. Although the value of the power law index for the
truncated power law distribution (γ = −3.2 ± 0.4) is higher than
the value of the power law index that F14 derived from their mass
spectrum for resolved molecular clouds (γ = −2.7 ± 0.5), both
of which are in agreement considering the uncertainty intervals.

Figure 14 shows GDC dust mass as a function of deprojected
galactocentric distance. At a Pearson correlation coefficient of
0.29, the weak trend of GDC mass estimates to increase with
galactocentric radius does not appear to be significant in view of
the uncertainties. A likely explanation for the apparently lower
masses of the GDCs located below a galactocentric distance of
1 kpc could be that the subtracted flux attributed to diffuse emis-
sion was highest in the central region of the galaxy and that the
17 A more physical interpretation of N0 is obtained by setting N to N0
in Eq. 4 and solving for M; N0 thus gives us the number of clouds with
mass greater than M = 21/(γ+1) M0.
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Fig. 14. Plot of the dust mass estimates against the deprojected galacto-
centric distances for 134 of our GDCs with reliable mass measurements.
The coloured symbols all indicate GDCs that are associated with D88
HII regions. The GDCs that also coincide with regions that were
observed by APEX (see Sect. 4.7) are indicated by the blue filled circles
(CO detections), yellow unfilled squares (marginal CO detections), and
red crosses (no CO detections). The error bars denote the uncertainty in
the mass estimates.

of the cold dust effective temperature, with lower values lead-
ing to a significant increase in the computed mass estimates,
it is possible that we overestimate the masses for some of the
GDCs located far away from the centre for which we could only
determine uncertain temperature estimates (these GDCs are indi-
cated in Table B.1). However, the similar scatter in dust masses
of GDCs located at ∼2 to 6 kpc is most likely a real effect, since
Casasola et al. (2017) also found that the dust mass surface den-
sity gradient in NGC 300 is almost flat out to ∼5 kpc, which is
the outermost distance they consider for their dust mass surface
density calculations, and cannot be fit by an exponential profile.
Moreover, Figs. 11 and 14 show that both GDCs with and without
associated HII regions are found in the entire galaxy and across
the full mass range.

5.3. Size distribution

We adopted the elliptical shape of the FWHM at 250 µm as deter-
mined by getsources for our size estimate of the GDCs. Figure 15
shows the distribution of diameter values for the equivalent cir-
cular areas. About a third of the GDCs are situated at the lower
limit at 170 pc, which is defined by the beam size at 250 µm. It
is likely that many of these GDCs could not be resolved in the
SPIRE-250 image and are actually much smaller, even though
some could be individual large dust structures. For the GDCs
bigger than about 180 pc in size, we assume that these are indeed
complexes or associations of several dust clouds, as their extent
matches or exceeds the size of even the largest known individual
clouds in our Milky Way (e.g. Murray 2011).

The average size of the GDCs increases slightly at larger
galactocentric distances. For GDCs located below a galactocen-
tric distance of 2.81 kpc (= 0.5·R25) the median diameter for an
equivalent circular area is 178 pc, whereas for GDCs at larger
galactocentric distances the median diameter is 198 pc. For about
35% of the 87 GDCs located at a galactocentric distance of
less than 2.81 kpc, the sizes are the same as the beam size of
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Fig. 15: Histogram of the size distribution for the GDCs. The
diameter of an equivalent area is proxy for the real elliptical size;
individual size values of the GDCs are indicated by the ticks in
the rug plot. The shaded bars indicate the subsample of 90 GDCs
associated with HII regions from D88; individual values of these
GDCs are indicated in white in the rug plot. The vertical lines
indicate the FWHM beam size (169 pc) at 250 µm (dotted) and
the median size value of 190 pc (dashed) for our entire sample.

GDCs in that location are also more crowded and thus might
be more affected by the deblending, which could lead to possi-
ble underestimations of the dust mass values of some of these
GDCs. Since our mass estimate is highly dependent on the value
of the cold dust effective temperature, with lower values lead-
ing to a significant increase in the computed mass estimates, it is
possible that we overestimate the masses for some of the GDCs
located far away from the centre for which we could only de-
termine uncertain temperature estimates (these GDCs are indi-
cated in Table B.1). However, the similar scatter in dust masses
of GDCs located at ∼2 to 6 kpc is most likely a real effect, since
Casasola et al. (2017) also found that the dust mass surface den-
sity gradient in NGC 300 is almost flat out to ∼ 5 kpc, which is
the outermost distance they consider for their dust mass surface
density calculations, and cannot be fit by an exponential profile.
Moreover, Figure 11 and Figure 14 show that both GDCs with
and without associated HII regions are found in the entire galaxy
and across the full mass range.

5.3. Size distribution

We adopted the elliptical shape of the FWHM at 250 µm as deter-
mined by getsources for our size estimate of the GDCs. Figure
15 shows the distribution of diameter values for the equivalent
circular areas. About a third of the GDCs are situated at the lower
limit at 170 pc, which is defined by the beam size at 250 µm. It
is likely that many of these GDCs could not be resolved in the
SPIRE-250 image and are actually much smaller, even though
some could be individual large dust structures. For the GDCs
bigger than about 180 pc in size, we assume that these are indeed
complexes or associations of several dust clouds, as their extent
matches or exceeds the size of even the largest known individual
clouds in our Milky Way (e.g. Murray 2011).

The average size of the GDCs increases slightly at larger
galactocentric distances. For GDCs located below a galactocen-
tric distance of 2.81 kpc (= 0.5·R25) the median diameter for
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Fig. 16: Total flux at 250 µm vs. extinction-corrected Hα emis-
sion for 134 of our GDCs with reliable flux measurements
(S/N > 3) at both wavelengths. The coloured symbols all indi-
cate GDCs that are associated with D88 HII regions. The GDCs
that also coincide with regions that were observed by APEX (see
section 4.7) are indicated by the blue filled circles (CO detec-
tions), yellow unfilled squares (marginal CO detections), and red
crosses (no CO detections). The dashed line shows a fit through
the GDCs associated with D88 HII regions (orthogonal distance
regression also taking the error bars into account); the slope of
this fit is 2.4 ± 0.3.

an equivalent circular area is 178 pc, whereas for GDCs at larger
galactocentric distances the median diameter is 198 pc. For about
35% of the 87 GDCs located at a galactocentric distance of less
than 2.81 kpc, the sizes are the same as the beam size of the
SPIRE-250 image, which means that these are likely unresolved
and thus more compact objects. For the 59 GDCs located be-
yond a galactocentric distance of 2.81 kpc, only 10% have sizes
identical to the SPIRE-250 beam size.

However, we have to caution that for some of the GDCs in
the outskirts of the galaxy that show only weak fluxes at 250 µm
the size estimate as determined by getsources might be too high;
we indicate the GDCs that have uncertain size estimates in Table
B.1.

5.4. Association with Hα emission

Another interesting property of our GDC sample is their asso-
ciated Hα emission. For GDCs that are in a pre-star-forming or
early star-forming stage we would expect plenty of dust emission
in the FIR but only little associated Hα emission. For GDCs in an
intermediate star-forming stage we would still expect high dust
emission in addition to an increased Hα emission if the dust is
associated with GMC complexes that formed massive stars that
in turn created HII regions. However, the presence of an HII re-
gion and higher Hα emission can also indicate cloud destruction
and thus a decrease of FIR emission for regions at a later evo-
lutionary star-forming stage. In any case, we would assume that
the heating from the massive stars of the HII regions also leads to
higher dust effective temperatures for the associated GDCs. As
discussed in section 4.3 there are two dust temperature compo-
nents and within the HII regions and in their photodissociation
regions there is associated hotter dust. However, for the GDCs
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Fig. 15. Histogram of the size distribution for the GDCs. The diameter
of an equivalent area is proxy for the real elliptical size; individual size
values of the GDCs are indicated by the ticks in the rug plot. The shaded
bars indicate the subsample of 90 GDCs associated with HII regions
from D88; individual values of these GDCs are indicated in white in
the rug plot. The vertical lines indicate the FWHM beam size (169 pc)
at 250 µm (dotted) and the median size value of 190 pc (dashed) for our
entire sample.

the SPIRE-250 image, which means that these are likely unre-
solved and thus more compact objects. For the 59 GDCs located
beyond a galactocentric distance of 2.81 kpc, only 10% have sizes
identical to the SPIRE-250 beam size.

However, we have to caution that for some of the GDCs in
the outskirts of the galaxy that show only weak fluxes at 250 µm
the size estimate as determined by getsources might be too
high; we indicate the GDCs that have uncertain size estimates
in Table B.1.

5.4. Association with Hα emission

Another interesting property of our GDC sample is their asso-
ciated Hα emission. For GDCs that are in a pre-star-forming or
early star-forming stage we would expect plenty of dust emission
in the FIR but only little associated Hα emission. For GDCs in
an intermediate star-forming stage we would still expect high
dust emission in addition to an increased Hα emission if the
dust is associated with GMC complexes that formed massive
stars that in turn created HII regions. However, the presence of
an HII region and higher Hα emission can also indicate cloud
destruction and thus a decrease of FIR emission for regions at
a later evolutionary star-forming stage. In any case, we would
assume that the heating from the massive stars of the HII regions
also leads to higher dust effective temperatures for the associated
GDCs. As discussed in Sect. 4.3 there are two dust temperature
components and within the HII regions and in their photodisso-
ciation regions there is associated hotter dust. However, for the
GDCs the column density and mass of this hot dust component
is negligible compared to the cold dust component, which is why
we only focus on the latter in this discussion.

Since the effect of dust extinction on the Hα-emission is
non-negligible we corrected for it using the flux values deter-
mined at 24 µm, assuming that this wavelength is a good tracer
for the absorbed Hα-emission that gets re-emitted by the dust
at mid-infrared wavelengths. We calculated the Hα-extinction
according to Eq. (7a) in F14, which is based on the results from
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Fig. 15: Histogram of the size distribution for the GDCs. The
diameter of an equivalent area is proxy for the real elliptical size;
individual size values of the GDCs are indicated by the ticks in
the rug plot. The shaded bars indicate the subsample of 90 GDCs
associated with HII regions from D88; individual values of these
GDCs are indicated in white in the rug plot. The vertical lines
indicate the FWHM beam size (169 pc) at 250 µm (dotted) and
the median size value of 190 pc (dashed) for our entire sample.

GDCs in that location are also more crowded and thus might
be more affected by the deblending, which could lead to possi-
ble underestimations of the dust mass values of some of these
GDCs. Since our mass estimate is highly dependent on the value
of the cold dust effective temperature, with lower values lead-
ing to a significant increase in the computed mass estimates, it is
possible that we overestimate the masses for some of the GDCs
located far away from the centre for which we could only de-
termine uncertain temperature estimates (these GDCs are indi-
cated in Table B.1). However, the similar scatter in dust masses
of GDCs located at ∼2 to 6 kpc is most likely a real effect, since
Casasola et al. (2017) also found that the dust mass surface den-
sity gradient in NGC 300 is almost flat out to ∼ 5 kpc, which is
the outermost distance they consider for their dust mass surface
density calculations, and cannot be fit by an exponential profile.
Moreover, Figure 11 and Figure 14 show that both GDCs with
and without associated HII regions are found in the entire galaxy
and across the full mass range.

5.3. Size distribution

We adopted the elliptical shape of the FWHM at 250 µm as deter-
mined by getsources for our size estimate of the GDCs. Figure
15 shows the distribution of diameter values for the equivalent
circular areas. About a third of the GDCs are situated at the lower
limit at 170 pc, which is defined by the beam size at 250 µm. It
is likely that many of these GDCs could not be resolved in the
SPIRE-250 image and are actually much smaller, even though
some could be individual large dust structures. For the GDCs
bigger than about 180 pc in size, we assume that these are indeed
complexes or associations of several dust clouds, as their extent
matches or exceeds the size of even the largest known individual
clouds in our Milky Way (e.g. Murray 2011).

The average size of the GDCs increases slightly at larger
galactocentric distances. For GDCs located below a galactocen-
tric distance of 2.81 kpc (= 0.5·R25) the median diameter for
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Fig. 16: Total flux at 250 µm vs. extinction-corrected Hα emis-
sion for 134 of our GDCs with reliable flux measurements
(S/N > 3) at both wavelengths. The coloured symbols all indi-
cate GDCs that are associated with D88 HII regions. The GDCs
that also coincide with regions that were observed by APEX (see
section 4.7) are indicated by the blue filled circles (CO detec-
tions), yellow unfilled squares (marginal CO detections), and red
crosses (no CO detections). The dashed line shows a fit through
the GDCs associated with D88 HII regions (orthogonal distance
regression also taking the error bars into account); the slope of
this fit is 2.4 ± 0.3.

an equivalent circular area is 178 pc, whereas for GDCs at larger
galactocentric distances the median diameter is 198 pc. For about
35% of the 87 GDCs located at a galactocentric distance of less
than 2.81 kpc, the sizes are the same as the beam size of the
SPIRE-250 image, which means that these are likely unresolved
and thus more compact objects. For the 59 GDCs located be-
yond a galactocentric distance of 2.81 kpc, only 10% have sizes
identical to the SPIRE-250 beam size.

