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ABSTRACT

We present the first data release of the James Clerk Maxwell Telescope Plane Survey (JPS),
the JPS Public Release 1. JPS is an 850-µm continuum survey of six fields in the northern inner Galactic plane in a longitude range of  = 7◦ –63◦ , made with the Submillimetre
Common-User Bolometer Array 2. This first data release consists of emission maps of the
six JPS regions with an average pixel-to-pixel noise of 7.19 mJy beam−1 , when smoothed
over the beam, and a compact source catalogue containing 7813 sources. The 95 per cent
completeness limits of the catalogue are estimated at 0.04 Jy beam−1 and 0.3 Jy for the peak
and integrated flux densities, respectively. The emission contained in the compact source catalogue is 42 ± 5 per cent of the total and, apart from the large-scale (greater than 8 arcmin)
emission, there is excellent correspondence with features in the 500-µm Herschel maps. We
find that, with two-dimensional matching, 98 ± 2 per cent of sources within the fields centred
at  = 20◦ , 30◦ , 40◦ and 50◦ are associated with molecular clouds, with 91 ± 3 per cent of the
 = 30◦ and 40◦ sources associated with dense molecular clumps. Matching the JPS catalogue
to Herschel 70-µm sources, we find that 38 ± 1 per cent of sources show evidence of ongoing
star formation. The JPS Public Release 1 images and catalogue will be a valuable resource for
studies of star formation in the Galaxy and the role of environment and spiral arms in the star
formation process.
Key words: surveys – stars: formation – ISM: clouds – submillimetre: ISM.

1 I N T RO D U C T I O N
The production of a predictive model for star formation requires a
number of key questions to be answered. It is crucial to determine
what mechanisms control the star formation rate (SFR) and efficiency (SFE), on what scales they operate and whether any of these
mechanisms also cause variations in the stellar initial mass function
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(IMF). Any predictive model will also need to factor in the influence
of the environment in which the star formation is occurring.
Until recent advancements in telescope facilities and instrumentation, studies trying to answer these questions focused on individual
star-forming regions, but now survey-driven research has started to
make progress in addressing the issues (e.g. Schuller et al. 2009;
Molinari et al. 2010b).
The first step of the process, after or during the formation of
molecular clouds, is the formation of the dense clumps and cores
within which stars form. Studies such as Eden et al. (2012, 2013)
and Battisti & Heyer (2014), using the molecular clouds detected
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in the Galactic Ring Survey (GRS; Jackson et al. 2006) and dense
clumps from the Bolocam Galactic Plane Survey (BGPS; Aguirre
et al. 2011), have made progress in examining the efficiency of this
step using relatively small samples. Eden et al. (2012, 2013) found
no significant variation on kiloparsec scales in the clump-formation
efficiency (CFE, also known as the dense-gas mass fraction or
DGMF1 ). These studies have revealed that the CFE is relatively
constant for spiral-arm and inter-arm regions and a near-constant
CFE value of ∼8 per cent (i.e. Nguyen Luong et al. 2011; Battisti
& Heyer 2014; Barnes et al. 2016).
To measure the stellar IMF and the SFE and, particularly, to detect
variations in them, studies of large samples of young stellar objects
(YSOs) are required. The IMF can be inferred from measurements
of the luminosity function (LF) of the YSOs and an analogue of
the SFE can be obtained from the ratio of IR luminosity to the
cloud/clump mass reservoir (assuming that the IR-bright time-scale
is short). Galactic-scale samples of YSOs from the Red MSX Source
survey (RMS; Lumsden et al. 2013) were examined by Moore et al.
(2012), who found that ∼70 per cent of the increase in SFR density
in the spiral arms is due to source crowding rather than a physical
effect caused by the spiral arms themselves. Much of the remainder
could be ascribed to individual extreme sources. For instance, they
suggested that a steeper LF in the W49A high-mass star-forming
region may be responsible for a large increase in SFE in a section
of the Perseus spiral arm.
Based on the observed similarity between them, the development
of the mass distribution of dense clumps [or clump mass function
(CMF)] may be the stage at which the slope of the IMF is set,
with a constant conversion efficiency between the two (e.g. Beltrán
et al. 2006). Simulations have found that the lognormal density
fluctuations in a turbulent medium set the CMF and consequently the
IMF (Hennebelle & Chabrier 2008). Hopkins (2012) added to this,
finding that the mass function of bound objects is set by the smallest
scale on which they are self-gravitating, with further work indicating
that the slope and turnover mass can also be replicated (Guszejnov
& Hopkins 2015). Any differences in the CMF may therefore hint at
variations in the IMF, and a different mechanism of star formation,
but clustered clumps have the same mass-function slope as those
that form in an isolated environment (Beuret et al. 2017), indicating
that the CMF may be invariant.
The environment in which star formation occurs must be relevant,
as the initial conditions for star formation in the outer Galaxy differ
significantly from those in the inner Galaxy, with decreased metallicity, thermal and turbulent pressure, radiation field and spiral-arm
strength, to name a few. Roman-Duval et al. (2009) and Moore
et al. (2012) found evidence that the mean mass of molecular
clouds decreases with increasing Galactocentric radius, although
it is not yet clear that this trend is not a statistical or selection
effect. Other trends with Galactocentric radius have been found,
with Koda, Scoville & Heyer (2016) finding that the molecular gas
mass fraction (amount of atomic gas converted to molecular gas)
decreases rapidly with increasing Galactocentric radius. Similarly,
using 13 CO as a tracer of dense molecular gas, the fraction of molecular gas (12 CO + 13 CO) converted into dense molecular gas also
decreases with Galactocentric radius beyond ∼4 kpc (Roman-Duval
et al. 2016). The possibility that these trends could be affecting star
formation in the outer Galaxy is supported by the recent finding by
Ragan et al. (2016) that the fraction of clumps containing a tracer
of star formation decreases with Galactocentric radius. The reasons
1 The CFE or DGMF is calculated by dividing the mass in dense structures
by the molecular gas mass, traced by CO.
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for this behaviour are unclear, however, as the CFE has been found
to be constant across Galactocentric radius (Eden et al. 2013; Battisti & Heyer 2014). In the central regions of galaxies, James &
Percival (2016) found that in external galaxies the areas swept out
by bars have suppressed SFRs, with the central molecular zone of
our Galaxy having suppressed SFRs (Longmore et al. 2013).
Other evidence from large-scale surveys suggests that it is within
individual clumps and molecular clouds that the dominant variations in star-forming conditions occur, with values of CFE and SFE
found to be lognormal from clump to clump and cloud to cloud
(Eden et al. 2012, 2015). There is also evidence that massive clumps
that are forming high-mass stars are more compact and have more
strongly peaked surface brightness distributions in the submillimetre continuum than those that are not (Csengeri et al. 2014; Urquhart
et al. 2014b). Also, the structure of a high-mass star-forming clump
appears to be set before the onset of star formation and changes
little as the embedded object evolves towards the main sequence.
1.1 Complementary Galactic plane surveys
These results are a consequence of the combination of multiple
Galactic plane surveys tracing all of the important stages of the
star formation process from the molecular gas to YSOs and other
signposts of young stars, from radio wavelengths to the infrared.
The molecular gas in the JPS region is detected by observations
in different rotational transition lines of CO isotopologues. Using
the J = 1–0 transition, the FUGIN (FOREST Ultra-wide Galactic
plane survey In Nobeyama) survey will be observing the northern
Galactic plane in the isotopologues 12 CO, 13 CO and C18 O with
the Nobeyama 45-m Radio Telescope (Minamidani et al. 2016),
matching the angular resolution of the JPS. The GRS has also
observed the inner Galactic plane in 13 CO J = 2–1 and has been used
to produce a catalogue of molecular clouds, complete with distances
and masses (Rathborne et al. 2009; Roman-Duval et al. 2009, 2010).
The J = 2–1 transition is covered by the SEDIGISM survey in the
13
CO and C18 O isotopologues (Schuller et al. 2017), extending to
 = 17◦ , covering the southern regions not covered by the GRS.
The COHRS (Dempsey, Thomas & Currie 2013a) and CHIMPS
(Rigby et al. 2016) surveys cover all three isotopologues in the
J = 3–2 transition at the same angular resolution as the JPS, but do
not provide complete longitude or latitude coverage.
Star formation tracers occur across the electromagnetic spectrum,
with YSOs identified in the infrared by the RMS survey’s colourselected Galaxy-wide samples (Lumsden et al. 2013). The radiocontinuum observations of the CORNISH survey at 5 GHz using
the Very Large Array (Hoare et al. 2012) detected compact H II
regions in the northern inner Galactic plane (Urquhart et al. 2013).
The Methanol Multi-Beam Survey (Green et al. 2012) has surveyed
the entire plane at 6.7 GHz, revealing a comprehensive catalogue
of methanol masers. The presence of such emission is an indicator
of early high-mass star formation, with 99 per cent of masers found
to be associated with compact submillimetre continuum emission
(Urquhart et al. 2015).
Continuum emission at submillimetre and far-infrared wavelengths traces the cold dust which is assumed to be well mixed
with the gas. Several surveys have used these wavelengths to trace
regions of current and incipient star formation in the form of dense
clumps. The BGPS surveyed the northern Galactic plane at 1.1 mm
(Aguirre et al. 2011; Ginsburg et al. 2013) with the ATLASGAL
survey covering the majority of the JPS range at 870 µm (Schuller
et al. 2009). The entire Galactic plane has been observed using
the Herschel Space Observatory at 70, 160, 250, 350 and 500 µm

