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ABSTRACT

By combining two surveys covering a large fraction of the molecular material in the
Galactic disk we investigate the role the spiral arms play in the star formation process. We
have matched clumps identified by ATLASGAL with their parental GMCs as identified by
SEDIGISM, and use these giant molecular cloud (GMC) masses, the bolometric luminosi-
ties, and integrated clump masses obtained in a concurrent paper to estimate the dense gas
fractions (DGFgmc = ∑Mclump/Mgmc) and the instantaneous star forming efficiencies (i.e.,
SFEgmc = ∑Lclump/Mgmc). We find that the molecular material associated with ATLASGAL
clumps is concentrated in the spiral arms (∼60 per cent found within ±10 km s−1 of an arm).
We have searched for variations in the values of these physical parameters with respect to
their proximity to the spiral arms, but find no evidence for any enhancement that might be
attributable to the spiral arms. The combined results from a number of similar studies based
on different surveys indicate that, while spiral-arm location plays a role in cloud formation
and HI to H2 conversion, the subsequent star formation processes appear to depend more on
local environment effects. This leads us to conclude that the enhanced star formation activity
seen towards the spiral arms is the result of source crowding rather than the consequence of a
any physical process.

Key words: Galaxy: structure – Galaxy: kinematics and dynamics – ISM: clouds – Stars:
formation – surveys – ISM: clouds – ISM: submillimetre.
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1 INTRODUCTION

Although comparatively few in number, massive stars play a sig-
nificant role in the development and evolution of their host galaxy
(Kennicutt & Evans 2012). Their high luminosities and UV fluxes
can drive strong stellar winds and lead to the production of HII

regions that can influence their local environments and new trig-
ger star formation by compressing the surrounding molecular gas
(collect and collapse or radiatively driven implosion, e.g., Whit-
worth et al. 1994; Bertoldi 1989). Conversely, their feedback can
limit star formation by dispersing much of their own natal gas and
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thus limit the total fraction of molecular gas that can be turned into
stars. Massive stars can, therefore, play an important role in reg-
ulating star formation (e.g. Dale & Bonnell 2008; Dib 2011; Dib
et al. 2013). The heavy elements produced through nucleosynthe-
sis are distributed to the interstellar medium (ISM) throughout their
lives via stellar winds and by supernovae at the end of these stars'
lives, enhancing the chemical content of the ISM, and allowing
more complex molecules to form.

For all their importance, the formation process of these stars
is still poorly understood (see review by Motte et al. 2018). Their
comparative rarity means that massive star-forming regions tend to
be widely separated, placing them at greater distances from us than
the numerous low-mass star-forming regions that can be studied
in great detail. Furthermore, the short timescales associated with
their collapse causes them to reach the main sequence while still
enshrouded in their natal cocoons, impairing our ability to observe
them until after most traces of their formation environment have
long been dispersed. The time frames over which high-mass stars
form is still an open question, with YSO and UC HII -region life-
times of a few 105 yrs (Mottram et al. 2011; Davies et al. 2011) but
with simulations indicating that material is drawn in from larger
distances giving timescales of a million years (e.g., Padoan et al.
2019; see also discussion on lifetimes by Motte et al. 2018).

Previous work has shown that there is little or no dependence
of the mean star-formation properties and other physical parame-
ters of molecular clouds and dense clumps (e.g. surface densities,
velocity dispersion and level of Galactic shear) on their location in
the main Galactic disk and, especially, on their proximity to spiral
arms (Eden et al. 2012, 2013; Moore et al. 2012; Dib et al. 2012;
Eden et al. 2015; Ragan et al. 2016, 2018; Rigby et al. 2019). A
detailed study by Dib et al. (2012) of the region of the 1st quadrant
covered by the Galactic Ring Survey (Jackson et al. 2006) found no
correlation between the DGF and SFE as a function of a Galactic
cloud's proximity to spiral arms or the level of shear they expe-
rience. However, some dependencies on spiral arm locations are
observed in the disk of nearby spiral galaxies, however, including
a gradient in stellar age across the arms (e.g. Shabani et al. 2018)
that is consistent with the density wave theory. The results from
density wave theory are not supported by the observations of M51,
however, where there is no evidence for the onset of star formation
merely in spiral arms (Schinnerer et al. 2017). The dynamic asso-
ciated to spiral arms may in�uence the star formation ef�ciency
(SFE) in their vicinity such as in spurs (e.g., Meidt et al. 2013).
This difference may be a result of the dif�culties to differentiate
between spiral arm and arm objects in the Milky way, which is not
an issue for observations of nearby face-on spiral galaxy studies.

