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A B S T R A C T 

We present a catalogue of dense cores identified in James Clerk Maxwell Telescope (JCMT) Gould Belt Survey SCUBA-2 

(Submillimetre Common-User Bolometer Array 2) observations of nearby star-forming clouds. We identified 2257 dense cores 
using the GETSOURCES algorithm, of which 59 per cent are starless, and 41 per cent are potentially protostellar. 71 per cent of 
the starless cores are prestellar core candidates, suggesting a prestellar core lifetime similar to that of Class 0/I young stellar 
objects. Higher mass clouds have a higher fraction of prestellar cores compared to protostars, suggesting a longer average 
prestellar core lifetime. We assessed completeness by inserting critically stable Bonnor–Ebert spheres into a blank SCUBA-2 

field: completeness scales as distance squared, with an average mass recovery fraction of 73 ± 6 per cent for recovered sources. 
We calculated core masses and radii, and assessed their gravitational stability using the Bonnor–Ebert criterion. Maximum 

starless core mass scales with cloud complex mass with an index 0 . 58 ± 0 . 13, consistent with the behaviour of maximum stellar 
masses in embedded clusters. We performed least-squares and Monte Carlo modelling of the core mass functions (CMFs) of 
our starless and prestellar core samples. The CMFs can be characterized using lognormal distributions: we do not sample the 
full range of core masses needed to create the stellar initial mass function (IMF). The CMFs of the clouds are not consistent 
with being drawn from a single underlying distribution. The peak mass of the starless core CMF increases with cloud mass; 
the prestellar CMF of the more distant clouds has a peak mass ∼ 3 × the lognormal peak for the system IMF, implying a 
∼ 33 per cent prestellar core-to-star efficiency. 

Key words: catalogues – surveys – stars: formation – ISM: clouds – ISM: clouds. 
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 I N T RO D U C T I O N  

his paper presents a catalogue of cores identified from the Submil- 
imetre Common-User Bolometer Array 2 (SCUBA-2; Holland et al. 
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013 ) 850 and 450 μm data taken by the James Clerk Maxwell Tele-
cope (JCMT) Gould Belt Survey (GBS), a JCMT Legacy Program 

esigned to map across regions of high extinction in 13 star-forming
olecular clouds within 500 pc distance that are visible from Mau-

akea, Hawai‘i. The JCMT GBS was first presented to the community 
n an overview paper by Ward-Thompson et al. ( 2007 ). Since then,
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everal papers have presented results from the Heterodyne Array
eceiver Program (HARP; Buckle et al. 2009 ) and SCUBA-2 com-
onents of the GBS (see Table 1 for references). The GBS originally
ad a planned polarimetric mapping component, which due to the
elayed commissioning of SCUBA-2’s POL-2 polarimeter (Friberg
t al. 2016 ) instead became the basis for the JCMT B-Fields in Star-
orming Region Observations (Ward-Thompson et al. 2017 ) Survey.
n this paper, we examine the GBS SCUBA-2 data for all of the target
louds, to identify the cores within them in a self-consistent way. 

Cores are the interface between larger molecular clouds and the
tar formation within them. Physically, they are compact locations
f high gas and dust density in clouds. Functionally, they have
een identified from observations of the optically thin millime-
re/submillimetre continuum emission from dust (e.g. Ladd et al.
991 ) or specific, largely optically thin, line emission of molecules
xcited at moderate densities (e.g. 104 cm−3 or higher) that are still
bundant in cold ( ∼ 10 K), dense environments (e.g. Benson &
yers 1989 ). In these investigations, locally bright emission is

onsidered to indicate the presence of a locally dense configuration
f gas and dust. Cores can therefore teach us about the star formation
rocess, as gas and dust can be accumulated within them to a point
here they collapse from their own gravity to form young stellar
bjects (YSOs), which themselves eventually become stars. Those
ores without YSOs are named ‘starless cores’ (Benson & Myers
989 ) and the subset of these that appear to be gravitationally
ound are named ‘prestellar cores’ (Ward-Thompson et al. 1994 ).
eanwhile, those with YSOs are named ‘protostellar cores’, with the

etected mass comprising the extended envelopes of the embedded
lass 0 or I YSOs (see Di Francesco et al. 2007 ; Ward-Thompson
t al. 2007 ; André et al. 2014 , for reviews). 

A robust catalogue of cores within a star-forming cloud can
e useful because it provides the locations of objects with which
urther, more detailed investigations of ongoing star formation can
e performed, e.g. examinations of the internal physical or chemical
tructures of specific cores. Such catalogues are also useful for
dentifying the populations of cores, i.e. snapshots of the current
tar-forming activity in various clouds. Moreover, comparing core
opulations between clouds of different character (e.g. mass, tem-
erature, dense gas fraction, and metallicity) can in principle provide
s with insights into any similarities and differences of star formation
ver different environments. A key goal of the JCMT GBS was to
ddress this latter point, by acquiring extensive and highly sensitive
ubmillimetre continuum maps of nearby star-forming clouds to
dentify their core populations, as shown in Fig. 1 . 

Many previous investigations of molecular cloud core populations
ave focused on the number distributions of core masses, i.e. their
ore mass functions (CMFs). The earliest studies of core populations
n nearby clouds from their millimetre or submillimetre emission
Motte, Andre & Neri 1998 ; Testi & Sargent 1998 ; Johnstone
t al. 2000 , 2001 ; Stanke et al. 2006 ) found remarkable similarities
etween the shape of the CMFs and that of the initial mass function
IMF; Salpeter 1955 ; Kroupa 2001 ; Chabrier 2003 ), with power-
aw slopes at the high-mass ends of the CMFs being statistically
imilar to that of the IMF, i.e. −1 . 35 in log–log space (Salpeter
955 ). Attention was given to the higher mass ends of the CMFs due
o the relatively limited sensitivities of the instruments involved,
nd little distinction was made between starless and protostellar
ores in these studies. However, an early multicloud comparison
f the CMFs of five nearby clouds by Sadavoy et al. ( 2010 ) drew on
rchival SCUBA data and distinguished between their starless and
rotostellar cores, finding consistency within errors between slopes
f the starless CMFs of the five clouds and the Salpeter IMF slope,
NRAS 543, 3547–3612 (2025)
lthough accurately distinguishing between starless and protostellar
ores remains difficult. 

More recently, more sensitive instruments such as SCUBA-2 on
he JCMT, the Spectral and Photometric Imaging Receiver (SPIRE),
nd Photodetecting Array Camera and Spectrometer (PACS) on the
erschel Space Observatory , and the Atacama Large Millimetre
rray (ALMA) have enabled more thorough investigations of the
MF and its relationship to the IMF (e.g. Offner et al. 2014 ). These

tudies have allowed the the high-mass end of the CMF to be well
onstrained, and characterizations of them to go beyond the high-
ass power-law slope to probe the lower mass regime where the
ajority of cores must lie. Notably, Herschel data of the Aquila Rift

howed that its prestellar CMF has a lognormal shape consistent
ith that of the Chabrier system IMF (Chabrier 2003 ), but one

hifted to higher overall masses by a factor of 2–4 (André et al.
010 ; Könyves et al. 2015 ). Similar CMF results were found with
erschel data of other clouds, e.g. Orion B (Könyves et al. 2020 )

nd the Cepheus Flare clouds (Di Francesco et al. 2020 ). In contrast,
LMA studies of more distant Giant Molecular Clouds (GMCs)
ave suggested the presence of ‘top-heavy’ CMFs, e.g. in W43-
M1 (Motte et al. 2018 ). A recent study by the ALMA-IMF Large

roject (Motte et al. 2022 ; Ginsburg et al. 2022 ), which identified
ore populations in the protocluster regions of 15 GMCs at 2.0–
.5 kpc distance, has revealed other ‘top-heavy’ CMFs, including
ll core types, but curiously the high-mass-end slopes of these are
ore Salpeter-like for arguably more-evolved protocluster regions

Pouteau et al. 2023 ). In addition, a recent ALMA-IMF study of
he CMFs specifically of W43, i.e. its three subregions MM1,

M2, and MM3, shows that the slope of W43’s prestellar CMF
s consistent with that of the high-mass end of the Salpeter IMF
Nony et al. 2023 ). 

Recent investigations of the stellar IMF based on Gaia samples
onclude that it varies little between nearby star-forming regions – the
ow-mass Taurus molecular cloud has the same IMF as the massive
rion Nebula cluster (Luhman 2018 ). However, if a subsample is
rawn from the IMF, then the maximum stellar mass increases with
he size of the sample (Weidner & Kroupa 2006 ; Elmegreen 2006 ;

eidner, Kroupa & Bonnell 2010 ). Only the largest clouds (with
asses above around 104 M�) sample the full mass distribution and

nclude the highest mass stars. In a hierarchical star formation model,
lusters build from star formation in smaller components, such as the
louds and filaments that are evident in the SCUBA-2 and Herschel
ata (Parker & Alves de Oliveira 2017 ). Each of these components
ontributes a fraction of the mass of the final cluster. These smaller
amples of stars do not fully represent the IMF, and we might expect
hat smaller samples of cores might likewise under-represent the full

ass distribution of the CMF. This possibility is something we can
est with the GBS data set, which covers a range of cloud masses
rom 200 to 20 000 M �. 

In this work, we describe the core populations of 12 nearby clouds
rawn from the JCMT GBS SCUBA-2 data, in order to provide
urther insight into their nature and their CMFs. In Section 2 , we
ummarize the observations and data reduction steps taken to produce
he maps used in the subsequent analysis. In Section 3 , we describe
ow the cores were extracted from the data set, and how catalogue
ompleteness was determined. In Section 4 , we present the JCMT
BS core catalogue, describing its contents, core classification, and
etermination of individual core properties such as temperature,
ass, and density. In Section 5 , we describe the overall characteristics

f the core populations, including mass versus size, relative numbers
f starless and protostellar sources, and core stability. In Section 6 ,
e construct CMFs for the clouds that we survey, and in Section 7 , we
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Table 1. Regions observed by the GBS. 

Region RA Dec. Coverage JCMT GBS publication Distance Dist. ref. 

(J2000) (deg2 ) (pc) 

Auriga-California 04h 20m 40s 
. 29 + 37◦44′ 53.′′ 7 1.68 Broekhoven-Fiene et al. ( 2018 ) 470 Zucker et al. ( 2019 ) 

Cepheus L1228 20h 57m 51s 
. 78 + 77◦38′ 18.′′ 4 3.34 Pattle et al. ( 2017 ) 352 Zucker et al. ( 2019 ) 

Cepheus L1251 22h 33m 43s 
. 74 + 75◦14′ 52.′′ 0 0.56 Pattle et al. ( 2017 ) 352 Zucker et al. ( 2019 ) 

Cepheus South 20h 50m 03s 
. 94 + 67◦57′ 44.′′ 1 2.01 Pattle et al. ( 2017 ) 341 Zucker et al. ( 2020 ) 

Corona Australis 19h 05m 57s 
. 95 −37◦04′ 34.′′ 0 1.51 Pattle et al. ( 2025 ) 151 Zucker et al. ( 2019 ) 

IC 5146 21h 49m 41s 
. 31 + 47◦26′ 24.′′ 9 1.56 Johnstone et al. ( 2017 ) 741 Zucker et al. ( 2020 ) 

Lupus 15h 42m 27s 
. 00 −34◦22′ 55.′′ 7 1.59 Mowat et al. ( 2017 ) 151 Zucker et al. ( 2019 ) 

Ophiuchus L1688 16h 32m 05s 
. 01 −24◦27′ 14.′′ 8 3.95 Pattle et al. ( 2015 ) 139 Zucker et al. ( 2019 ) 

Ophiuchus L1689 147 Ortiz-León et al. ( 2017b ) 
Oph/Sco N2 16h 47m 38s 

. 77 −12◦02′ 58.′′ 5 0.58 – 134 Zucker et al. ( 2020 ) 
Oph/Sco N3 16h 50m 51s 

. 73 −15◦21′ 40.′′ 0 0.57 – 151 Zucker et al. ( 2020 ) 
Oph/Sco N6 16h 21m 13s 

. 76 −20◦08′ 20.′′ 9 0.57 – – –
Orion A 05h 37m 58s 

. 03 −06◦55′ 21.′′ 4 6.18 Salji et al. ( 2015a ) 432 Zucker et al. ( 2020 ) 
Salji et al. ( 2015b ) Kounkel et al. ( 2017 ) 
Coudé et al. ( 2016 ) 
Mairs et al. ( 2016 ) 
Lane et al. ( 2016 ) 

Orion B L1622 05h 54m 32s 
. 80 + 01◦49′ 31.′′ 7 0.57 Kirk et al. ( 2016a ) 423 Zucker et al. ( 2019 ) 

Kirk et al. ( 2016b ) 
Orion B N2023 05h 42m 05s 

. 02 −01◦44′ 04.′′ 8 2.10 Kirk et al. ( 2016a ) 423 Zucker et al. ( 2019 ) 
Kounkel et al. ( 2017 ) 

Kirk et al. ( 2016b ) 
Orion B N2068 05h 46m 51s 

. 30 + 00◦19′ 16.′′ 5 1.71 Kirk et al. ( 2016a ) 423 Zucker et al. ( 2019 ) 
Kirk et al. ( 2016b ) 

Perseus IC348 03h 43m 42s 
. 75 + 32◦22′ 04.′′ 2 1.99 Chen et al. ( 2016 ) 321 Ortiz-León et al. ( 2018 ) 

Zucker et al. ( 2020 ) 
Perseus West 03h 30m 53s 

. 54 + 30◦45′ 55.′′ 6 3.98 Hatchell et al. ( 2013 ) (NGC1333) 294 Zucker et al. ( 2019 ) 
Sadavoy et al. ( 2013 ) (B1) 

Dodds et al. ( 2015 ) (NGC1333) 
Chen et al. ( 2016 ) 

Pipe B59 17h 11m 31s 
. 94 −27◦26′ 27.′′ 7 0.57 – 180 Zucker et al. ( 2020 ) 

Pipe E1 17h 34m 05s 
. 46 −25◦39′ 19.′′ 9 0.56 – 180 Zucker et al. ( 2020 ) 

Serpens Aquila 18h 30m 52s 
. 27 −02◦05′ 50.′′ 3 1.68 Rumble et al. ( 2016 ) (W40) 484 Zucker et al. ( 2019 ) 

Serpens East 18h 37m 29s 
. 09 −01◦27′ 05.′′ 4 1.32 – 484 Zucker et al. ( 2019 ) 

Serpens Main 18h 29m 36s 
. 20 + 00◦52′ 05.′′ 4 1.12 – 436 Ortiz-León et al. ( 2017a )

Serpens MWC297 18h 28m 13s 
. 80 −03◦43′ 55.′′ 3 0.59 Rumble et al. ( 2015 ) 383 Herczeg et al. ( 2019 ) 

Serpens North 18h 39m 05s 
. 20 + 00◦27′ 56.′′ 6 0.57 – 484 Zucker et al. ( 2019 ) 

Taurus South 04h 17m 30s 
. 23 + 27◦50′ 08.′′ 0 2.86 – 141 Zucker et al. ( 2019 ) 

Taurus L1495 04h 29m 20s 
. 91 + 24◦35′ 42.′′ 8 2.72 Buckle et al. ( 2015 ) 141 Zucker et al. ( 2019 ) 

Ward-Thompson et al. ( 2016 ) 
Taurus TMC1 04h 40m 01s 

. 45 + 26◦00′ 42.′′ 2 1.67 – 141 Zucker et al. ( 2019 ) 
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iscuss the implications of these CMFs. In Section 8 , we summarize
he conclusions of this paper. 

 OBSERVATIONS  A N D  DATA  R E D U C T I O N  

he JCMT GBS carried out SCUBA-2 observations of nearby 
olecular clouds between 2011 October and 2015 January. The 

bserving strategy is described in more detail by Kirk et al. ( 2018 ). In
rief, each field was observed between four and six times depending 
n the weather conditions to obtain comparable sensitivities at 
50 μm. Weather has a larger impact on the 450 μm data, and
ence there is a larger variation in the sensitivities of those maps.
everal observing modes were tested during the science verification 
hase, but the main survey used the PONG1800 (Kackley et al. 2010 )
apping mode. We consider only the PONG1800 observations here. 
he PONG1800 mode produces a circular field of 0.5◦ diameter with 
ear-uniform sensitivity (Holland et al. 2013 ). For large GBS fields, 
everal PONG1800 maps were stitched together using the CCDPACK 
akemos tool in the Starlink software package. A summary of the
egions mapped, their central coordinates, coverage area, and asso- 
iated publications are given in Table 1 . The data used in this paper
ere taken under project codes MJLSG31 (Orion A), MJLSG32 

Ophiuchus), MJLSG33 (Aquila and Serpens), MJLSG34 (Lupus), 
JLSG35 (Corona Australis), MJLSG36 (IC 5146), MJLSG37 

Auriga and Taurus), MJLSG38 (Perseus), MJLSG39 (Pipe Nebula), 
JLSG40 (Cepheus), and MJLSG41 (Orion B). 
All ground-based submillimetre telescopes are unable to map 

arge-scale emission structures, due to the bright and varying 
mission from the Earth’s atmosphere. Newer instrumentation and 
bserving techniques have resulted in better recovery of such larger 
tructures than was previously possible, and the JCMT GBS team 

pent significant effort testing different data reduction schemes to 
aximize the recovery of large-scale emission, as summarized by 
irk et al. ( 2018 ). Since these reduction techniques were developed

longside the science analysis of the survey data, some published 
apers from the survey listed in Table 1 used earlier reduction
MNRAS 543, 3547–3612 (2025)
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M

Figure 1. Extracts from three of the regions which we observed with SCUBA-2 as part of the JCMT GBS: the Integral Filament in Orion A (left), the L1688 
region of the Ophiuchus Molecular Cloud (top right), and the Serpens North region (bottom right). Each panel shows SCUBA-2 850 μm emission, fourth-root 
scaled in the case of Orion A, and cube-root scaled for the other regions. Cores identified in our catalogue are marked with black ellipses, with ellipse diameter 
marking the FWHM size of the core. A 0.5 pc scale bar is shown in the lower left-hand corner of each panel; the JCMT 850 μm beam size is shown as a filled 
black circle in the lower right-hand corner. The full set of regions observed are shown in Appendix A . 
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ethods. Maps of all regions using the best reduction method are
vailable for public download through Kirk et al. ( 2018 ), or directly
t the DOI. 1 In this work, we extract sources for the JCMT GBS core
atalogue from this specific set of maps. 