JPS compact source catalogue
Table 1. The values for rms for each field determined from the Gaussian fits
in Fig. B1, with the comparison to the target rms after smoothing over the
beam. The σ rms numbers are pixel-to-pixel noise values that are dependent
on pixel size, whereas the smoothed numbers are beam-to-beam values. The
pixel-to-pixel values are those used from this point forward.
Field
 = 10◦
 = 20◦
 = 30◦
 = 40◦
 = 50◦
 = 60◦

σ rms
(mJy beam−1 )

Smoothed rms
(mJy beam−1 )

Source
numbers

Sources
per deg−2

31.06
28.67
29.89
27.89
25.66
26.40

8.42
7.76
8.17
7.15
5.98
5.66

1883
1773
2149
925
822
261

181
170
207
89
79
25

(Molinari et al. 2010a,b) with the images and single-band catalogues
for the inner plane published recently (Molinari et al. 2016a,b). HiGAL surveys the Galactic plane at resolutions of 6, 12, 18, 24 and
35 arcsec for the five wavebands, with minimum sensitivities of 0.5,
3, 5.5, 7 and 7 Jy, respectively, across the JPS longitudes.
1.2 JCMT plane survey
Adding to the surveys in the continuum, we present here the first
complete public release of data, JPS Public Release 1 (JPSPR1),
and the compact source catalogue (CSC) extracted from the James
Clerk Maxwell Telescope (JCMT) Plane Survey (JPS). This survey
is part of the JCMT Legacy Survey programme (JLS; Chrysostomou 2010), a series of surveys studying star formation across the
Universe from local Galactic studies to high-redshift galaxies (e.g.
Wilson et al. 2012; Kirk et al. 2016; Geach et al. 2017).
JPS is a targeted, yet unbiased, survey of the inner Galactic plane
in the longitude range 7◦ <  < 63◦ using the wide-field sub-mmband bolometer camera, the Submillimetre Common-User Bolometer Array 2 (SCUBA-2; Holland et al. 2013) at 850 µm with an
angular resolution of 14.5 arcsec. The target rms sensitivity was
10 mJy beam−1 , when smoothed over the beam, and the achieved
rms values are significantly better (Table 1). The unsmoothed pixelto-pixel rms values are used and referred to for the rest of this paper.
The survey strategy consists of sampling six regularly spaced fields
centred at Galactic longitudes of  = 10◦ , 20◦ , 30◦ , 40◦ , 50◦ and
60◦ , with each field covering approximately 5◦ in longitude and
1.◦ 7 in latitude. This observing strategy preserves many of the goals
of a blind survey, producing a relatively unbiased data set, while
also containing multiple significant features of Galactic structure
such as the tangents of the Scutum–Centaurus and Sagittarius spiral arms and major star-forming regions such as W31, W43 and
W51. By limiting the area coverage, JPS was also able to achieve
significantly increased depth compared to existing submillimetre
continuum surveys covering the same region (e.g. ∼ ×10 deeper
than ATLASGAL; Fig. 10). Full details of the JPS observing strategy and preliminary results from the region of  = 27◦ –33◦ can be
found in Moore et al. (2015).
As part of the JLS, the JCMT also observed the outer Galactic
plane, encompassing Galactic longitudes in the range  = 120◦ –
240◦ with the SCUBA-2 Ambitious Sky Survey (Thompson et al.,
in preparation) with the range of  = 60◦ –120◦ covered by a separate
project. These two projects, along with JPS, give complete coverage
of the Galactic plane visible from the JCMT at a constant mass
sensitivity of roughly 100 M at 20 kpc.
The structure of the paper is as follows. In Section 2, we present
the observations and data reduction process of the JPS, with Sec-
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tion 3 describing the data. Section 4 describes the CSC, the extraction process, completeness tests and source properties. The data
access is described in Section 5, with the content of the image data
presented in Section 6. Comparisons with other Galactic plane studies are made in Section 7, with preliminary conclusions made on
the star-forming content in the JPS. Finally, we give a summary of
the paper and conclusions in Section 8.

2 O B S E RVAT I O N S A N D DATA R E D U C T I O N
2.1 Observing strategy
Each individual survey field is sampled using a regular grid (see
fig. 3 of Moore et al. 2015) of 11 circular tiles with a diameter of
1 deg, observed using the pong3600 mode of SCUBA-2 (Bintley
et al. 2014). Each individual pong3600 takes 40–45 min to observe
and reaches a pixel-to-pixel rms of ∼ 92 mJy beam−1 in the assigned
weather band, when reduced with 3-arcsec pixels. The data were
taken between 2012 June and 2015 January, with each tile observed
between 7 and 12 times, depending on weather conditions, to obtain
uniform noise across each field.
Although SCUBA-2 observes the 450-µm and 850-µm bands
simultaneously, the assigned weather bands for the project had sky
opacity values of τ220  0.08–0.16 at 220 GHz, meaning that conditions were not reliably photometric at 450 µm, with only the
brightest sources detected at low sensitivity and unreliable fluxes.
These data are available from the JCMT archive, along with the basic
JCMT Legacy Release 1 (JCMT-LR1) reductions (Bell et al. 2014;
Graves et al., in preparation), which are addressed in Section 5.
In the next section, we describe the bespoke reduction of the 850µm data used to produce science-grade emission maps for the JPS
project.