There is a large variation in the cloud-to-cloud star-formation
ef�ciency and dense-gas fraction, as measured by the ratios of in-
tegrated IR luminosity and dense-gas mass within clouds to to-
tal molecular-cloud masses (Moore et al. 2012; Eden et al. 2012;
Csengeri et al. 2016a). The same studies also showed that cloud-to-
cloud variations in these parameters predominate, with ratios rang-
ing over two orders of magnitude that are consistent with being
log-normal distributions (Eden et al. 2015). This variation does not
originate from the uncertainty associated with using infrared lumi-
nosity as a SF tracer, as a similar variation is observed when using
a more direct SFR tracer such as YSO counts (Lada et al. 2010;
Kainulainen et al. 2014; Zhang et al. 2019). However, we note that
there can be a systematic offset between SFRs determined from
infrared measurements and star counts as revealed by the detailed
study of NGC 346 reported by Hony et al. (2015) and so some of
the variation observed could be dependent on the choice of tracer.

A constant SFE, when averaged over kpc scales, is probably
consistent with simple empirical star-formation-rate scaling rela-
tions such as as the Schmidt-Kennicutt “law” (Gao & Solomon
2004; Lada et al. 2012), but the dominance of cloud-to-cloud vari-
ations indicates that, if there are physical mechanisms that regulate
SFE, they operate principally on the scale of individual clouds. In
particular, spiral arms appear to play little part in regulating or trig-
gering star formation once a molecular cloud has formed. The high
concentrations of molecular gas found to be associated with spiral
arms in our own Galaxy and in nearby spiral galaxies indicates that
it is likely that the arms play a role in triggering the cloud formation
(via spiral shock or their gravitational potential), and therefore play
an indirect role in the star formation process by enhancing giant
molecular cloud (GMC) formation by converting HI to H2 (Koda
et al. 2016; Wang et al. 2020).

In this paper we will use the results of two Galactic plane sur-
veys to investigate variations in the DGF and SFE across the inner
Galactic disk. We compare the properties of clumps identi�ed in
the APEX Telescope Large Area Survey of the Galaxy (ATLAS-
GAL; Schuller et al. 2009) with those of their host molecular clouds
identi�ed from the �nal calibrated data cubes resulting from the
SEDIGISM survey (Structure, Excitation and Dynamics of the In-
ner Galactic Interstellar Medium; Schuller et al. 2017, Schuller et
al. accepted). Analysis of the SEDIGISM data towards all ATLAS-
GAL clumps provide a strong consistency check on the velocities
already assigned from the other surveys utilised in our previous
work.

The structure of this paper is as follows: in Sect. 2 we provide
a brief overview of the survey and the data products used in this
work. The extracted pro�les are �tted with Gaussian components
to obtain measurements of the amplitude, velocity and line-width
of molecular material associated with the ATLASGAL clumps. We
describe this process in Sect. 3, as well as the criteria used to as-
sign a velocity in cases where two or more molecular components
are detected. In Sect. 4, we use the velocities obtained from the CO
analysis and the giant molecular cloud (GMC) catalogue produced
from the SEDIGISM cubes (Duarte-Cabral et al. accepted.) to de-
rive the GMC dense gas fraction and star formation ef�ciency, and
use these to look for variations towards the spiral arms. In Sect. 5
we discuss our results and investigate the role the spiral arms play
in the star-formation process. We summarise our main �ndings in
Sect. 6.

2 SURVEY DESCRIPTIONS

2.1 ATLASGAL

ATLASGAL (Schuller et al. 2009; Beuther et al. 2012) is an unbi-
ased 870-mm submillimetre survey covering 420 sq. degrees of the
inner Galactic plane. It was speci�cally designed to identify an un-
biased sample of dense, high-mass clumps that includes examples
of all embedded evolutionary stages in the formation of massive
stars. This survey has identi�ed� 10 000 clumps distributed across
the inner Galactic plane (Contreras et al. 2013; Urquhart et al.
2014b; Csengeri et al. 2014); these clumps have sizes of� 0:5 pc
and masses� 500 M� (Urquhart et al. 2018).