However, we have to caution that for some of the GDCs in
the outskirts of the galaxy that show only weak fluxes at 250 µm
the size estimate as determined by getsources might be too high;
we indicate the GDCs that have uncertain size estimates in Table
B.1.

5.4. Association with Hα emission

Another interesting property of our GDC sample is their asso-
ciated Hα emission. For GDCs that are in a pre-star-forming or
early star-forming stage we would expect plenty of dust emission
in the FIR but only little associated Hα emission. For GDCs in an
intermediate star-forming stage we would still expect high dust
emission in addition to an increased Hα emission if the dust is
associated with GMC complexes that formed massive stars that
in turn created HII regions. However, the presence of an HII re-
gion and higher Hα emission can also indicate cloud destruction
and thus a decrease of FIR emission for regions at a later evo-
lutionary star-forming stage. In any case, we would assume that
the heating from the massive stars of the HII regions also leads to
higher dust effective temperatures for the associated GDCs. As
discussed in section 4.3 there are two dust temperature compo-
nents and within the HII regions and in their photodissociation
regions there is associated hotter dust. However, for the GDCs
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Fig. 16. Total flux at 250 µm vs. extinction-corrected Hα emission for
134 of our GDCs with reliable flux measurements (S/N > 3) at both
wavelengths. The coloured symbols all indicate GDCs that are associ-
ated with D88 HII regions. The GDCs that also coincide with regions
that were observed by APEX (see Sect. 4.7) are indicated by the blue
filled circles (CO detections), yellow unfilled squares (marginal CO
detections), and red crosses (no CO detections). The dashed line shows
a fit through the GDCs associated with D88 HII regions (orthogonal
distance regression also taking the error bars into account); the slope of
this fit is 2.4 ± 0.3.

Calzetti et al. (2007), and used it to correct the Hα-flux values
that we report in Table B.1.

Figure 16 shows the total flux at 250 µm versus the associated
extinction-corrected Hα emission for the GDCs for which we
could determine the flux values. The GDCs associated with D88
HII regions show an increase in Hα emission with increasing
flux at 250 µm, yielding a Pearson correlation coefficient of 0.75.
A fit through the GDCs associated with D88 HII regions yields
a slope of 2.4 ± 0.3. The majority of the 21 GDCs that coincide
with regions observed in CO(2-1) by APEX have an Hα emission
that is higher than the median Hα flux (6.1× 10−14 erg s−1 cm−2)
of all GDCs plotted in Fig. 16. This is not that surprising, given
that the APEX observations were targeting HII regions. Two
of the GDCs coinciding with CO non-detections (#17 and #36)
show some of the highest Hα flux values of the whole sample,
which makes it possible that these are regions in which the asso-
ciated GMCCs were already disrupted by the giant HII regions
they formed.

Figure 17 shows the cold dust effective temperature versus
their associated extinction-corrected Hα emission for the GDCs
for which we could determine temperature and Hα flux values.
The overall shallow increasing trend of higher cold dust effec-
tive temperature values with brighter associated Hα emission
(with a Pearson correlation coefficient of 0.56) likely reflects that
the massive stars that created the HII regions are also heating
the dust. Below a cold dust effective temperature value of 21 K
both GDCs associated with HII regions and GDCs not associated
with HII regions or associated only with very little or compact
Hα emission cover about the same range in dust effective tem-
perature values, whereas GDCs with dust effective temperatures
above 21 K are all associated with HII regions. Figures 16 and 17
also again show that by targeting HII regions the parameter range
in flux and effective cold dust temperature of the associated GDC
population can be sampled well.
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Fig. 17: Cold dust effective temperature vs. extinction-corrected
Hα emission for 134 of our GDCs with temperature measure-
ments and reliable flux measurements (S/N > 3). The coloured
symbols all indicate GDCs that are associated with D88 HII re-
gions. The GDCs that also coincide with regions that were ob-
served by APEX (see section 4.7) are indicated by the blue filled
circles (CO detections), yellow unfilled squares (marginal CO
detections), and red crosses (no CO detections). The horizontal
error bar in the lower right indicates the uncertainty in tempera-
ture that we assume for all GDCs.

the column density and mass of this hot dust component is neg-
ligible compared to the cold dust component, which is why we
only focus on the latter in this discussion.

Since the effect of dust extinction on the Hα-emission is non-
negligible we corrected for it using the flux values determined at
24 µm, assuming that this wavelength is a good tracer for the
absorbed Hα-emission that gets re-emitted by the dust at mid-
infrared wavelengths. We calculated the Hα-extinction accord-
ing to Eq. (7a) in F14, which is based on the results from Calzetti
et al. (2007), and used it to correct the Hα-flux values that we re-
port in table B.1.

Figure 16 shows the total flux at 250 µm versus the associ-
ated extinction-corrected Hα emission for the GDCs for which
we could determine the flux values. The GDCs associated with
D88 HII regions show an increase in Hα emission with in-
creasing flux at 250 µm, yielding a Pearson correlation coef-
ficient of 0.75. A fit through the GDCs associated with D88
HII regions yields a slope of 2.4 ± 0.3. The majority of the 21
GDCs that coincide with regions observed in CO(2-1) by APEX
have an Hα emission that is higher than the median Hα flux
(6.1·10−14 erg s−1 cm−2) of all GDCs plotted in Figure 16. This is
not that surprising, given that the APEX observations were tar-
geting HII regions. Two of the GDCs coinciding with CO non-
detections (#17 and #36) show some of the highest Hα flux val-
ues of the whole sample, which makes it possible that these are
regions in which the associated GMCCs were already disrupted
by the giant HII regions they formed.

Figure 17 shows the cold dust effective temperature versus
their associated extinction-corrected Hα emission for the GDCs
for which we could determine temperature and Hα flux values.
The overall shallow increasing trend of higher cold dust effec-
tive temperature values with brighter associated Hα emission
(with a Pearson correlation coefficient of 0.56) likely reflects that
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Fig. 18: Comparison of the fraction of the total flux residing in
GDCs as a function of galactocentric distance. The blue filled
circles and solid line show the total background-subtracted flux
at 250 µm binned in radial distances of 0.5 kpc. The red open
circles and dashed line show the flux at 250 µm due to GDCs
in the same radial bins. The blue dotted line indicates 16% of
the total flux, which is the average fraction of the the total flux
residing in GDCs.

the massive stars that created the HII regions are also heating
the dust. Below a cold dust effective temperature value of 21 K
both GDCs associated with HII regions and GDCs not associated
with HII regions or associated only with very little or compact
Hα emission cover about the same range in dust effective tem-
perature values, whereas GDCs with dust effective temperatures
above 21 K are all associated with HII regions. Figure 16 and
Figure 17 also again show that by targeting HII regions the pa-
rameter range in flux and effective cold dust temperature of the
associated GDC population can be sampled well.

5.5. Total dust mass of NGC 300

We used the aperture photometry method of the photutils pack-
age to derive total background subtracted fluxes of NGC 300 at
250 µm. We summed up the flux inside the region of interest that
we also used for getsources, and estimated a median value for
the subtracted background per pixel from an annulus around the
region of interest (inner radius: 7.2 kpc; outer radius: 8.8 kpc).
We get a total flux value of 97.46 Jy at 250 µm for NGC 300. We
compared this to the sum of the total flux values of the GDCs
from our catalogue (15.76 ± 1.91 Jy); we adopted the upper limit
of three times the error as flux values for the GDCs where the un-
certainty exceeded the flux estimate. We find that about 16% of
the total flux of NGC 300 in SPIRE-250 belongs to the GDCs of
our catalogue.

Figure 18 shows the comparison between the total flux of the
galaxy (blue filled circles and solid line) versus the flux that is
in GDCs (red open circles and dashed line) for the SPIRE-250
band. For the total flux values, we performed aperture photom-
etry for annuli at every 0.5 kpc and subtracted the background
as detailed above. To get the fraction of the total flux that is in
GDCs, we summed up the flux values at 250 µm of all GDCs
whose central positions were located inside the annuli. For the
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Fig. 17. Cold dust effective temperature vs. extinction-corrected Hα
emission for 134 of our GDCs with temperature measurements and
reliable flux measurements (S/N > 3). The coloured symbols all indi-
cate GDCs that are associated with D88 HII regions. The GDCs that
also coincide with regions that were observed by APEX (see Sect. 4.7)
are indicated by the blue filled circles (CO detections), yellow unfilled
squares (marginal CO detections), and red crosses (no CO detections).
The horizontal error bar in the lower right indicates the uncertainty in
temperature that we assume for all GDCs.

5.5. Total dust mass of NGC 300

We used the aperture photometry method of the photutils pack-
age to derive total background subtracted fluxes of NGC 300 at
250 µm. We summed up the flux inside the region of interest that
we also used for getsources, and estimated a median value for
the subtracted background per pixel from an annulus around the
region of interest (inner radius: 7.2 kpc; outer radius: 8.8 kpc).
We get a total flux value of 97.46 Jy at 250 µm for NGC 300. We
compared this to the sum of the total flux values of the GDCs
from our catalogue (15.76± 1.91 Jy); we adopted the upper limit
of three times the error as flux values for the GDCs where the
uncertainty exceeded the flux estimate. We find that about 16%
of the total flux of NGC 300 in SPIRE-250 belongs to the GDCs
of our catalogue.

Figure 18 shows the comparison between the total flux of the
galaxy (blue filled circles and solid line) versus the flux that is
in GDCs (red open circles and dashed line) for the SPIRE-250
band. For the total flux values, we performed aperture photom-
etry for annuli at every 0.5 kpc and subtracted the background
as detailed above. To get the fraction of the total flux that is in
GDCs, we summed up the flux values at 250 µm of all GDCs
whose central positions were located inside the annuli. For the
GDCs with a S/N below 3 we used the upper limits as given in
Table B.1. In Fig. 18 we also indicate the 16% average of the total
flux that is due to the GDCs (blue dotted line). In the inner part
of the galaxy (<2.75 kpc) the fraction of the total flux in GDCs
is higher (with a maximum of 41% in the radial bin at 2.25 kpc)
than in the outer part, where the fraction of total flux in GDCs
drops to as low as 6% in the radial bin at 5.25 kpc.

Assuming the median cold dust effective temperature of
16.7 ± 1.5 K we derived for NGC 300, we find a total dust mass
of 5.4× 106 M� (±1.8× 106 M�). Given a total stellar mass of
2.1× 109 M� (see Table 1) this yields a dust-to-stellar mass ratio
of about 0.25%.
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Fig. 17: Cold dust effective temperature vs. extinction-corrected
Hα emission for 134 of our GDCs with temperature measure-
ments and reliable flux measurements (S/N > 3). The coloured
symbols all indicate GDCs that are associated with D88 HII re-
gions. The GDCs that also coincide with regions that were ob-
served by APEX (see section 4.7) are indicated by the blue filled
circles (CO detections), yellow unfilled squares (marginal CO
detections), and red crosses (no CO detections). The horizontal
error bar in the lower right indicates the uncertainty in tempera-
ture that we assume for all GDCs.

the column density and mass of this hot dust component is neg-
ligible compared to the cold dust component, which is why we
only focus on the latter in this discussion.

Since the effect of dust extinction on the Hα-emission is non-
negligible we corrected for it using the flux values determined at
24 µm, assuming that this wavelength is a good tracer for the
absorbed Hα-emission that gets re-emitted by the dust at mid-
infrared wavelengths. We calculated the Hα-extinction accord-
ing to Eq. (7a) in F14, which is based on the results from Calzetti
et al. (2007), and used it to correct the Hα-flux values that we re-
port in table B.1.

Figure 16 shows the total flux at 250 µm versus the associ-
ated extinction-corrected Hα emission for the GDCs for which
we could determine the flux values. The GDCs associated with
D88 HII regions show an increase in Hα emission with in-
creasing flux at 250 µm, yielding a Pearson correlation coef-
ficient of 0.75. A fit through the GDCs associated with D88
HII regions yields a slope of 2.4 ± 0.3. The majority of the 21
GDCs that coincide with regions observed in CO(2-1) by APEX
have an Hα emission that is higher than the median Hα flux
(6.1·10−14 erg s−1 cm−2) of all GDCs plotted in Figure 16. This is
not that surprising, given that the APEX observations were tar-
geting HII regions. Two of the GDCs coinciding with CO non-
detections (#17 and #36) show some of the highest Hα flux val-
ues of the whole sample, which makes it possible that these are
regions in which the associated GMCCs were already disrupted
by the giant HII regions they formed.