Fig. 2 shows representative 1 σ rms values for each mosaic at 850
nd 450 μm. We calculated these values by taking the median of the
ms values per observing area (PONG1800 area) included in each
osaic. The dashed lines show the median rms of 0.050 and 1.2
Jy arcsec−2 at 850 and 450 μm, respectively, as measured from all

ndividual PONG1800 observing areas. Note that the larger mosaics,
uch as in Orion and Perseus, had more high-priority fields observed
n better weather conditions with fewer integrations needed to reach
he same 850 μm noise level. With their greater sensitivity to the sky
onditions, the 450 μm observations tend therefore to have lower
NRAS 543, 3547–3612 (2025)

 https://doi.org/10.11570/18.0005 

c  

D  

D  
oise levels in the larger mosaics. Since Fig. 2 plots the noise over a
er-mosaic area rather than per-PONG area, and there are a greater
umber of small-area mosaics compared to the large-area mosaics,
he median of all 450 μm noise levels is at a noticeably lower value
han the median of the per-region values shown in the figure. 

.1 Mapping completeness 

ne important aspect that all surveys need to consider is how
omplete or how representative their mapped areas are. For the JCMT
BS, our goal was to map as much as possible of the highest column
ensity material in the Gould Belt (nearby) molecular clouds visible
rom the JCMT. At the time, evidence suggested that most dense
ores were found in clouds with AV � 5 − 7 mag (e.g. Johnstone,
i Francesco & Kirk 2004 ; Hatchell et al. 2005 ; Kirk, Johnstone &
i Francesco 2006 ; Enoch et al. 2006 ; Froebrich & Rowles 2010 ;

https://doi.org/10.11570/18.0005
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Figure 2. Representative rms values per mosaic at 850 and 450 μm. The 
dashed lines show the median rms per observing field (see the text for more 
details). The points are colour-coded to the approximate distance to each 
cloud, as used in later analysis. 

Figure 3. The fraction of material at a given HGBS column density or higher 
mapped by the JCMT GBS. The vertical dashed line shows a column density 
of N (H2 ) = 1 . 4 × 1022 cm−2 , which corresponds approximately to the JCMT 

GBS mapping goal of AV � 7 mag. Each line represents a different cloud 
complex that we consider. 
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elloche et al. 2011 ), so the GBS team targeted these areas, as
ere best known at the time. Here, we examine how complete our
nal mapped areas are, in the context of column densities of the
ould Belt clouds as derived by the Herschel Gould Belt Survey 

HGBS, André et al. 2010 ; Palmeirim et al. 2013 ; Schneider et al.
013 ; Polychroni et al. 2013 ; Rygl et al. 2013 ; Könyves et al. 2015 ;
resnahan et al. 2018 ; Arzoumanian et al. 2019 ; Di Francesco et al.
020 ; Ladjelate et al. 2020 ; Pezzuto et al. 2021 ; Fiorellino et al.
021 ), which generally mapped all of the clouds in the JCMT GBS
ver a larger area. For further details see the notes in Table A1 . In
eneral, the JCMT GBS maps cover all or nearly all of the higher
olumn density material seen in the corresponding Herschel field: 
any of the JCMT maps lie near the 100 per cent line running across

he top of Fig. 3 , and are difficult to distinguish. To convert between
olumn density and AV , the Herschel GBS assumes that N (H2 ) 
cm−2 ) = 0 . 94 × 1021 AV (mag) (Bohlin, Savage & Drake 1978 ).
his produces good agreement with Two Micron All Sky Survey 
2MASS)-based extinction maps in some regions (e.g. Könyves et al. 
015 ), but elsewhere can produce discrepancies of up to a factor ∼ 2
e.g. Könyves et al. 2020 ; Di Francesco et al. 2020 ; Pezzuto et al.
021 ). Fig. 3 therefore shows a line at N (H2 ) = 1 . 4 × 1022 cm−2 , or
 Herschel GBS AV of 14 mag, broadly corresponding to a 2MASS-
erived AV of about 7 mag. As can be seen in Fig. 3 , our mapping
ompleteness above this level is > 90 per cent everywhere other than
n the extremely dispersed Auriga molecular cloud (see Fig. A2 in
ppendix A ), where it is > 80 per cent, indicating that the JCMT
BS met its mapping completeness goals. Table A1 in Appendix A
rovides the full set of mapping completeness values shown in Fig. 3 .

 S O U R C E  E X T R AC T I O N  

.1 GETSOURCES 

e identified sources in the final JCMT GBS data release data prod-
cts at 450 and 850 μm from Kirk et al. ( 2018 ) using GETSOURCES

Men’shchikov et al. 2012 ), an algorithm developed to identify and
haracterize sources in multiwavelength submillimetre data sets. We 
se version 1.140127 of GETSOURCES , the same version used by the
GBS for their source extractions, for consistency with and to aid
ith future comparisons with their catalogues (e.g. Könyves et al. 
015 , 2020 ; Di Francesco et al. 2020 ). We included SCUBA-2 maps
t both 850 and 450 μm from the final JCMT GBS data release (Kirk
t al. 2018 ) as input to GETSOURCES . 

The GETSOURCES algorithm consists of two distinct stages. In 
he first ‘detection’ stage, GETSOURCES smooths the input maps to 
uccessively lower resolution, subtracts maps at adjacent resolutions, 
nd identifies positions of significant residual emission in the 
ifference maps. These latter maps allow sources to be assembled 
nd evaluated over ranges of scale and at each wavelength. At the
nd of the monochromatic evaluation, GETSOURCES combines the 
utput from each wavelength to build an initial catalogue. In the
econd ‘measurement’ stage, GETSOURCES determines the fluxes and 
izes of detected sources using the original input images at each
avelength at their native resolutions. It further uses information 

rom data at higher resolution to assist in deblending sources that
verlap at lower resolution. Background levels determined via linear 
nterpolation under source footprints are subtracted to determine 
he measured fluxes at each wavelength. Unlike for the HGBS 

atalogues, aperture corrections were not applied to the measured 
uxes, because SCUBA-2 aperture corrections were not available in 
ETSOURCES . Possible effects of this are discussed in Section 3.4.3 ,
elow. 

.2 Source selection criteria 

he GETSOURCES algorithm initially identified 4546 sources across 
he GBS regions. Applying the source selection criteria described 
elow, determined through extensive visual inspection of the initial 
ETSOURCES output, resulted in a final core catalogue of 2257 sources 
onsidered reliable. 

GETSOURCES determines the significance of a detection at a given 
avelength using a metric known as ‘monochromatic significance’, 

n analogue to peak signal-to-noise ratio (SNR) determined by 
easuring SNRs over the multiple size scales on which GETSOURCES 

akes measurements (Men’shchikov et al. 2012 ). Similarly, the over- 
ll significance of a detection is quantified by its ‘global significance’, 
hich is the quadrature sum of the monochromatic significances. 
ETSOURCES also provides a ‘global goodness parameter’ combining 
MNRAS 543, 3547–3612 (2025)
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he global significance and global SNR parameters. We removed
ources for which any of the following criteria were met: 

(i) Global goodness < 1; 
(ii) 850 μm monochromatic significance ≤ 7; 
(iii) Global significance ≤ 10. 

hese criteria were chosen as GETSOURCES documentation advises
hat only sources with a global goodness > 1 and monochromatic
ignificances > 7 be retained. The global significance criterion re-
ults from the quadrature sum of the 850 and 450 μm monochromatic
ignificances; a global significance of 10 approximately equates to
onochromatic significances of 7 in both wavelengths. For blended

ources, the GETSOURCES monochromatic significance should be a
etter measure of source reliability than a conventional SNR deter-
ined from the final GETSOURCES catalogue values (Men’shchikov

t al. 2012 ). As a backstop for the more stringent criteria (i)–(iii), we
lso excluded sources where: 

(iv) 850 μm peak flux density SNR ≤ 2; 
(v) 850 μm total (integrated) flux density SNR ≤ 1. 
e further excluded sources where GETSOURCES had judged either

he peak or total flux density (or the uncertainties on either of these
arameters) to be too small to measure at 850 μm: 
(vi) 850 μm peak flux density OR 850 μm peak flux density

ncertainty OR 850 μm total flux density OR 850 μm total flux
ensity uncertainty = 9.999E −31. 
he output from GETSOURCES includes a ‘monochromatic flag’ (FM)
arameter, which provides information on the reliability of a source
ased on its size, SNR, substructure, significance, etc., at a given
avelength. We excluded sources where 
(vii) 850 μm FM = 1 AND (450 μm FM = 31 OR 450 μm FM >

00) 

FM = 1 indicates that a source is larger than the characteristic
ize scale, while FM = 31 indicates both FM = 1 holds for a source
nd that its total flux and peak flux density both have SNR < 1 (FM
 30). FM > 200 indicates a monochromatic significance < 3.5. This
nal criterion thus excludes large diffuse 850 μm sources if there is
o hint of a detection at 450 μm. 

.3 Known CO artefacts 

s the SCUBA-2 850 μm band includes the rest frequency of the CO
 = 3 − 2 line, observed 850 μm fluxes may be artificially increased
t locations of bright CO line emission (Drabek et al. 2012 ; Sadavoy
t al. 2013 ). Maps of CO J = 3 − 2 emission obtained with the
CMT HARP instrument by the JCMT GBS can used to remove
O emission in some locations – see Kirk et al. ( 2018 ) for more

nformation. However, the JCMT GBS HARP coverage was not
s extensive as the SCUBA-2 coverage. We thus do not use CO-
ubtracted 850 μm maps in this work, both so that all of the regions
hat we consider are treated consistently, and in order to avoid
dge effects at the interfaces between regions with CO data and
ithout. We expect the contribution of CO emission to the 850 μm
uxes in our catalogue to be generally < 20 per cent (e.g. Pattle
t al. 2015 ). However, CO contamination is most significant toward
right outflows (Johnstone, Boonman & van Dishoeck 2003 ; Coudé
t al. 2016 ), and a small number of knots of bright compact CO
mission have been identified by GETSOURCES in our maps. Knowing
hese locations from experience (near the bright protostellar sources
1147-mm and IRAS 16293 −2422; Pattle et al. 2015 , 2017 ), five
ssociated sources were flagged and removed from the final catalogue
y hand. 
NRAS 543, 3547–3612 (2025)
.4 Catalogue completeness 

n order to interpret the distribution of core properties which we
easure, it is vital to understand the mass completeness of our

atalogue: both the fraction of sources that are recovered as a function
f core mass (the source recovery fraction), and the fraction of true
ource mass that is recovered in our catalogue (the mass recovery
raction). 

We expect mass completeness to be a strong function of distance.
or example, lower mass sources should be fainter and smaller, and
for a given core temperature) will therefore be significantly easier
o detect in nearer clouds. Throughout this work, we thus divide the
ample clouds into four distance ranges: 

(i) Near ( < 200 pc), representative distance 150 pc . Corona Aus-
ralis, Lupus, Ophiuchus, Oph/Sco North, Pipe, and Taurus. 

(ii) Mid-distance clouds (200–355 pc), representative distance
00 pc . Cepheus and Perseus. 
(iii) Far clouds (355–500 pc), representative distance 450 pc .

uriga-California, Orion A and B, and Serpens. 
(iv) Very far clouds ( > 500 pc). IC 5146. 

IC 5146 the only cloud at a distance > 500 pc, placed at 751 pc
y Zucker et al. ( 2020 ) using Gaia measurements. The distance
o this cloud has been revised upward significantly since the GBS
as designed, from a previous value of 460 pc (Lada, Alves & Lada
999 ), and the cloud is typically no longer considered to be a member
f the Gould Belt (e.g. Dzib et al. 2018 ). Given the lack of clouds at
omparable distance for comparison, and the relatively small number
f sources (71) detected in the region, we include this cloud and its
ores in our catalogue, but largely exclude it from our discussion of
ypical core properties. 

.4.1 Method for determining mass completeness 

e determined the completeness of our core catalogue by running
 series of tests in which we inserted artificial critically stable
onnor–Ebert (BEC) spheres (Ebert 1955 ; Bonnor 1956 ) into the
ph/Sco N6 field. This field contains no detectable sources, and
as previously been used for GBS completeness testing (Kirk et al.
018 ). We tested masses in the range 0.01–2 M�, placing our input
EC spheres at the representative distances for the near-, mid-,
nd far-distance clouds: 150, 300, and 450 pc. We converted the
ass distributions of our BEC spheres into flux densities using the
ildebrand ( 1983 ) relationship, taking dust opacity index β = 1 . 8,

onsistent with Planck observations (Juvela et al. 2015 ) and joint
erschel /SCUBA-2 fits to GBS data (Chen et al. 2016 ; Sadavoy

t al. 2013 ). The process for creating these BEC sphere models is
escribed in detail in Appendix B , and the PYTHON code used to do
o is publicly available. 2 

We repeated the data reduction process for Oph/Sco N6, using the
akemap parameter 3 in MAKEMAP (Chapin et al. 2013 ) to insert each
f our fields of model BEC spheres. We then used the GETSOURCES

lgorithm, with the same parameters as described in Section 3.1
bove, to search for the cores which we had inserted. We then
pplied the same selection criteria to the GETSOURCES catalogues as
escribed in Section 3.2 , above. Our completeness testing procedure

https://github.com/KatePattle/bonnor-ebert-sphere
http://starlink.eao.hawaii.edu/docs/sun258.pdf
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Figure 4. Fraction of input BEC spheres returned by GETSOURCES as a 
function of input source mass, for sources at distances of 150 pc (red circles), 
300 pc (green squares), and 450 pc (blue triangles). Solid black line marks 
100 per cent completeness; dashed line marks 95 per cent completeness; and 
dotted line marks 90 per cent completeness. 

Figure 5. Our estimated 90 per cent mass completenesses as a function of 
distance. A quadratic fit to the data is shown. The lowest mass source detected 
in IC 5146 is shown as a lower limit for mass completeness at this distance. 
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Figure 6. Fraction of input source mass recovered by GETSOURCES , as a 
function of input source mass. Colour and shape of data points are as in 
Fig. 4 . Symbols mark mean recovered mass fraction; solid error bars mark 
1 σ variation around the mean, while dotted error bars mark the full range of 
values. The solid black line marks the ‘mean of means’: the average mass 
recovery fraction; and grey shading marks the 1 σ variation on this value. 
Dashed line marks a recovered mass fraction of 1.0. 
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s described in detail in Appendix B . Here, we highlight the key
esults. 

.4.2 Source recovery completeness fraction 

ig. 4 shows the fraction of input sources that are recovered as a
unction of input mass, for each of our three representative distances. 
s expected, more massive sources are more easily recovered, and 
ass completeness is better at nearer distances. We find > 90 per cent

ompleteness limits for the three distance ranges of 0.03, 0.075, 
nd 0.2 M� for 150, 300, and 450 pc, respectively. These limits are
hown as a function of distance in Fig. 5 , and are quite well fitted
y a quadratic function, M90 (M�) ≈ (8 . 6 ± 1 . 1) × 10−7 D(pc )2 . We
hoose to fit a quadratic function as the flux density of a source of
iven mass and temperature scales as D−2 (Hildebrand 1983 ), where 
 is the distance of the source. 
The mass completeness limit in IC 5146 is ≥ 0 . 33 M�, as this is

he lowest mass source that we detect (see Section 4.2.2 , below).
xtrapolation of our best-fitting quadratic model suggests a > 

0 per cent mass completeness limit in IC 5146 of ≈ 0 . 5 M�,
onsistent with our observations. 

There are a number of reasons to expect that these completeness
imits are somewhat conservative. In our completeness testing, we 
lace our model sources directly onto the noisy background of the
ph/Sco N6 field. In reality, many sources are embedded within 
laments or other structures, as can be seen in Fig. 1 , and so may
e sufficiently boosted above the background to be detected. We 
urther note that we have performed our completeness testing for 
EC spheres, whereas gravitationally bound and collapsing cores 

hould be more centrally condensed, and so more easily detectable. 
oreover, the Oph/Sco N6 field was observed in Band 2 weather;

egions observed in Band 1 weather will have somewhat better SNR,
articularly at 450 μm, and so fainter sources will be more easily
etected in these regions. Particularly in the far-distance fields, a 
on-negligible number of sources are detected below the nominal 
ompleteness limit (cf. Section 6 , below). 

.4.3 Mass recovery fraction 

e calculated the recovered mass of each of our recovered sources
rom the 850 μm flux densities returned by GETSOURCES and the
ssumed temperature and dust properties described above (cf. equa- 
ions 1 and 2 , below). Fig. 6 shows the fraction of input mass
ecovered for a given source as a function of the true input mass,
or each of our three representative distances. 