The area covered by this survey comprisesj`j < 60� with
jbj < 1:5� and 280� < ` < 300� with b between� 2� and 1� . The
shifted latitude was necessary to account for the warp in the Galac-
tic disk in the outer Galaxy extension (see the light grey shaded
region shown in Fig. 1). In the current work we focus on the cen-
tral part of the Galactic plane covered by both ATLASGAL and
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Figure 1. Schematic showing the loci of the spiral arms according to the
model by Taylor & Cordes (1993) and updated by Cordes (2004), with an
additional bisymmetric pair of arm segments added to represent the 3 kpc
arms. The light grey-shaded area is the region covered by the ATLASGAL
survey while the darker grey area indicates the region of the plane covered
by the SEDIGISM survey. The star indicates the position of the Sun and the
numbers identify the Galactic quadrants. The bar feature is merely illustra-
tive and does not play a role in our analysis.

SEDIGISM (i.e. 300� < ` < 18� ; see the dark shaded region shown
in Fig. 1).

A crucial part of investigating the Galactic distribution and
physical properties of dense, high-mass clumps is determining their
distances. The most reliable distances are those determined from
maser parallax measurements (e.g. Reid et al. 2019); however, these
are only readily available for approximately 200 regions (all with
declinations> � 40� ), and although distance measurements are im-
proving (particularly with respect to maser parallax measurements)
it will be a long time before these will be available for a large frac-
tion of the 10 000 sources in the ATLASGAL Compact Source Cat-
alogue (CSC; Contreras et al. 2013; Urquhart et al. 2014b). Stellar
parallax measurements from the Gaia mission (Gaia Collaboration
et al. 2018) are becoming more widely available (e.g., Zucker et al.
2019), but these are primarily for regions of low extinction, and
cannot be used to obtain distances to deeply-embedded protostars
located at large distances in the dusty Galactic plane that are identi-
�ed by ATLASGAL. We have therefore resorted to using kinematic
distances for sources for which a more reliable distance measure-
ment is not currently available.

We presented velocities and kinematic distances for� 8 000
clumps located outside the Galactic centre region (i.e.,j` j > 5� )
in Urquhart et al. (2018) based on the rotation curve of Reid
et al. (2014). The radial velocities of molecular clumps can be
measured from line observations (e.g., CO, NH3, CS, etc.), and
these are readily available for many of the ATLASGAL clumps.
We have used Galactic plane surveys such as the Galactic Ring
Survey (GRS; Jackson et al. 2006), the Mopra CO Survey of the
Southern Galactic Plane (Burton et al. 2013; Braiding et al. 2015),
ThrUMMS, (Barnes et al. 2015), COHRS (Dempsey et al. 2013),

Figure 2. Distribution of RMS noise values determined from the emission
free regions of the C18O (2-1) spectra smoothed to a velocity resolution of
1 km s� 1. The bin size is 0.05 K.

and CHIMPS (Rigby et al. 2016, 2019) as well as large targeted ob-
servational programmes towards selected samples (e.g., MALT90
(Jackson et al. 2013), RMS (Urquhart et al. 2007, 2008, 2011,
2014a), and BGPS (Dunham et al. 2011a; Schlingman et al. 2011;
Shirley et al. 2013a). These have been augmented by dedicated
ATLASGAL follow-up observations including NH3 (Wienen et al.
2012, 2018), SiO (2-1) (Csengeri et al. 2016b), radio recombination
lines (Kim et al. 2017, 2018) and an unbiased 3-mm chemical sur-
vey between 85.2-93.4 GHz (Urquhart et al. 2019). Comparisons
between the distances estimated by other survey teams and the
ATLASGAL-determined distances �nds agreement of� 80 per cent
(see Urquhart et al. 2018 for more details).