Figure 17 shows the cold dust effective temperature versus
their associated extinction-corrected Hα emission for the GDCs
for which we could determine temperature and Hα flux values.
The overall shallow increasing trend of higher cold dust effec-
tive temperature values with brighter associated Hα emission
(with a Pearson correlation coefficient of 0.56) likely reflects that
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Fig. 18: Comparison of the fraction of the total flux residing in
GDCs as a function of galactocentric distance. The blue filled
circles and solid line show the total background-subtracted flux
at 250 µm binned in radial distances of 0.5 kpc. The red open
circles and dashed line show the flux at 250 µm due to GDCs
in the same radial bins. The blue dotted line indicates 16% of
the total flux, which is the average fraction of the the total flux
residing in GDCs.

the massive stars that created the HII regions are also heating
the dust. Below a cold dust effective temperature value of 21 K
both GDCs associated with HII regions and GDCs not associated
with HII regions or associated only with very little or compact
Hα emission cover about the same range in dust effective tem-
perature values, whereas GDCs with dust effective temperatures
above 21 K are all associated with HII regions. Figure 16 and
Figure 17 also again show that by targeting HII regions the pa-
rameter range in flux and effective cold dust temperature of the
associated GDC population can be sampled well.

5.5. Total dust mass of NGC 300

We used the aperture photometry method of the photutils pack-
age to derive total background subtracted fluxes of NGC 300 at
250 µm. We summed up the flux inside the region of interest that
we also used for getsources, and estimated a median value for
the subtracted background per pixel from an annulus around the
region of interest (inner radius: 7.2 kpc; outer radius: 8.8 kpc).
We get a total flux value of 97.46 Jy at 250 µm for NGC 300. We
compared this to the sum of the total flux values of the GDCs
from our catalogue (15.76 ± 1.91 Jy); we adopted the upper limit
of three times the error as flux values for the GDCs where the un-
certainty exceeded the flux estimate. We find that about 16% of
the total flux of NGC 300 in SPIRE-250 belongs to the GDCs of
our catalogue.

Figure 18 shows the comparison between the total flux of the
galaxy (blue filled circles and solid line) versus the flux that is
in GDCs (red open circles and dashed line) for the SPIRE-250
band. For the total flux values, we performed aperture photom-
etry for annuli at every 0.5 kpc and subtracted the background
as detailed above. To get the fraction of the total flux that is in
GDCs, we summed up the flux values at 250 µm of all GDCs
whose central positions were located inside the annuli. For the
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Fig. 18. Comparison of the fraction of the total flux residing in GDCs
as a function of galactocentric distance. The blue filled circles and solid
line show the total background-subtracted flux at 250 µm binned in
radial distances of 0.5 kpc. The red open circles and dashed line show
the flux at 250 µm due to GDCs in the same radial bins. The blue dotted
line indicates 16% of the total flux, which is the average fraction of the
total flux residing in GDCs.

5.6. Comparisons to other nearby galaxies

We compared our results for NGC 300 to other nearby galaxies
that offer the advantage of higher spatial resolution, in particular
the morphologically similar M 33. Given an estimate of the stel-
lar mass of M 33 of about 3–6× 109 M� (Corbelli 2003) and total
dust mass estimates for M 33 of about 1 × 107 M� (Kramer et al.
2010) to 1.67×107 M� (Hermelo et al. 2016), the ratio of the dust
mass to the stellar mass is very similar in M 33 and NGC 300.
The global SFR of M 33 is 0.45 ± 0.10 M� yr−1 (Verley et al.
2009), which is about 3–5 times higher than the SFR values
estimated for NGC 300 (Helou et al. 2004). However, the total
HI mass seems to be very similar in M 33 (Gratier et al. 2010)
and NGC 300 (Westmeier et al. 2011), which makes predictions
about the total molecular gas mass and the global dust-to-gas
ratio in NGC 300 in relation to M 33 difficult at this point. Reli-
able estimates of the total molecular gas mass in NGC 300 thus
have to await further galaxy-wide molecular observations for this
galaxy.

For M 31, the ratio of the total dust mass (5.4 × 107 M�;
Draine et al. 2013) to the stellar mass (10–15× 1010 M�; Tamm
et al. 2012) is about 5–6 times lower than in NGC 300 and M 33.
If we neglect the contribution of the bulge to the total stellar mass
(∼30%; Tamm et al. 2012) and the dust mass (0.5%; Groves et al.
2012), the total dust mass to stellar mass ratio in M 31 is still by
a factor of about 3 lower than in NGC 300 and M 33.

At the time of writing we are aware of two other studies
that used getsources in an extragalactic context to derive FIR
source catalogues based on Herschel observations. Foyle et al.
(2013) used getsources to produce a list of compact dust sources
for the Southern Pinwheel Galaxy (M 83; distance of 4.5 Mpc).
These authors found 90 sources with dust masses in the range
of 104 to 106 M� and they associate most of these sources with
giant molecular associations (GMAs). In another study, Natale
et al. (2014) analysed Herschel observations of M 33 (distance
of 0.859 Mpc) and created a catalogue of 183 clumpy FIR-bright
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sources with dust masses from ∼102 to 104 M� that they asso-
ciate with GMCs and GMAs. Since the spatial scales we probe
in NGC 300 are intermediate to those of Foyle et al. (2013) and
Natale et al. (2014), it is more likely that our GDCs will trace
complexes of GMCs rather than individual clouds.

In M 33, the CO emission generally seems to follow the over-
all dust emission (Braine et al. 2010) and dust sources detected in
CO show higher dust luminosities (Natale et al. 2014). In M 31,
the peaks of the dust continuum are also traced well by CO emis-
sion and the CO luminosity of GMCCs is correlated with the
GMCC masses derived from Herschel data (Kirk et al. 2015). A
relationship between the amount of dust and CO intensity was
likewise found for regions across a range of metallicity in the
Milky Way and in the Magellanic Clouds (Lee et al. 2015). These
results are in agreement with the general trend of increasing CO
emission with higher dust emission that we find for our compar-
ison of GDCs with GMCCs from F14 (see Sect. 4.7). However,
we find that GDCs that have about the same dust mass are not
equally well detected in CO emission; this is similar to the results
of Natale et al. (2014) for M 33, who attribute this difference in
CO detection mostly to an evolutionary effect of advanced gas
dissipation for more evolved clouds. Even though for NGC 300
our small sample size of GDCs that are directly comparable with
CO observations does not allow us to address this result more
conclusively, we note that in NGC 300 the metallicity gradient
and the corresponding radial increase of the CO-to-H2 conver-
sion factor (F14) is likely the most important reason for the
difference in CO detections for similar GDCs.

In M 33, Verley et al. (2010) found a good correlation
between the 250 µm emission and associated Hα emission of
compact dust sources; these authors found that the FIR emission
delineates shell structures around HII regions. Anderson et al.
(2012) also found that the associated FIR emission of Galactic
HII regions is dominated by the cold dust in their photodissocia-
tion regions. These results are in agreement with our findings in
Sect. 4.6 that the majority of our GDCs in NGC 300 are associ-
ated with HII regions, which in turn implies that those GDCs are
also associated with complexes of molecular clouds.

Gratier et al. (2012) found that clouds in M 33 that are asso-
ciated with massive star formation have higher CO luminosities,
which is in agreement with the results of Natale et al. (2014),
who found that FIR sources in M 33 that were detected in CO
have on average higher dust temperatures and higher Hα lumi-
nosities. However, Lee et al. (2015) found that for regions in
the LMC with higher dust temperatures the CO emission for a
given amount of dust is smaller, which they attribute to envi-
ronmental effects such as increased photodissociating radiation
fields. Even though GDCs that are associated with HII regions
in NGC 300 generally also have higher dust temperatures (see
Figs. 11 and 17), we do not find any significant trend of dust
temperature or Hα luminosity with CO intensity for the 21
GDCs that we could directly compare with GMCCs from F14.
However, all the F14 GMCCs are linked to high-mass star forma-
tion and follow-up molecular gas observations of GDCs without
associated HII regions are necessary for a more conclusive
comparison.

5.7. Implications for the formation of molecular gas in
NGC 300

Krumholz et al. (2009) found that dust shielding and H2 self-
shielding are both nearly equally important for the formation
of molecular clouds in essentially all galactic environments.
Krumholz et al. (2009) also found that the molecular fraction
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Fig. 19: Plot of the average dust surface density against the de-
projected galactocentric distances for 134 of our GDCs with re-
liable mass measurements. The coloured symbols all indicate
GDCs that are associated with D88 HII regions. The GDCs that
also coincide with regions that were observed by APEX (see
section 4.7) are indicated by the blue filled circles (CO detec-
tions), yellow unfilled squares (marginal CO detections), and red
crosses (no CO detections). The error bars denote the uncertainty
in the dust surface density estimates. The dotted and dashed hor-
izontal lines indicate constant dust surface density values of 0.05
and 0.1 M� pc−2, respectively. At least 87% of the sample have
dust surface densities sufficient for the formation of molecular
gas (see the text).

87% it exceeds a value of 0.1 M� pc−2. Roman-Duval et al.
(2014) found that the atomic-to-molecular transition in the Mag-
ellanic Clouds is located at dust surface densities of about 0.03
to 0.05 M� pc−2. Given that the metallicity in the outskirts of
NGC 300 is comparable to the metallicity values of the Mag-
ellanic Clouds (Bresolin et al. 2009), we would expect that the
transition from the atomic to molecular phase also occurs at sim-
ilar values of the dust surface density, suggesting, in turn, that
the vast majority of GDCs in the outer regions of NGC 300 har-
bour the potential to form molecular clouds. Towards the centre
of NGC 300, the metallicity reaches values intermediate to the
LMC and the Sun (Bresolin et al. 2009). For solar metallicity
the transition from atomic to molecular gas occurs at a charac-
teristic shielding column of ΣHI ∼ 10 M� pc−2 (Krumholz et al.
2009), which compares favourably with the average HI surface
density in NGC 300 found by Westmeier et al. (2011) and sug-
gests that most of the GDCs in the central part of NGC 300 are
also harbouring molecular gas.

The points discussed in this and the previous section together
with the comparison in section 4.7 gives us confidence that most
of the GDCs of our catalogue will indeed be associated with
GMCCs. However, new galaxy-wide CO observations centred
on the peaks of the FIR dust emission are required for a more
detailed and conclusive comparison between the dust and molec-
ular gas in NGC 300.

6. Summary

We present the first comprehensive study of the giant dust cloud
(GDC) population throughout the spiral galaxy NGC 300 based
on images obtained by the Herschel Space Observatory covering
a wavelength range from 100-500 µm. For the source detection
we used getsources, a multiwavelength source extraction algo-
rithm developed for Herschel observations. We based the final
selection of GDCs for our catalogue on a visual comparison of
the getsources source candidates with additional archival obser-
vations in the optical (by the MPG/ESO 2.2 m telescope and the
Hubble Space Telescope) and the FUV (by GALEX). Using the
Hα observations by the MPG/ESO-2.2 m telescope, we slightly
improved the currently most complete catalogue of HII regions
in NGC 300 by Deharveng et al. (1988) and spatially correlated
its HII regions with GDCs from our catalogue. We derived cold
dust effective temperatures for the GDCs from a two-component
SED-fitting from 24 to 500 µm wavelength range, assuming a
value of 1.7 for the power law exponent β of the dust emissivity.
We used the cold dust effective temperature to derive dust mass
estimates based on the SPIRE-250 total fluxes.

We used aperture photometry measurements and the median
dust effective temperature throughout NGC 300 (16.7 K) to de-
rive an estimate of its total dust mass.

In the following, we summarize our main results and conclu-
sions.

1. We compiled a catalogue of 146 GDCs, for which we give
the positions, total flux estimates in all five Herschel bands,
size estimates, cold dust effective temperatures, dust mass
estimates, flux values at 24 µm, Hα emission, and correla-
tion with HII regions from the catalogue of Deharveng et al.
(1988) in Table B.1.

2. The GDCs in our catalogue cover a cold dust effective tem-
perature range of ∼ 13-23 K, showing a distinct temperature
gradient from the centre to the outer parts of the stellar disk.

3. We found the total dust mass of the galaxy to be
5.4·106 M� (±1.8·106 M�), of which about 16% of this mass
is attributable to GDCs of our catalogue. We determined in-
dividual dust masses for 134 of the GDCs. These masses
range from ∼ 1.2·103 to 1.4·104 M�, and the median mass is
4.6·103 M�. The GDC masses are not significantly increas-
ing with galactocentric radius.

4. The power law index of the truncated power law fit to the cu-
mulative dust mass distribution of our GDCs (γ = 3.2 ± 0.4)
is statistically indistinguishable from the power law index
of the mass spectrum obtained by Faesi et al. (2014) for
giant molecular cloud complexes (GMCCs) in NGC 300
(γ = 2.7 ± 0.5).

5. We found that about 62% of our GDCs are associated with
HII regions from Deharveng et al. (1988). The GDCs with
associated HII regions are found in the entire stellar disk of
NGC 300 and across the full range of dust masses that we
probe. Our results thus suggest that targeting HII regions in
nearby galaxies for associated GDC structures is a good way
to sample the total GDC population of the galaxy.

6. For GDCs associated with HII regions, the 250 µm and
extinction-corrected Hα fluxes are reasonably well corre-
lated. We also found a shallow trend of higher cold dust ef-
fective temperature values with brighter associated Hα emis-
sion that is likely due to the heating of the dust by the massive
stars of the HII regions.