Our global mass recovery fraction – the typical fraction of input 
ass recovered above the 90 per cent source recovery completeness 

imit – is 0 . 73 ± 0 . 06. The mean recovered mass fractions for
ach input mass and distance are shown in Fig. 6 . We took the
ean of these mean values, for input masses above the 90 per cent

ompleteness level in each field, in order to calculate our global mass
ecovery fraction. We therefore excluded the single 0.05 M� source 
ecovered at 300 pc as the 90 per cent completeness limit at 300 pc is
.075 M�. 
There are several effects that are likely to be resulting in loss of

nput flux, and so the decrease in recovered mass. (1) A BEC sphere
MNRAS 543, 3547–3612 (2025)
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s characterized by a relatively flat central plateau at small radii, with
 power-law drop-off in density beyond a critical radius (Ebert 1955 ;
onnor 1956 ). We further convolve the BEC sphere surface bright-
ess profiles which we generate with the JCMT beam (Dempsey et al.
013 ). At low masses, we simply expect the fainter material associ-
ted with the source to be undetectable above the noise in the field. (2)
n more extended higher mass sources, we expect that some fraction
f the flux loss is likely due to the effects of performing submillimetre
ontinuum measurements below the atmosphere. The SCUBA-2
terative map-making process MAKEMAP (Chapin et al. 2013 ) is
nable to distinguish between atmospheric and astrophysical signal
n sizes comparable to the SCUBA-2 array ( ∼ 600 arcsec ; Holland
t al. 2013 ), and we expect this behaviour to result in loss of extended
tructure in both our real and our synthetic observations. This
ffect has been discussed extensively in previous SCUBA-2 papers
Sadavoy et al. 2013 ; Pattle et al. 2015 ; Mairs et al. 2015 ; Kirk et al.
018 ). We further note that as we have chosen to model BEC spheres,
s we go to higher masses, the sources both get larger and have lower
eak brightnesses: these effects may conspire to make the sources
arder to recover. A direct comparison with the Gaussian mass (total
ux) recovery results from Kirk et al. ( 2018 ) suggests that for all but

he few highest mass BEC models, filtering has a < 10 per cent effect
hen the core’s peak flux is at or above five times the local noise.

3) The lack of appropriate SCUBA-2 aperture corrections available
n GETSOURCES may result in some loss of extended emission. 

Fig. 6 shows a peak in mass recovery fraction at 1 M� at 150 pc,
ollowed by a slight drop-off for 2 M�, likely due to a combination
f these effects. The 300 and 450 pc sources appear to show a
imilar trend, displaced to higher masses; both have their highest
ass recovery fraction at the highest mass tested, 2 M�, with the
 M� mass recovery fraction being slightly higher at 300 pc than
t 450 pc, although the two agree within their respective error bars.
owever, despite this variation, the fraction of mass recovered is
uite constant across the range of masses which we consider. Thus,
e adopt our mean mass recovery fraction, 0 . 73 ± 0 . 06, wherever a

orrection is required in the following analysis. Masses are presented
s measured by GETSOURCES (without any correction for flux loss)
nless otherwise stated. 

.4.4 Comparison to Herschel Gould Belt Survey completeness 

he dense core catalogues produced by the Herschel GBS (André
t al. 2010 ) provide a natural point of comparison to our JCMT GBS
atalogue. However, direct comparison between individual sources
n the JCMT and Herschel catalogues is non-trivial, due to the many
ifferences between observations made by the two instruments, par-
icularly the differing instrumental responses to large-scale structure
etween the Herschel photometers and SCUBA-2 (Sadavoy et al.
013 ; Ward-Thompson et al. 2016 ), and the differences in wavelength
etween the two instruments (note that the emission peak within a
ingle source may vary with wavelength; e.g. Encalada et al. 2024 ).
one the less, we find that the mass completeness limits of our

atalogue and the HGBS catalogues are comparable. 
HGBS observations are cirrus confusion limited (André et al.

010 ), meaning that their source completeness is dependent on
nvironment (Könyves et al. 2015 ). Most HGBS papers model their
ompleteness for prestellar cores on a high-column-density back-
round, with cores modelled as having BEC-like density profiles,
ith a significant drop in temperature towards the centre (Könyves

t al. 2015 ). 
The masses at which the HGBS achieves 80–90 per cent com-

leteness for recovery of prestellar cores in dense environments
NRAS 543, 3547–3612 (2025)
re comparable to but somewhat higher than our own values at
omparable distances due to their need to disentangle dense cores
rom the extended structure to which SCUBA-2 is not sensitive.
he 80–90 per cent mass completeness limit for prestellar cores

s consistently found to occur at 0.1 M� in nearby (130–200 pc)
louds (Marsh et al. 2016 ; Benedettini et al. 2018 ; Bresnahan et al.
018 ; Ladjelate et al. 2020 ; Kirk et al. 2024 ), 0.3–0.4 at 300–
00 pc (Di Francesco et al. 2020 ; Könyves et al. 2020 ; Pezzuto
t al. 2021 ), and 0.8 M� at the maximum distance the HGBS
onsiders, 484 pc (Fiorellino et al. 2021 ). We note that these mass
ompleteness limits are typically corrected for the estimated 20–
0 per cent underestimation of source mass that arises from fitting a
ingle-temperature modified blackbody model to the spectral energy
istribution of a non-isothermal core (Könyves et al. 2015 ). 
The Herschel GBS typically recovers significantly larger numbers

f low-mass cores in low-column-density regions than are detectable
n SCUBA-2 observations (Ward-Thompson et al. 2016 ; Könyves
t al. 2020 ), due to SCUBA-2’s lack of sensitivity to extended
mission. Marsh et al. ( 2016 ) found a mass completeness limit in
aurus of > 85 per cent at 0.015 M� for unbound starless cores on a

ow-column-density background at a distance of 140 pc, two orders
f magnitude better than their completeness for deeply embedded
restellar cores at the same distance, and comparable to but notably
etter than our 90 per cent mass completeness at 150 pc of 0.03 M�.
The complexity of interpreting the differences in source identifica-

ion and completeness means that a detailed core-by-core comparison
f the JCMT and Herschel GBS catalogues is beyond the scope of
his work. However, we have chosen to use the same source extraction
lgorithm as the Herschel GBS in order to perform this work in the
uture; we note that the similar completeness levels between the two
urveys suggests that such a comparison would be meaningful. 

 T H E  J C M T  G B S  C ATA L O G U E  

he JCMT GBS core catalogue contains 2257 sources. A sample of
he measured source properties is given in Table 2 . The key derived
ource properties for the same source sample is given in Table 3 .
he data available in the catalogue are summarized in Table 4 .
he full catalogue is available online, along with the output of the
ETSOURCES algorithm without our selection criteria applied. 

.1 Source categorization 

e categorize our sources as starless cores (‘C’); protostellar (‘P’),
.e. those sources cross-matched with a known YSO or YSO candi-
ate; heated (‘H’), i.e. those sources cross-matched with a Spitzer
4 μm detection and so potentially protostellar; or as a potential
ontaminant extragalactic source (‘G’). A source is categorized as a
tarless core by elimination, i.e. if it is not categorized as protostellar,
eated or potentially extragalactic. 

.1.1 Potential extragalactic contaminants 

o identify any potential extragalactic contaminants in our catalogue,
e queried the NED (NASA/IPAC Extragalactic Database) database 4 

ithin a circular area around each peak source position of radius
qual to the geometric mean of the major and minor FWHM (full
idth at half-maximum) axes of the source. If the query returned

ny objects classified as galaxies, galaxy groups or galaxy clusters
i.e. having a ‘G’, ‘GClstr’, ‘GGroup’, ‘GPair’, ‘GTrpl’, or ‘G Lens’

https://ned.ipac.caltech.edu/
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Table 2. Measured properties of the first 10 JCMT GBS sources in our catalogue. The abbreviation ‘mJy sqa−1 ’ is used for the unit mJy arcsec−2 . The full 
catalogue is available in the online material associated with this paper. 

Running Source ID (JCMTLSG...) 850 μm 450 μm 

No. Region RA, Dec. (J2000) Peak F.D. Total F.D. FWHM PA Peak F.D. Total F.D. FWHM PA
HHMMSS.S + DDMMSS (mJy sqa−1 ) (mJy) (arcsec) (deg) (mJy sqa−1 ) (mJy) (arcsec) (deg) 

1 Aquila 183004.0 −020306 3.70 ±0.08 5.8 ±0.1 16.3 ×14.1 29 13.2 ±0.3 61.1 ±0.9 18.0 ×14.2 22 
2 Aquila 183002.4 −020249 1.44 ±0.08 3.1 ±0.1 23.2 ×14.1 164 5.8 ±0.3 17.6 ±0.6 16.0 ×9.7 178 
3 Aquila 182937.6 −015101 0.65 ±0.05 0.79 ±0.06 14.1 ×14.1 – 3.0 ±0.1 4.6 ±0.2 9.6 ×9.6 –
4 Aquila 182908.1 −013049 0.82 ±0.05 0.93 ±0.05 14.1 ×14.1 – 4.5 ±0.1 5.5 ±0.2 9.6 ×9.6 –
5 Aquila 183109.5 −020624 0.62 ±0.04 0.76 ±0.04 14.1 ×14.1 – 3.0 ±0.2 5.6 ±0.2 11.2 ×9.6 92 
6 Aquila 183001.4 −021027 0.69 ±0.03 1.05 ±0.03 15.5 ×14.1 167 3.0 ±0.1 5.8 ±0.2 11.4 ×9.6 171 
7 Aquila 183121.3 −020658 0.53 ±0.08 0.62 ±0.08 14.1 ×14.1 – 2.3 ±0.3 4.0 ±0.4 11.6 ×9.6 16 
8 Aquila 183110.4 −020350 0.51 ±0.06 0.67 ±0.06 20.3 ×14.1 3 2.3 ±0.2 4.0 ±0.2 15.3 ×9.6 2 
9 Aquila 182903.6 −013907 0.56 ±0.03 0.60 ±0.03 14.1 ×14.1 – 2.4 ±0.1 2.5 ±0.1 9.6 ×9.6 –
10 Aquila 183121.0 −020623 0.76 ±0.08 1.5 ±0.1 20.7 ×14.1 12 3.0 ±0.2 11.1 ±0.3 18.5 ×11.8 15 

Table 3. Derived properties of the first 10 JCMT GBS sources in our catalogue. The full catalogue is available in the online material associated with this paper. 

Running Type Rdeconv T M N (H2 ) n (H2 ) MBE αBE MBE (10 K) αBE (10 K) 
no. (pc) (K) (M�) ( ×1022 cm−2 ) ( ×104 cm−3 ) (M�) (–) (M�) (–) 

1 P 0.013 17.5 10.7 ±0.2 87 ±1 1610 ±30 0.59 ±0.07 0.055 ±0.006 0.34 ±0.04 0.012 ±0.001 
2 P 0.027 17.4 5.8 ±0.2 11.5 ±0.5 105 ±4 0.95 ±0.09 0.16 ±0.02 0.55 ±0.05 0.035 ±0.004 
3 P – 16.2 1.7 ±0.1 – – 0.21 ±0.05 0.13 ±0.03 0.13 ±0.03 0.033 ±0.007 
4 H – 15.5 2.1 ±0.1 – – 0.21 ±0.04 0.10 ±0.02 0.13 ±0.03 0.028 ±0.006 
5 H – 31.9 0.60 ±0.03 – – 0.42 ±0.09 0.7 ±0.2 0.13 ±0.03 0.035 ±0.008 
6 C 0.010 17.3 1.96 ±0.07 25.1 ±0.8 590 ±20 0.51 ±0.06 0.26 ±0.03 0.30 ±0.04 0.056 ±0.007 
7 C – 57.8 0.24 ±0.03 – – 0.8 ±0.2 3.2 ±0.8 0.13 ±0.03 0.04 ±0.01 
8 C 0.022 28.2 0.62 ±0.05 1.8 ±0.2 20 ±2 1.3 ±0.1 2.2 ±0.3 0.48 ±0.05 0.14 ±0.02 
9 C – 15.6 1.34 ±0.08 – – 0.21 ±0.04 0.15 ±0.03 0.13 ±0.03 0.04 ±0.01 
10 C 0.023 58.5 0.58 ±0.04 1.6 ±0.1 17 ±1 2.8 ±0.3 4.9 ±0.6 0.49 ±0.05 0.063 ±0.008 
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esignation in NED), we initially categorized the source as a potential 
xtragalactic contaminant. 

Of the 2257 sources in our catalogue, 65 had NED matches. We
ote that all of these sources are associated with nearby molecular 
louds, and so their true status as extragalactic sources is doubtful. 
hen comparing against protostellar catalogues (as described in 

ection 4.1.2 , below), 45 of the sources with NED matches were
lso identified with a protostellar source. We classified these 45 
ources as protostellar, as the more probable identification. We 
nvestigated the remaining 20 NED matches individually, comparing 
he name given in the NED database with their equivalent entries (if
ny) in the SIMBAD 

5 database (Wenger et al. 2000 ). One source,
CMTLSG183004.0 −020306, is known to be a small protostellar 
luster (Kern et al. 2016 ), and was clearly misidentified in NED. This
ource was also associated with 24 μm emission (cf. Section 4.1.3 ).
e thus classified this source as protostellar. Of the remaining 19 

ources, two were identified in SIMBAD as radio sources, two as low-
ass stars, and one as a Herbig–Haro object. The remainder had no
atch in SIMBAD, and appear to have been classified as galaxies in

he 2MASS eXtended (Skrutskie et al. 2006 ) or allWISE (Cutri et al.
021 ) catalogues, where the latter is a catalogue of sources identified
n Wide-Field Infrared Survey Explorer ( WISE ) observations. We 
xcluded all 19 of these sources from further consideration in the 
nterest of ensuring an uncontaminated catalogue of dense cores. 
owever, all sources appear in the final catalogue, with their NED 

nd, where relevant, SIMBAD identifiers noted. 
 http://simbad.u-strasbg.fr/simbad/

4

C
e  

S

.1.2 Protostellar sources 

 source is categorized as protostellar if it contains at least one
rotostar or YSO within its area. We searched the Spitzer and WISE
rotostellar catalogues for matches within a circular area around each 
eak source position with a radius equal to the geometric mean of
he major and minor FWHM axes of the source. 

The revised Spitzer c2d catalogue (Dunham et al. 2015 ) lists pro-
ostars and YSOs detected by Spitzer in Lupus, Ophiuchus, Perseus, 
erpens (except Serpens East), and Chamaeleon (not covered by our 
bservations). Protostars in Orion A and B were surveyed by Megeath 
t al. ( 2012 ), and in Taurus by Rebull et al. ( 2010 ). The Spitzer GBS
ists protostars in Auriga-California (Broekhoven-Fiene et al. 2014 ), 
epheus (Kirk et al. 2009 ), Corona Australis (Peterson et al. 2011 ),

C 5146 (Harvey et al. 2008 ), and Ophiuchus North (Hatchell et al.
012 ). The only region observed by the GBS not covered by a Spitzer
rotostellar catalogue is Serpens East. 
We further performed cross-matching with the WISE All-Sky 

urvey YSO catalogue (Marton et al. 2016 ). We cross-matched our
ources with their list of Classes I and II sources only. We did not
onsider their Class III sources, as these will no longer be embedded.

We did not cross-match with Herschel protostellar catalogues (e.g. 
önyves et al. 2015 , 2020 ; Bresnahan et al. 2018 ) because these

atalogues are not available for all of the regions that we consider,
nd so we could not do so self-consistently. 

.1.3 Cross-matching with Spitzer 24 μm detections 

ores containing low-luminosity embedded protostars sometimes 
scape classification as YSOs but can still be identified by their
pitzer 24 μm emission, as can bright galaxies and asymptotic 
MNRAS 543, 3547–3612 (2025)

http://simbad.u-strasbg.fr/simbad/
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Table 4. A list of the quantities and information given in the JCMT GBS core catalogue, available as online material associated with this 
paper. See Section 4.2.5 for a detailed description of columns 31–39, and Section 4.1 for a detailed description of columns 40–44. 

Column number Units Description 

(1) – Running number 
(2) – Region 
(3) – Source IDa 

(4, 5) mJy arcsec−2 Peak 850 μm flux density and associated uncertainty 
(6, 7) mJy Total 850 μm flux density and associated uncertainty 
(8, 9) arcsec 850 μm major and minor FWHMs 
(10) deg 850 μm position angleb 

(11, 12) mJy arcsec−2 Peak 450 μm flux density and associated uncertainty 
(13, 14) mJy Total 450 μm flux density and associated uncertainty 
(15, 16) arcsec 450 μm major and minor FWHMs 
(17) deg 450 μm position angleb 

(18) – Source classificationc 

(19) – Resolved/unresolved flagd 

(20) pc Deconvolved radius 
(21, 22) K Assumed temperature and associated uncertainty 
(23, 24) M� Derived mass and associated uncertainty 
(25, 26) cm−2 Column density of H2 and associated uncertainty 
(29, 30) cm−3 Volume density of H2 and associated uncertainty 
(31, 32) M� BEC mass and associated uncertainty 
(33, 34) – BEC stability ratio and associated uncertainty 
(35, 36) M� BEC mass at 10 K and associated uncertainty 
(37, 38) – BEC stability ratio at 10 K and associated uncertainty 
(39) – Boundedness flage 

(40) – Best match to source in Spitzer 24 μm catalogue 
(41) – Best match to source in Spitzer protostellar catalogues 
(42) – Best match to source in WISE all-sky YSO catalogue (Marton et al. 2016 ) 
(43) – Best match to source in NED database 
(44) – For sources with an NED match, classification of source in SIMBAD database 

Notes. a Format ‘JCMTLSG HHMMSS.S + DDMMSS’; where the source name comprises the J2000 coordinates of the source. 
b Position angles are measured east of north. 
c See Section 4.1 . 
d 1 = resolved at 850 μm, and 0 = unresolved at 850 μm. 
e −1 = not a starless core; 0 = unbound, 1 = candidate starless core, bound at 10 K, and 2 = robust prestellar core, bound at ≥ 15 K. 
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iant branch stars. To remove these potential contaminants from the
tarless core catalogue, the Spitzer cores to discs and Spitzer Gould
elt full high reliability catalogues were searched for 24 μm matches
ith offsets from the SCUBA-2 peak within the core deconvolved

adius or half the JCMT 850 μm beam FWHM, whichever was the
reater. To be considered as a match, the 24 μm source had to have
n SNR of at least 3 (quality flag MP1 Q det c = `A’ or `B’ ;
vans et al. 2007 ). 
The separation distributions of 24 μm matches for protostellar

ores and for starless cores both peak at small separations of ∼
 . 01 pc as shown in Fig. 7 (top panel), but whereas for protostellar
ores the peak is at small fractions (0.3–0.4) of the deconvolved
adius, for starless cores the peak is further out (0.5–0.6) and rises
gain at separations close to the deconvolved radius (Fig. 7 , bottom
anel). This second peak suggests that some of the 24 μm matches
re bright cloud rims or background sources. To reduce such false
ositives due to background confusion, we calculated the 95 per cent
ercentile of the separation distribution for 24 μm matches with
rotostellar cores (bona fide 24 μm matches) and applied this as
n additional separation cut-off to the starless core candidates. This
riterion was applied to physical (projected) distance, rather than
ngular distance, so that the distribution reflects the real physical
eparations between dust peaks and 24 μm emission in protostars
.g. due to outflow cavities. As a result, we only consider separations
elow 0.0525 pc as genuine associations. Using this revised criterion
NRAS 543, 3547–3612 (2025)

k  
educed the number of reclassified cores by roughly a quarter. In
otal, 80 cores (just under 5 per cent) were reclassified from starless
o ‘heated’ (i.e. potentially protostellar) due to 24 μm associations,
ith a separation distribution shown in Fig. 7 . 10 of these cores
ere later excluded by the selection criteria described in Section 3.2 ,

eaving 70 heated cores in the final catalogue. 
We note that the Spitzer Multiband Imaging Photometer (MIPS)

4 μm channel is saturated in the brightest parts of the Orion
olecular Cloud. We manually flagged the Orion BN/KL region

n Orion A (JCMTLSG 053514.3 −052231) and the centre of Orion
 NGC 2074 (JCMTLSG 054144.6 −015540) as protostellar. 