The previous works had excluded the central part of the
Galaxy because at the time there had been no high-resolution
(� 10) molecular line surveys or targeted studies that suf�ciently
resolved the complex source distributions. The recently-completed
SEDIGISM survey (Schuller et al. 2017) provides the means to
extend the analysis of the ATLASGAL catalogue to the inner-
most part of the Galactic plane and determine distances and phys-
ical properties for a signi�cant number of the� 2000 ATLASGAL
sources currently without a distance. The vast majority of these are
located towards the Galactic centre (i.e.,j` j < 5� ).

2.2 SEDIGISM Survey

The SEDIGISM survey (Schuller et al. 2017 – hereafter Paper I)
utilised the 12-m Atacama Path�nder Experiment (APEX, Güsten
et al. 2006) submilllimeter telescope between 2013 and 2015 to ob-
serve theJ = 2� 1 transitions of the13CO and C18O isotopologues
and 10 other signi�cant molecular tracers, including shock trac-
ers (such as SiO and SO) and dense gas tracers (H2CO, CH3OH,
CH3CN).

The observations used the Swedish Heterodyne Facility In-
strument (SHFI, Vassilev et al. 2008) paired with a back-end utilis-
ing two wide-band Fast Fourier Transform Spectrometers (XFFTS,
Klein et al. 2012). Each spectrometer produced a 2.5 GHz band-
width with 32 768 channels, yielding a velocity resolution of�
0:1km s� 1 at the central frequency of the observations (219 GHz).
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The bands were con�gured to overlap by 500 MHz, producing a net
4 GHz IF bandwidth.

The survey area covers a 1-degree wide (in latitude) band over
the southern Galactic plane (� 60� � ` � + 18� , jbj � 0:5� ) with a
28-arcsec FWHM beam. We divided this region into 0:5� 0:5 deg2

�elds, each of which was covered twice with orthogonal on-the-
�y mapping. We used a 2-arcmin s� 1 scanning speed to yield a
� 0:34 s beam� 1 integration time. When combined, these two map-
ping passes allow us to reach a main-beam brightness 1-s rms noise
of 0.8 K at 0.25 km s� 1 spectral resolution in typical weather con-
ditions (maximum precipitable water vapour of 3 mm).

A number of transitions are covered by the SEDIGISM sur-
vey, but the brightest are the13CO and C18O (J = 2� 1) rotational
transitions. The13CO (2-1) transition requires a higher critical den-
sity than the13CO (1-0) transition, and is less optically thick than
the12CO and13CO (1-0) transitions. It is therefore a more reliable
tracer of dense gas than the lower-excitation isotopologues, and is
less affected by self-absorption and confusion due to blending of
low-density clouds along the line of sight than lines from the much
more abundant12CO isotopologue.

The13CO and C18O data are available in the form of 2� � 1�

FITS cubes with a velocity range of� 200 km s� 1. These are cen-
tred on each integer value of Galactic longitude. These �ts cubes
are calibrated to the main beam temperature scale (Tmb) and so have
already been corrected for the APEX telescope beam ef�ciency
(heff = 0:751). These �ts cubes are available from the SEDIGISM
project website.2

A detailed description of the whole survey and a discussion
of the data quality and products are given in Schuller et al. ac-
cepted (hearafter Paper II). This overview paper is complemented
by a catalogue of GMCs (Duarte-Cabral et al. accepted. – hereafter
Paper III) produced by applying theSCIMES algorithm (v.0.3.2)3

(originally described in Colombo et al. 2015 with improvements
detailed in Colombo et al. 2019). This GMC catalogue consists of
10 663 clouds and provides their physical parameters, such as dis-
tances, masses, sizes, velocity dispersions, virial parameters and
surface densities. We use many of these parameters in Sect. 4.

3 13CO AND C18O ANALYSIS

3.1 Extraction and �tting

There are 5754 clumps in the ATLASGAL CSC (Contreras et al.
2013; Urquhart et al. 2014b) that are located inside the region of
the Galactic plane covered by SEDIGISM. We extracted spectra
for the13CO and C18O (2–1) transitions towards all of these posi-
tions by integrating the emission within a 3000aperture centred on
the peak 870mm dust emission. Inspection of the extracted13CO
data revealed that approximately 10 per cent (606) of the spectra
are affected by poor baselines and/or very broad emission features
(> 30 km s� 1; all of the latter are found towards the Galactic Cen-
tre). We have excluded these from our analysis as they are unlikely
to provide any reliable information for the clumps.