7. We compared a subsample of our GDCs to previous pointed
APEX CO (2-1) observations from Faesi et al. (2014) and
found that GDCs with brighter dust emission are in general
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Fig. 19. Plot of the average dust surface density against the deprojected
galactocentric distances for 134 of our GDCs with reliable mass mea-
surements. The coloured symbols all indicate GDCs that are associated
with D88 HII regions. The GDCs that also coincide with regions that
were observed by APEX (see Sect. 4.7) are indicated by the blue filled
circles (CO detections), yellow unfilled squares (marginal CO detec-
tions), and red crosses (no CO detections). The error bars denote the
uncertainty in the dust surface density estimates. The dotted and dashed
horizontal lines indicate constant dust surface density values of 0.05 and
0.1 M� pc−2, respectively. At least 87% of the sample have dust surface
densities sufficient for the formation of molecular gas (see the text).

in a galaxy is nearly independent of the strength of the interstel-
lar radiation field and mainly determined by its column density
and to a lesser degree by its metallicity. In their study of the rela-
tionship between dust and CO intensity in the Milky Way and the
Magellanic Clouds, Lee et al. (2015) suggest that dust shielding
is the dominant factor determining the distribution of bright CO
emission.

To assess the impact of dust shielding on the formation
of molecular gas in NGC 300, we calculated the dust sur-
face density of our GDCs by simply dividing their dust masses
through their elliptical footprint defined at the SPIRE-250 image.
Figure 19 shows these average dust surface density values of
the 134 GDCs for which we have mass estimates plotted against
their galactocentric distance. For 97% of these GDCs the aver-
age dust surface density exceeds 0.05 M� pc−2 and for about
87% it exceeds a value of 0.1 M� pc−2. Roman-Duval et al.
(2014) found that the atomic-to-molecular transition in the Mag-
ellanic Clouds is located at dust surface densities of about 0.03
to 0.05 M� pc−2. Given that the metallicity in the outskirts of
NGC 300 is comparable to the metallicity values of the Mag-
ellanic Clouds (Bresolin et al. 2009), we would expect that the
transition from the atomic to molecular phase also occurs at sim-
ilar values of the dust surface density, suggesting, in turn, that
the vast majority of GDCs in the outer regions of NGC 300 har-
bour the potential to form molecular clouds. Towards the centre
of NGC 300, the metallicity reaches values intermediate to the
LMC and the Sun (Bresolin et al. 2009). For solar metallicity
the transition from atomic to molecular gas occurs at a charac-
teristic shielding column of ΣHI ∼10 M� pc−2 (Krumholz et al.
2009), which compares favourably with the average HI surface
density in NGC 300 found by Westmeier et al. (2011) and sug-
gests that most of the GDCs in the central part of NGC 300 are
also harbouring molecular gas.
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The points discussed in this and the previous section together
with the comparison in Sect. 4.7 gives us confidence that most
of the GDCs of our catalogue will indeed be associated with
GMCCs. However, new galaxy-wide CO observations centred
on the peaks of the FIR dust emission are required for a
more detailed and conclusive comparison between the dust and
molecular gas in NGC 300.

6. Summary

We present the first comprehensive study of the giant dust cloud
(GDC) population throughout the spiral galaxy NGC 300 based
on images obtained by the Herschel Space Observatory covering
a wavelength range from 100 to 500 µm. For the source detection
we used getsources, a multiwavelength source extraction algo-
rithm developed for Herschel observations. We based the final
selection of GDCs for our catalogue on a visual comparison of
the getsources source candidates with additional archival obser-
vations in the optical (by the MPG/ESO 2.2 m telescope and the
Hubble Space Telescope) and the FUV (by GALEX). Using the
Hα observations by the MPG/ESO-2.2 m telescope, we slightly
improved the currently most complete catalogue of HII regions
in NGC 300 by Deharveng et al. (1988) and spatially correlated
its HII regions with GDCs from our catalogue. We derived cold
dust effective temperatures for the GDCs from a two-component
SED-fitting from 24 to 500 µm wavelength range, assuming a
value of 1.7 for the power law exponent β of the dust emissivity.
We used the cold dust effective temperature to derive dust mass
estimates based on the SPIRE-250 total fluxes.

We used aperture photometry measurements and the median
dust effective temperature throughout NGC 300 (16.7 K) to
derive an estimate of its total dust mass.

In the following, we summarize our main results and conclu-
sions.
1. We compiled a catalogue of 146 GDCs, for which we give

the positions, total flux estimates in all five Herschel bands,
size estimates, cold dust effective temperatures, dust mass
estimates, flux values at 24 µm, Hα emission, and correla-
tion with HII regions from the catalogue of Deharveng et al.
(1988) in Table B.1.

2. The GDCs in our catalogue cover a cold dust effective tem-
perature range of ∼13–23 K, showing a distinct temperature
gradient from the centre to the outer parts of the stellar disk.

3. We found the total dust mass of the galaxy to be
5.4× 106 M� (±1.8× 106 M�), of which about 16% of this
mass is attributable to GDCs of our catalogue. We deter-
mined individual dust masses for 134 of the GDCs. These
masses range from ∼1.2 × 103 to 1.4 × 104M�, and the
median mass is 4.6 × 103M�. The GDC masses are not
significantly increasing with galactocentric radius.

4. The power law index of the truncated power law fit to the
cumulative dust mass distribution of our GDCs (γ = 3.2 ±
0.4) is statistically indistinguishable from the power law
index of the mass spectrum obtained by Faesi et al. (2014)
for giant molecular cloud complexes (GMCCs) in NGC 300
(γ = 2.7 ± 0.5).

5. We found that about 62% of our GDCs are associated with
HII regions from Deharveng et al. (1988). The GDCs with
associated HII regions are found in the entire stellar disk of
NGC 300 and across the full range of dust masses that we
probe. Our results thus suggest that targeting HII regions in
nearby galaxies for associated GDC structures is a good way
to sample the total GDC population of the galaxy.

6. For GDCs associated with HII regions, the 250 µm and
extinction-corrected Hα fluxes are reasonably well corre-
lated. We also found a shallow trend of higher cold dust
effective temperature values with brighter associated Hα
emission that is likely due to the heating of the dust by the
massive stars of the HII regions.

7. We compared a subsample of our GDCs to previous pointed
APEX CO (2-1) observations from Faesi et al. (2014) and
found that GDCs with brighter dust emission are in gen-
eral also associated with brighter CO emission. Based on
the average dust mass surface densities of the GDCs, we
argue that at least 87% of these GDCs provide enough
shielding to harbour GMCs. Additional comparisons with
the results from other nearby galaxies also suggests that most
of our GDCs are associated with GMC complexes. New
galaxy-wide molecular gas observations will help to further
elucidate the important relationship between dust structures
and molecular clouds in NGC 300.
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Appendix A: Astrometric correction of the D88 HII
region catalogue

Here we discuss the corrections we made to the D88 HII region
catalogue. To verify the validity of the D88 HII regions, we over-
plotted these regions on a newer and more sensitive extinction
corrected line-only Hα map based on the ESO/WFI obser-
vations, an extinction corrected GALEX FUV image, and a
Spitzer/MIPS 24 µm image (all three images are from F14;
see their Sects. 2.2–2.4 for details on how these images were
processed). The massive stars responsible for creating the
HII regions emit a significant fraction of their flux at higher ener-
gies and should therefore also be visible in the GALEX FUV
image. The Spitzer/MIPS 24 µm image can be used to check
whether the UV flux may be absorbed by too much dust in the
line of sight. We found that after transferring the positions of
the HII regions given in D88 into the FK5 system an additional
linear shift of −0.034s in right ascension and −3.03′′ in declina-
tion was necessary to yield a good agreement to the newer Hα
map from F14 (see Fig. A.1a). Twelve sources needed an addi-
tional correction in their position to yield a good correspondence
to emission features visible in the WFI Hα map (see Fig. A.1b).
We list the final position of these 12 HII regions in Table A.1.
We excluded six HII regions identified by D88 because we could
not find any emission features at their position in the F14 Hα
map and FUV image (see Fig. A.1c). The original D88 cata-
logue numbers of these discarded HII regions are 14, 22, 44, 89
NUCLEUS, 99, and 105.

Table A.1. Final positions of the additionally shifted D88 HII regions.

# D88 RA (J2000) Dec (J2000)

57 0:54:44.500 −37:36:40.56
62 0:54:45.429 −37:38:42.03
69 0:54:48.026 −37:43:33.21
70 0:54:48.389 −37:39:48.14
73 0:54:49.461 −37:44:52.91
97 0:54:56.611 −37:45:55.54
102 0:54:57.364 −37:44:02.01

118B 0:55:04.451 −37:42:58.15
121 0:55:03.919 −37:46:26.14
140 0:55:15.186 −37:44:15.48
149 0:55:27.579 −37:40:55.82
156 0:55:30.387 −37:41:16.47
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Fig. A.1: (Left to Right:) WFI Hα map (F14); ESO/WFI image (Blue: 475 nm and OIII; Green: 605 nm; Orange: SII; Red: Hα.
Credit: ESO); GALEX FUV image; and Spitzer/MIPS 24 µm image. a) Example of the astrometrical shift adopted for all HII regions.
b) Example of an additionally manually shifted HII region. Red lines indicate the position of the source before (dashed) and after
(solid) the general astrometric shift, the blue line indicates the final adopted position. c) Example of a discarded HII region showing
no analogues in the newer observations. White contours denote flux thresholds in Hα.
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Fig. A.1. Left to right: WFI Hα map (F14); ESO/WFI image (blue: 475 nm and OIII; green: 605 nm; orange: SII; red: Hα. Credit: ESO); GALEX
FUV image; and Spitzer/MIPS 24 µm image. Panel a: Example of the astrometrical shift adopted for all HII regions. Panel b: Example of an
additionally manually shifted HII region. Red lines indicate the position of the source before (dashed) and after (solid) the general astrometric shift,
the blue line indicates the final adopted position. Panel c: Example of a discarded HII region showing no analogues in the newer observations.
White contours denote flux thresholds in Hα.

Appendix B: Catalogue of GDCs

Table B.1 lists all 146 sources that we identified as GDCs.
Column (01) gives the catalogue number of the sources: the
footnotes indicate sources that (a) were labelled as tentative by
getsources, (b) were strongly deblended, (c) show an incorrect
shift in their position, (d) were added from the SPIRE only
source extraction, (e) are sources for which the effective tem-
perature estimate is very uncertain, or (f) for which the given
size estimate is likely too high (as the FWHM at 250 µm is larger
than the FWHM at 350 µm). Columns (02) and (03) give the cen-
tral position of the GDCs and Cols. (04–08) gives the total flux
measurements in all five Herschel bands. For sources for which
the flux value was lower than three times the error only upper
limits (defined as three times the error and indicated by a “<”)
are given. Columns (09) and (10) give the size estimates of the
major and minor axis of the source, respectively (corresponding
to the SPIRE-250 FWHM); the rotation angle (east of the verti-

cal axis) of the major axis is listed in Column (11). Column (12)
gives the deprojected galactocentric distance of the source (see
Sect. 4.2), Column (13) gives the size of the GDC as a diameter
of an equivalent circular area, and Column (14) lists the effective
temperature estimate of the cold dust component of the sources.
Column (15) is the mass estimate for the source calculated from
the total flux in SPIRE-250 (07) and the cold dust effective tem-
perature (14). Column (16) lists the flux values obtained from
the Spitzer/MIPS 24 µm image (see Sect. 4.5). Column (17)
gives the non-extinction-corrected Hα fluxes determined from
the line-only Hα map from F14 (see Sect. 4.6). For GDCs where
the flux value was lower than three times the uncertainty value
only upper limits (defined as three times the uncertainty value
and indicated by a “<”) are given. Column (18) lists the D88
HII regions associated with our GDCs (see Sect. 4.6). The super-
scripted letters in brackets indicate whether the HII regions were
observed by F14 with APEX and whether they show a detection
(D), marginal detection (M), or non-detection (N) in CO(J = 2-1).
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Table B.1. Source list of the GDCs in NGC 300.