.1.4 Final classification 

f our 2257 sources, 1321 are classed as starless (‘C’), 847 as
ontaining an embedded protostar (‘P’), 70 as heated (24 μm-bright;
H’), and 19 as potential extragalactic contaminants (‘G’). Source
lassifications broken down by cloud complex are shown in Fig. 8 .
e consider anything with a P or H classification as potentially

rotostellar in nature. It is important to note that ‘protostellar’ thus
ffectively means that the source has an infrared association. Our
im is to create an uncontaminated catalogue of starless cores, and
o some of the objects identified as protostellar may in fact be shocked
nots, or other externally heated objects without embedded sources.
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Figure 7. The distribution of separations between the SCUBA-2 core peak 
and the nearest 24 μm Spitzer source as a function of distance (top panel) and 
as a fraction of core effective diameter (bottom panel). Cores already classified 
as protostellar are shown in green and cores reclassified from starless to 
‘heated’ (i.e. potentially protostellar) due to a 24 μm counterpart are shown 
in magenta, before (hashed) and after (solid) applying a 95 per cent percentile 
separation cut. Only those starless cores which remain associated with 24 μm 

emission after the 95 per cent separation cut are reclassified as heated in the 
final catalogue. 
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.2 Derived properties 

he derived properties of our sources are listed in Table 3 , and in the
ull catalogue which is supplied as an online resource. 

.2.1 Source temperature 

o calculate core masses, a dust temperature estimate is required. 
ust temperatures vary between cores and within them, depending 
n the strength and penetration of the interstellar radiation field 
n the absence of internal heating (Evans et al. 2001 ). Isolated
restellar cores have been measured and modelled to have central dust 
emperatures as low as 7–9 K (e.g. Leung 1975 ; Evans et al. 2001 ;
ielbock et al. 2012 ). The Herschel surveys of Serpens and Aquila
nd core average temperatures of 10–11 K for robust prestellar cores 
nd 15 K for unbound cores, from spectral energy disribution (SED)
tting with an opacity-modified blackbody (Fiorellino et al. 2021 ; 
önyves et al. 2015 ). From Bayesian modelling, core-containing 
laments in Ophiuchus and Taurus have mass-weighted temperatures 
f 10–15 K in Taurus and 14–20 K in Ophiuchus (Howard et al. 2019 ,
021 ). Higher temperatures are produced by an enhanced radiation 
eld, for example due to proximity to OB stars. In particular, dust

emperatures in Orion A reach more than 40 K due to heating by
he Orion Nebula Cluster and multiple other OB stars in the region
Schuller et al. 2021 ). 

The GBS has previously mapped dust colour temperature from the 
atio of the SCUBA-2 450 to 850μm intensities (Rumble et al. 2021 ),
ssuming a fixed dust opacity index of β = 1 . 8. These maps do not
over the whole area mapped by the JCMT GBS, as this method
equires a high-SNR 450 μm detection, achievable only in bright 
egions observed in good weather, and so are insufficient to extract
emperatures for the individual cores considered here. However, 
here there is coverage, the average dust colour temperature of an
nheated dust clump is 15 K, rising to 20 K or more in the vicinity
f OB stars (within 1 pc for early B type, 2.4 pc of O-type). This
ffect can be modelled based on plane-of-the-sky proximity to the 
ominant OB star and its stellar spectral classification. Temperatures 
f 15 K are consistent with the Herschel -based estimates for unbound
tarless cores. The lower, 10–11 K, temperatures for bound prestellar 
ores are not seen because the clumps in Rumble et al. ( 2021 )
re typically larger (median flux-weighted clump size 0.08 pc) and 
stimates include the warmer dust in the surrounding filament. 

For regions without OB stars, we assume T = 15 K for our cores,
hich is consistent with the mean temperature of unheated clumps 

n the GBS temperature maps and with the temperature of unbound
ores in the Herschel studies of Serpens/Aquila (Fiorellino et al. 
021 ; Könyves et al. 2015 ). 
For regions with OB stars, we estimate temperatures based on 

roximity to the irradiating source using the Rumble et al. ( 2021 )
ormula, which assumes a base temperature of 15 K and temperature
ncreases based on proximity to the main OB star in the neighbour-
ood. 
Orion A is complicated by the presence of many OB stars, so we

ssume temperatures of 40 K in the vicinity of the Trapezium cluster,
f 20 K at declinations > −5 . 277◦, and of 15 K at declinations <
5 . 525◦, following the NH3 gas temperatures measured by Friesen 

t al. ( 2017 ) and the dust temperatures measured by Schuller et al.
 2021 ). 

.2.2 Source masses 

e calculate source masses from their 850- μm flux densities using
he Hildebrand ( 1983 ) relationship, 

 = FνD
2 

κνBν( T ) 
, (1) 

here Fν is integrated flux density at 850 μm, D is distance to the
ource, κν is the dust opacity, and Bν( T ) is the Planck function, where
 is determined as discussed above. We determine dust opacity at
50 μm using the Beckwith et al. ( 1990 ) relationship, 

ν = 0 . 1
( ν

1012 Hz 

)β

cm 

2 g−1 , (2) 

gain taking β = 1 . 8 (cf. Sadavoy et al. 2013 ; Juvela et al. 2015 ;
hen et al. 2016 ), consistent with Planck observations (Juvela et al.
015 ) and joint Herschel /SCUBA-2 fits to GBS data (Chen et al.
016 ; Sadavoy et al. 2013 ). While some localized variation in β
round this value is seen in some GBS regions (Sadavoy et al. 2013 ;
hen et al. 2016 ; Pattle et al. 2025 ), β = 1 . 8 is a good representative
MNRAS 543, 3547–3612 (2025)
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alue for determining the masses of the cores in our catalogue. In our
hoice of κν(1012 Hz ) = 0 . 1 cm 

2 g−1 , we have implictly assumed a
ust-to-gas mass ratio of 1:100 (Beckwith et al. 1990 ). 
Our assumed distances to the various clouds surveyed are taken

rom recent Gaia measurements, and are listed in Table 5 . Cloud
istances vary from 134 pc (Oph/Sco N2) to 751 pc (IC 5146). With
he exception of IC 5146, all clouds are located within 500 pc of the
olar System. 

.2.3 Deconvolved source sizes 

e calculate deconvolved source sizes for sources extended relative
o the beam at 850 μm. The deconvolved radius, R, is taken to be
he geometric mean of the major and minor FWHMs measured at
50 μm, with the JCMT 850 μm effective beam FWHM subtracted
n quadrature, i.e. 

 = D tan 
(
FWHMA FWHMB − θ2 

eff 

) 1 
2 , (3) 

here θeff = 14 . 4 arcsec is the effective FWHM beam size of the
CMT at 850 μm (Dempsey et al. 2013 ) and D is the distance to the
ource. 

Unresolved sources (i.e. those which are not extended along either
xis relative to the 850 μm beam) are classified as such in Table 3 .
heir ‘deconvolved’ size is taken to be the spatial extent of the
WHM 850 μm beam at the distance of the source, although we

argely excluded these sources from our discussions of source size
see Section 5.4 , below). We find that 266 sources are unresolved,
1.8 per cent of the catalogue. Of these, 208 are protostellar sources
24.7 per cent of the protostellar sample), and 58 are starless cores
4.4 per cent of the starless core sample). 

.2.4 Column and volume density 

e determine mean H2 column densities for our sources using the
quation 

(H2 ) = M 

πμmol R2 
, (4) 

nd mean H2 volume densities using the equations 

 (H2 ) = M 

4 
3 πμmol R3 

, (5) 

aking a mean molecular weight of μmol = 2 . 86 (assuming the gas is
0 per cent H2 by mass; Kirk et al. 2013 ). Assuming a mean particle
ass of 2.3 amu, our H2 number densities can be converted to total

as particle number densities by multiplication by a factor of 1.24. 

.2.5 Bonnor–Ebert mass 

e assess the stability of the starless cores in our catalogue using
he Bonnor–Ebert (BE) stability criterion. The BE model (Ebert
955 ; Bonnor 1956 ) treats a core as an isothermal, self-gravitating,
olytropic sphere bounded by external pressure. The mass at which
n isothermal BE sphere of temperature T is critically stable against
ravitational collapse is a widely used proxy for the virial mass (e.g.
önyves et al. 2015 , and references therein), and is given by 

BEC = 2 . 4
c2 
s 

G 

RBEC = 2 . 4
kB T 

μmol mH 

G 

RBEC , (6) 
NRAS 543, 3547–3612 (2025)
here cs =
√ 

kB T /μmol mH is the sound speed and RBEC is the radius
t which the BEC sphere is bounded by the gas pressure of its
urroundings. 

The ratio of a core’s BEC mass to its measured mass, 

BEC = MBEC 

M 

, (7) 

s thus analogous to the virial stability ratio. A value of αBEC < 1
mplies that a core is gravitationally unstable, while αBEC > 1 implies
hat a core can be supported against collapse by its internal thermal
ressure. In keeping with standard practice, we consider those cores
ith αBEC < 2 as being potentially gravitationally unstable (e.g.
önyves et al. 2015 ). This choice follows from a similar assumption,

hat cores with a virial ratio < 2 can be considered likely to be
ravitationally bound (cf. Bertoldi & McKee 1992 ). We emphasize
hat we are not suggesting that the cores in our catalogue have BE
ensity profiles; we are simply comparing their masses to those of
EC spheres of the same size, and from this widely used comparison

dentifying the cores most likely to be gravitationally bound. 
To infer the BEC masses of our cores, we first needed to determine

he relationship between GETSOURCES FWHM and RBEC . For this
urpose, we compared the geometric mean of the source sizes
eturned in our completeness fields, deconvolved with the JCMT
eam, with their input BEC radii. The results are shown in Fig. 9 .
e found 

FWHM 〉deconv (arcsec ) = (0 . 75 ± 0 . 03) θBEC (arcsec ) 

−(3 . 60 ± 0 . 97) , (8) 

nd so, 

BEC (arcsec ) = (1 . 33 ± 0 . 01) 〈FWHM 〉deconv (arcsec ) 

+ (4 . 80 ± 0 . 97) . (9) 

ote that this equation gives an effective BEC radius for an
nresolved source ( 〈FWHM 〉deconv = 0) of 4.8 arcsec, approximately
/3 of the 850 μm primary beam size. We adopt this angular radius
or unresolved sources in the following stability analysis, noting that
nly 4.4 per cent of our starless core sample is unresolved. 
We further note that our completeness testing indicates that

ypically, 73 ± 6 per cent of the mass of a BEC sphere will be
ecovered by SCUBA-2. We therefore empirically define the effective
EC masses of the sources we detect to be 

BEC ,eff = 0 . 73 × 2 . 4
c2 
s 

G 

D tan θBEC . (10) 

Although 15 K is a typical temperature for unheated cores, a
ravitationally bound prestellar core may have temperatures as low
s ∼ 10 K, as discussed in Section 4.2.1 . In order to identify starless
ores which are good candidates for being gravitationally bound
‘prestellar’), we therefore calculate αBEC if the core were at a
emperature of 10 K, 

BEC , 10 K = MBEC ,eff ( T = 10 K) 

M( T = 10 K) 
. (11) 

e consider cores with αBEC , 10 K 

< 2 (i.e. bound at 10 K) to be
candidate’ prestellar cores. 

We further consider a more stringent criterion for core bounded-
ess by calculating αBEC at the temperature assigned to the core in
ur catalogue (15 K, or greater if the core is heated), such that 

BEC , ≥15 K = MBEC ,eff ( T ) 

M( T ) 
, (12) 

here T is the temperature listed in Table 3 . We consider those cores
ith αBEC , ≥15 K < 2 to be ‘robust’ prestellar cores. 
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Table 5. A summary of the classification of the sources in our catalogue by region. 

Region Total sources Starless Protostellar 24- μm bright (‘Heated’) Galaxy Resolved Unresolved 

Aquila 312 191 85 34 2 284 28 
Auriga 93 44 43 6 0 79 14 
Cepheus L1228 8 5 2 1 0 7 1 
Cepheus L1251 14 8 5 0 1 14 0 
Cepheus South 21 9 12 0 0 16 5 
CrA 33 15 16 2 0 25 8 
IC5146 71 33 32 5 1 67 4 
Lupus 9 5 4 0 0 9 0 
Ophiuchus L1688 119 60 52 6 1 91 28 
Oph L1689/1709/1712 34 22 10 2 0 27 7 
Oph/Scorpius N2 1 0 0 1 0 1 0 
Orion A 731 418 305 0 8 685 46 
Orion B L1622 11 4 7 0 0 11 0 
Orion B N2023 187 143 44 0 0 172 15 
Orion B N2068 169 113 55 0 1 146 23 
Perseus IC348 39 21 15 2 1 32 7 
Perseus West 146 77 61 5 3 125 21 
Pipe B59 10 1 9 0 0 4 6 
Pipe E1 1 1 0 0 0 1 0 
Serpens East 68 64 4 0 0 66 2 
Serpens Main 73 31 38 4 0 63 10 
Serpens MWC297 19 9 9 1 0 13 6 
Serpens North 23 18 5 0 0 22 1 
Taurus B18 East 17 9 8 0 0 12 5 
Taurus B18 West 1 0 1 0 0 0 1 
Taurus L1495 32 15 16 0 1 23 9 
Taurus TMC1 15 5 9 1 0 9 6 

Total 2257 1321 847 70 19 2004 253 

Figure 8. Bar chart summarizing source classification statistics for each 
cloud complex. The complexes are plotted in order of average distance from 

the Sun. Bars are colour-coded by distance, with opacity denoting source 
classification. 
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Figure 9. Measured deconvolved geometric mean FWHM versus input BEC 

radius, from completeness testing. Solid symbols show means, open symbols 
show medians, error bars show 1 σ uncertainties, and dotted line shows full 
range. The straight lines show the 1:1 relationship (solid) and best fit (dashed). 
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 DISCUSSION  O F  C O R E  PROPERTIES  

o increase the sample sizes of starless cores to statistically mean- 
ngful levels, we considered our set of observed fields to represent 
2 ‘cloud complexes’: Aquila, Auriga, Cepheus (Cepheus L1228, 
1251, and South), IC 5146, Lupus, Ophiuchus (Ophiuchus L1688, 
1689/1709/1712, and Oph/Sco N2), Orion A, Orion B (L1622, 
2023, and N2068), Perseus (IC348 and Perseus West), Pipe, 
erpens (Serpens East, Main, and MWC297), and Taurus (Taurus 
18, L1495, and TMC-1). We estimated the mass of potentially 

tar-forming gas in each cloud complex using column density maps 
reated from Herschel SPIRE and PACS measurements by the HGBS 

André et al. 2010 ), 6 except for the Auriga molecular cloud, for which
e used column density maps published by Harvey et al. ( 2013 ). We

ummed the mass at column densities N (H2 ) > 7 × 1021 cm−2 , to
ncompass the densest gas that is likely involved with star formation
MNRAS 543, 3547–3612 (2025)
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Table 6. Potentially star-forming gas mass in each cloud complex, as 
measured from Herschel column density maps. 

Cloud Average Herschel Herschel 
complex distance mass reference 

(pc) (M�) 

Aquila 484 14312 Könyves et al. ( 2015 ) 
Auriga 470 6661 Harvey et al. ( 2013 ) 
Cepheus 347 431 Di Francesco et al. ( 2020 )
CrA 151 102 Bresnahan et al. ( 2018 ) 
IC 5146 751 902 Arzoumanian et al. ( 2011 ) 
Lupus 151 26 Rygl et al. ( 2013 ) 
Ophiuchus 140 598 Ladjelate et al. ( 2020 ) 
Orion A 432 12918 Roy et al. ( 2013 ) 

Polychroni et al. ( 2013 ) 
Orion B 423 3919 Schneider et al. ( 2013 ) 
Perseus 308 1543 Sadavoy et al. ( 2014 ) 

Pezzuto et al. ( 2021 ) 
Pipe 180 34 Peretto et al. ( 2012 ) 
Serpens 447 5443 Fiorellino et al. ( 2021 ) 
Taurus 141 406 Kirk et al. ( 2013 ) 

Marsh et al. ( 2016 ) 
Kirk et al. ( 2024 ) 

J. Kirk (priv. comm.) 

Figure 10. Source mass as a function of source size for the resolved sources 
in our catalogue. Blue circles mark starless cores; and green stars mark 
protostellar sources. The solid black line marks the locus of a 15 K core with 
a BEC mass ratio of 2, while the dashed black line marks that of a 15 K core 
with a BEC mass ratio of 1. 
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Figure 11. Source mass as a function of source size for resolved sources, 
separated by source distance. Top panel: near ( < 200 pc), second panel: mid- 
distance (200–355 pc), third panel: far (355–500 pc), and bottom panel: very 
far ( > 500 pc). Data points are as in Fig. 10 . Solid black lines mark the locus 
of a 15 K core with a BEC mass ratio of 2, dashed black lines mark that of 
a 15 K core with a BEC mass ratio of 1, and the dotted black lines mark 
90 per cent mass completeness limit in each distance range. 
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e.g. Könyves et al. 2015 , 2020 ; Di Francesco et al. 2020 ; Pezzuto
t al. 2021 ). These ‘star-forming’ gas masses are listed in Table 6 for
ach cloud complex. 