The spectral pro�les towards the remaining 5148 clumps were
Hanning smoothed, reducing the velocity resolution to 1 km s� 1

but improving the signal-to-noise ratio (SNR) by a factor of 2
(s = 0:4 K; see Fig. 2 for distribution). The individual spectral

1 http://www.apex-telescope.org/telescope/ef�ciency/index.php
2 http://sedigism.mpifr-bonn.mpg.de/
3 https://github.com/Astroua/SCIMES

Figure 3. Examples of the13CO (black line) and C18O (grey) spectra ex-
tracted towards three dense clumps identi�ed from the ATLASGAL survey;
the former is offset by 2 K from zero intensity. The results of the automatic
Gaussian �tting are overlaid in red and blue and the velocity assigned to the
clump is indicated by the green vertical dash-dotted line.

components were automatically �tted assuming a Gaussian pro�le.
The noise was estimated from emission-free regions of the spec-
trum. We then identi�ed the strongest peak within the� 200 km s� 1

velocity range: this was �tted, the Gaussian parameters were noted,
and the �tted pro�le was subtracted from the spectrum. The next
strongest peak was then identi�ed, �tted and subtracted; this pro-
cess was repeated until no peaks above 3s remained. A minimum
threshold of 10 per cent of the strongest component was employed
to avoid over-complicating the analysis by taking data on very weak
clouds that are very unlikely to be associated to the dense clumps
identi�ed in ATLASGAL. No attempt was made to separate the dif-
ferent components of strongly-blended emission or cases exhibiting
self-absorption by simultaneously �tting multiple Gaussians. This
simpli�cation has the consequence of producing slightly larger un-
certainties in a small number of cases.

In total, 13 11713CO and 5 593 C18O components are de-
tected towards 5148 clumps. The �tted line parameters are given
in Table 1. We present a few examples of the spectra obtained in
Fig. 3.
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Figure 4. Example of how integrated emission maps can be used to deter-
mine the most likely velocity component. The two maps above correspond
to the two velocity components seen towards AGAL342.901� 00.081 (see
lower panel of Fig. 3); the upper panel shows the integrated emission for the
� � 86 km s� 1 component while the lower panel shows the integrated emis-
sion at� 3:5 km s� 1. The contours show the distribution of the ATLAS-
GAL 870mm emission. The emission at� 3.5 km s� 1 is strong, compact
and correlated with the position of the ATLASGAL source and, therefore,
is considered to be the most likely component. The SEDIGISM beam size
is shown in the lower left corner of each map.

3.2 Velocity determination

Given that all of the ATLASGAL sources are located in the inner
Galactic plane and that a signi�cant fraction are located towards the
Galactic centre, where the majority of molecular gas in the Galaxy
resides, it is not surprising that multiple molecular components are
found along the majority of sight-lines to the ATLASGAL clumps.
A single component is detected in only� 25 per cent of cases (see
top panel of Fig. 3). Fortunately, in many of the multiple-detection
cases there is one very strong peak that can be safely assumed to be
the component associated with the dust emission (see middle panel
of Fig. 3). In these cases the component with the largest integrated
line intensity was allocated to the clump provided is at least twice
the integrated intensity compared to the next-strongest component.
Moreover, the detection of the C18O line yields a clump's velocity
unambiguously.

Table 1. Fitted Gaussian parameters to CO spectra extracted towards AT-
LASGAL clumps.

CSC Name Transition Tmb vlsr FWHM
(K) (km s� 1) (km s� 1)

AGAL300.504� 00.176 13CO 10.75� 0.11 8.51� 0.03 4.48� 0.10
13CO 4.64� 0.12 27.26� 0.07 3.84� 0.19
C18O 1.64� 0.12 8.51� 0.20 4.02� 0.58

AGAL300.748+ 00.097 13CO 20.74� 0.14 � 36.98� 0.01 2.32� 0.02
C18O 5.32� 0.16 � 36.86� 0.03 1.64� 0.07

AGAL301.136� 00.226 13CO 26.18� 0.10 � 39.62� 0.02 5.92� 0.06
C18O 8.47� 0.11 � 39.61� 0.04 4.67� 0.14

AGAL301.279� 00.224 13CO 7.28� 0.13 � 37.73� 0.03 2.75� 0.08
C18O 2.78� 0.17 � 37.54� 0.05 1.56� 0.12

Notes:Only a small portion of the data is provided here, the full table will
be available in electronic form at the CDS.