# RA Dec F100 F160 F250 F350 F500 A B Θ D deq Tcold Dust mass F24 FHα D88 HII
(J2000) (J2000) [mJy] [mJy] [mJy] [mJy] [mJy] [′′] [′′] [◦] [kpc] [pc] [K] [103 M�] [mJy] [10−14 erg s−1 cm−2] regions

(01) (02) (03) (04) (05) (06) (07) (08) (09) (10) (11) (12) (13) (14) (15) (16) (17) (18)
1 13.54564 −37.62894 85.2 ± 7.7 91.3 ± 11.1 57.4 ± 6.5 <17.8 44.0 ± 8.9 22.7 17.6 48.3 5.23 192 14.9 4.9 ± 2.2 3.2 ± 0.2 12.7 ± 0.1 3
2 13.56791 −37.58238 <24.8 83.6 ± 11.9 <21.3 62.6 ± 8.7 44.5 ± 8.4 20.3 17.6 57.0 5.77 181 17.0 – 4.0 ± 0.5 34.8 ± 2.3 6N

3a 13.56803 −37.57702 87.6 ± 14.0 172.6 ± 16.8 67.7 ± 10.6 46.5 ± 9.7 <24.0 25.2 18.5 28.8 5.94 207 17.5 3.2 ± 1.1 3.5 ± 0.5 10.3 ± 1.4 5N

4 f 13.57323 −37.58564 126.9 ± 7.7 115.6 ± 14.5 85.4 ± 8.6 68.5 ± 8.3 48.5 ± 7.7 27.7 17.6 142.3 5.58 212 16.4 5.1 ± 1.9 2.5 ± 0.4 23.3 ± 2.6 6N , 9N

5 13.58374 −37.65966 40.3 ± 7.7 72.5 ± 11.5 128.8 ± 7.4 105.9 ± 6.5 60.8 ± 14.1 19.2 17.6 103.7 4.01 176 14.7 11.6 ± 5.3 1.1 ± 0.2 1.3 ± 0.1 –
6b 13.59496 −37.57401 – – 122.7 ± 8.4 68.1 ± 9.6 29.4 ± 6.5 24.0 17.6 95.0 5.67 197 15.7 8.6 ± 3.4 2.5 ± 0.3 9.0 ± 1.1 11, 12

7a, f 13.5958 −37.67845 59.4 ± 11.3 83.1 ± 13.2 38.0 ± 8.0 <16.1 <21.4 30.1 17.6 132.5 3.76 221 16.3 2.3 ± 1.0 1.8 ± 0.2 6.2 ± 0.3 10, 13N

8 13.59769 −37.63838 76.8 ± 19.6 112.1 ± 16.7 84.5 ± 10.1 50.3 ± 5.7 <34.9 28.3 19.4 66.7 3.78 225 15.2 6.6 ± 2.9 1.3 ± 0.2 1.0 ± 0.1 –
9 13.60428 −37.71571 61.9 ± 15.9 119.7 ± 15.2 50.9 ± 11.3 36.2 ± 8.8 <31.3 20.8 17.6 169.3 4.31 184 16.2 3.2 ± 1.4 0.7 ± 0.1 0.4 ± 0.1 –
10 13.60705 −37.6535 153.0 ± 13.6 159.9 ± 14.6 108.0 ± 13.8 48.7 ± 8.8 <23.7 23.2 17.6 103.8 3.37 194 17.5 5.1 ± 1.7 3.0 ± 0.4 15.3 ± 1.8 17N

11 f 13.61263 −37.72462 <41.0 76.9 ± 15.5 120.7 ± 9.3 79.3 ± 7.6 45.3 ± 9.2 33.8 25.7 150.4 4.37 283 16.7 6.7 ± 2.4 2.5 ± 0.5 11.0 ± 0.9 18, 19
12a 13.61298 −37.63236 <57.3 <22.9 62.2 ± 11.1 33.3 ± 5.8 <19.6 24.9 17.6 33.6 3.54 201 15.1 5.1 ± 2.4 0.9 ± 0.1 1.8 ± 0.2 –
13 13.61434 −37.66604 452.7 ± 45.3 <153.0 <91.7 67.6 ± 14.3 <30.3 38.3 18.1 22.1 3.13 253 16.8 – 3.1 ± 0.3 11.6 ± 0.7 20
14 13.61444 −37.69937 161.7 ± 13.8 126.3 ± 17.9 97.3 ± 10.0 66.8 ± 9.9 50.8 ± 14.1 21.9 17.6 87.7 3.57 188 18.7 3.7 ± 1.1 2.4 ± 0.4 2.8 ± 0.5 21
15 13.61452 −37.67897 49.8 ± 14.0 <63.1 <42.4 <25.6 <22.3 28.5 17.6 166.9 3.20 215 17.0 – 1.3 ± 0.2 2.4 ± 0.2 –
16a 13.61924 −37.65659 <22.9 <29.7 61.3 ± 12.8 <18.1 <21.6 21.8 17.6 87.9 3.02 188 16.5 3.5 ± 1.4 1.2 ± 0.2 2.5 ± 0.2 –
17 13.6195 −37.69322 147.2 ± 9.7 177.4 ± 14.2 140.3 ± 9.9 88.3 ± 9.9 58.6 ± 14.0 21.9 18.3 143.2 3.28 192 19.4 4.7 ± 1.2 5.4 ± 0.6 47.6 ± 3.2 24N

18b 13.62406 −37.73873 – – 60.8 ± 12.7 41.5 ± 9.2 45.8 ± 10.6 30.9 17.6 84.2 4.58 224 15.7 4.3 ± 1.9 1.0 ± 0.1 2.7 ± 0.3 28
19 13.62783 −37.6263 57.1 ± 8.5 70.8 ± 12.3 90.5 ± 7.9 46.7 ± 5.6 <28.2 22.2 17.6 116.8 3.40 190 16.3 5.5 ± 2.1 1.9 ± 0.3 3.0 ± 0.5 –
20 13.63348 −37.63153 37.1 ± 8.7 112.0 ± 13.6 82.9 ± 10.0 50.6 ± 6.5 <19.8 25.1 17.6 11.4 3.15 202 16.9 4.5 ± 1.6 2.8 ± 0.5 9.9 ± 2.4 30D, 31M

21 13.63383 −37.64379 261.0 ± 15.9 288.6 ± 17.4 242.2 ± 11.7 136.2 ± 10.0 89.0 ± 11.1 24.1 17.6 118.7 2.84 198 17.8 10.8 ± 3.3 5.1 ± 0.8 11.4 ± 2.0 32, 34D

22e 13.63586 −37.57177 <23.0 63.5 ± 14.1 40.8 ± 5.7 18.5 ± 5.5 <15.6 18.1 17.6 122.9 5.41 171 13.5 5.2 ± 2.9 0.4 ± 0.1 0.2 ± 0.1 –
23 f 13.63739 −37.72423 132.2 ± 24.5 95.5 ± 20.4 94.4 ± 19.7 59.1 ± 14.8 <43.3 35.4 18.6 160.3 3.69 246 15.7 6.7 ± 3.0 1.3 ± 0.2 0.7 ± 0.1 –
24d 13.63845 −37.73788 66.3 ± 9.8 82.2 ± 13.7 38.3 ± 12.0 <18.6 <26.7 22.1 20.3 38.4 4.20 203 16.5 2.2 ± 1.0 1.5 ± 0.2 <7.5 33
25 13.63987 −37.67216 <44.8 113.7 ± 19.0 58.8 ± 16.5 <28.1 <24.0 34.5 17.6 124.0 2.40 237 17.5 2.8 ± 1.2 2.1 ± 0.4 5.6 ± 0.4 –
26 13.64376 −37.70416 76.7 ± 12.3 69.2 ± 13.2 39.3 ± 9.3 <36.8 <25.2 18.7 17.6 158.2 2.84 174 16.6 2.3 ± 0.9 1.3 ± 0.2 0.6 ± 0.1 –
27 13.64488 −37.68625 126.7 ± 18.8 116.0 ± 16.6 87.5 ± 15.4 47.7 ± 14.2 <47.0 18.7 17.6 50.1 2.39 174 17.2 4.4 ± 1.6 1.8 ± 0.4 0.8 ± 0.2 –
28 13.64645 −37.66143 349.6 ± 23.1 265.1 ± 28.9 167.9 ± 16.4 101.0 ± 11.8 71.2 ± 15.8 22.5 17.6 24.1 2.25 191 18.3 6.9 ± 2.1 7.3 ± 1.1 9.2 ± 1.2 37D

29 13.64959 −37.66416 129.1 ± 11.8 138.7 ± 18.5 95.2 ± 15.9 <36.2 <40.7 17.6 17.6 153.7 2.14 169 18.5 3.7 ± 1.2 5.4 ± 0.7 8.6 ± 0.3 38
30 f 13.65335 −37.65024 116.7 ± 18.3 236.3 ± 26.5 206.3 ± 12.5 119.6 ± 10.9 49.1 ± 14.0 25.6 18.2 17.1 2.27 207 17.6 9.5 ± 3.0 3.3 ± 0.5 0.5 ± 0.1 –
31 13.6589 −37.69589 187.5 ± 10.4 202.7 ± 19.6 111.0 ± 20.3 59.8 ± 16.8 <58.4 20.2 17.6 80.5 2.17 181 18.4 4.4 ± 1.5 12.3 ± 1.1 22.5 ± 0.5 39
32 13.66063 −37.6904 68.8 ± 12.3 111.6 ± 21.3 121.8 ± 19.8 93.7 ± 16.4 83.6 ± 19.5 21.6 20.1 64.1 1.99 200 18.6 4.8 ± 1.5 6.3 ± 1.0 3.8 ± 0.3 41D

33 13.66166 −37.71191 108.9 ± 14.0 232.2 ± 24.5 83.5 ± 14.5 60.1 ± 13.9 <52.1 23.7 17.6 85.1 2.61 196 18.3 3.4 ± 1.1 3.6 ± 0.6 15.9 ± 1.3 40
34 13.66296 −37.64646 67.9 ± 11.3 125.1 ± 11.8 153.4 ± 9.6 99.1 ± 9.0 <48.8 25.5 18.9 85.7 2.19 211 16.9 8.2 ± 2.8 2.5 ± 0.4 0.8 ± 0.1 –
35 13.66828 −37.66738 178.0 ± 14.9 249.8 ± 25.8 161.3 ± 19.2 73.7 ± 14.2 <22.7 27.2 17.6 82.0 1.61 210 19.4 5.5 ± 1.5 4.4 ± 0.7 1.0 ± 0.3 –
36 13.66902 −37.68159 283.7 ± 15.5 279.0 ± 26.0 191.9 ± 19.3 99.1 ± 15.7 <27.2 17.6 17.6 44.6 1.59 169 20.2 5.8 ± 1.5 8.9 ± 1.0 38.5 ± 1.4 45N

37 13.67178 −37.71849 156.0 ± 12.8 198.9 ± 28.5 177.7 ± 18.7 101.5 ± 16.4 <27.5 17.8 17.6 156.7 2.61 170 19.9 5.5 ± 1.4 5.7 ± 1.1 14.4 ± 3.4 46D

38 13.67336 −37.71276 144.0 ± 18.0 282.9 ± 24.6 155.7 ± 20.7 106.0 ± 16.9 111.1 ± 21.6 23.8 17.6 96.0 2.34 196 19.2 5.4 ± 1.6 5.6 ± 1.1 11.2 ± 2.4 –
39 13.67353 −37.67228 116.3 ± 12.4 176.0 ± 26.2 175.6 ± 17.4 76.1 ± 15.1 56.7 ± 14.2 17.6 17.6 91.5 1.43 169 20.0 5.4 ± 1.4 12.4 ± 1.2 <1.4 51
40 13.67601 −37.64914 63.5 ± 8.7 168.0 ± 17.2 172.2 ± 11.7 108.7 ± 10.2 <50.5 21.9 17.6 108.1 1.90 188 18.8 6.5 ± 1.8 6.6 ± 1.0 16.0 ± 1.7 49D, 50
41 13.67867 −37.66828 106.2 ± 14.5 185.2 ± 24.6 201.1 ± 17.1 117.0 ± 15.1 <47.7 18.1 17.6 171.8 1.34 171 21.1 5.3 ± 1.2 8.6 ± 1.1 9.7 ± 1.6 51, 52D

42e 13.6793 −37.71962 1142.0 ± 23.9 1276.0 ± 39.1 531.9 ± 24.7 239.9 ± 17.2 134.2 ± 22.5 17.6 17.6 31.3 2.48 169 21.3 13.5 ± 2.9 52.5 ± 4.5 93.5 ± 5.2 53A/B/CN

43 13.68396 −37.67418 224.0 ± 15.6 327.1 ± 22.8 193.3 ± 18.8 81.1 ± 15.1 <38.9 17.6 17.6 64.7 1.14 169 20.4 5.6 ± 1.4 10.2 ± 1.0 14.3 ± 0.3 56M

44 13.68525 −37.667 <32.7 121.7 ± 21.5 114.3 ± 16.8 78.0 ± 15.6 <43.3 17.6 17.6 108.4 1.21 169 20.4 3.3 ± 0.9 4.9 ± 0.7 7.4 ± 0.3 58, 59
45 13.68527 −37.60789 321.9 ± 22.5 186.3 ± 16.0 174.9 ± 9.1 92.0 ± 9.3 36.0 ± 9.8 35.8 17.6 99.9 3.62 241 16.1 11.1 ± 4.2 2.9 ± 0.6 2.1 ± 0.2 –

Notes. (a) Sources labelled as tentative by getsources. See Sect. 4.1 for more details. (b) Sources added from source extraction for SPIRE-images only. See Sects. 3.2 and 4.1 for more details.
(c) Strongly deblended with another discarded source candidate. Flux of discarded source candidate was added to this source. (d) Position incorrectly shifted due to background galaxy. (e) Uncertain
temperature estimate. ( f ) Size estimate likely too high.
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Table B.1. continued.