.1 Mass versus size 

or our resolved sources, we plotted mass as a function of decon-
olved geometric mean size. The mass/size diagram for our full
ample of sources is shown in Fig. 10 , while the mass/size diagrams
or each of our distance bins are shown in Fig. 11 . For each panel in
ig. 11 , our estimated 90 per cent completeness limit is shown as a
otted line, while our estimated 3 σ sensitivity is shown as a dashed
ine. 

We calculated our 3 σ mass sensitivity using an assumed per-pixel
 σ mass sensitivity of 0.047 mJy arcsec−2 , which we measured using
NRAS 543, 3547–3612 (2025)
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Figure 12. Source mass as a function of effective BEC mass, for the resolved 
starless cores in our sample. Blue squares mark unbound cores, red diamonds 
mark candidate prestellar cores ( αBEC , 10 K < 2), and yellow triangles mark 
robust starless cores ( αBEC , ≥15 K < 2). The solid black line marks the locus of 
a 15 K core with a BEC mass ratio of 2, while the dashed black line marks 
that of a 15 K core with a BEC mass ratio of 1. 
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Figure 13. Source mass as a function of effective BEC mass, for the resolved 
starless cores in our sample, separated by source distance. Top panel: near 
( < 200 pc). Second panel: mid-distance (200–355 pc). Third panel: far (355–
500 pc). Bottom panel: very far ( > 500 pc). Data points are as in Fig. 12 . The 
solid black lines mark the locus of a 15 K core with a BEC mass ratio of 2, 
while the dashed black lines mark that of a 15 K core with a BEC mass ratio 
of 1. 
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perture photometry on the Oph/Sco N6 field (the field into which 
ake sources were inserted for the completeness testing, as described 
n Section 3.4 and Appendix B ). The dashed lines shown in Fig. 11
how the mass of a 15 K source at the nominal distance, in which
ach pixel has a 3 σ flux density. 

We note that some sources appear below our 3 σ mass sensitivity
imit. This apparent incongruity is likely to be due to some com-
ination of non-uniform flux densities across real sources, many 
ources sitting on bright backgrounds, and so being easier to detect 
han sources sitting on the noisy background of the map, and slight
ifferences in sensitivity between maps, due to combinations of 
osaicking strategy, weather conditions in which the observations 
ere made, and small differences in exposure time. 
Gravitationally bound objects are expected to occupy the upper 

eft-hand portion of the mass–size diagram, being massive and 
elatively compact. This characteristic is demonstrated in Fig. 11 
y the diagonal lines marking the effective BEC mass (and half of
he effective BEC mass) for sources at 15 K. As distance increases,
ur completeness and mass sensitivity limits progressively exclude 
 larger area of the gravitationally unbound region of the mass–
ize plane, and so at greater distances we preferentially detect 
ravitationally bound and collapsing cores. 

.2 Core stability 

e calculated effective BEC masses for all of the starless cores in
ur sample, as described in Section 4.2.5 . Core mass is plotted as a
unction of effective BEC mass in Fig. 12 , with both measured mass
nd BEC mass calculated for T ≥ 15 K. Both robust ( αBEC , ≥15 K <

) and candidate ( αBEC , 10 K < 2) prestellar cores are marked on the
gure. Core masses as a function of BEC mass are also plotted for
ach of our distance ranges in Fig. 13 . As expected, fewer unbound
ores are detected in the more distant clouds, likely as a matter of
ensitivity. Although more distant cloud complexes have a higher 
ound core fraction, there is no clear correlation with cloud mass
ithin any given distance range (cf. Fig. C2 ). 
Note also that a large fraction of starless cores found in SCUBA-

 GBS maps have previously been found to be stable according 
MNRAS 543, 3547–3612 (2025)
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Figure 14. The fraction of cores within a cloud complex which are starless 
cores, candidate prestellar cores, robust prestellar cores, and protostellar cores 
as a function of cloud complex mass. Grey lines show the average fractions 
of starless (solid line), prestellar (C & R; dashed line), and robust prestellar 
(dot–dashed line) cores averaged over all regions, as discussed in Section 5.3 . 
Data points are colour-coded by cloud distance. Note that the bars for Taurus, 
Cepheus, Orion A, and Aquila are slightly offset from their true positions, 
to avoid overlap. The tick marks associated with these bars show the exact 
cloud masses. 
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o the BE criterion, or, in a virial analysis, confined by pressure
ather than gravity (Pattle et al. 2015 , 2017 ). This finding has been
eplicated in molecular line studies of dense cores (e.g. Kirk et al.
017 ; Kerr et al. 2019 ). Magnetic fields may also play a significant
ole in supporting these cores against gravitational collapse (e.g.

yers & Basu 2021 ; Pattle et al. 2021 ). Thus, additional information
s required to determine the exact virial state of the starless cores in
ur sample. 

.3 Relative numbers of protostellar and starless cores 

he fraction of starless cores is plotted as a function of cloud
ass for each cloud complex in Fig. 14 , based on numbers in
able 7 . On average, 41 per cent of the detected cores are protostellar
nd 59 per cent are starless. Of the starless cores, 34 per cent are
obust prestellar cores, 37 per cent are candidate prestellar cores,
nd 29 per cent are unbound. Thus, 41 per cent of our cores are
rotostellar and 42 per cent are prestellar (either candidate or robust).
ssuming all prestellar cores (candidate and robust, C & R) are the
recursors of protostars, then similar source counts indicate similar
ifetimes to Class 0/I embedded YSOs (0.5 Myr; Evans et al. 2009 ),
hich are consistently detected by the JCMT GBS as protostellar

ores. If every core passes through the ‘robust’ prestellar core phase,
hen it lasts half as long on average (0.25 Myr). 

The starless and prestellar core fractions vary between complexes,
nd the differences are statistically significant. We tested for consis-
ency using a binomial distribution, checking core counts against the
5 per cent confidence interval and the two-tailed binomial test with
 per cent significance, and with two hypotheses, setting the starless
r prestellar core probability equal to the mean starless or prestellar
ore fraction, (1) averaged over all cores ( p = 0 . 59 , 0 . 42 , 0 . 20 for
tarless, prestellar and robust prestellar cores respectively; note
NRAS 543, 3547–3612 (2025)
he core counts are dominated by Orion A); (2) averaged over all
egions, with equal weight for each region ( p = 0 . 52 , 0 . 30 , 0 . 15 for
tarless, prestellar and robust prestellar cores, respectively). For each
ypothesis and type of core selected, at least four regions and up
o eight regions had source counts that were not consistent with the
verage probability. Under both hypotheses, Serpens and Orion B
ave an excess of starless and prestellar cores, whereas Pipe and
aurus show a deficit. 
Under Hypothesis (1), where average core counts are dominated

y Orion A, many more of the lower and intermediate mass regions
ad a deficit of starless or prestellar cores (Auriga for starless cores;
uriga, Cepheus, Ophiuchus, and Perseus for candidate prestellar

ores; CrA and Ophiuchus for robust prestellar cores), while IC
146 showed an excess but only for robust prestellar cores. Under
ypothesis (2), Orion A also had an excess of starless and prestellar

ores (IC 5146 showed an excess and Ophiuchus a deficit for robust
restellar cores only). 
The trend is for higher mass regions to have a higher ratio of

tarless (or prestellar) cores compared to protostars (Fig. 14 ; see also
ig. C1 ). Assuming candidate prestellar cores are the precursors
f protostars, then a higher ratio indicates a longer lifetime for
restellar cores in higher mass regions, on average, compared to
hose in lower mass regions. This could be due to longer average
reefall times in larger, lower average density clouds (see Pokhrel
t al. 2021 , and references therein). If this is the case, then prestellar
ores should show a wider spatial distribution than protostars, with
ess concentration in high (column) density regions. There is already
ome evidence that this is the case: in Orion B, the surface density
f prestellar cores follows a linear relationship with column density
hereas the surface density of protostellar cores scales non-linearly

s the square of column density (Könyves et al. 2020 ; Lombardi et al.
014 ; Pokhrel et al. 2020 ; Retter, Hatchell & Naylor 2021 ). 
One might expect clouds with a large fraction of Class 0/I sources

ompared to more evolved YSOs also to have a large number
f starless cores, as that could indicate a ramp-up in recent star
ormation. From the Spitzer GBS, the highest fraction of Class 0/I
SOs occur in Auriga, IC 5146, and Perseus (Dunham et al. 2015 ).
rom the data presented here, there is nothing special about the
tarless core fractions in these clouds – only a slight indication that it
ight be low in Auriga – suggesting that star formation will continue

t the same rate in the future. 

.4 Mass and radius distributions 

e plot the distribution of starless core masses as a function of
otentially star-forming gas mass for each complex in Fig. 15 .
e find a moderately strong correlation between median starless

ore mass and cloud complex mass, with Mmedian ∝ M0 . 17 ±0 . 06 
cloud 

 r = 0 . 62 and p = 0 . 02), determined using least-squares (LS) fitting.
owever, this relationship may be influenced by the differing mass

ompleteness limits between the different cloud complexes, with
ore massive clouds typically being more distant, and so we plotted

he starless core mass distributions for each complex above the mass
ompleteness limit at 450 pc of 0.2 M�. The best-fitting relationship
etween cloud complex mass and median mass becomes shallower
nd less robust, with Mmedian ( > 0 . 2 M�) ∝ M0 . 08 ±0 . 04 

cloud ( r = 0 . 53 and
 = 0 . 06). 
At a later evolutionary stage, the maximum stellar mass in a

luster increases with embedded cluster mass (Weidner et al. 2010 ;
lmegreen 2006 ). The relationship between stellar and cluster mass
as examined by Bonnell, Vine & Bate ( 2004 ), who found the mass
f the most massive star in a cluster scaled with cluster mass to a
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Table 7. Core counts and classifications in each cloud complex. 

Core counts Starless core classes 

Robust Candidate 
Complex Protostellar Starless prestellar prestellar Unbound 

Aquila 119 191 47 141 3 
Auriga 49 44 14 15 15 
Cepheus 20 22 5 5 12 
CrA 18 15 2 10 3 
IC5146 37 33 17 1 15 
Lupus 4 5 1 0 4 
Ophiuchus 71 82 14 29 39 
Orion A 305 418 157 149 112 
Orion B 106 260 95 103 62 
Perseus 83 98 32 22 44 
Pipe 9 2 0 0 2 
Serpens 61 122 66 4 52 
Taurus 35 29 4 5 20 

Total 917 1321 454 484 383 

Figure 15. Mass distribution for each cloud complex, as a function of star- 
forming gas mass. Top: for all starless cores. Bottom: for starless cores with 
masses above the 90 per cent completeness limit at 450 pc of 0.2 M�. Solid 
circles show median values; and open circles show means. Thick black lines 
show the interquartile ranges. Dotted line shows the line of best fit to the 
maximum values in each cloud complex; and dashed line shows the line of 
best fit to the median values. 
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ower of 2/3. We investigated whether we see a similar relationship
etween cloud mass and maximum core mass in the cloud complexes
hat we consider. We find a strong correlation between maximum 

tarless core mass ( Mmax ) and cloud complex mass ( Mcloud ) with
max ∝ M0 . 58 ±0 . 13 

cloud ( r = 0 . 80 and p < 0 . 005), consistent with the
onnell et al. ( 2004 ) index. The mass of the most massive core in
 cloud thus typically increases with cloud mass (Fig. 15 ), although
he extent to which this can be directly linked to the relationship
etween stellar and cluster mass is unclear, since the larger cloud
omplexes in our sample typically contain larger numbers of cores, 
nd so are more likely to contain high-mass outliers. 

We also see significant cloud-to-cloud variation in mass distri- 
utions in clouds at comparable distances. Notably, the Ophiuchus 
olecular cloud has significantly more low-mass sources than are 

een in any of the other nearby clouds, and a significantly lower
inimum core mass. 
We note that there is also a correlation between maximum 

nd median mass and cloud distance, as might be expected from
quation ( 1 ). These relationships are shown in Fig. D1 in Appendix D .
owever, the relationships between mass and distance are shallower 

han D2 , indicating that the correlation that we see between core and
loud masses is not solely due to more massive clouds on average
eing at a greater distance from us. 
We further plotted the distribution of starless core deconvolved 

adii as a function of potentially star-forming gas mass for each
omplex, both for all starless cores and for cores above the 450 pc
ass completeness limit, as shown in Fig. 16 . We see no correlation

etween the median deconvolved core size and the mass of the
loud in either case. However, in both cases we find a correlation
etween maximum deconvolved core size and cloud mass: for all 
ores, Rmax ∝ M0 . 21 ±0 . 05 

cloud ( r = 0 . 81 and p < 0 . 005). For cores above
he 450 pc mass completeness limit, Rmax ( > 0 . 2 M�) ∝ M0 . 21 ±0 . 05 

cloud 

 r = 0 . 79 and p < 0 . 005). 
We also investigated the relationship between maximum and 
edian deconvolved core radius, as shown in Fig. D2 in Appendix D ,

nd find that both median and maximum core radii are correlated
ith distance when all cores are considered, while when only cores

bove the 450 pc mass completeness limit are considered, there is no
orrelation between median core radius and cloud distance. However, 
n both cases, we find a relationship consistent within error with

max ∝ D. Despite this, we find considerable variation between core 
MNRAS 543, 3547–3612 (2025)
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Figure 16. Deconvolved radius distribution for starless cores for each cloud 
complex, as a function of star-forming gas mass. Top: for all starless cores. 
Bottom: for starless cores with masses above the 90 per cent completeness 
limit at 450 pc of 0.2 M�. Solid circles show median values; and open circles 
show means. Thick black lines show the interquartile ranges. Dotted line 
shows the line of best fit to the maximum values in each cloud complex; and 
dashed line shows the line of best fit to the median values. 
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adius distributions for clouds at similar distances to one another:
phiuchus has a significantly smaller minimum source size and a

onsiderable excess of small cores compared to other nearby clouds,
hile Cepheus has a significantly smaller spread in core radii than
oes Perseus, despite the two clouds being at comparable distances. 

 C O R E  MASS  F U N C T I O N S  

he mass distribution of starless, or prestellar, cores is typically
haracterized using the CMF. The form of the CMF is similar to
hat of the IMF (Salpeter 1955 ; Kroupa 2001 ; Chabrier 2003 ), with
 lognormal behaviour at low masses and a Salpeter-like power-law
ehaviour at high masses (e.g. Könyves et al. 2015 ) leading to the
uggestion of a causal link between the CMF and the IMF (Motte
t al. 1998 ). Herschel studies of dense cores in the Aquila molecular
loud have found that the characteristic mass of the prestellar CMF
s 3 × that of the system IMF, suggesting a ∼ 33 per cent core-to-star

ass conversion efficiency (Könyves et al. 2010 , 2015 ). However,
his relies on there being a 1:1 relationship between the CMF and the
MF, and so does not account for further core fragmentation (other
NRAS 543, 3547–3612 (2025)
han into bound multiple systems), or for the potential for further
ccretion of mass onto cores (Offner et al. 2014 ). 

In keeping with standard practice, we visualized our measured
MFs by plotting histograms of the mass distributions of the starless
ores in our catalogue, as shown in Fig. 17 , and Figs E2 –E14 in
ppendix E . In each case we used logarithmically spaced bins,
ith the number of non-empty bins determined using Sturges’s Law,
bins = 1 + log 2 N , where N is the number of cores in the sample. 
We modelled our measured starless core mass distributions, and

heir C & R prestellar subsets, using a lognormal mass distribution, 

	N 

	 log 10 M 

∝ exp 

(
− (log 10 M − log 10 μ)2 

2 σ 2 

)
, (13) 

here μ is the mean core mass in units of M� and σ is the width
f the mass distribution in units of log 10 M�. This distribution is
omparable to the lognormal part of the Chabrier ( 2003 , 2005 ) IMF.

.1 Core mass functions by distance 

MFs for our four distance ranges, < 200 , 200 − 355, 355 − 500,
 500 pc, are shown in Fig. 17 . For the 355–500 pc distance range,
e also plotted the CMF with the heated cores of Orion A excluded,

s shown in Fig. E1 in Appendix E . 

.1.1 Least-squares fitting of CMFs by distance 

e fitted a lognormal distribution to each of the CMFs for our
our distance ranges, using the SCIPY LS-fitting routine curve fit . We
tted (i) the full distribution of starless cores, (ii) the distribution
f prestellar cores (the combined candidate and robust samples;
eferred to as ‘C & R’), (iii) the distribution of unbound cores, (iv)
he distribution of candidate prestellar cores, and (v) the distribution
f robust prestellar cores. Note that samples (ii)–(v) are subsets of
ample (i). The best-fitting model CMFs for each distance range are
lotted on Figs 17 and E1 . The fitting results are shown in Table 8 for
ll starless cores and for prestellar cores (C & R). Fitting results for
he unbound, candidate prestellar and robust prestellar samples are
iven in Table E1 . In each case we fitted only those bins whose centres
re above the mass completeness limit in that distance range. Where
t is possible to fit the 355–500 pc range with heated cores in Orion A
xcluded, in every case the results agree within error with those of the
ull far sample, and so we conclude that our choice of temperatures
n Orion A makes little difference to the statistical properties of our
ample. Henceforth, we use all cores in Orion A in our CMF fitting.