2.2 Data reduction
An outline of the general data reduction process used by the JPS
project can be found in Moore et al. (2015). The data for this public
release have been re-reduced with some key altered parameters, the
details of which are highlighted below.
The reduction process makes use of the SMURF software package
(Jenness et al. 2011), which can be found in the Starlink suite.
The command used, SMURF:MAKEMAP, makes use of the Dynamic
Iterative Map-Maker, outlined by Chapin et al. (2013).
The data for this public release, JPSPR1, have been re-reduced
with some key changes from the reduction presented in Moore et al.
(2015). The individual observations of each tile are first reduced
using the process in the initial JPS paper, but mapped on to 3-arcsec
pixels, as opposed to the 4-arcsec grid used in the prior paper. These
individual tiles are then co-added and masked for the emission, in a
process similar to that of Mairs et al. (2015). This masking process
sets to zero all data below a flux value of zero, ensuring that negative
noise is removed (see Chapin et al. 2013 and Mairs et al. 2015 for
more details on external masking). The mask produced is then used
to suppress the inflation of noise into spurious positive emission.
Using an external mask enables some large-scale structures to be
retained in the final map. The disadvantage of this is that real, lowlevel emission may be removed, especially since the data reduction
process masks out structures on scales larger than 480 arcsec (the
size of the SCUBA-2 footprint).
Whereas Moore et al. (2015) reduced individual pong3600 observations separately and then assembled them in a mosaic after
MNRAS 469, 2163–2183 (2017)
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removing the low signal-to-noise edges of each tile, in these complete data all the observations in a field are reduced at the same
time. This procedure improves the reliability of the reduction of
individual scans. In the JPSPR1, all the data are co-added without
clipping the noisy edges of the tiles, which consist of data taken outside the fully sampled region of each pong3600 observation, where
the scan direction is changing. In JPSPR1, the edges are retained to
increase the signal-to-noise ratio (SNR) in the overlapping regions.
The number of repeated observations and the tile overlaps mean
that this edge noise is largely suppressed in the central regions of
each JPS field. However, some unreliable signal remains that has to
be identified and weeded out (see below).
The parameters used for the customized SMURF:MAKEMAP configuration file can be found in Appendix A. The final maps are
calibrated in units of Jy beam−1 using the standard observatorydetermined calibration factor of 537 ± 26 Jy beam−1 pW−1 , which
is monitored regularly during the observations via measurements of
planets such as Uranus (Dempsey et al. 2013b).
3 J P S P R 1 DATA
Fig. 1 shows the JPSPR1 image data for the first three JPS fields,
with Fig. 2 showing the results in the  = 40◦ , 50◦ and 60◦ fields.
These images show only the brightest sources due to the dynamic
range and image resolution. There are significant real compact and
filamentary sources at lower surface brightness that will be discussed later.
The  = 30◦ and 50◦ fields contain small regions of negative surface brightness (‘negative bowling’) around the brightest sources,
especially W43 and W51. Many of the details of the reduction
process, in particular the selection of pipeline parameters and the
masking process, aim to mitigate this effect but the presence of
regions of negative bowling means that the source catalogues will
not be complete in those regions. However, while these sources are
of significant interest, the problem affects a very small area (radius
∼ 100 arcsec around the sources) compared to the entirety of the JPS
coverage. The maximum level of negative bowling is 6σ and 13σ
around W43 and W51, respectively. This compares to the maximum
data values of ∼ 700σ and ∼ 2100σ in the two regions, respectively.
Effective correction of such artefacts will be the subject of a future
study.
Histograms of flux values per pixel in each of the six fields, along
with Gaussian fits to the respective distributions, are displayed in
Fig. B1 in Appendix B. In each of these histograms, there is a slight
negative excess with respect to the normal distribution, caused by
non-Gaussian noise in the wings, while the positive excess comes
primarily from the real astronomical signal. The rms noise for each
field is estimated from the latter fits and the resulting values are
displayed in Table 1.
An alternative measure of the noise is contained in the variance
data produced by the data-processing and reduction software, based
on the signal variation in each multiply sampled spatial pixel. The
resulting variance maps are shown in Appendix C.
Since the square root of the variance is equivalent to the standard
deviation of the noise, we can compare the resulting alternative standard deviation values to those obtained from pixel-to-pixel variations in the reduced data found above. Histograms of these standard
deviation values for the pixels in each field are shown in Fig. B2.
The pixel-to-pixel rms values calculated from Fig. B1 are overlaid
and each distribution peaks close to the latter. The variance-derived
standard deviation histograms have a similar profile to those of the
data.
MNRAS 469, 2163–2183 (2017)

4 C O M PAC T S O U R C E C ATA L O G U E
4.1 Compact source detection
Extraction of the compact sources from the JPSPR1 data was done
using the FELLWALKER (FW; Berry 2015) source-extraction algorithm, part of the Starlink CUPID package (Berry et al. 2007). Details
of this choice of source-extraction process can be found in Moore
et al. (2015).
FW is most effective at extracting clumps when the background
noise is distributed uniformly. As a result, we have used the same
method as employed in Moore et al. (2015) and Rigby et al. (2016),
by performing the source extraction on an SNR map. This is produced using the intensity data and the variance maps shown in
Appendix C.
All sources containing emission above a threshold of 3σ (i.e.
three times the pixel-to-pixel noise) in the SNR map are initially
identified using FW as part of the task CUPID:FINDCLUMPS. This creates a mask that is applied to the intensity map as input for the
task CUPID:EXTRACTCLUMPS, which extracts the peak and integrated
flux-density values that are reported in the source catalogue. A further threshold for CUPID:FINDCLUMPS was the minimum number of
contiguous pixels to qualify as a genuine source. This was set at
12, which is the number of pixels expected to be found in an unresolved source with a peak SNR of 5σ , given a 14.5-arcsec beam
and 3-arcsec pixels. The other parameters used in the FW process
are given in Appendix D.
Further thresholds to membership of the final catalogue are a
lower limit to the peak SNR of 5σ and an aspect-ratio cut, ensuring that only reliable compact sources are included. The latter
is necessary because the fidelity of the JPS data to extended (i.e.
filamentary) structures has not yet been quantified and because extraction of extended sources is a complex problem, the approach to
which is likely to depend strongly on the intended science. Therefore, sources with aspect ratios (the ratio of the major to minor axis
size) greater than 5.0 are rejected.
A further cut was required to account for sources found by FW
near the edges of the field that are the result of noise or are undersampled and so have unreliable fluxes. These sources were cut by
extracting the values from the variance image at the positions of
the catalogued sources. As can be seen from the variance images
in Fig. C1, the edges of these maps have ∼8 times the value of the
areas in the centres of the maps. Therefore, sources with high peak
values in these variance-extracted clumps are likely to be found on
the edge or to be otherwise unreliable, that is, a cut in the value of
the variance at the source position at ∼3000 mJy beam−1 . Application of this criterion resulted in a total of 7813 sources found away
from the edges of the maps.
Table 2 contains a small part of the 7813 sources found in the
final JPSPR1 CSC, with the numbers found in each region listed in
Table 1, along with the sources per square degree. The full source
catalogue can be accessed from the CANFAR archive as well as
listed in the Supporting Information.
The catalogue is made up of mainly star-forming regions, those
which are both starless and protostellar. There will, however, be
sources of a different nature included in the catalogue. We estimate
that ∼3.5 per cent of sources are likely to be evolved stars, after
determining the number of known AGB stars found in the JPS
longitude range (Suh & Kwon 2011). We do not, however, expect
to detect any sources of a cosmological nature (Geach et al. 2017)
due to the JPS sensitivity. The nature of sources in the catalogue
will be determined in a future study when the individual sources are

JPS compact source catalogue
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Figure 1. The JPSPR1 maps for the first three fields,  = 10◦ , 20◦ and 30◦ . The intensity scale is in units of mJy beam−1 . Several areas can be seen where
the SCUBA-2 instrument continued to take data beyond the edge of the standard circular pong3600 tile. These excursions are visible at the edges of most of
the fields and the  = 10◦ field is misshapen in the top-right tile. This extension is caused by the inclusion of a trial observation taken prior to the main survey
that has a small positional offset from the standard grid pattern. Significant regions can be observed in each field with W31 found at  = 18.◦ 25, b = −0.◦ 19,
W39 at  = 18.◦ 86, b = −0.◦ 48 and G29 and W43 at  = 29.◦ 95, b = −0.◦ 02 and  = 30.◦ 75, b = −0.◦ 05, respectively.