# RA Dec F100 F160 F250 F350 F500 A B Θ D deq Tcold Dust mass F24 FHα D88 HII
(J2000) (J2000) [mJy] [mJy] [mJy] [mJy] [mJy] [′′] [′′] [◦] [kpc] [pc] [K] [103 M�] [mJy] [10−14 erg s−1 cm−2] regions

(01) (02) (03) (04) (05) (06) (07) (08) (09) (10) (11) (12) (13) (14) (15) (16) (17) (18)

46 f 13.68682 −37.68647 72.0 ± 10.5 84.0 ± 22.7 100.8 ± 18.8 <36.1 <28.7 24.2 17.6 108.1 1.13 198 18.0 4.3 ± 1.5 2.9 ± 0.4 3.7 ± 0.2 60
47 13.68824 −37.69757 84.7 ± 9.9 143.6 ± 18.5 103.8 ± 20.5 <41.8 <31.1 17.6 17.6 84.6 1.39 169 17.8 4.6 ± 1.7 3.5 ± 0.4 9.8 ± 0.5 –
48 13.68853 −37.64615 213.9 ± 9.5 223.1 ± 14.6 136.0 ± 12.1 73.0 ± 9.5 <28.2 17.6 17.6 85.7 1.87 169 19.4 4.6 ± 1.2 7.2 ± 0.7 31.0 ± 0.5 61D, 62
49 13.68957 −37.6324 80.4 ± 9.5 143.5 ± 11.7 57.1 ± 9.5 25.2 ± 7.2 <28.8 17.6 17.6 112.8 2.48 169 18.1 2.4 ± 0.8 4.0 ± 0.5 15.0 ± 0.1 63D

50 13.6899 −37.75424 <44.6 71.9 ± 14.5 50.0 ± 8.7 <26.4 <20.1 29.3 17.6 149.3 3.88 218 14.6 4.7 ± 2.3 1.7 ± 0.3 1.0 ± 0.2 –
51 13.6941 −37.67355 114.2 ± 13.9 171.2 ± 18.9 78.5 ± 18.5 <44.5 <28.5 17.6 17.6 34.4 0.88 169 19.8 2.5 ± 0.8 3.8 ± 0.5 6.2 ± 0.4 64N

52 13.69464 −37.63263 96.9 ± 12.0 114.9 ± 13.0 40.4 ± 10.2 58.7 ± 7.3 <29.2 17.6 17.6 121.1 2.46 169 18.7 1.5 ± 0.6 4.7 ± 0.7 13.5 ± 0.7 66D

53 f 13.69557 −37.72143 84.9 ± 14.5 174.9 ± 16.9 180.7 ± 15.9 88.3 ± 16.4 <66.2 25.7 17.8 114.7 2.23 205 17.6 8.3 ± 2.6 4.3 ± 0.9 0.7 ± 0.2 –
54 13.69738 −37.68962 355.8 ± 30.3 222.7 ± 34.1 103.8 ± 23.4 <48.1 <29.0 28.7 17.7 1.7 0.89 216 19.2 3.6 ± 1.2 3.3 ± 0.7 1.4 ± 0.2 –
55 13.69845 −37.63464 <39.7 151.2 ± 16.7 110.4 ± 11.1 <22.3 <29.1 23.0 17.6 146.0 2.36 193 19.1 3.9 ± 1.1 4.9 ± 0.9 13.8 ± 2.2 66D, 68D

56 13.69853 −37.71241 50.5 ± 10.4 75.3 ± 17.3 73.1 ± 16.3 63.3 ± 16.7 <31.9 22.4 18.1 162.9 1.76 193 17.4 3.5 ± 1.4 3.2 ± 0.5 9.9 ± 0.4 67
57 f 13.69963 −37.70912 <42.2 157.0 ± 20.6 79.1 ± 19.7 53.6 ± 17.1 54.1 ± 16.9 39.5 23.2 100.9 1.58 291 17.4 3.8 ± 1.5 6.4 ± 1.1 11.6 ± 1.2 67
58 13.69998 −37.77926 149.9 ± 19.6 46.1 ± 8.0 56.5 ± 8.1 45.0 ± 7.3 45.8 ± 9.7 25.0 17.6 161.8 4.96 201 – – 0.5 ± 0.1 0.9 ± 0.2 –
59 13.70007 −37.726 51.0 ± 9.1 117.0 ± 17.2 76.6 ± 9.5 <44.5 <62.9 17.6 17.6 110.1 2.36 169 17.4 3.7 ± 1.2 3.4 ± 0.4 2.2 ± 0.1 69D

60 13.70137 −37.64064 121.5 ± 14.7 171.9 ± 14.9 38.1 ± 10.5 <22.0 <29.4 20.0 17.6 62.8 2.08 180 19.9 1.2 ± 0.4 5.0 ± 0.8 4.1 ± 0.9 –
61 13.7045 −37.59367 <2.1 200.0 ± 17.5 83.7 ± 12.0 67.4 ± 8.1 35.4 ± 10.8 29.1 17.6 143.9 4.37 217 – – 0.6 ± 0.1 1.3 ± 0.3 –

62a, f 13.70522 −37.69339 405.2 ± 32.8 286.3 ± 34.4 67.7 ± 21.1 71.4 ± 14.8 <28.3 32.2 20.5 7.3 0.79 247 19.5 2.2 ± 0.9 4.3 ± 0.9 2.3 ± 0.6 –
63 13.70544 −37.65772 99.7 ± 11.2 139.0 ± 15.6 133.4 ± 13.7 57.7 ± 14.5 <31.6 20.4 17.6 122.3 1.27 182 19.4 4.5 ± 1.2 3.8 ± 0.6 9.0 ± 0.7 71, 75
64 13.7069 −37.66612 82.3 ± 10.5 105.1 ± 19.8 84.7 ± 16.7 <34.3 <29.2 17.9 17.6 137.1 0.90 170 20.8 2.3 ± 0.7 3.4 ± 0.5 1.9 ± 0.3 –
65e 13.70871 −37.63924 695.0 ± 19.0 760.6 ± 20.3 410.6 ± 12.5 256.9 ± 10.4 135.1 ± 19.2 17.6 17.6 115.1 2.16 169 23.2 8.3 ± 1.5 34.7 ± 3.5 47.3 ± 3.7 77, 79D

66 13.70922 −37.67468 459.4 ± 17.1 759.8 ± 33.3 412.8 ± 17.5 169.3 ± 15.7 65.9 ± 14.3 18.7 17.6 71.5 0.54 174 22.1 9.5 ± 1.9 15.3 ± 2.4 33.6 ± 4.3 76A/B/CD

67 13.71079 −37.68357 117.9 ± 14.9 119.4 ± 31.2 87.0 ± 17.5 <35.9 <34.2 23.5 17.6 152.8 0.36 195 20.3 2.6 ± 0.8 4.1 ± 0.6 5.4 ± 0.8 74, 80M

68e 13.71241 −37.63999 451.3 ± 20.4 496.2 ± 19.1 211.5 ± 12.5 94.5 ± 10.9 <30.4 17.6 17.6 100.1 2.13 169 22.6 4.5 ± 0.9 26.2 ± 4.5 63.3 ± 8.0 77, 79D

69e, f 13.715 −37.74574 66.8 ± 6.2 159.3 ± 7.3 82.2 ± 10.0 47.0 ± 8.9 <27.3 38.9 19.3 151.9 3.12 263 14.8 7.3 ± 3.4 1.1 ± 0.2 1.3 ± 0.2 –
70 13.71525 −37.60965 122.3 ± 14.1 77.6 ± 15.5 95.8 ± 13.3 63.4 ± 7.2 <33.7 25.1 17.6 75.0 3.65 202 16.4 5.8 ± 2.2 1.0 ± 0.2 1.0 ± 0.2 –
71 13.71538 −37.66106 469.3 ± 10.3 429.1 ± 16.0 234.0 ± 14.9 94.1 ± 14.6 <32.5 17.6 17.6 132.6 1.12 169 21.5 5.8 ± 1.3 26.6 ± 2.0 40.0 ± 0.4 84
72 13.7158 −37.7751 <38.9 42.8 ± 14.2 41.1 ± 8.8 26.8 ± 6.4 <24.7 22.5 17.6 136.5 4.57 191 15.3 3.2 ± 1.5 1.7 ± 0.1 1.6 ± 0.4 82
73 13.71586 −37.64561 121.0 ± 10.9 160.7 ± 16.1 123.0 ± 12.9 65.4 ± 10.9 <31.9 17.6 17.6 9.5 1.88 169 21.4 3.1 ± 0.7 3.8 ± 0.7 7.7 ± 0.9 83
74 13.71658 −37.69378 182.1 ± 15.1 223.4 ± 27.2 80.9 ± 17.4 44.8 ± 13.1 <26.4 17.6 17.6 67.7 0.55 169 20.0 2.5 ± 0.8 3.6 ± 0.6 6.6 ± 0.5 81D, 85M

75 13.71823 −37.67739 82.6 ± 13.2 165.0 ± 17.3 116.9 ± 17.3 <45.7 <31.5 18.7 17.6 169.8 0.34 174 21.2 3.0 ± 0.8 4.2 ± 0.7 3.3 ± 0.2 86D

76 13.72187 −37.72963 311.0 ± 11.8 402.7 ± 16.5 277.9 ± 13.7 153.7 ± 11.2 69.3 ± 21.0 19.7 17.6 92.5 2.25 179 19.1 9.8 ± 2.6 13.6 ± 1.3 29.3 ± 2.1 87, 88D, 90
77c 13.72858 −37.67794 95.4 ± 25.8 251.9 ± 45.1 131.2 ± 33.1 <59.3 <54.1 23.6 17.6 79.3 0.41 196 19.9 4.1 ± 1.4 2.9 ± 0.6 1.3 ± 0.3 –
78 f 13.73056 −37.61221 93.2 ± 13.1 114.0 ± 16.0 70.4 ± 7.7 34.2 ± 6.9 <25.3 26.9 17.6 114.6 3.66 209 16.9 3.7 ± 1.3 1.8 ± 0.2 7.3 ± 1.1 92, 94
79 13.73111 −37.69486 72.3 ± 13.5 83.9 ± 5.7 60.5 ± 15.7 <34.8 <25.9 22.9 17.7 19.9 0.50 193 19.9 1.9 ± 0.7 3.4 ± 0.6 <0.3 –
80 13.73168 −37.63264 94.0 ± 12.7 85.0 ± 16.2 65.2 ± 12.8 <24.3 <31.2 23.5 17.6 158.3 2.66 195 17.3 3.2 ± 1.2 1.4 ± 0.2 0.4 ± 0.1 –
81 13.73247 −37.64725 117.1 ± 18.1 109.6 ± 25.9 100.1 ± 14.9 64.3 ± 12.7 <32.1 28.3 17.6 111.4 1.95 214 17.8 4.5 ± 1.5 2.7 ± 0.5 0.7 ± 0.2 –
82 13.73717 −37.68686 199.4 ± 8.7 229.9 ± 16.0 104.5 ± 16.0 <42.3 <29.4 18.1 17.6 43.9 0.41 171 21.7 2.5 ± 0.7 11.9 ± 1.1 12.0 ± 0.8 100D

83 f 13.73955 −37.73539 <45.2 142.6 ± 19.3 118.1 ± 15.8 66.4 ± 10.4 55.7 ± 15.3 25.0 17.6 99.2 2.42 201 17.7 5.3 ± 1.8 3.0 ± 0.5 2.8 ± 0.2 102
84 13.73966 −37.70701 <45.1 101.1 ± 21.2 90.9 ± 17.0 63.6 ± 13.7 55.5 ± 13.7 19.6 17.6 55.2 1.07 178 19.1 3.2 ± 1.0 4.2 ± 0.6 8.8 ± 0.9 103D, 104
85a 13.73999 −37.67157 121.4 ± 13.5 83.6 ± 13.2 44.1 ± 13.7 <25.4 <32.1 25.6 17.7 87.0 0.93 204 19.2 1.5 ± 0.6 2.4 ± 0.5 3.5 ± 0.7 –
86 13.74367 −37.76147 <35.1 90.4 ± 17.4 64.8 ± 8.1 29.7 ± 6.8 <30.0 22.5 17.6 161.2 3.68 191 14.9 5.5 ± 2.5 1.0 ± 0.1 2.2 ± 0.3 –
87 13.74515 −37.65286 31.6 ± 9.3 102.2 ± 16.0 117.9 ± 11.7 68.3 ± 12.1 <50.2 17.6 17.6 162.1 1.88 169 17.6 5.4 ± 1.8 2.4 ± 0.5 1.4 ± 0.3 106
88 13.7472 −37.63815 67.7 ± 11.2 118.7 ± 14.5 53.8 ± 9.5 34.1 ± 8.1 <30.8 22.7 17.6 85.3 2.62 192 17.3 2.7 ± 1.0 1.1 ± 0.2 1.0 ± 0.2 –
89 13.74939 −37.65717 68.4 ± 11.0 139.3 ± 14.7 113.7 ± 11.6 63.9 ± 12.4 <51.0 17.6 17.6 100.5 1.77 169 17.9 5.0 ± 1.6 6.1 ± 0.7 2.2 ± 0.3 –
90 13.74954 −37.68211 59.8 ± 11.8 152.8 ± 21.7 76.0 ± 15.4 <27.5 <30.3 18.4 17.6 50.9 0.84 173 20.0 2.4 ± 0.7 3.3 ± 0.6 3.3 ± 0.5 –
91 13.74967 −37.7648 <47.5 91.7 ± 15.4 47.2 ± 7.4 38.2 ± 6.7 39.6 ± 9.4 17.9 17.6 82.8 3.82 170 14.4 4.6 ± 2.3 0.8 ± 0.1 <1.4 110
92 13.74994 −37.7382 131.8 ± 9.1 124.5 ± 20.2 128.3 ± 14.9 81.0 ± 10.1 <45.1 20.1 17.6 131.8 2.54 181 18.7 4.9 ± 1.4 5.5 ± 0.6 11.4 ± 0.6 108
93 13.75217 −37.67653 124.8 ± 12.0 135.9 ± 19.3 122.9 ± 16.0 42.3 ± 13.6 <30.6 17.6 17.6 34.0 1.07 169 19.8 3.9 ± 1.1 4.6 ± 0.6 20.8 ± 0.6 109D
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Table B.1. continued.