The near-, mid-, and far-distance core mass distributions are well
odelled with lognormal distributions. No good lognormal fit could

e found for the very far-distance starless CMF (i.e. IC 5146), likely
ecause the peak of the starless CMF is below the completeness limit
f the region. A lognormal fit can be found for the prestellar very
ar-distance CMF, albeit with very large uncertainties. Due to the
ifficulty in constraining the CMF of the very-far distance cores, and
ue to the high-mass completeness limit at this distance, we do not
onsider this distance range further. 

Our best-fitting models show that the peak of the lognormal CMF
odel (the most probable core mass) increases with distance. The

eak of the prestellar CMF is consistently higher than that of the
tarless core CMF, as expected, as more massive cores are more likely
o be gravitationally bound. The starless and prestellar CMFs have
imilar widths in each case. We find that the near-distance CMFs are
 0 . 1–0.15 dex wider than those of the mid- and far-distance CMFs,
hose widths are consistent with one another. 
The peak of the CMF is well above the mass completeness limit

or both the near- and the mid-distance samples. We can see a clear
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Figure 17. Starless CMFs for the distance ranges which we consider. Top to bottom: near, mid-distance, far, and very far. Left column: CMFs with fits to full, 
unbound, candidate prestellar, and robust prestellar samples shown. Right column: CMFs with fits to full, unbound, and combined C & R prestellar samples. In 
both columns, the unresolved sources are shown as a hatched histogram. 
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Table 8. LS best-fitting lognormal CMFs for each of our distance ranges, for all starless cores, and for prestellar cores 
(combined C & R samples). The fitted parameters are A , maximum value of the lognormal; μ, mass at which the 
lognormal distribution peaks; and σ , lognormal width. The final two rows of the table show LS best fits to the near- and 
mid-distance samples, for cores above the far-distance mass completeness limit (0.2 M�) only. 

Starless Prestellar (C & R) 

A μ σ A μ σ

Range (M�) (log 10 M�) (M�) (log 10 M�) 

0–200 pc 30 ±3 0.15 ±0.02 0.48 ±0.05 15 ±2 0.21 ±0.04 0.53 ±0.09
200–355 pc 33 ±4 0.32 ±0.04 0.37 ±0.04 17 ±3 0.41 ±0.06 0.35 ±0.05
355–500 pc 208 ±13 0.42 ±0.05 0.42 ±0.03 150 ±10 0.56 ±0.05 0.39 ±0.03
No heated Orion A 205 ±4 0.48 ±0.02 0.41 ±0.01 151 ±3 0.64 ±0.02 0.38 ±0.01
> 500 pc – – – 6 ± 2 0 . 7 ± 0 . 7 0 . 6 ± 0 . 3 

For cores with masses > 0 . 2 M� only 

0–200 pc – – – – – –
200–355 pc 36 ±7 0.2 ±0.1 0.4 ±0.1 19 ±4 0.3 ±0.2 0.4 ±0.1 
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ownturn in the distribution of core masses before the completeness
imit is reached, suggesting that we are accurately characterizing
he low-mass ends of these CMFs. However, the peak mass of the
ar-distance sample is near the completeness limit, suggesting that
he low-mass end of the CMF is less well characterized here. The
est-fitting starless CMF for the far-distance sample follows the
ata below the completeness limit well, perhaps suggesting that
ur completeness limit is conservative. However, the best-fitting
restellar CMF is narrower, and does not encompass the cores
etected below the 90 per cent completeness limit. 

.1.2 Similarity of CMFs at different distances 

e wish to determine whether or not the near-, mid-, and far-
istance core samples could be drawn from the same underlying
MF, i.e. whether differences in the best-fitting CMFs result from

heir differing completeness limits. To test this hypothesis, we
rst attempted to fit lognormal distributions to the cores in the
ear- and mid-distance samples only for masses above the 0.2 M�
ompleteness limit of the far-distance sample. In the near-distance
ase, there were too few cores with masses > 0 . 2 M� to produce
 good fit, while in the mid-distance case the fits produced were
oorly constrained, with lower peak masses and broader widths. The
arameters of these fits are listed in Table 8 . 

.1.3 Monte Carlo modelling of CMFs by distance 

o further test the consistency of the starless and prestellar CMFs as a
unction of distance, we constructed a grid of lognormal CMFs, with
arameters in the range −1 . 5 ≤ log 10 μ ≤ 0 . 0 and 0 . 05 ≤ σ ≤ 1 . 2,
n steps of 0.0125. From each of these CMFs, we randomly drew a
ample of ‘cores’ 100 times larger than the size of the far-distance
tarless or prestellar sample (this number was chosen arbitrarily to
nsure that the sample had a total mass significantly greater than that
f the far-distance sample). We then calculated the cumulative sum
f the sample, and selected the cores whose cumulative mass was
losest to the total mass of the near-distance starless or prestellar
ample (Bonnell et al. 2011 ). We further selected the cores whose
umulative mass was closest to the total mass of the mid- and far-
istance starless or prestellar samples. 
For each of these mass distributions, we selected masses above the

ear-, mid-, or far-distance completeness limits as appropriate. We
hen performed two-sided Kolmogorov–Smirnov (KS) tests between
he subsample and the the above-completeness-limit core masses
NRAS 543, 3547–3612 (2025)
n the observed near-, mid-, and far-distance starless or prestellar
ample, respectively. We repeated this exercise 1000 times for each
MF in the grid, and recorded the median p-values for the three
istance bins. These median values are shown in Fig. 18 , and the
ost probable (highest p-value) combinations of μ and σ are listed in
able 9 . In each case, there is a well-defined most probable lognormal
MF, with a long tail of marginally consistent CMFs with lower peak
asses and larger widths. We note that the most probable values that
e find for each distance range are consistent with the best-fitting
alues from our LS fitting, suggesting that both methods are robustly
haracterizing the CMFs that we measure. 

The three prestellar CMFs are only marginally consistent at
he p = 0 . 05 level with being drawn from the same underlying
ognormal distribution. In the starless case, the three CMFs are
lightly more consistent at the p = 0 . 05 level, although the area
f parameter space over which the probability distributions overlap
emains small. For both the starless and the prestellar samples, the
id-distance CMF is consistent at p > 0 . 1 with being drawn from

he same underlying distribution as either the near- or the far-distance
MF, but the three cannot be simultaneously reconciled with each
ther. The p > 0 . 5 values of μ and σ for the three distributions do not
verlap in any case. It therefore seems unlikely that the CMFs of the
hree distance bins are drawn from the same underlying lognormal
istribution, although we cannot rule this out entirely. 

.2 Core mass functions by cloud complex 

.2.1 Least-squares CMFs by cloud complex 

e further fitted lognormal distributions to the CMFs of each of the
loud complexes which we observed. These distributions are shown
n Figs E2 –E14 in Appendix E , and their best-fitting lognormal
istributions are listed in Table 10 . The Lupus and Pipe regions
ontain too few starless cores ( < 10) to fit a CMF, and no prestellar
ores. The Taurus region contains too few prestellar cores for a fit to
e found. As discussed above, good log-normal fits cannot be found
or IC 5146 (the very far-distance cores). We thus exclude IC 5146
rom further consideration. 

.2.2 Monte Carlo CMFs by cloud complex 

e performed the Monte Carlo (MC) modelling described in Sec-
ion 6.1.3 for each of the cloud complexes which we observed. We
id not attempt this modelling for complexes with sample sizes of
ess than 10. The results of this analysis are given in Table 11 . The
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Figure 18. Median p-values for two-sided KS test between model CMFs and starless (left) and prestellar (right) CMFs, for matched-mass sampling. Contours 
show p-values of 0.05, 0.1, and 0.5. Red marks near-, yellow mid-, and cyan far-distance CMFs. Filled circles mark 1 × and 3 × the Chabrier ( 2005 ) peak system 

mass (0.25 M�). Open circles mark 0.73 × these values, accounting for the typical flux loss in our SCUBA-2 observations. 

Table 9. The most probable starless and prestellar CMFs for each distance range that we consider, as determined from 

MC estimation and two-sided KS tests, using matched-mass sampling. p-values show the probability that this model 
and our sample are drawn from the same underlying distribution. 

Starless Prestellar (C & R) 

Range (pc) μ σ p μ σ p 

(M�) (log 10 M�) (M�) (log 10 M�) 

0–200 0.15 0.41 0.78 0.19 0.49 0.75 
200–355 0.32 0.36 0.70 0.41 0.36 0.68 
355–500 0.42 0.42 0.65 0.56 0.39 0.67 

Table 10. LS best-fitting CMFs for each of the cloud complexes that we consider. 

Starless C&R 

A μ σ A μ σ

Complex (M�) (log 10 M�) (M�) (log 10 M�) 

Near 

CrA 3 ±3 0.2 ±0.2 0.7 ±1.2 4.2 ±1.1 0.19 ±0.03 0.33 ±0.10
Lupus – – – – – –
Pipe – – – – – –
Ophiuchus 19 ±3 0.08 ±0.06 0.6 ±0.2 10 ±2 0.13 ±0.07 0.7 ±0.3 
Taurus 10 ±1 0.20 ±0.02 0.39 ±0.04 – – –

Mid 

Cepheus 6 ±1 0.4 ±0.1 0.4 ±0.1 – – –
Perseus 25 ±3 0.30 ±0.03 0.38 ±0.03 15 ±3 0.42 ±0.05 0.36 ±0.05

Far 

Aquila 48 ±5 0.52 ±0.06 0.32 ±0.04 52 ±3 0.45 ±0.05 0.35 ±0.03
Auriga 12 ±4 0.5 ±0.1 0.3 ±0.1 8 ±5 0.6 ±0.2 0.2 ±0.1 
Orion A 100 ±10 0.46 ±0.08 0.41 ±0.05 70 ±10 0.6 ±0.1 0.41 ±0.07
Orion B 55 ±4 0.25 ±0.07 0.59 ±0.07 43 ±1 0.55 ±0.04 0.45 ±0.02
Serpens 31 ±2 0.54 ±0.08 0.43 ±0.05 21 ±5 1.0 ±0.1 0.29 ±0.04

Very Far 

IC5146 – – – 6 ±2 0.7 ±0.7 0.6 ±0.3 
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Table 11. The most probable starless and prestellar CMFs for each cloud complex that we consider, as determined from 

MC estimation and two-sided KS tests, using matched-mass sampling. Values of μ and σ are given to the number of 
decimal places specified in our grid of input models. Median p-values, showing the probability that this model and our 
sample are drawn from the same underlying distribution, are given. 

Starless Prestellar (C & R) 

Region μ σ p μ σ p 

(M�) (log 10 M�) (M�) (log 10 M�) 

Near 

CrA 0.17 0.26 0.77 0.19 0.20 0.80 
Ophiuchus 0.11 0.49 0.78 0.15 0.54 0.69 
Taurus 0.19 0.29 0.76 – – –

Mid 

Cepheus 0.40 0.35 0.75 0.63 0.29 0.74 
Perseus 0.31 0.36 0.70 0.39 0.35 0.71 

Far 

Aquila 0.37 0.40 0.66 0.37 0.40 0.64 
Auriga 0.47 0.32 0.71 0.60 0.25 0.69 
Orion A 0.45 0.42 0.51 0.61 0.40 0.53 
Orion B 0.38 0.46 0.67 0.58 0.40 0.72 
Serpens 0.52 0.40 0.72 0.89 0.29 0.58 
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atched-mass sample contour plots are shown in Figs 19 (starless
ores) and 20 (prestellar cores). 

The most probable starless and prestellar CMFs are compared in
ig. 21 . The most probable prestellar CMF has a higher peak mass

han the starless CMF in every cloud complex, as is expected as
igher mass cores are more likely to be gravitationally bound. In
ost complexes, the most probable prestellar CMF has a narrower
idth than the starless CMF, with the exceptions of Ophiuchus and
erseus, both of which show a slight increase in width. 
The best-fitting LS and most-probable MC-derived CMFs are sim-

lar to one another; we compare them in more detail in Appendix E2 .

.2.3 CMF properties as a function of cloud mass 

he peak starless and prestellar CMF masses, as determined from
S fitting, are plotted as a function of cloud complex mass ( Mcloud )

n Fig. 22 . The equivalent plots for the MC case are shown in
ppendix E2 . We see that in both cases, there is a weak trend

or peak mass to increase with cloud mass. Ophiuchus again has
 considerably lower peak core mass than would be expected for a
loud of its mass. 

We performed linear regressions on the data, fitting a power-law
odel, μ ∝ M

γ

cloud , to the data in logarithmic space. The best-fitting
alues of γ are listed in Table 12 , and the fits are plotted on Fig. 22
nd Fig. E17 . We perform fits both with and without Ophiuchus;
xcluding Ophiuchus slightly reduces the best-fitting value of γ in
very case. 

The values of γ listed in Table 12 are consistent with the
elationship between cloud mass and median core mass, Mmedian ∝

0 . 17 ±0 . 06 
cloud , as shown in Fig. 15 . However, as discussed in Section 5.4 ,

his latter trend is not robust when only cores above the 450 pc mass
ompleteness limit are considered. The trend which we see in μ with

cloud may therefore be in part a selection effect resulting from poor
ompleteness of low-mass cores in the more distant clouds in our
ample. None the less, there is a lack of high-mass cores in the most
earby (typically lower mass) clouds, suggesting that this trend is to
ome extent physical in origin. 
NRAS 543, 3547–3612 (2025)
Starless and prestellar CMF widths from LS fitting are plotted as
 function of cloud complex mass in Fig. 23 , with the equivalent
lots for the MC case again shown in Appendix E2 . There is no clear
orrelation with cloud complex mass or with distance in any case. 

.2.4 Comparisons between clouds 

e find that the nearby clouds have different most-probable CMFs to
hose of the mid- and far-distance clouds. The mid-distance CMFs,
hile not particularly well constrained, are broadly consistent with

he far-distance CMFs, all of which fall in the same area of μ − σ

arameter space, as shown in Figs 21 and E16 . 
Nearby clouds . The starless core distributions of all of the nearby

louds are consistent with one another at the p = 0 . 1 level. Ophi-
chus and Taurus are inconsistent with one another at the p = 0 . 5
evel; however, CrA is consistent with both. In the prestellar case,
rA and Ophiuchus are again consistent at p = 0 . 5, while Taurus
oes not contain enough prestellar cores to be considered. It should be
oted that CrA is not well characterized; its low number statistics (15
tarless cores) give it a very broad distribution, and so it is consistent
ith both Taurus and Ophiuchus. However, Taurus and Ophiuchus

ppear to have different low-mass behaviours. Specifically, there
s a lack of low-mass cores in Taurus, and a significant excess in
phiuchus, despite the two clouds having a similar maximum core
ass. Taurus is generally noted as a region of relatively dispersed star

ormation (e.g. Marsh et al. 2016 ), while Ophiuchus is considered to
e relatively clustered (e.g. Friesen et al. 2009 ). 
Mid-distance clouds . Cepheus and Perseus have quite similar

tarless core distributions, despite their different morphologies.
here is a somewhat higher fraction of bound cores in Perseus than

n Cepheus. The starless core CMFs are consistent at the p = 0 . 5
evel, while the prestellar CMFs are consistent at the p = 0 . 1 level.
owever, the CMFs of Cepheus, which only contains 22 starless

ores compared to 98 in Perseus, are not very well constrained. 
Far clouds: In the far clouds, the starless CMFs are quite consistent

ith one another, while the prestellar CMFs show more distinct
ariation. Auriga (44 starless cores) is less well constrained than
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Figure 19. Median p-values for two-sided KS tests between model and starless CMFs, for matched-mass sampling. Left: near clouds. Centre: mid-distance 
clouds. Right: Far clouds. Contours show p-values of 0.05, 0.1, and 0.5. Filled circles mark 1 × and 3 × the Chabrier ( 2005 ) peak system mass (0.25 M�). Open 
circles mark 0.73 × these values, accounting for the typical flux loss in our SCUBA-2 observations. 

Figure 20. Median p-values for two-sided KS tests between model CMFs and prestellar CMFs, for matched-mass sampling. Left: near clouds. Centre: mid- 
distance clouds. Right: Far clouds. Filled circles mark 1 × and 3 × the Chabrier ( 2005 ) peak system mass (0.25 M�). Open circles mark 0.73 × these values, 
accounting for the typical flux loss in our SCUBA-2 observations. 

Figure 21. The most probable starless and prestellar CMF properties 
(as determined from median p-value) measured from matched-mass MC 

modelling for each cloud complex. Open squares show starless core CMFs, 
and closed circles show prestellar CMFs. Cloud complexes are colour-coded 
by their distance range. The parameter space explored in Figs 18 –20 is here 
restricted to the region of interest. 
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he other far-distance clouds, and so is consistent with all of the
ther far-distance cloud complexes. Orion A and Orion B agree well
ith each other in both the starless and prestellar cases (consistent

t p > 0 . 5), as might be expected as they are physically associated
ith one another. However, Orion, Serpens and Aquila do not agree
ell with one another. In the prestellar case, Orion and Aquila agree

t p = 0 . 1, as do Orion and Serpens. However, Aquila and Serpens
o not agree with one another at the p = 0 . 05 level in the prestellar
ase, and are only consistent at the p = 0 . 1 level in the starless case,
espite the fact that Aquila is sometimes considered to be a subset
f the Serpens Molecular Cloud (e.g. Pillai et al. 2020 ). 