MNRAS 469, 2163–2183 (2017)
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Figure 2. The JPSPR1 maps for the three fields centred at  = 40◦ , 50◦ and 60◦ . The intensity scale is in units of mJy beam−1 . The W51 star-forming region
can be located at  = 49.◦ 40, b = −0.◦ 38.

compared to the molecular environment and star formation tracers
but sources already detected by ATLASGAL will be known.
4.2 Recovered flux densities
As a check on the flux densities of the sources recovered by FW, we
positionally matched the JPS sources with ATLASGAL compact

MNRAS 469, 2163–2183 (2017)

sources (Contreras et al. 2013; Urquhart et al. 2014b). The peak
positions in the ATLASGAL catalogue were used to search for the
nearest JPS sources within a radius of 19 arcsec, equivalent to the
APEX 870-µm beam, finding 1918 matches. The comparison of
the JPS and ATLASGAL peak flux densities is shown in the top
panel of Fig. 3. The results show a clear linear relationship with a
small systematic offset to lower JPS peak flux densities. This offset
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(2)

IAU designation

6.687
6.750
6.760
6.770
6.777
6.786
6.796
6.811
6.826
6.829
6.865
6.868
6.885
6.905
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6.915
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peak
(◦ )
(3)
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(◦ )
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bpeak
(◦ )
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− 0.294
− 0.341
− 0.284
− 0.269
− 0.263
− 0.374
− 0.258
− 0.395
− 0.225
− 0.114
− 0.241
− 0.434
− 0.022
− 0.225
− 0.453
− 0.266
− 0.276
− 0.226
− 0.561
− 0.252
− 0.391
0.038
− 0.570
− 0.206
− 0.282
− 0.294
− 0.261
− 0.311
− 0.286
− 0.179
− 0.288
− 0.226
− 0.259
− 0.232
− 0.216
− 0.243
− 0.575
− 0.365

− 0.292
− 0.338
− 0.281
− 0.267
− 0.264
− 0.374
− 0.258
− 0.395
− 0.221
− 0.115
− 0.243
− 0.432
− 0.021
− 0.228
− 0.452
− 0.265
− 0.276
− 0.225
− 0.561
− 0.253
− 0.389
0.038
− 0.568
− 0.205
− 0.283
− 0.294
− 0.262
− 0.311
− 0.284
− 0.182
− 0.291
− 0.223
− 0.261
− 0.233
− 0.215
− 0.246
− 0.573
− 0.366

bcen
(◦ )
(6)
16
12
8
10
7
10
23
6
11
9
7
16
9
29
13
11
10
23
12
16
7
8
12
9
17
13
10
18
20
12
15
15
15
6
13
25
7
9

σmaj
(arcsec)
(7)
5
5
6
4
6
6
16
6
9
6
4
9
7
20
5
9
8
17
8
11
4
5
11
7
10
6
6
12
9
7
10
6
7
4
8
14
5
7

σmin
(arcsec)
(8)
120
144
143
192
121
156
169
180
116
269
131
265
113
125
258
209
267
147
254
131
251
210
166
101
187
167
120
232
230
250
111
140
117
194
259
153
166
160

PA
(◦ )
(9)
17
13
14
12
13
17
50
13
19
15
11
25
17
51
17
23
22
51
20
34
11
13
24
17
28
17
18
25
29
17
26
19
21
10
20
39
13
17

Reff
(arcsec)
(10)
0.484
0.179
0.151
0.168
0.229
0.186
3.720
0.070
0.207
0.202
0.063
0.294
0.187
0.502
0.052
0.371
0.320
1.614
0.160
1.110
0.069
0.242
0.111
0.172
0.136
0.075
0.161
0.090
0.234
0.053
0.534
0.080
0.085
0.073
0.107
0.188
0.054
0.088

Speak
(Jy beam−1 )
(11)
0.024
0.009
0.008
0.009
0.012
0.010
0.198
0.004
0.011
0.011
0.004
0.017
0.010
0.028
0.003
0.022
0.019
0.093
0.009
0.065
0.004
0.012
0.007
0.010
0.008
0.004
0.010
0.005
0.014
0.003
0.032
0.005
0.005
0.004
0.006
0.011
0.003
0.005

Speak
(Jy beam−1 )
(12)

Note. Only a small portion of the catalogue is shown here. The entire catalogue is downloadable from the CANFAR archive and is also available in the Supporting Information.

JPSG006.687−00.294
JPSG006.750−00.341
JPSG006.760−00.284
JPSG006.770−00.269
JPSG006.777−00.263
JPSG006.786−00.374
JPSG006.796−00.258
JPSG006.811−00.395
JPSG006.826−00.225
JPSG006.829−00.114
JPSG006.865−00.241
JPSG006.868−00.434
JPSG006.885−00.022
JPSG006.905−00.225
JPSG006.905−00.453
JPSG006.912−00.266
JPSG006.912−00.276
JPSG006.915−00.226
JPSG006.919−00.561
JPSG006.923−00.252
JPSG006.924−00.391
JPSG006.926+00.038
JPSG006.927−00.570
JPSG006.933−00.206
JPSG006.942−00.282
JPSG006.943−00.294
JPSG006.958−00.261
JPSG006.963−00.311
JPSG006.965−00.286
JPSG006.975−00.179
JPSG006.982−00.288
JPSG006.984−00.226
JPSG006.984−00.259
JPSG006.994−00.232
JPSG006.996−00.216
JPSG006.999−00.243
JPSG006.999−00.575
JPSG007.000−00.365

(1)

Name

1.166
0.346
0.313
0.346
0.473
0.625
16.051
0.244
0.675
0.434
0.189
0.987
0.590
5.877
0.318
1.200
0.916
10.671
0.574
3.906
0.130
0.471
0.827
0.504
1.182
0.348
0.538
0.760
1.441
0.281
1.643
0.452
0.581
0.205
0.608
2.645
0.225
0.363

Sint
(Jy)
(13)

0.124
0.061
0.059
0.063
0.061
0.057
0.804
0.045
0.057
0.063
0.047
0.057
0.073
0.295
0.034
0.067
0.054
0.534
0.040
0.197
0.037
0.097
0.049
0.041
0.065
0.035
0.039
0.046
0.076
0.032
0.086
0.036
0.039
0.038
0.041
0.134
0.034
0.033

Sint
(Jy)
(14)

17.04
8.61
7.86
8.31
9.98
8.81
119.78
5.68
9.38
9.23
5.51
11.76
8.83
17.57
5.21
13.89
12.48
51.97
8.11
35.74
5.65
10.32
6.78
8.42
7.44
5.81
8.12
6.21
10.11
5.23
18.47
5.95
6.08
5.75
6.68
8.85
5.26
6.17

(15)

SNR

Table 2. The JPSPR1 CSC. The columns are as follows: (1) JPS catalogue source name; (2) IAU source identifier; (3) and (4) Galactic coordinates of the peak flux position within the JPS source; (5) and (6)
Galactic coordinates of the central point; (7–9) semimajor, semiminor and position angle, measured anticlockwise from the Galactic north, of the ellipse fit to the shape of the JPS source; (10) effective radius of
√
source, calculated by (A/π ), where A is the area of the source above the detection threshold; (11 and 12) peak flux density, in units of Jy beam−1 , and associated uncertainty; (13 and 14) integrated flux, in units
of Jy, and associated uncertainty and (15) signal-to-noise ratio (SNR) of the source, calculated from the uncorrected peak flux density and the unsmoothed σ rms from Table 1.
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Figure 4. Aperture corrections determined for Neptune (blue crosses) and
a co-add of three Uranus observations (red diamonds), with the values
normalized to the maximum value. A fit to each distribution (Neptune: blue
dotted line; Uranus: red dashed line) with a fifth-order polynomial, from
which an average of the two was applied to the integrated flux densities for
the JPS compact sources.

given by
2
Cint = −0.329 + 0.077 Reff + 2.169 × 10−3 Reff
+ 3.177
3
4
5
×10−5 Reff
− 2.301 × 10−7 Reff
+ 6.507 × 10−10 Reff
, (1)

Figure 3. Comparison of the JPS sources with the spatially corresponding
ATLASGAL clumps. Top panel: peak flux densities. Bottom panel: integrated flux densities. The red dashed lines correspond to the 1:1 line, with
the black dot–dashed line representing the linear fit to the matched integrated
flux densities.