# RA Dec F100 F160 F250 F350 F500 A B Θ D deq Tcold Dust mass F24 FHα D88 HII
(J2000) (J2000) [mJy] [mJy] [mJy] [mJy] [mJy] [′′] [′′] [◦] [kpc] [pc] [K] [103 M�] [mJy] [10−14 erg s−1 cm−2] regions

(01) (02) (03) (04) (05) (06) (07) (08) (09) (10) (11) (12) (13) (14) (15) (16) (17) (18)

94 13.75535 −37.65889 <39.8 134.4 ± 20.1 82.7 ± 11.7 40.4 ± 11.8 <30.6 17.6 17.6 137.0 1.82 169 18.1 3.5 ± 1.1 5.7 ± 0.7 2.6 ± 0.4 –
95 13.7576 −37.73879 89.2 ± 8.1 147.4 ± 15.5 95.0 ± 14.1 70.8 ± 10.1 <46.5 17.6 17.6 114.8 2.58 169 18.8 3.6 ± 1.1 4.2 ± 0.6 13.0 ± 1.1 112M , 113, 116
96 13.75849 −37.61225 31.1 ± 9.5 45.3 ± 12.0 76.3 ± 6.5 55.3 ± 5.8 <40.0 24.3 17.6 157.5 4.04 199 14.6 7.2 ± 3.4 3.6 ± 0.3 4.8 ± 0.8 –
97 13.75961 −37.69747 204.9 ± 19.8 204.7 ± 30.4 119.0 ± 18.0 58.2 ± 14.4 <22.9 22.6 17.6 77.9 1.09 191 19.9 3.7 ± 1.1 4.2 ± 0.7 1.9 ± 0.4 –
98 13.75982 −37.66504 99.4 ± 9.7 175.9 ± 20.4 133.1 ± 14.4 84.3 ± 12.5 <47.1 19.7 17.6 157.0 1.68 179 18.0 5.7 ± 1.8 3.6 ± 0.6 <3.3 114D

99 13.76095 −37.74045 91.6 ± 10.1 118.5 ± 12.6 134.7 ± 13.8 62.1 ± 10.4 <44.1 18.9 17.6 75.2 2.66 175 18.4 5.4 ± 1.6 3.5 ± 0.6 6.3 ± 1.7 113, 116
100 13.76397 −37.64142 <23.4 197.9 ± 20.6 78.7 ± 8.0 52.9 ± 6.0 <29.1 28.7 17.6 11.3 2.77 216 17.3 3.9 ± 1.3 2.5 ± 0.4 11.5 ± 1.9 115N

101 13.76469 −37.71347 294.2 ± 19.4 297.5 ± 30.2 260.9 ± 25.8 107.1 ± 13.0 57.1 ± 17.1 24.4 17.6 174.5 1.60 199 21.4 6.6 ± 1.5 21.1 ± 2.1 58.5 ± 3.1 118A
102 13.76554 −37.72287 568.5 ± 26.0 623.9 ± 21.9 314.7 ± 16.7 158.6 ± 11.9 78.8 ± 18.9 18.9 17.6 101.4 1.95 175 22.9 6.6 ± 1.3 25.5 ± 2.4 84.2 ± 6.2 119A/B/CD

103 13.76655 −37.65499 87.3 ± 9.7 117.0 ± 13.5 64.2 ± 10.5 37.4 ± 8.5 <29.1 17.6 17.6 30.8 2.24 169 18.0 2.8 ± 0.9 4.0 ± 0.5 3.8 ± 0.2 120N

104 13.76762 −37.68285 261.3 ± 9.2 296.0 ± 22.7 152.0 ± 16.7 60.7 ± 14.7 <24.0 17.6 17.6 129.2 1.37 169 20.2 4.5 ± 1.2 9.6 ± 1.1 17.3 ± 1.4 122D

105 13.76886 −37.69168 92.5 ± 10.7 139.6 ± 25.2 99.5 ± 18.0 51.4 ± 14.4 <20.7 17.6 17.6 54.3 1.32 169 20.1 3.0 ± 0.9 4.1 ± 0.6 5.1 ± 0.7 123, 124N

106 13.77213 −37.71663 97.2 ± 15.9 73.1 ± 21.6 <45.0 <32.2 <19.9 17.6 17.6 101.7 1.82 169 20.8 – 4.8 ± 0.8 7.3 ± 1.5 118BD

107 13.77388 −37.70336 88.9 ± 9.0 75.2 ± 24.6 <50.7 <31.1 25.6 ± 6.1 17.6 17.6 6.1 1.53 169 20.8 – 16.1 ± 1.3 1.0 ± 0.1 125
108 13.77401 −37.71065 103.5 ± 20.2 <66.1 <51.1 43.9 ± 13.3 <48.9 17.6 17.6 145.5 1.68 169 20.1 – 4.2 ± 0.8 4.5 ± 0.9 –
109 13.77646 −37.63977 <38.3 68.8 ± 11.5 65.6 ± 6.4 62.7 ± 4.3 <36.6 17.6 17.6 161.3 3.11 169 14.3 6.6 ± 3.2 1.1 ± 0.1 0.7 ± 0.1 –
110 f 13.77852 −37.57327 164.6 ± 24.4 199.5 ± 2.8 88.4 ± 11.8 92.7 ± 8.9 59.1 ± 7.4 41.6 21.5 134.4 6.23 287 – – 1.3 ± 0.2 2.8 ± 0.6 –
111 13.77887 −37.65766 115.2 ± 24.1 <65.6 65.5 ± 14.2 21.1 ± 4.7 <26.0 18.5 17.6 68.8 2.44 173 18.1 2.8 ± 1.0 1.7 ± 0.2 3.8 ± 0.2 –

112 f 13.78084 −37.74006 85.4 ± 16.2 112.3 ± 14.4 69.2 ± 12.9 33.6 ± 9.5 <20.3 25.1 17.6 88.2 2.78 202 15.4 5.2 ± 2.4 1.2 ± 0.1 <0.9 –
113 13.78087 −37.69666 <36.6 157.5 ± 26.1 105.2 ± 18.6 83.4 ± 12.3 <55.0 19.0 17.6 160.5 1.66 176 19.6 3.5 ± 1.1 5.7 ± 0.8 12.8 ± 0.5 127D

114 13.78164 −37.68459 148.6 ± 13.5 232.3 ± 27.9 110.1 ± 16.1 99.2 ± 12.3 <57.3 17.6 17.6 51.1 1.76 169 20.0 3.4 ± 0.9 4.9 ± 0.7 9.0 ± 0.3 126D

115 13.78551 −37.69492 87.8 ± 11.4 99.6 ± 27.0 90.9 ± 16.9 67.3 ± 12.4 <57.1 20.8 17.6 61.5 1.79 184 19.5 3.0 ± 0.9 4.9 ± 0.8 4.8 ± 0.5 128
116 13.78642 −37.65862 136.4 ± 8.5 154.6 ± 12.2 123.4 ± 10.3 56.1 ± 9.9 <25.6 17.6 17.6 120.5 2.61 169 18.2 5.1 ± 1.5 4.2 ± 0.3 12.9 ± 0.2 129M

117 13.78843 −37.72107 61.2 ± 9.7 69.3 ± 13.5 74.4 ± 12.9 42.0 ± 9.1 <35.7 21.0 17.6 42.0 2.24 185 17.2 3.7 ± 1.4 2.1 ± 0.3 1.8 ± 0.3 –
118 13.78884 −37.67058 32.4 ± 10.3 79.4 ± 17.5 37.7 ± 12.2 <19.3 <23.9 19.5 17.6 169.3 2.29 178 18.2 1.6 ± 0.7 2.0 ± 0.3 1.0 ± 0.2 –
119 13.79118 −37.79867 75.4 ± 6.6 116.8 ± 11.8 90.9 ± 6.8 61.1 ± 7.3 53.1 ± 9.9 21.6 17.6 105.9 5.41 187 14.5 8.6 ± 4.0 6.1 ± 0.5 9.2 ± 0.8 131, 133N

120 13.79592 −37.74146 70.8 ± 15.8 191.5 ± 16.5 89.3 ± 11.3 62.8 ± 8.6 <32.2 21.5 17.6 43.8 3.01 187 15.9 6.0 ± 2.4 2.1 ± 0.3 13.9 ± 1.5 134, 135
121 13.79713 −37.68832 190.8 ± 17.6 193.5 ± 28.4 206.6 ± 18.0 124.8 ± 13.7 69.8 ± 17.4 23.5 17.6 60.5 2.18 195 20.6 5.8 ± 1.4 8.8 ± 1.2 26.3 ± 2.7 137BD/D
122 13.79992 −37.60993 <55.5 <42.0 36.8 ± 6.8 38.8 ± 6.0 33.9 ± 8.5 17.6 17.6 100.5 4.93 169 – – 0.4 ± 0.1 0.7 ± 0.1 –
123e 13.80164 −37.69454 317.2 ± 18.8 309.7 ± 24.0 470.7 ± 18.6 230.6 ± 13.0 49.8 ± 16.5 32.7 19.8 97.6 2.27 244 23.0 9.6 ± 1.8 35.8 ± 3.9 116.7 ± 11.7 137AD/BD/CD

124e 13.80328 −37.69018 127.9 ± 16.0 173.9 ± 21.3 127.0 ± 13.6 82.5 ± 11.6 51.5 ± 15.7 23.8 17.6 73.6 2.35 196 21.6 3.1 ± 0.7 13.7 ± 3.0 62.8 ± 10.3 137AD/BD/D
125 13.80763 −37.73738 97.6 ± 11.0 185.7 ± 16.2 119.3 ± 8.7 71.6 ± 5.2 37.6 ± 10.9 24.0 17.6 98.0 3.05 197 16.8 6.6 ± 2.3 2.9 ± 0.4 6.2 ± 1.0 139D

126e 13.80799 −37.69424 109.4 ± 15.7 164.4 ± 23.5 63.5 ± 12.8 61.6 ± 10.5 59.2 ± 14.5 27.1 17.6 1.5 2.46 210 22.2 1.4 ± 0.4 27.6 ± 4.8 58.5 ± 14.4 137AD/BD/CD

127a 13.812 −37.71453 <68.3 154.1 ± 21.5 81.6 ± 13.3 41.2 ± 7.3 <18.5 30.6 20.3 79.6 2.64 239 16.7 4.5 ± 1.7 1.4 ± 0.2 1.5 ± 0.3 –
128 13.81317 −37.73794 81.3 ± 7.8 85.4 ± 16.2 56.6 ± 8.0 <16.5 <21.4 19.9 17.6 97.0 3.17 180 16.9 3.0 ± 1.1 6.7 ± 0.7 5.9 ± 1.2 140D, 142
129 13.81882 −37.74327 149.2 ± 17.0 240.3 ± 23.2 86.1 ± 6.7 51.4 ± 5.1 39.3 ± 10.5 26.1 17.6 112.1 3.43 206 16.4 5.1 ± 1.9 1.6 ± 0.3 3.3 ± 0.8 141
130 13.82135 −37.72594 84.5 ± 8.3 135.4 ± 11.9 72.5 ± 9.4 22.2 ± 7.2 <19.6 17.6 17.6 35.4 3.05 169 16.8 3.9 ± 1.4 2.8 ± 0.3 10.9 ± 0.4 143

131e, f 13.827 −37.60063 145.2 ± 15.6 196.4 ± 1.0 80.9 ± 6.8 90.4 ± 6.8 40.3 ± 8.3 37.3 17.6 119.0 5.92 246 13.7 9.8 ± 5.2 1.0 ± 0.1 1.4 ± 0.3 –
132c 13.83214 −37.77987 91.9 ± 20.4 226.1 ± 30.4 98.9 ± 10.4 49.2 ± 8.4 <46.4 28.5 20.0 155.0 4.88 229 15.5 7.2 ± 3.0 1.5 ± 0.3 3.7 ± 1.0 144N

133a,b 13.83245 −37.69946 – – 62.8 ± 11.8 36.6 ± 7.3 <20.8 32.8 20.7 34.7 3.15 250 16.3 3.8 ± 1.6 1.2 ± 0.2 1.0 ± 0.2 –
134 13.83273 −37.65971 20.8 ± 4.9 <27.6 35.6 ± 7.7 <18.1 <13.1 17.6 17.6 72.0 3.86 169 – – 0.3 ± 0.1 0.6 ± 0.1 –
135 f 13.83837 −37.73078 161.1 ± 21.8 125.2 ± 11.2 190.2 ± 10.6 68.7 ± 6.7 <22.8 28.2 22.2 80.0 3.54 240 16.2 11.8 ± 4.4 3.0 ± 0.5 11.3 ± 2.7 145N , 146N

136a 13.84535 −37.65303 <63.7 103.2 ± 17.4 47.4 ± 10.2 31.7 ± 5.4 <17.5 23.5 19.6 89.9 4.42 206 14.0 5.2 ± 2.9 1.0 ± 0.1 3.0 ± 0.5 –
137 13.84906 −37.66142 <23.4 60.7 ± 12.6 43.1 ± 8.7 <17.6 <20.4 17.6 17.6 76.8 4.29 169 14.5 4.2 ± 2.1 0.9 ± 0.1 6.1 ± 1.0 147N

138 13.85394 −37.72831 <5.4 74.7 ± 12.3 45.3 ± 8.1 39.6 ± 4.7 <28.7 27.4 17.6 37.5 3.89 211 13.1 6.7 ± 4.1 0.5 ± 0.1 1.0 ± 0.2 –
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Table B.1. continued.