Figure 5. Histogram of the differences between previously assigned veloc-
ities (Urquhart et al. 2018) and the velocities obtained from analysis of the
SEDIGISM data discussed in this paper. The red curve shows the Gaussian
�t to the distribution, which has a FWHM of 1.1 km s� 1. The bin size is
0.2 km s� 1.

In other cases where the integrated intensities towards a par-
ticular clump are similar (i.e., within a factor of 2) we have pro-
duced integrated13CO maps of 50� 50 regions centred on the
peak dust emission (see lower panel of Fig. 3 for an example).
These maps have been visually compared to the position and mor-
phology of the dust emission, and the velocity of the integrated
map that has the best morphological correlation is assigned to
the clump. An example of this is shown in Fig. 4 where the inte-
grated maps are presented for the two components seen towards
the AGAL342.901� 00.081 (see lower panel of Fig. 3). It is clear
from these maps that the velocity component at 3.5 km s� 1 is com-
pact and is coincident with the position of the ATLASGAL clump,
and we have assigned this velocity to the clump.

We have been able to assign a reliable velocity to 4998 clumps
by selecting the strongest components and by examining the mor-
phology of the CO emission with respect to the dust emission. This
results in 97 per cent of the sample with useful extracted velocity
data, of which 1108 velocities are newly-assigned. The assigned
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velocities and CO-derived parameters are given in Table 2 for all
4998 clumps with reliable velocities.

In Figure 5 we present a histogram comparing the velocities
obtained from our analysis of the SEDIGISM data with the previ-
ously assigned velocities (i.e., as described in Urquhart et al. 2018).
This plot shows the agreement between the two sets of indepen-
dently assigned velocities, but also reveals that the velocities dis-
agree by more than 3 km s� 1 for 269 sources, corresponding to
� 8 per cent of the sample.4 A more detailed investigation shows
that the vast majority of these velocity disagreements were previ-
ously assigned using lower angular resolution13CO (1-0) from the
Mopra CO Survey of the Southern Galactic Plane (Burton et al.
2013; Braiding et al. 2015) or ThrUMMS (Barnes et al. 2015).
In these cases we consider the velocities assigned using the inte-
grated13CO (2-1) emission maps to be more reliable than using a
single spectral pro�le, and so have adopted SEDIGISM velocities
for these sources. We will use these new velocities to recalculate
the distances for these 269 clumps and re-evaluate their cluster as-
sociations (these results will be presented in a subsequent paper).

Wherever possible, we adopt the velocities determined from
SEDIGISM data for the rest of the clumps (3 621), as this then pro-
vides a consistent set of molecular line �t parameters for a large
fraction of the CSC catalogue and will allow for a more robust sta-
tistical analysis. The difference in the radial velocities is relatively
modest (i.e.,< 3 km s� 1) and so will not signi�cantly affect the
kinematic ambiguity distance solution, the kinematic distance or
the clustering results presented in Urquhart et al. (2018) and so we
make no changes to any of the physical properties of these clumps
presented in that paper.

4 STAR FORMING PROPERTIES OF HOST GMCS

In total, there are 5754 ATLASGAL clumps located in the
SEDIGISM region and we have been able to allocate reliable veloc-
ities to 4998 clumps. We have used the positions and velocities of
these clumps to match them to their parental GMCs as described in
Paper III (see also Sect. 2.2). This has resulted in matching 4824 of
the clumps with reliable velocities with 1709 GMCs, correspond-
ing to 97 per cent of dense clumps.

We note that only a small proportion of GMCs identi�ed in
the SEDIGISM data are associated with dense gas as traced by AT-
LASGAL (� 11 per cent, increasing to� 17 per cent in the disk).5

Although the fraction of clouds with ATLASGAL counterparts is
relatively small, they do make up approximately half of the total
GMC mass.6 The physical properties of the GMCs associated with
dense clumps, and high-mass star formation tracers, were com-
pared in Paper III together with the rest of the GMC population, and
were found to be signi�cantly more massive, physically larger in
size, have higher velocity dispersion and surface densities; clouds
associated with clumps had larger values and those associated with
high-mass star forming tracers had even higher values (see �gure 8
of Paper III for distributions of the different populations).