is expected and can be accounted for by the smaller JPS beam
and the fact that most sources are somewhat resolved. This effect
is explored in Moore et al. (2015), who also demonstrate that the
appropriate correction can be obtained by smoothing the JPS data
to the ATLASGAL resolution.
As the FW algorithm essentially uses aperture photometry,
with the aperture size and shape set by the number and distribution of contiguous pixels above the desired detection threshold, the integrated flux densities will be affected by the loss of
signal outside this aperture and below the threshold. As shown
by Dempsey et al. (2013b), the wings of the JCMT beam contain significant power. Since the effective aperture is SNR dependent, this loss can be therefore quite significant for the
fainter sources.
To measure the JCMT beam shape and obtain an aperture correction, one observation of Neptune and three of Uranus were made
during the survey and reduced in the same manner as the JPS data.
The percentage of the total flux found in increasing circular apertures is shown for both planets in Fig. 4. Both sets of points are
fitted with an interpolating fifth-order polynomial producing two
aperture-correction curves, and an average of the two is applied to
the integrated flux densities produced by FW. The correction Cint is
MNRAS 469, 2163–2183 (2017)

where Reff is the effective radius in units of arcsec. The application of
a circular aperture correction to non-circular sources is, of course,
approximate but the sources most affected are the fainter ones,
which tend to be more compact, as only the peaks are detected.
Larger sources are less affected, being generally extended in at least
one direction and the correction is negligible for brighter sources of
any shape. This correction is consistent with that of Dempsey et al.
(2013b).
Further evidence for the power in the wings of the JCMT beam is
the ratio of integrated-to-peak flux density of Neptune, which was
calculated to be 28 ± 1 (a Gaussian would have a ratio of ∼15),
with a full width at half-maximum (FWHM) size of 4.8 pixels,
corresponding to 14.4 arcsec. As Neptune can be considered as a
true point source at a size of ∼1 arcsec, this size of 14.4 ± 0.3 arcsec
is taken to be the half-power width of the beam, which is consistent
with the assumed beam size. From this measurement, the beam
integral or oversampling factor is taken to be 28 pixels per beam.
The bottom panel of Fig. 3 compares the integrated flux densities
of the 1918 positionally matched JPS and ATLASGAL sources.
There is a clear correlation but, with the exception of a few sources
that lie close to the 1:1 line, the JPS flux densities are consistently
lower than those of the corresponding ATLASGAL sources by a
larger factor than that affecting the peak flux densities, with a mean
ratio of 0.298 ± 0.004 and a median of 0.283. The linear best fit to
the relationship has a gradient of 1.15 ± 0.16, the large uncertainty
resulting from the considerable scatter in the flux-density ratios.
Visual inspection of sources in both catalogues, an example of
which is shown in Fig. 5, reveals that the ATLASGAL surface
brightness distribution tends to be broken up into multiple components by the higher angular resolution of the JPS data, and substructures are identified as separate sources in the latter. Since the source
matching is one to one, the JPS components mostly have lower
integrated flux densities than the ATLASGAL sources. As seen in
Fig. 11, there are very few real point sources, so it is expected that

JPS compact source catalogue

2171

Figure 5. Comparison images of positionally matched JPS and ATLASGAL sources. The left-hand panel is the JPS source, and the right-hand panel is the
ATLASGAL source. The source is centred at  = 10.248, b = −0.111.

Survey found an average of ∼17 per cent towards sources in Orion
A (Coudé et al. 2016). Free–free contamination from ionized gas
would mostly affect the brightest sources containing H II regions,
such as W43 and W51, but previous studies have found that this
contributes less than ∼20 per cent in W43 (Schuller et al. 2009) and
12 per cent in W40 (Rumble et al. 2016).

4.3 Completeness tests

Figure 6. The comparison of the integrated flux densities for sources extracted in the smoothed JPS  = 10◦ field and unsmoothed ATLASGAL
data.

only the few faint isolated point sources would appear on the 1:1
line.
A check on these recovered integrated flux densities was made
by smoothing the  = 10◦ JPS field to the resolution of the ATLASGAL data, 19 arcsec. Replicating the JPS source extraction on this
smoothed field and then positionally matching to the ATLASGAL
data found 434 matches. The comparison of integrated flux densities is shown in Fig. 6. The sources now lie along the 1:1 line with
reduced scatter, a mean ratio of 1.110 ± 0.002 and a median of
1.033, indicating that the improved resolution and sensitivity of the
JPS data reveal substructure in the ATLASGAL sources, breaking
most of them up into multiple compact sources. Any residual discrepancy is likely to be the result of the different source-extraction
methods and detection thresholds used in the two surveys.
As discussed in Moore et al. (2015), the 850-µm data can be
subject to contamination from CO and free–free emission. 12 CO
J = 3–2 contamination, however, was found to be generally at the
level of a few per cent in the  = 30◦ field, consistent with other
results (e.g. Wyrowski et al. 2006; Schuller et al. 2009; Drabek
et al. 2012), becoming more significant in sources with strong,
optically thin outflow wings. For example, the JCMT Gould Belt

The completeness of each JPS field as a function of peak source
flux density was estimated by repeatedly injecting compact artificial
sources into the JPS fields. The source-extraction process was repeated on these new artificial+real fields and the recovered source
numbers were compared to both the real and artificial catalogues.
To minimize non-linear effects caused by artificial sources blending
with each other as well as with real sources, each injection of fake
sources was limited to 10 per cent of the number of real sources
found in that particular JPS field. This 10 per cent injection was
repeated until 10 000 artificial sources in total had been injected
into each JPS field.
The artificial sources were produced and injected using the CUPID:MAKECLUMPS routine. The sources have Gaussian profiles with an
FWHM of 7 pixels (21 arcsec) in both  and b, equal to the peak of
the source size distribution including rejected sources (see Fig. 9),
and were distributed uniformly across  and b, and had a uniform
flux distribution between 2 and 500 mJy beam−1 .
The recovery fraction in each JPS field as a function of SNR
ratio is shown in Fig. 7. The fraction is approximately 95 per cent
or above for sources with peak flux densities greater than 5σ in
four of the six JPS fields, whereas the rate in the  = 30◦ and
40◦ fields is approximately 90 per cent at 5σ . The latter two fields
reach 95 per cent completeness at approximately 7.5σ and 6.5σ ,
respectively.
The comparison of injected and recovered peak flux densities in
the  =10◦ region is displayed in Fig. 8. Overlaid on the plot are a
least-squares fit to the data and the 1:1 line. The injected and recovered flux densities are generally well correlated but below ∼0.9 Jy
the recovered flux densities are systematically higher than those
of the injected sources. As the injected sources are added to the
real data, they fall on top of real noise. As the FW routine assigns
the peak source position to the pixel with the highest signal, any
MNRAS 469, 2163–2183 (2017)
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Figure 7. The recovery fraction of injected artificial sources in each JPS
field as a function of SNR.

Since this ‘flux boosting’ affects real sources as well as artificial
ones, the fit is used to correct the fluxes of all sources with a peak
flux density below the cutoff listed in Table 3. Sources above this
cutoff are not required to be corrected as the correction is small and
less than the flux calibration uncertainties in 850-µm SCUBA-2
data (∼5 per cent; Dempsey et al. 2013b). The scatter of sources
with extracted flux densities much greater than the trend in Fig. 8
occurs where the injected sources fall on top of an existing real
source, affecting less than 2 per cent of injected sources.
Tests for false-positive detections were done by multiplying the
images by −1 and running the FW procedure on the inverted data,
using the same FW parameters. The only false-positive sources
found in this way were located in regions of negative bowling
observed in the  = 30◦ and 50◦ fields as discussed in Section 3. The
lack of false positives, despite the number of pixels with negative
values (Fig. B1), is due to the minimum pixel criterion in the FW
parameters. Namely, ‘spikes’ with high SNR in the inverted maps
are too isolated to be detected by FW, other than in regions of
significant negative bowling, such as those found around W43 and
W51.