 DI SCUSSI ON  O F  C O R E  MASS  F U N C T I O N S  

.1 Comparison with the stellar IMF 

habrier ( 2005 ) characterized the low-mass part of the system IMF
ith a lognormal distribution with peak mass μChabrier = 0 . 25 M�,

nd width σChabrier = 0 . 55 log 10 M�. 
The far-distance prestellar CMF which we measure, which is 
arginally consistent with the near- and mid- prestellar CMFs, 

as μ = 0 . 60 ± 0 . 05 M� and σ = 0 . 37 ± 0 . 02 log 10 M� (best-fitting
S), and μ = 0 . 58 M� and σ = 0 . 39 log 10 M� (most probable MC).
he LS and MC estimates are thus consistent with one another. 
We estimate a typical mass recovery fraction in our observations 

f 73 per cent, which would imply a corrected μ ≈ 0 . 8 M�. This
alue suggests a prestellar CMF which peaks at ∼ 3 × the peak
MNRAS 543, 3547–3612 (2025)
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Figure 22. The peak mass of the starless (left) and prestellar (right) CMFs as a function of cloud complex mass, determined using LS fitting. Dotted line 
shows the power-law model producing the best fit to all data points; and dashed line shows the power-law model producing the best fit to the data points with 
Ophiuchus, which has a notably low peak mass, excluded. Data points are colour-coded by their distance range. 

Table 12. Results of linear regressions of the function μ ∝ M
γ

cloud to our 
best-fitting LS and most-probable MC CMFs. pLR indicates the probability 
for a null hypothesis test that γ = 0 (i.e. no correlation between cloud mass 
and peak mass of the CMF). Unlike the p-value used in previous discussions 
of the two-sided KS test, a lower pLR indicates better agreement between the 
data and the model; we consider values pLR < 0 . 05 to be statistically robust. 

With Oph No Oph 

Case γ pLR γ pLR 

Starless, LS 0 . 25 ± 0 . 10 0.03 0 . 20 ± 0 . 06 0.02 
Starless, MC 0 . 22 ± 0 . 08 0.02 0 . 18 ± 0 . 05 0.01 
Prestellar, LS 0 . 30 ± 0 . 10 0.03 0 . 23 ± 0 . 08 0.04 
Prestellar, MC 0 . 21 ± 0 . 11 0.09 0 . 15 ± 0 . 09 0.14 
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tellar system mass, and which is ∼ 0 . 17 dex narrower. If we have
orrectly characterized the prestellar CMF, this implies a core-to-
tar star formation efficiency of ≈ 33 per cent. This is very similar to
hat found by Könyves et al. ( 2010 ) in Herschel observations of the
quila molecular cloud. 

.1.1 Sampling of the high-mass CMF 

ur sample does not contain a sufficient number of high-mass cores
o capture the power-law behaviour associated with the high-mass
nd of the IMF (Salpeter 1955 ). We can model the CMF adequately
sing only a lognormal, with the exception of two very massive
ources in Orion A. The Chabrier ( 2005 ) IMF breaks to a power-
aw behaviour at 1 M�, while we can fit our CMFs with lognormal
istributions up to masses > 10 M�. 

.1.2 Sampling of the low-mass CMF 

t is important to note that we may not be sampling the low-mass end
f the CMF well enough to characterize it fully, particularly in the
ore distant clouds. It is possible to both broaden a CMF and lower

ts characteristic mass by adding more low-mass cores. Moreover,
he MC plots above show a degeneracy between μ and σ ; many of
he CMFs that we find could plausibly be drawn from distributions
ith a lower μ and broader σ than those of the highest probability
NRAS 543, 3547–3612 (2025)
istribution. However, in both the near- and the mid-distance cases,
he peak of the CMF is significantly above the mass completeness
imit, and so should be well characterized (see Fig. 17 ). Additionally,
he values of μ and σ determined for the CMFs of the mid-distance
louds are quite consistent with those determined for the far-distance
louds (see Fig. E16 ). These results suggest that incomplete sampling
f the low-mass end of the CMF cannot fully explain the differing
idths of the IMF and the CMF which we measure. 

.1.3 Effect of unresolved cores 

e note that we have a number of unresolved cores in our sample, for
hich we have assumed a uniform BEC angular radius of 4.8 arcsec

see Section 4.2.5 ). These cores could potentially create a bias in our
esults. However, we consider this effect to be minimal, because we
ee a fairly even spread in masses of unresolved cores (see Fig. 17 ).
s a result, these cores are unlikely to be creating any significant
iases in the CMFs. Moreover, only 4 per cent of the starless cores
n our sample are unresolved, so their impact on the statistics of our
ample is likely small. The large majority of the unresolved cores
re in the more distant clouds: there is only one unresolved core in
he middle distance range, and the mid-distance Perseus and Cepheus
restellar CMFs are broadly consistent with those for the more distant
louds. These points again suggest that the effect of unresolved cores
n our CMFs is minimal. 

.2 CMF variation between clouds 

s discussed in Section 6.2.4 above, the CMFs of the nearby clouds
ppear to be different both from one another other and from the mid-
nd far-distance clouds. The mid- and far-distance clouds all appear
o be consistent with having similar underlying starless core CMFs.
he mid- and far-distance clouds all have statistically similar prestel-

ar core CMFs, but different most probable prestellar core CMFs. 
The fact that the CMFs of the associated Orion A and Orion B

louds are extremely consistent with each another in both the starless
nd prestellar cases suggests that the variation between cloud CMFs
hich we see may not be only statistical scatter. There may be
enuine physical differences in how the clouds fragment into cores,
r how the cores in these clouds acquire further mass. 
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Figure 23. The width of the starless (left) and prestellar (right) CMFs as a function of cloud complex mass, determined using LS fitting. Data points are 
colour-coded by their distance range. 
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One such physical difference could be the timescale on which 
ores evolve. If higher mass prestellar cores last longer than their 
ow-mass counterparts (Offner et al. 2014 ), then the observed CMF
ould be weighted towards the longer lived, more massive cores. 
he median mass of the CMF would also be biased upwards in more
assive regions (and downwards in lower mass regions). As the 

ar-distance clouds contain more massive sources than the near- or 
id-distance regions in Fig. 18 , evolutionary time-scales might go 

ome way towards reconciling the differences in CMF and median 
ass between clouds. 

.2.1 Nearby clouds 

he nearby clouds appear to occupy a different part of the CMF
arameter space than do the mid-distance and far clouds (cf. Fig. 21 ),
ikely with a lower peak mass. The nearby clouds also lack high-mass
ores (cf. Fig. 15 ). These differences suggest that, depending on the
elative number of low- and high-mass clouds, low-mass clouds may 
e able to contribute a significant number of lower mass stars to
he IMF, potentially both broadening the IMF and lowering its peak 

ass. However, it should be noted that we are less sensitive to lower
ass sources in the more distant clouds, and so these more distant

louds are likely also contributing significant numbers of lower mass 
tars to the IMF. 

The nearby clouds, as well as lacking high-mass cores, also appear 
o have more significant intrinsic difference from one another than 
o the more distant clouds, although this finding is largely based on
he well-known significant differences between the Ophiuchus and 
aurus molecular clouds. 
The Ophiuchus molecular cloud in particular appears to occupy a 

ifferent part of the lognormal CMF parameter space than the rest of
he clouds that we consider here, with a broader CMF and a lower
eak mass (Fig. 21 ). The cloud has a significant excess of low-mass
ores (Fig. 15 ) and small core radii (Fig. 16 ). However, its maximum
ore mass and size are consistent with those of other clouds. 

If the excess of low-mass cores in Ophiuchus is physical, frag-
entation is proceeding differently in Ophiuchus than in the other 

louds, and particularly the other nearby clouds. Alternatively, or 
dditionally, the combination of being both nearby and undergoing 
lustered star formation may make the detection of low-mass cores 
asier in Ophiuchus than elsewhere, as small, low-mass cores are 
ore likely to be positioned against a background of cloud material,
nd so be easier to detect than comparable cores in a region of more
ispersed star formation. 
Previous work has shown that Class I and II disc masses in

phiuchus are low compared to those in other clouds. Williams 
t al. ( 2019 ) found that disc masses in Class II sources in Ophiuchus
re on average lower mass than those in Lupus, despite Lupus
eing older and disc masses being expected to decrease with age.
obin et al. ( 2020 ) found that Classes I and II disc masses in
phiuchus are significantly lower than those in Orion, Taurus, 

nd Perseus. They consider whether this difference is due to mis-
lassification of disc types in Ophiuchus due to heavy foreground 
xtinction, or to the Class I disc population in Ophiuchus being
ystematically older than that in Orion. However, they also consider 
he possibility that disc masses in Ophiuchus are genuinely physically 
ower than those in Orion (and other regions) due to differences in
heir initial formation conditions. Our finding that core masses are 
lso systematically lower in Ophiuchus than elsewhere supports this 
atter interpretation, suggesting that fragmentation into cores may be 
roceeding differently in Ophiuchus than in other nearby clouds. 
We note that Cazzoletti et al. ( 2019 ) similarly found low disc
asses in CrA compared to the Chamaeleon and Lupus clouds. 
lthough the CMF of CrA is not very well constrained, we note that

t has the second lowest peak mass of the clouds in our sample,
fter Ophiuchus. If CrA and Ophiuchus both have both a low
verage core mass and a low disc mass compared to other clouds
t similar distance, we speculate that the lower core and disc masses
n Ophiuchus may be due to differences in fragmentation (or in
ubsequent mass acquisition) between cores in regions of clustered 
nd dispersed star formation. 

We note that while Taurus has been thought to have an unusual
MF (e.g. Luhman et al. 2003 , 2009 ; Goodwin, Whitworth & Ward-
hompson 2004 ; Kraus et al. 2017 ), recent reanalysis with Gaia data
as shown that its IMF is consistent with those of other nearby star-
orming regions (Luhman 2018 ). Despite this, we find that like the
ther nearby clouds, the CMF of Taurus occupies a different part of
arameter space than do the more distant clouds. 
The differences both between the nearby low-mass clouds and 

he rest of our sample, and between the nearby clouds themselves,
uggests that none can confidently be treated as a ‘typical’ star-
orming region. The variation in behaviour that we see between 
MNRAS 543, 3547–3612 (2025)
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he CMFs in these clouds may provide insights into the effects of
nvironment and clustering on the properties of cores. The proximity
f these clouds allows the effect of environment on core properties to
e investigated with good mass sensitivity and physical resolution. 

.3 Effects of sample size 

s discussed in Introduction, if a subsample is drawn from the stellar
MF, then the maximum stellar mass increases with the size of the
ample (Weidner & Kroupa 2005 ; Weidner et al. 2010 ; Elmegreen
006 ). Only the largest samples (above around 104 M�) sample the
ull mass distribution and include the highest mass stars. The sum
f the masses of the starless cores in our sample is 917 M�, and so
or a core-to-star mass efficiency of ∼ 1 / 3, we would expect them
o form a total stellar mass of ∼ 300 M�, two orders of magnitude
oo low to sample the full IMF. 

As discussed in Section 5.4 , we find that the maximum starless
ore mass in a cloud complex scales with cloud complex mass as

max ∝ M0 . 58 ±0 . 13 
cloud . This relationship is consistent with the 2/3-power

caling between the mass of the most massive star in stellar cluster
nd the cluster mass found by Bonnell et al. ( 2004 ). Hence, there may
e a relatively constant core-to-star mass conversion efficiency in the
louds in our sample. Furthermore, we need a significantly larger
ample size in order to capture the behaviour of the CMF fully – if in-
eed there is a single CMF representative of all star-forming regions.

To characterize the high-mass CMF accurately, we require ob-
ervations of higher mass (and perforce more distant) star-forming
egions. Orion A and Aquila, the most massive cloud complexes that
e consider, while undergoing some high-mass star formation, are
ot high-mass star-forming regions in the sense that more distant
assive hub-filament systems are (e.g. Motte et al. 2018 ). The form

f the high-mass CMF in high-mass star-forming regions is being
nvestigated by the ALMA–IMF Survey (Motte et al. 2022 ). The
LMA–IMF Survey has characterized the high-mass power-law

lope of the CMF in some massive star-forming clouds (Pouteau
t al. 2022 ), but their mass completeness limits (e.g. 0.8 M� in W43)
re too high to capture the behaviour of the low-mass CMF in these
ore distant regions. 
In our sample, we see that the distributions of masses in nearby

louds appear to be more disparate than those in more distant,
ypically more massive, star-forming regions. This difference begs
he question of whether larger and higher mass clouds are genuinely

ore similar to one another than are smaller clouds, perhaps due
o being less influenced by their local environment, or whether by
irtue of their size they encompass the range of behaviours seen in
ow-mass clouds at different locations within them. 

To answer these questions, and understand fully the form of the
MF, and how it varies between star-forming regions, we require the
bility to detect, and ideally resolve, low-mass cores in more distant
igh-mass star-forming regions. To do so in sufficient numbers to
ample the full CMF adequately will require the sensitivities and
apping speeds which are planned for next-generation submillimetre

nstrumentation such as 50-m-class single-dish telescopes or focal
lane array interferometers. 

 C O N C L U S I O N S  

n this paper, we have presented a catalogue of dense cores identified
n SCUBA-2 observations of nearby molecular clouds made as
art of the JCMT GBS. We identified 2257 dense cores using the
ETSOURCES algorithm, along with further selection criteria. Of

hese, 2004 were resolved. We identified 1323 sources as starless
ores, 845 sources as protostellar cores, 70 sources as being heated
NRAS 543, 3547–3612 (2025)

e  
24- μm-bright) starless cores, and 19 sources as being potential
xtragalactic contaminants. Of the starless cores, 456 were identified
s robust prestellar cores, 484 as candidate prestellar cores, and 383
s unbound cores using the critical BE criterion. 

Our key conclusions are as follows: 

(i) On average, 59 per cent of the detected cores are starless, and
1 per cent are protostellar. 71 per cent of the starless cores are
restellar cores (candidate or robust). This breakdown suggests that
he lifetime for prestellar cores is ∼ 0 . 5 Myr, similar to that of Class
/I embedded YSOs (Evans et al. 2009 ). 
(ii) We see statistically significant differences in starless and

restellar core fractions between cloud complexes. We found that
oth Serpens and Orion B have an excess of starless and prestellar
ores, while Taurus and the Pipe Nebula have a deficit. The trend
s for higher mass regions to have a higher fraction of starless (or
restellar) cores compared to protostars, suggesting a longer average
ifetime for prestellar cores in higher mass clouds. 

(iii) There is a weak correlation between median starless core mass
nd cloud complex mass. We find that maximum starless core mass
cales with cloud complex mass, such that Mmax ∝ M0 . 58 ±0 . 13 

cloud . This
elationship is consistent with the 2 / 3 scaling between maximum
tellar mass in a cluster and cluster mass (Bonnell et al. 2004 ). 

(iv) We found that the CMFs of clouds in our survey can be
haracterized using lognormal distributions. However, we do not
ample a sufficiently large number of sources to recover the expected
igh-mass Salpeter-like power-law slope. 
(v) We found that the CMFs of cores in our sample are not con-

istent with all being drawn from the same underlying distribution,
oth when considered as a function of distance and when considered
y cloud complex. The mid-distance (200–355 pc) and far-distance
355–500 pc) CMFs are somewhat consistent with one another. How-
ver, the near-distance ( < 200 pc) starless CMFs are only marginally
onsistent with the mid- and far-distance starless CMFs, while the
ear-distance prestellar CMF is marginally consistent with the mid-
istance prestellar CMF, and almost entirely inconsistent with the
ar-distance prestellar CMF. Starless core CMFs for individual cloud
omplexes are typically consistent with one another in the mid-
nd far-distance ranges, but the prestellar core CMFs show greater
ariation. The CMFs of the near-distance clouds are less consistent
oth with one another and with the mid- and far-distance clouds. 
(vi) The prestellar CMF of the far-distance clouds has a peak mass

 μ) of approximately 3 × the Chabrier ( 2005 ) lognormal peak for the
ystem IMF, consistent with the value seen in Aquila by the HGBS
Könyves et al. 2015 ). This implies a prestellar core-to-star efficiency
f ∼ 1 / 3. The prestellar and starless CMFs of both the mid- and far-
istance clouds have a width systematically 
 0 . 15 dex lower than
hat of the Chabrier ( 2005 ) lognormal IMF. 

(vii) We found that the CMF of the nearby Ophiuchus molecular
loud is noticeably different from those of the other clouds in our
urvey, being wide, and with a significantly lower peak mass. This
ifference appears to be due to an excess of low-mass cores in this
loud, but may be the result of a selection effect due to the proximity
f the cloud and its clustered star formation. However, Ophiuchus
lso has unusually low disc masses, compared to region of non-
lustered star formation at similar distances. This difference suggests
hat the excess of low-mass sources in Ophiuchus may be indicative
f differences in fragmentation between regions of clustered and
ispersed star formation. 

We present this catalogue as a resource to the community, noting
hat many further analyses of the cores are possible, such as full
nergetic balance analyses for those cores for which appropriate
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pectroscopic and polarimetric data are available, and comparison 
ith HGBS catalogues, and other catalogues of Gould Belt sources. 
Our analysis shows that the CMFs of the Gould Belt clouds are

ot consistent with being drawn from a single underlying CMF. The 
ould Belt clouds do not contain a number – or mass – of cores

ufficient to sample the full range of core masses needed to create
he stellar IMF. However, they do give us insight into the variation of
roperties of low-mass cores within and between molecular clouds. 
hus, the ability to detect cores with masses down to the brown
warf mass limit in more distant, higher mass, clouds, is required to
nderstand the form, and the variability, of the CMF. 
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PPENDI X  A :  J C M T  G B S  DATA  

n this appendix, we present the JCMT GBS data that forms the
asis of the catalogue in this paper. Table A1 presents the mapping
ompleteness of the survey as a function of Herschel GBS column
ensity. Figs A1 –A27 present the 850 and 450 μm JCMT GBS data
sed in this work, available for public download through Kirk et al.
 2018 ), or directly at https://doi.org/10.11570/18.00 
5 . 
MNRAS 543, 3547–3612 (2025)

column density. The mapping completeness is calculated as the fraction of 
s covered by the JCMT GBS map. 

b ( ×1021 cm−3 ) 

14 16 18 20 25 30 40 50 
0.99 0.99 1.00 1.00 1.00 1.00 1.00 1.00 
0.85 0.86 0.87 0.89 0.92 0.92 0.93 0.94 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 −1 −1 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 −1 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
0.98 0.99 0.99 1.00 1.00 1.00 1.00 1.00 
0.96 0.95 0.95 0.95 0.96 0.97 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 −1 −1 
0.98 0.99 0.99 1.00 1.00 1.00 1.00 1.00 
0.96 0.96 0.95 0.95 0.93 0.93 1.00 −1 

y included in the HGBS map and the JCMT GBS map, but there are some 
quila’ field covers both the JGBS ‘Aquila’ and ‘SerpensMWC297’ fields, so 
e edge of the HGBS map. Cepheus: this includes the HGBS map ‘cepl1228’ 
 matching the JGBS ‘CepheusL1251’ field. The JGBS ‘CepheusSouth’ map 
S map ‘cep1241’ was not covered by JGBS. Lupus: JGBS only covered part 
ome noisy artefacts from the edge of the HGBS LupI map. Ophiuchus: The 
GBS ‘OphScoMain’ map (see e.g. Wilking, Gagné & Allen 2008 ), and the 

the HGBS. Orion A: we excluded some noisy artefacts from the edge of the 
Kirk (private communication), as this covered all three of our JGBS fields, 

l column density map at or above the specified value. 
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Figure A1. SCUBA-2 850 μm (left) and 450 μm (right) IR3 images of Aquila. Colour scale is cube-root stretched. 