# RA Dec F100 F160 F250 F350 F500 A B Θ D deq Tcold Dust mass F24 FHα D88 HII
(J2000) (J2000) [mJy] [mJy] [mJy] [mJy] [mJy] [′′] [′′] [◦] [kpc] [pc] [K] [103 M�] [mJy] [10−14 erg s−1 cm−2] regions

(01) (02) (03) (04) (05) (06) (07) (08) (09) (10) (11) (12) (13) (14) (15) (16) (17) (18)

139 f 13.86793 −37.67635 33.6 ± 9.9 <30.8 85.5 ± 10.1 55.4 ± 7.2 <22.5 36.1 19.2 51.1 4.51 253 13.6 10.7 ± 5.9 1.2 ± 0.2 6.4 ± 1.5 151N , 152
140a 13.87281 −37.65585 <45.8 89.7 ± 14.1 45.4 ± 9.9 30.5 ± 5.2 <26.8 23.5 17.6 154.8 5.13 195 15.2 3.6 ± 1.7 1.6 ± 0.2 9.6 ± 1.1 153
141 13.88103 −37.66699 28.7 ± 8.4 63.7 ± 11.5 48.4 ± 10.6 42.0 ± 7.0 <24.6 17.6 17.6 71.5 5.10 169 13.5 6.2 ± 3.6 0.4 ± 0.1 1.5 ± 0.3 –

142a 13.88628 −37.65171 <58.3 205.4 ± 18.6 46.6 ± 7.4 35.2 ± 5.9 <26.3 28.0 17.6 176.5 5.63 213 13.9 5.3 ± 2.9 1.4 ± 0.1 7.3 ± 0.6 157
143 13.88951 −37.69609 154.2 ± 17.6 65.0 ± 16.0 49.1 ± 6.4 <20.4 <22.6 21.4 18.3 138.3 4.88 190 13.7 5.9 ± 3.2 2.2 ± 0.2 8.1 ± 1.0 158
144 13.89147 −37.72044 76.1 ± 7.1 92.1 ± 10.8 70.9 ± 5.9 48.5 ± 5.2 <22.9 21.0 17.6 41.8 4.85 185 16.2 4.4 ± 1.7 3.3 ± 0.3 17.5 ± 0.7 159
145 13.89599 −37.6646 <5.2 <23.9 27.0 ± 7.5 25.6 ± 6.0 <29.6 20.9 17.6 115.0 5.59 184 – – 0.5 ± 0.1 1.8 ± 0.4 –

146a,b 13.90158 −37.69759 – – 47.0 ± 8.6 32.2 ± 6.4 <25.9 23.4 17.6 79.7 5.22 195 13.9 5.3 ± 2.8 3.9 ± 0.3 6.1 ± 0.5 161
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Appendix C: Hubble images

Table C.1. Information on Hubble images.

Region name R G B PropID VisitNum

ACS 1 F814W F555W F435W 9492 01
ACS 2/3a F814W F555W F435W 9492 02/03

ACS 4 F814W F555W F435W 9492 04
ACS 5 F814W F555W F435W 9492 05
ACS 6 F814W F555W F435W 9492 06

ACS WIDEa F814W F606W F475W 10915 09/10/11
ACS 7 F814W R+Bc F606W 13515 01
ACS 8 F814W R+Bc F606W 13515 02
ACS 9 F814W R+Bc F606W 13515 03
ACS 10 F814W R+Bc F606W 13515 04

WFPC2 02 F814W R+Bc F555W 8584 02
WFPC2 09-12a F814W R+Bc F606W 10915 09/10/11

F814W R+Bc F606W 9162 12
WFC3 02 F814W F555W F438W 13743 02
WFC3 04 F814W F555W F438W 13743 04
WFC3b – – – 13515 02/03/04

Notes. (a) Mosaic. (b) Mosaic of monochromatic exposures with the
F336W filter. (c) Coaddition of the R and B images with Montage.
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Table C.1: Information on Hubble images.

Region name R G B PropID VisitNum
ACS 1 F814W F555W F435W 9492 01

ACS 2/3a F814W F555W F435W 9492 02/03
ACS 4 F814W F555W F435W 9492 04
ACS 5 F814W F555W F435W 9492 05
ACS 6 F814W F555W F435W 9492 06

ACS WIDEa F814W F606W F475W 10915 09/10/11
ACS 7 F814W R+Bc F606W 13515 01
ACS 8 F814W R+Bc F606W 13515 02
ACS 9 F814W R+Bc F606W 13515 03
ACS 10 F814W R+Bc F606W 13515 04

WFPC2 02 F814W R+Bc F555W 8584 02
WFPC2 09-12a F814W R+Bc F606W 10915 09/10/11

F814W R+Bc F606W 9162 12
WFC3 02 F814W F555W F438W 13743 02
WFC3 04 F814W F555W F438W 13743 04
WFC3b - - - 13515 02/03/04

Notes. (a) Mosaic
(b) Mosaic of monochromatic exposures with the F336W filter
(c) Coaddition of the R and B images with Montage
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Fig. C.1: Optical image of NGC 300 (Blue: 475 nm and OIII;
Green: 605 nm; Orange: SII; Red: Hα) overplotted with se-
lected regions of archival Hubble data used in this work. The
colours of the regions indicate the Hubble instruments (Yel-
low: ACS/WFI–Advanced Camera for Surveys/Wide Field Im-
ager; Red: WFPC2–Wide Field and Planetary Camera 2; Blue:
WFC3/UVIS–Wide Field Camera 3). The white circle indicates
our chosen ROI, inside which we searched for sources. Credit
background image: ESO.

Appendix C: Hubble images

In Table C.1 we list all Hubble images we used for the visual
comparison and in Figure C.1 we show their outlines overplot-
ted on the ESO/WFI image of NGC 300. The ACS/WFC images
have a resolution of 0.05" per pixel and an effective field of view

of 202"×202". The WFPC2 observations have half the resolu-
tion of the ACS/WFC images (0.1" per pixel) with an L-shaped
field of view approximated by a 150"×150" square missing one
quadrant. The WFC3/UVIS images have the best resolution with
0.04" per pixel while covering a field of view of 164"×164".

Appendix D: GDCs thumbnails

Figure D.1 shows images of all the GDCs from Table B.1.
Each strip consists of thumbnails of one of the GDCs at differ-
ent wavelengths. From left to right the background images are
SPIRE-350 (with dashed white contour lines at 3, 4.5, 6, and
7.5 MJy/sr and solid white contour lines at 9, 10.5, 12, 13.5,
and 15 MJy/sr); SPIRE-250 (with dashed white contour lines at
5, 7.5, 10, 12.5, and 15 MJy/sr and solid white contour lines at
17.5, 20, 22.5, 25, 27.5, and 30 MJy/sr); PACS-100 (with solid
black contour lines at 2, 4, 6, 8, 10, and 12 mJy); ESO/WFI
(Credit: ESO; see § 2.3); and Hubble (where they existed). The
yellow ellipses show the extent of the FWHM at 250 µm that we
adopted as the size estimate for the GDCs throughout this work.
Red circles and crosses and the corresponding numbers denote
D88 HII regions (see § 2.2). Two differently processed versions
of the ESO/WFI image were used to show details in the very
bright central part of the galaxy (scale mode: Squared), as well
as on its darker outskirts (scale mode: Linear). The size of one
box is about 55" × 55" (530×530 pc). The region or mosaic used
for the Hubble background image is denoted on the lower right
part of the strip.

Article number, page 25 of 46

Fig. C.1. Optical image of NGC 300 (blue: 475 nm and OIII; green:
605 nm; orange: SII; red: Hα) overplotted with selected regions of
archival Hubble data used in this work. The colours of the regions indi-
cate the Hubble instruments (yellow: ACS/WFI – Advanced Camera for
Surveys/Wide Field Imager; red: WFPC2 – Wide Field and Planetary
Camera 2; blue: WFC3/UVIS – Wide Field Camera 3). The white circle
indicates our chosen ROI, inside which we searched for sources. Credit
background image: ESO.

In Table C.1 we list all Hubble images we used for the visual
comparison and in Fig. C.1 we show their outlines overplotted
on the ESO/WFI image of NGC 300. The ACS/WFC images

have a resolution of 0.05′′ per pixel and an effective field of view
of 202′′ × 202′′. The WFPC2 observations have half the resolu-
tion of the ACS/WFC images (0.1′′ per pixel) with an L-shaped
field of view approximated by a 150′′ × 150′′ square missing one
quadrant. The WFC3/UVIS images have the best resolution with
0.04′′ per pixel while covering a field of view of 164′′ × 164′′.

Appendix D: GDCs thumbnails

Figure D shows images of all the GDCs from Table B.1. Each
strip consists of thumbnails of one of the GDCs at differ-
ent wavelengths. From left to right the background images are
SPIRE-350 (with dashed white contour lines at 3, 4.5, 6, and
7.5 MJy/sr and solid white contour lines at 9, 10.5, 12, 13.5, and
15 MJy/sr); SPIRE-250 (with dashed white contour lines at 5,
7.5, 10, 12.5, and 15 MJy/sr and solid white contour lines at 17.5,
20, 22.5, 25, 27.5, and 30 MJy/sr); PACS-100 (with solid black
contour lines at 2, 4, 6, 8, 10, and 12 mJy); ESO/WFI (Credit:
ESO; see Sect. 2.3); and Hubble (where they existed). The yel-
low ellipses show the extent of the FWHM at 250 µm that we
adopted as the size estimate for the GDCs throughout this work.
Red circles and crosses and the corresponding numbers denote
D88 HII regions (see Sect. 2.2). Two differently processed ver-
sions of the ESO/WFI image were used to show details in the
very bright central part of the galaxy (scale mode: Squared), as
well as on its darker outskirts (scale mode: Linear). The size of
one box is about 55′′ × 55′′ (530× 530 pc). The region or mosaic
used for the Hubble background image is denoted on the lower
right part of the strip.
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Fig. D.1: Footprint of the GDCs

(a)
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(b) Fig. D.1: Footprint of the GDCs, cont’d
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Fig. D.1. continued.
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(c) Fig. D.1: Footprint of the GDCs, cont’d
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(d) Fig. D.1: Footprint of the GDCs, cont’d
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Fig. D.1. continued.
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(e) Fig. D.1: Footprint of the GDCs, cont’d
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A81, page 30 of 46

http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201730738&pdf_id=0


M. Riener et al.: Gathering dust: A galaxy-wide study of dust emission from cloud complexes in NGC 300

M. Riener et al.: Gathering dust: A galaxy-wide study of dust emission from cloud complexes in NGC 300

(f) Fig. D.1: Footprint of the GDCs, cont’d
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Fig. D.1. continued.
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(g) Fig. D.1: Footprint of the GDCs, cont’d
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(h) Fig. D.1: Footprint of the GDCs, cont’d
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(i) Fig. D.1: Footprint of the GDCs, cont’d
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(j) Fig. D.1: Footprint of the GDCs, cont’d
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(k) Fig. D.1: Footprint of the GDCs, cont’d
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(l) Fig. D.1: Footprint of the GDCs, cont’d
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(m) Fig. D.1: Footprint of the GDCs, cont’d
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(n) Fig. D.1: Footprint of the GDCs, cont’d
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(o) Fig. D.1: Footprint of the GDCs, cont’d
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(p) Fig. D.1: Footprint of the GDCs, cont’d
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(q) Fig. D.1: Footprint of the GDCs, cont’d
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(r) Fig. D.1: Footprint of the GDCs, cont’d
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(s) Fig. D.1: Footprint of the GDCs, cont’d
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(t) Fig. D.1: Footprint of the GDCs, cont’d
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(u) Fig. D.1: Footprint of the GDCs, cont’d
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