4.4 Angular size distribution
The source size distribution, indicated by the source full major axis,
is displayed in the top panel of Fig. 9, together with the 1σ width
of the JCMT beam size at 850 µm, with the beam size found to be
14.4 arcsec (see above). The source sizes plotted are the 1σ width
as this is the parameter measured by FW.
The lower panel of Fig. 9 contains the distribution of aspect ratios
of the JPS sources, which has a median value of 1.51, consistent
with that found for ATLASGAL (Contreras et al. 2013) and the
BGPS (Rosolowsky et al. 2010).

4.5 Peak and integrated flux-density distributions
Figure 8. Comparison of injected and recovered peak flux densities in the
 =10◦ region. The solid red line represents the line of equality and the
black dashed line represents a least-squares fit to the trend.
Table 3. The parameters of the fits and the limit to the corrections,
calculated as the point where the second-order polynomial crosses
the 1:1 line.
Field
10◦

=
 = 20◦
 = 30◦
 = 40◦
 = 50◦
 = 60◦

a

b

c

Limit (Jy)

0.119
0.112
0.117
0.113
0.102
0.107

0.822
0.817
0.810
0.821
0.830
0.814

0.056
0.061
0.065
0.060
0.051
0.066

0.948
0.848
0.878
0.917
0.783
0.804

positive noise added to the source flux creates a positive bias. This
bias boosts the recovered flux density by approximately 1σ but becomes less of an effect after ∼0.9 Jy. This trend towards artificially
boosted recovered flux densities is well fitted by a second-order
polynomial of the form
Speak = a + bSu + cSu2 ,

(2)

where a, b and c are listed in Table 3 and Su is the uncorrected peak
flux density.
MNRAS 469, 2163–2183 (2017)

By normalizing the peak flux of each source to a multiple of σ rms ,
we can assume that the peak flux distributions in each of the six
regions are drawn from the same population via a Kolmogorov–
Smirnov (KS) test at the 1σ level. As a result, the catalogues for the
individual regions can be combined, with the peak and integrated
flux distributions shown in Fig. 10.
Assuming the flux-density distributions to be single power laws
above the turnovers, represented by the expression N/Sν ∝ S−α ,
they are fitted by linear least-squares with values for α = 2.24 ± 0.12
and 2.56 ± 0.18 for the peak and integrated distributions, respectively. These values are consistent with those found for ATLASGAL
(2.43 ± 0.04 and 2.30 ± 0.06, respectively; Contreras et al. 2013).
These distributions are also compared to those of the ATLASGAL catalogue over the same area as the JPS, indicated by the
blue histogram (Contreras et al. 2013; Urquhart et al. 2014b). The
comparison of the two surveys shows similar distributions with
consistent power-law slopes for the peak and integrated flux densities but a turnover indicating the completeness limit, and hence the
sensitivity of the survey, being a factor of ∼10 deeper in JPS than
ATLASGAL.
The comparison between the peak and integrated flux density
for individual JPS compact sources is shown in Fig. 11, with
the 1:1 line for reference. The range of integrated-to-peak fluxdensity ratios is ∼1–37; however, sources are generally found within
Sint /Speak ∼3–5, indicating that very few true point sources are found
in the JPS data.

JPS compact source catalogue

Figure 9. Top panel: the distribution of major-axis sizes for the sources
catalogued in the JPS. The red dashed line indicates the 1σ width of the
14.4-arcsec JCMT beam. Bottom panel: the distribution of aspect ratios of
the catalogued sources.
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Figure 10. Peak and integrated flux-density distributions for the JPS (grey
filled histogram) compared to the ATLASGAL distribution (blue histogram)
in the top and bottom panels, respectively. The red dashed line indicates the
least-squares fit to the JPS distribution.

5 DATA AC C E S S A N D P RO D U C T S
The JPS data are available to download from the CANFAR archive.2
The data are presented in the FITS format and are available as
mosaicked maps of the six separate JPS fields. In addition to these
maps, the variance noise maps are also presented to allow the user to
create their own SNR maps, with external masks also provided. The
raw data can be downloaded from the Canadian Astronomy Data
Centre’s JCMT Science Archive3 using the Project ID MJLSJ02.
As part of the JCMT-LR1, these data have also been processed,
along with all other SCUBA-2 850-µm JLS data using the observatory’s own reduction configuration (Bell et al. 2014; Graves et al.,
in preparation). The JCMT-LR1, however, used a generic data reduction and source-extraction procedure which is greatly improved
upon in this JPS data release due to the customized process outlined above. In parallel, the JCMT Gould Belt Survey found that
their customized reduction, which was similar to that of the JPS
in using the external masking method, resulted in the detection of
significantly more extended emission (Mairs et al. 2015).

2
3

Figure 11. Comparison of the peak and integrated flux densities of compact
sources extracted from the JPS data. The red dashed line indicates the 1:1
relation, the locus at which true point sources would be found.