4 The choice of what value constitutes a signi�cant difference is somewhat
arbitrary. Here, we have used a threshold difference value of three times the
velocity resolution of the smoothed SEDIGISM data, which is 1 km s� 1.
5 We consider clouds locatedj`j > 10� to be located in the disk for this
analysis.
6 In the ` = 300� � 350� region there are 6352 GMCs with a total mass
of 107:4 M� . Of these, 1044 are associated with an ATLASGAL clump and
these GMCs have a combined mass of 107:1 M� .

In the rest of this section we look at the Galactic distribution
of this sample of dense clumps and their host GMCs, and investi-
gate whether their proximity to the spiral arms has any affect on
their star-forming properties. For clarity, when we mentionclumps
we will always be referring to ATLASGAL sources, and when
we mentioncloudsor GMCs we will always be referring to the
SEDIGISM catalogue sources.

4.1 Galactic distribution and association with spiral arms

We show in Fig. 6 the full distribution of ATLASGAL clumps that
have an assigned velocity from the work presented both here and
in Urquhart et al. (2018). This plot shows the longitudes and ve-
locities for 8 948 ATLASGAL CSC clumps of the 9 817 located in
the range 300� < ` < 60� , which corresponds to 91 per cent of the
catalogue. Two-thirds of the sources without an associated velocity
are located within 3� of the Galactic centre, and their spectral pro-
�les are too confused to extract a reliable velocity measurement.
Source confusion is compounded by the uncertainty of the rotation
curve toward the central region of the Galaxy, and so resulting kine-
matic distances would be highly uncertain. The remaining third are
among the weakest sources in the ATLASGAL CSC, and so there
is a chance they are spurious. Our velocity information is therefore
likely to be as complete as obtained. Figure 6 also shows the loci of
the four main spiral arms and the near/far 3-kpc arms. Thex andy
positions of these arms have been taken from the model of Taylor
& Cordes (1993) as updated by Cordes (2004), and have been con-
verted tò andVLSR using a three-component rotation curve (bulge
+ disk + dark halo) tailored to the data of Eilers et al. (2019) and
using the Reid et al. (2019) values for Solar position and veloc-
ity (8.15 kpc and 236 km s� 1) and assuming pure circular rotation
(as described in Paper II). The choice of rotation curve and spiral
arm model do not make a signi�cant difference to the spiral arm
tracks on thè � v-map, as the differences in velocity are generally
smaller than the streaming motions (this will be discussed in detail
in a future publication i.e. Colombo et al. 2020, in prep.).

We can compare the distribution of the individual clumps with
the loci of the spiral arms to look for trends in their physical and
star-forming properties. In Fig. 7 we show the velocity difference
between the clumps and the nearest spiral arm in` � v-space for
sources located beyond 10� of longitude from the Galactic cen-
tre. The upper panel shows the distribution of all clumps (red)
and the SEDIGISM GMC catalogue (blue). In both cases, these
curves show a steeply rising gradient at velocity offsets less than
� 10 km s� 1, revealing that both clumps and clouds are tightly cor-
related with the spiral arms. We note that the clumps are more
tightly correlated with the arms than the clouds (the KS-test gives
a p-value� 0:003), suggesting that clouds associated with dense
clumps are more likely to be associated with the spiral arms.

The spiral-arm loci are derived from pulsar dispersion mea-
surements and are independent of gas: the strong correlation be-
tween the molecular gas and the location of the arms is then
quite signi�cant. If we assume that all sources located within
� 10 km s� 1 of a spiral-arm locus are associated with an arm, we
�nd that 65 per cent of the clumps and 61 per cent of clouds are so
associated. We looked for differences in the velocity distribution
between clumps associated with high-mass star formation tracers
and the rest of the matched clouds with high-reliability matches,
but found no signi�cant difference from the complete clump and
cloud populations.

The lower panel of Fig. 7 illustrates the velocity offset distri-
bution for all clouds and those associated with dense clumps (grey
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