http://dx.doi.org/10.11570/17.0004
http://www.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/en/jcmt/
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6 E X A M P L E J P S DATA
Some of the more interesting sources in the JPS fields are highlighted in Fig. 12. The JPS data (first column) are compared to
the ATLASGAL and Hi-GAL 500-µm images (second and third
columns, respectively) as well as an integrated-intensity molecular
map (final column). The molecular data are from two different surveys, due to data availability. The first and third rows, displaying the
sources W39 and W51, use data from the GRS (Jackson et al. 2006)
in the 13 CO J = 1–0 transition. The source in the second row is W43,
for which the molecular data are 13 CO J = 3–2 from the CHIMPS
survey (Rigby et al. 2016).
The first row of Fig. 12 highlights the H II region W39, located
at  = 18.◦ 86, b = −0.◦ 48. There are only a few studies of this region, with previous detections in radio recombination lines (Lockman 1989) and infrared PAH emission (Giard et al. 1989). The H II
region morphology was identified in the GLIMPSE survey (Churchwell et al. 2006). At an estimated distance of 4.5 kpc, W39 has a
diameter of ∼30 pc (Kerton, Arvidsson & Alexander 2013). The
size of this H II region implies that it is relatively evolved, as the
mean size of ultracompact H II regions is found to be significantly
smaller (Urquhart et al. 2013). The study of Kerton et al. (2013)
found evidence for potential sequential star formation, with the W39
H II region surrounded by smaller H II regions. Studies of YSOs
around bubble structures have shown that a minor yet significant
fraction (14–30 per cent) of Galactic star formation could be the
result of triggering (Kendrew et al. 2012; Thompson et al. 2012),
with overdensities of clumps also found (Kendrew et al. 2016).
The W43 star-forming region, at  = 30.◦ 75, b = −0.◦ 05, is displayed in the second row of Fig. 12. Along with W51, W43 is one of
the two most striking regions within the JPS (Figs 1 and 2). Thought
to be located at the near end of the long bar of the Galaxy, at the
tangent of the Scutum–Centaurus arm (Nguyen Luong et al. 2011),
it has a distance of 5.5 kpc (Zhang et al. 2014). The presence of
W43 at the end of the bar makes it a candidate to be an extreme
star-forming region, similar to those regularly found at the ends of
bars in external galaxies (e.g. James, Bretherton & Knapen 2009).
Despite the prominence of W43 in the JPS, indicating an abundance of both gas (e.g. Rigby et al. 2016) and dust, there is little
evidence that the current SFE of the region is presently enhanced,
relative to the average in the Galactic disc. Previous studies have labelled the region as a ‘mini-starburst’, implying a high SFE (Louvet
et al. 2014) and high future SFR (Motte, Schilke & Lis 2003). When
placed in a Galactic context, however, there is no evidence that the
existence of W43 is boosting the SFE at the Galactocentric radius
associated with the region (Moore et al. 2012; Eden et al. 2015),
whereas other major regions, such as W49 and W51, do raise the
average SFE at their corresponding radii. The molecular cloud associated with W43 does have an elevated CFE but this value falls
in the wings of a lognormal distribution. Hence, although extreme,
W43’s CFE is not abnormal, with clouds like it expected in any
large enough sample (Eden et al. 2012).
W51 (third row of Fig. 12), located at  = 49.◦ 40, b = −0.◦ 38,
does have some properties related to starburst conditions. For example, its high L/M ratio of ∼ 13 L /M (Harvey et al. 1986; Kang
et al. 2010) is comparable to LIRGS and ULIRGS (e.g. Solomon
et al. 1997). The W51 star-forming region has very efficient star
formation (Kumar, Kamath & Davis 2004) that has occurred recently (Clark et al. 2009). In addition, Moore et al. (2012) found
an elevated SFE at the Galactocentric radius associated with W51,
calculated from a distance of 5.4 kpc (Sato et al. 2010), due to an
increased number of YSOs per unit molecular mass. The presence
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of this region in this Galactocentric radius bin has a significant
influence on kpc-scale averages and is a candidate mini-starburst
region.
The extra fidelity in the JPS data is most obvious in more diffuse
areas of the maps, where the extended, faint emission can be seen
that is present in the Hi-GAL images but not in the ATLASGAL
data. Fig. 13 shows an example region from the  = 30◦ region in
the Hi-GAL 500-µm, JPS and ATLASGAL data sets from top to
bottom, respectively. There are no significant emission features in
the Hi-GAL image that are not present in the JPS data, and vice
versa, except for the large-scale extended background due to the
diffuse Galactic plane emission that is resolved out by the SCUBA2 observing method. A quantitative analysis of the response to
extended structure and flux calibrations relative to Herschel will be
outlined in a future study (Tahani et al., in preparation).
7 G L O BA L S TA R F O R M AT I O N P RO P E RT I E S
7.1 Fraction of emission in compact sources
The JPS CSC does not account for all of the emission in the JPSPR1
image data. The fraction extracted in each of the six JPS fields is
listed in Table 4. The fraction is determined as the ratio of the
emission within the catalogued sources to the total emission within
the pixels in the SNR map above 5, the completeness threshold of
the JPS. The ratios found for the individual regions are consistent
with each other, with an average of 42 per cent, indicating that the
fraction of emission contained within compact sources does not
change significantly with Galactic longitude, at least in the inner
Galaxy.
The source-extraction process used to compile the CSC is not
sensitive to filamentary structures as seen by comparing the aspect
ratios of sources here to those found in filaments (e.g. Schisano
et al. 2014). As filaments are ubiquitous in the ISM, and JPS
is not sensitive to diffuse structure, it is safe to assume that
the ∼58 per cent of the detected emission not in compact sources is
almost all associated with filamentary structures. Most of these are
likely to be faint, as seen in Fig. 13.
The amount of emission detected by source-extraction methods is
of the order of 50 per cent in other surveys, with the GRS reporting
that 37 per cent of the mass is not detected in their cloud and clump
catalogues (Rathborne et al. 2009).
7.2 Comparisons with molecular-line surveys
Most, if not all, Galactic star formation occurs in molecular clouds.
If the clumps in the JPS catalogue are expected to be forming stars,
or to form them in the future, then JPS clumps are very likely to
be within molecular clouds. By matching the JPS catalogue sources
in  and b space to the molecular clouds of the GRS (RomanDuval et al. 2009) and the molecular clumps detected in CHIMPS
(Rigby et al., in preparation), we can determine the percentage that
falls on the same line of sight as these molecular structures. Threedimensional matching, as done with the BGPS and the GRS in Eden
et al. (2012, 2013), will form part of a further study, with distances
determined for the JPS catalogue.
The GRS catalogue spans four of the JPS fields ( = 20◦ –50◦ ),
whilst CHIMPS covers two ( = 30◦ and 40◦ ). The fractions of
JPS sources matched to molecular clouds and clumps within the
coincident regions are shown in Table 4. The percentage of sources
with a GRS molecular cloud in the same line of sight has a mean
value of 98.2 per cent, meaning that almost all JPS sources which

Figure 12. Interesting sources within the JPS fields. The first row is the W39 H II region, the second row is the W43 star-forming region and the third row is the W51 star-forming region. The first column is the
JPS data, with the second column containing the ATLASGAL data, the third column is the Hi-GAL 500-µm data and the final column is an integrated molecular emission map, with W39 and W51 showing 13 CO
J = 1–0 emission from the GRS and W43 is 13 CO J = 3–2 CHIMPS data.
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Figure 13. A region of the  = 30◦ JPS field, as seen in the Herschel Hi-GAL 500-µm, JPS 850-µm and ATLASGAL 870-µm data sets, in the top, middle
and bottom panels, respectively. Whereas the large-scale diffuse emission seen by Herschel is filtered out in the ground-based JPS and ATLASGAL data, the
fidelity of the JPS data to filamentary and compact structure can be clearly seen, as can the additional sensitivity compared to ATLASGAL.

overlap with a GRS map have at least one potential molecular cloud
with which they could be associated. Visual inspection of the GRS
data for the remaining sources finds that there is also uncatalogued
GRS emission along these lines of sight.
Table 4. The fractions of the total JPS emission contained in the CSC and
of numbers of CSC sources associated with GRS molecular clouds and
CHIMPS clumps, in each of the six JPS fields.
Field

Fraction of
JPS emission

Fraction associated
with GRS clouds

Fraction associated
with CHIMPS clumps

 = 10◦
 = 20◦
 = 30◦
 = 40◦
 = 50◦
 = 60◦

0.41 ± 0.03
0.46 ± 0.04
0.41 ± 0.03
0.54 ± 0.06
0.33 ± 0.08
0.46 ± 0.07

–
0.991 ± 0.035
0.977 ± 0.030
0.989 ± 0.046
0.964 ± 0.041
–

–
–
0.93 ± 0.03
0.87 ± 0.05
–
–

Total

0.42 ± 0.05

0.982 ± 0.018

0.91 ± 0.03
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The CHIMPS clump catalogue (Rigby 2016) used to match the
JPS sources is made up of emission extracted and presented in Rigby
et al. (2016). CHIMPS traces denser molecular gas with the 13 CO J
= 3–2 transition than does GRS in 13 CO J = 1–0. As a result, the
emission in CHIMPS is not as ubiquitous as in GRS. Despite this,
the fraction of JPS sources associated with CHIMPS clumps within
the  = 30◦ field is consistent with the GRS fraction. The match
rate in  = 40◦ is a little lower than for GRS, but the difference
is less than 2σ and so not significant. This suggests that random
positional matches between unrelated structures along the line of
sight are relatively uncommon.
The percentage of sources found to be associated with a molecular
cloud is much higher than that found in Eden et al. (2012, 2013),
who found ∼80 per cent of sources associated with GRS clouds.
The lower percentages found in those studies are due to the added
dimension of velocity, not taken into account here, with sources
found to be associated with real structure not catalogued by the
GRS (see Eden et al. 2012 for a full discussion). The combination
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Figure 14. The cumulative distributions of the aspect ratios and integrated-to-peak fluxes, in the left-hand and right-hand panels, respectively. The JPS clumps
with a 70-µm source are represented by the red dotted line, whilst the entire JPS population is represented by the blue dashed line.

of these results implies that the chance association rate is ∼10–
15 per cent.

7.3 Properties of star-forming clumps
Without consistent distance information for the compact sources in
the current study, we shall not present any properties of the sample
that involves masses or luminosities. Other properties that do not
require distances can, however, be examined.
The Hi-GAL survey traces the YSO content of the Galaxy, with
the detection of a 70-µm point source taken as reliable evidence
of the presence of a protostar (e.g. Dunham et al. 2008; Ragan
et al. 2012; Veneziani et al. 2013). By positionally matching sources
in the Hi-GAL band-merged catalogue that contains a 70-µm point
source (Elia et al., in preparation), with the JPS catalogue within
14.4 arcsec, we can determine which JPS sources host a protostar.
These matches resulted in 3056 70-µm sources associated with 2946
JPS clumps; therefore, ∼38 per cent of all JPS sources are currently
star forming. Svoboda et al. (2016) found that ∼46 per cent of BGPS
sources were coincident with a 70-µm point source. In comparison,
51 per cent of the objects found in the W43 star-forming region in
the Moore et al. (2015) study are currently forming stars.
The compactness of the clumps, measured by their aspect ratio and integrated-to-peak flux ratio, can also be investigated. The
integrated-to-peak flux ratio, also known as the compactness factor
or Y-factor, estimates how centrally condensed the emission is, with
a low value meaning that the emission is more centrally condensed
in the clump. In Fig. 14, we present the cumulative distributions
of the aspect ratios and the integrated-to-peak flux ratios for both
the star-forming clumps identified above and clumps not associated
with a YSO. The clumps with a 70-µm source are noticeably different, in both distributions, to the complete JPS sample, having a skew
to more compact sources. The mean and median values also reflect
this difference. For the aspect ratio, the mean and median values are
1.54 ± 0.01 and 1.44 for clumps with an associated 70-µm source,
respectively, compared to 1.67 ± 0.01 and 1.56 for the rest of JPS
sample. The equivalent values from the integrated-to-peak flux ratio
distributions are 5.24 ± 0.05 and 4.72, and 5.98 ± 0.04 and 5.40,
respectively. KS tests of the samples indicate that we can conclude
that in both cases the samples can be considered to be drawn from
different populations.
The combination of these results indicates that a star-forming
clump is more centrally condensed than those that are not. Either

the clumps without the star formation indicator need to be initially
centrally condensed or they become so soon after they begin to form
stars. This result is consistent with that of Urquhart et al. (2014a)
who found that a sample of ATLASGAL clumps associated with
masers, H II regions and YSOs is more centrally concentrated than
the one of clumps which do not host a star formation indicator. This
is also seen in the nearby star-forming region Orion B in the JCMT
Gould Belt Survey (Kirk et al. 2016).

8 S U M M A RY
The first public data release of the JPS is presented, including
850-µm continuum images and a CSC. The data are publicly available and can be downloaded from the CANFAR archive. The image
data reach an average pixel-to-pixel noise of 7.19 mJy beam−1 ,
when smoothed over the beam.
The compact source extraction, carried out using the FW algorithm, resulted in a catalogue of 7813 sources above a 5σ threshold.
38 ± 1 per cent of these are associated with a Herschel 70-µm
source and so can be considered to be a star-forming region. The
JPSPR1 compact catalogue sources contribute 42 ± 5 per cent of the
total emission in the images. The remainder of the 850-µm emission
in the image data is assumed to arise in filamentary structures.
Completeness testing within the six individual fields of the JPS
finds that a 95 per cent completeness limit is reached at 5σ in the
fields centred at  = 10◦ , 20◦ , 50◦ and 60◦ (∼ 140 mJy beam−1 ),
with the  = 30◦ and 40◦ fields reaching this completeness at 7.5σ
and 6.5σ , respectively, corresponding to 224 and 181 mJy beam−1 ,
respectively. The higher completeness thresholds indicate that the
confusion limit has been reached in these two fields.
The integrated flux densities of JPS compact sources are found to
be systematically lower than those of positionally matched ATLASGAL sources. This is the result of the improved spatial resolution of
the JPS data, which tends to reveal substructure in the ATLASGAL
sources. Detected structure often depends on the spatial resolution
of the data and care should be taken to select the data most appropriate to the intended science. The distributions of the flux densities
of sources in each survey show that the JPS is around 10 times
more sensitive than ATLASGAL, with the 95 per cent completeness limits estimated to be 0.04 Jy beam−1 and 0.3 Jy for the peak
and integrated flux densities, respectively.
The JPSPR1 CSC and images were also compared to other surveys of the Galactic plane. Positionally matching the CSC to the
MNRAS 469, 2163–2183 (2017)
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molecular cloud catalogues of the GRS and CHIMPS surveys in
the overlap regions reveals that 98 ± 2 per cent of JPS sources
are associated with GRS-catalogued 13 CO J = 1–0 emission and
91 ± 3 per cent are associated with 13 CO J = 3–2 emission tracing
denser gas detected by the CHIMPS survey.
The star-forming fraction of the JPS sources was found to be
38 ± 1 per cent, after positionally matching the JPSPR1 catalogue
with the band-merged catalogue of the Hi-GAL survey. The compactness of the JPS sources, measured from both the aspect ratio
and the ratio of the integrated and peak fluxes, shows that those
sources associated with a potential YSO are more compact than
those of the rest of the sample.
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= 0.01
= -15
NOI.BOX_TYPE = 1
AST.ZERO_MASK = 0
AST.ZERO_SNR = 3
AST.ZERO_SNRLO = 2
AST.ZERO_NOTLAST = 1
FLT.FILT_EDGE_LARGESCALE_LAST = 100
FLT.RING_BOX1 = 0.5
FLT.FILT_ORDER = 4
COM.SIG_LIMIT = 5
MAPTOL

NOI.BOX_SIZE

The following SMURF:MAKEMAP configuration parameters were
used in the JPS data reduction process with the external mask provided by combining the observations reduced in the manner above,
setting regions of emission to one and background regions to zero
(in addition to a pixel size of 3 arcsec):
∧

S U P P O RT I N G I N F O R M AT I O N
Supplementary data are available at MNRAS online.
Table 2. The JPSPR1 compact source catalogue.
Please note: Oxford University Press is not responsible for the
content or functionality of any supporting materials supplied by
the authors. Any queries (other than missing material) should be
directed to the corresponding author for the article.

APPENDIX A:

SMURF:MAKEMAP

PA R A M E T E R S

The following SMURF:MAKEMAP configuration parameters were used
in the initial JPS data reduction process (in addition to a pixel size
of 3 arcsec):
∧

dimmconfig.lis
= -100
FLT.FILT_EDGE_LARGESCALE = 480
FLAGSLOW = 300
NUMITER

dimmconfig.lis
= -100
FLT.FILT_EDGE_LARGESCALE = 480
FLAGSLOW = 300
MAPTOL = 0.01
NOI.BOX_SIZE = -15
NOI.BOX_TYPE = 1
AST.ZERO_MASK = 1
AST.ZERO_SNR = 0
AST.ZERO_NOTLAST = 1
FLT.FILT_EDGE_LARGESCALE_LAST = 100
FLT.RING_BOX1 = 0.5
FLT.FILT_ORDER = 4
COM.SIG_LIMIT = 5
NUMITER

APPENDIX B: HISTOGRAMS OF PIXEL
FLUXES AND NOISE
Two methods for calculating the noise in each field are to plot the
histogram of both the data and the square root of the variance maps,
with these histograms shown in Figs B1 and B2. The calculation

Figure B1. The distributions of all pixel values in the six JPS fields are displayed in the black histograms, with the result of a Gaussian fit shown with a red
dashed line.
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Figure B2. Histograms of the noise values in each field of the JPS data, calculated from taking the square root of the variance arrays. The dashed vertical line
represents the result of the fit from Fig. B1.

from the data histogram consists of fitting a Gaussian to the data
and taking the width as an estimate of the noise. Using the variance
data, the peak of the square root histogram is an estimate of the
noise.
A P P E N D I X C : VA R I A N C E I M AG E S
The variance images, produced by the data-processing and reduction
software, corresponding to each JPS field can be found in Figs C1
and C2.
A P P E N D I X D : F W C O N F I G U R AT I O N
PA R A M E T E R S
The following FW configuration parameters were used in the
source-extraction process for the JPS CSC:
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= 0
= 5
FELLWALKER.FWHMBEAM = 1
FELLWALKER.MINPIX = 12
FELLWALKER.MINDIP = 1.5
FELLWALKER.MAXJUMP = 3
FELLWALKER.MINHEIGHT = 3
FELLWALKER.NOISE = 1
FELLWALKER.SHAPE = ellipse
FELLWALKER.ALLOWEDGE
FELLWALKER.CLEANITER
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Figure C1. Variance images for the  = 10◦ , 20◦ and 30◦ fields, with the intensity scale in units of (mJy beam−1 )2 .
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Figure C2. Variance images for the  = 40◦ , 50◦ and 60◦ fields, with the intensity scale in units of (mJy beam−1 )2 .
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