Figure A2. SCUBA-2 850 and 450 μm IR3 images of Auriga. 
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Figure A3. SCUBA-2 850 and 450 μm IR3 images of Cepheus L1228. 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/doi/10.1093/m
nras/staf1549/8253616 by U

niversity of Lancashire user on 22 O
ctober 2025



3578 K. Pattle et al.

M

Figure A4. SCUBA-2 850 and 450 μm IR3 images of Cepheus L1251. 
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Figure A5. SCUBA-2 850 and 450 μm IR3 images of Cepheus South. 
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Figure A6. SCUBA-2 850 and 450 m IR3 images of Corona Australis. 
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Figure A7. SCUBA-2 850 and 450 μm IR3 images of IC 5146. 
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Figure A8. SCUBA-2 850 and 450 μm IR3 images of Lupus. 
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Figure A9. SCUBA-2 850 and 450 μm IR3 images of Ophiuchus L1688 (right) and L1689, L1709, and L1712 (left). Colour map is fourth-root scaled. 
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Figure A10. SCUBA-2 850 and 450 μm IR3 images of Oph/Sco N2. 

Figure A11. SCUBA-2 850 and 450 μm IR3 images of Oph/Sco N3. 
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Figure A12. SCUBA-2 850 and 450 μm IR3 images of Oph/Sco N6. 

Figure A13. SCUBA-2 850 and 450 μm IR3 images of Orion A. Colour map is fourth-root scaled. 
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Figure A14. SCUBA-2 850 and 450 μm IR3 images of Orion B L1622. 

Figure A15. SCUBA-2 850 and 450 μm IR3 images of Orion B NGC2023. 
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Figure A16. SCUBA-2 850 and 450 μm IR3 images of Orion B NGC2068. 
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Figure A17. SCUBA-2 850 and 450 μm IR3 images of Perseus IC348. 
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MNRAS 543, 3547–3612 (2025)

Figure A18. SCUBA-2 850 μm IR4 image of Perseus West. 
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Figure A19. SCUBA-2 850 and 450 μm IR3 images of Pipe B59. 

Figure A20. SCUBA-2 850 and 450 μm IR3 images of Pipe E1. 
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MNRAS 543, 3547–3612 (2025)

Figure A21. SCUBA-2 850 and 450 μm IR3 images of Serpens East. 

Figure A22. SCUBA-2 850 and 450 μm IR3 images of Serpens Main. 
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Figure A23. SCUBA-2 850 and 450 μm IR3 images of Serpens MWC297. 

Figure A24. SCUBA-2 850 and 450 μm IR3 images of Serpens North. 
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Figure A25. SCUBA-2 850 and 450 μm IR3 images of Taurus L1495. 
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Figure A26. SCUBA-2 850 and 450 μm IR3 images of Taurus South. 
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Figure A27. SCUBA-2 850 and 450 μm IR3 images of Taurus TMC1. 
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PPEN D IX  B:  C OMPLETENESS  TESTING  

ne question that must be addressed with all ground-based submil- 
imetre observations is the impact of the insensitivity to large-scale 
mission structures on the accuracy of measurements of smaller scale 
mission structures. A first attempt to quantify this for the JCMT GBS
as made in Kirk et al. ( 2018 ), but this was done under artificial and

dealized conditions: artificial Gaussian emission sources of varying 
eak brightness and size were added to a noise-only field, and were
hen examined using knowledge of their expected properties. The 
verall conclusion was that compact sources with Gaussian width 

30 arcsec and peak brightness at least five times the local noise
evel were reliably detected, with measured properties lying within 
5 per cent of their true input values. 
Here, we add several important layers of realism to our complete- 

ess testing. First, we model sources as BEC spheres, a model which
s often found to describe dense cores reasonably well (e.g. Alves, 
ada & Lada 2001 ). Second, instead of guiding a source-finding 
lgorithm to the input cores, we employ one of the most commonly
sed source finders, GETSOURCES (Men’shchikov et al. 2012 ), the 
ame algorithm used to produce the GBS core catalogue itself. We 
lso create both 850 and 450 μm model emission, and provide both
avelengths as input to GETSOURCES . This work is the first time

hat JCMT GBS completeness testing has included model 450 μm 

ata. 
These additional layers of testing are essential to interpret our 

bserved core catalogue correctly. For example, interpreting the 
bserved CMF requires knowledge of the source completeness as 
 function of mass, as well as by the fraction of mass recov-
red relative to the true core mass. Kirk et al. ( 2018 ) provided
esults in the best-case scenario, while here we employ a more 
ealistic approach which includes the effects of the source iden- 
ification algorithm. We note that these current tests still neglect 
he influence of source crowding and variable backgrounds which 
ould be additional important factors in some of our observed 
egions. 
For our completeness testing, we inserted model BE spheres into 
he Oph/Sco N6 field, an observed GBS field which appears to be
evoid of real source emission. This field provides a good worst-case
cenario, in that it was one of many areas observed in JCMT Weather
and 2 (0 . 05 < τ225 GHz < 0 . 08; Dempsey et al. 2013 ), and so has
oorer 450 μm noise properties than do fields observed in JCMT
eather Band 1 ( τ225 GHz < 0 . 05). We might expect GETSOURCES to

erform slightly better in regions observed in Band 1, since the 450
m data would have better SNR. However, Band 1 weather was used

o observe regions known to contain many bright sources, and so we
o not have an equivalent ‘noise-only’ Band 1 pointing to use for
ompleteness testing. 

The following subsections describe our artificial source testing 
rocedure in more detail. 

1 General setup 

uch of the basic set-up mimics what was used in Kirk et al. ( 2018 ),
nd the reader is referred there for further details. We inserted model
E spheres into the Oph/Sco N6 field, as discussed above. There are

wo areas in Oph/Sco N6 where potential ( < 3 σ ) emission is present,
hich we excluded from the area where artificial sources could be
laced. We additionally excluded the outer 3 arcmin edge of the
ap for placement of artificial sources as the noise is significantly

igher there. These areas are shown in fig. 2 of Kirk et al. ( 2018 ).
ithin the remaining map area, for each set of BE sphere model

arameters, we placed model sources as described in Appendix B2.2 .
he artificial sources were added directly to the time stream of the

aw observations, and the data then processed using the procedure 
sed to reduce the maps used in this work – i.e. that which the
BS has found best recovers extended emission (DR2). Each of the

ix independent observations of the Oph/Sco N6 field were reduced 
ndependently using the DR2 automask procedure. The reduced maps 
ere then mosaicked and masks (identifying areas of likely real 

mission) created. A second round of reduction was then run using
he masks, again following the DR2 external mask procedure, and 
MNRAS 543, 3547–3612 (2025)
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Table B1. BE sphere placement properties. 

150 pc 

Mass (M�) 

0.01 0.02 0.05 0.075 0.1 0.2 0.5 1.0 2.0 

Target to place 60 60 60 60 40 40 20 10 10 
Maximum tries 16 000 8000 2000 2000 16 000 16 000 8000 2000 2000 
Exclusion multiplier 8 8 8 8 4 6 8 10 12 
Sources placed 60 60 60 60 18 23 20 10 10 
Sources recovered 0 51 60 60 18 23 20 10 10
Fraction recovered 0.00 0.85 1.00 1.00 1.00 1.00 1.00 1.00 1.00
〈 Mrecovered 〉 (M�) – 0.014 ±0.002 0.035 ±0.002 0.053 ±0.002 0.069 ±0.002 0.138 ±0.006 0.399 ±0.008 0.86 ±0.06 1.5 ±0.2
〈 Mrecovered /M〉 – 0.7 ±0.1 0.70 ±0.04 0.71 ±0.03 0.69 ±0.02 0.69 ±0.03 0.80 ±0.02 0.86 ±0.06 0.74 ±0.09 

300 pc

Mass (M�)

0.01 0.02 0.05 0.075 0.1 0.2 0.5 1.0 2.0

Target to place 60 60 60 60 80 80 40 20 20 
Maximum tries 16 000 8000 2000 2000 16 000 16 000 8000 2000 2000 
Exclusion multiplier 8 8 8 8 3 9 12 15 18 
Sources placed 60 60 60 60 60 75 40 20 20 
Sources recovered 0 0 1 52 58 75 40 20 20
Fraction recovered 0.00 0.00 0.02 0.87 0.97 1.00 1.00 1.00 1.00
〈 Mrecovered 〉 (M�) – – 0.042 0.06 ±0.02 0.069 ±0.008 0.14 ±0.01 0.34 ±0.02 0.79 ±0.04 1.7 ±0.1
〈 Mrecovered /M〉 – – 0.84 0.8 ±0.2 0.69 ±0.08 0.69 ±0.05 0.68 ±0.03 0.79 ±0.04 0.83 ±0.07 

450 pc

Mass (M�)

0.01 0.02 0.05 0.075 0.1 0.2 0.5 1.0 2.0

Target to place – – – – 160 160 80 40 40 
Maximum tries – – – – 16 000 16 000 8000 2000 2000 
Exclusion multiplier – – – – 8 12 16 20 24 
Sources placed – – – – 62 27 22 29 40 
Sources recovered – – – – 0 25 22 29 40
Fraction recovered – – – – 0.00 0.93 1.00 1.00 1.00
〈 Mrecovered 〉 (M�) – – – – – 0.13 ±0.02 0.33 ±0.02 0.72 ±0.06 1.6 ±0.2
〈 Mrecovered /M〉 – – – – – 0.7 ±0.1 0.65 ±0.04 0.71 ±0.06 0.8 ±0.1
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he resulting images were mosaicked together once more. We did not
ntroduce any telescope pointing errors between the six observations,
ence the additional post-processing corrections employed for DR3
ere not applicable. 

2 BEC sphere models 

2.1 Making critical Bonnor–Ebert sphere models 

e generated the flux density distribution of a BEC sphere at 850 and
50 μm for each of the range of masses M and distances D which
e wished to test. In each case, we assumed T = 15 K, β = 1 . 8, and

0 = 0 . 01 m2 kg−1 at 1 THz. 
The density distribution of a BEC sphere of central density ρc is

iven by (Ebert 1955 ; Bonnor 1956 ) 

= ρc exp ( −ψ( ξ )) , (B1) 

here ξ is a function of core radius r , such that 

= r

(
4 πGρc 

c2 

) 1 
2 

, (B2) 
NRAS 543, 3547–3612 (2025)

s 1
nd ψ( ξ ) is implicitly defined via the Lane-Emden equation, 

−2 d 

d ξ

(
ξ 2 d ψ 

d ξ

)
= exp ( −ψ) (B3) 

or boundary conditions ψ( ξ = 0) = 0 and d ψ/ d ξ |ξ= 0 = 0. The
ass of the sphere within a dimensionless radius ξ0 is given

y 

 = c3 
s 

(4 πG3 ρc )
1 
2 

∫ ξ0 

0 
exp ( −ψ( ξ )) ξ 2 d ξ. (B4) 

For a source of given mass M , we numerically solved these
quations for central radius ρc and a dimensionless edge radius
0 , assuming a centre-to-edge density contrast of ρ/ρc = 14 . 1 –
hat of a BEC sphere. We then converted ξ0 into an edge radius
0 = ξ0 (4 πGρc /c

2 
s )

−0 . 5 , and made a lookup table for ρ as a function
f radius r . 
We next determined the flux density distribution of the BEC sphere

n the 850μm (3 arcsec) pixel grid. For a given temperature and con-
tant dust properties, the flux density in a given pixel is proportional to
he mass in that pixel, using Fν = M × ( κνBν( T ) /D2 ) (Hildebrand
983 ). 



The JCMT GBS Core Catalogue 3597

Figure B1. BEC spheres in the mass range 0.1–2.0 M�, placed at a distance of 150 pc. Top left: 850 μm model sources. Top right: 850 μm model sources, after 
having been inserted into the Oph/Sco N6 field and processed through the SCUBA-2 pipeline. Bottom left: 450 μm model sources. Bottom right: 450 μm model 
sources, after processing through the SCUBA-2 pipeline. 
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We first calculated the angular size of r0 at our chosen distance. If
his angular size was less than 3 arcsec, we simply placed all of the

ass in the central pixel. 
Otherwise, we found the mass in each pixel as follows. We 

rst calculated the distance of all four corners of the pixel from
he centre of the map (the impact parameter b of each corner). If
ll corners of pixel had b > r0 , we set the mass in that pixel to
ero. 

Otherwise, we picked a random position inside the pixel, and 
alculated the impact parameter b of that position. If b > r0 , we set
he mass at that position to zero. Otherwise, we made an array of
istances x along the line of sight from 0 to the edge of the sphere,
here x is defined relative to the plane of the centre of the sphere, and

alculated radii for each of these distances, such that r = √ 

x2 + b2 . 
e then created an array of density values ρ( x ) by interpolating

ur ρ( r) lookup table for our r( x, b) values. We integrated under
his ρ( x , b) curve using the trapezium rule, and then doubled this
alue to account for both hemispheres of the sphere, giving the mass
long this line of sight. We repeated this process 1000 time, and
ook the mean of these 1000 values to find the average mass in the
ixel. Pixels with equal central impact parameters were filled by 
ymmetry. 

To check the accuracy of our calculation, we summed over all of
he pixels in the array. If the returned mass differed from the input
EC sphere mass by > 1 per cent, we repeated the calculation until
ur required tolerance was achieved. 
To create the 850 μm flux density map, we multiplied the
ass distribution by κνBν( T ) /D2 where ν = ν(850 μm). We

hen smoothed the map with the two-component JCMT 850μm 

eam model (Dempsey et al. 2013 ). This gave us the 850 μm
ux density map of the BEC sphere at the resolution of the
CMT. 

To create the 450μm map, we reprojected the 850μm mass 
istribution to the 450 μm pixel grid. Since both the 850 μm
3 arcsec) and 450 μm (2 arcsec pixel grids are significantly smaller
han the 450 μm primary beam size, this approach does not cause
s any loss of 450 μm resolution, while significantly shortening 
he time required for mass calculations and, through use of exact
eprojection routines, the certainty that both wavelengths were 
entred on precisely the same position. We then multiplied the mass
MNRAS 543, 3547–3612 (2025)
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Figure B2. BEC spheres in the mass range 0.01–0.075 M�, placed at a distance of 150 pc. Panels as in Fig. B1 . 
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istribution by κνBν( T ) /D2 where ν = ν(450 μm), and smoothed the
ap with the two-component JCMT 450μm beam model (Dempsey

t al. 2013 ), giving us the 450 μm flux density map of the BEC sphere
t the resolution of the JCMT. 

2.2 Placing BEC spheres on map 

e began the process of placing cores by generating a suitable
ist of x and y coordinates. For each field, we defined a target
umber of cores of each mass to place, and a maximum number
f attempts to make to place sources of that mass. We also wished
o ensure that the sources placed did not overlap with one another
ignificantly, and did not fall close to the edge of the map. To this
nd, we defined an ‘exclusion radius’, rex , for each mass of core,
efined as the larger of r0 and the 850 μm beam FWHM. We further
efined, for each mass and distance, an empirical factor Mex by which
ex should be multiplied, in order to prevent significant overlap of
ources. 

Until either the target number of sources or the maximum
umber of attempts was reached, the following process was
erformed: 
NRAS 543, 3547–3612 (2025)
(i) Randomly select a pair of x and y coordinates within the field,
efined relative to the map centre. 
(ii) If

√ 

x2 + y2 < 900 arcsec − 3 rex , discard the position and
etry. 

(iii) The ( x , y ) coordinate pair was compared to the list of
reviously placed sources, of all masses. If the distance between
he source and any other placed source is less than the sum of
he Mex × rex values of the two sources, discard the position and
etry. 

(iv) Otherwise, place a model source at these ( x , y ) coordinates
nd record its mass. 

This process was then repeated for the next mass under consider-
tion, progressing from highest to lowest mass. The sources placed,
long with the target number of sources, maximum number of tries,
nd rex multipliers for each mass, are listed in Table B1 . We then
sed the list of source positions and masses and create an equivalent
50 μm map. 
This process was performed using the first of the six observations

f the field. This map was then exactly reprojected to the World
oordinate System frames of the other five observations using the

eproject package in PYTHON . 
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Figure B3. BEC spheres in the mass range 0.1–2.0 M�, placed at a distance of 300 pc. Panels as in Fig. B1 . 
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Our fields of model BEC spheres are shown at 850 and 450 μm in
he top and bottom left-hand panels of Figs B1 –B5 , respectively. 

2.3 Re-reducing SCUBA-2 field with fake sources added 

e produced SCUBA-2 ‘observations’ of our fields of model BEC 

pheres by adding the maps to our SCUBA-2 observations of the 
mpty Oph/Sco N6 field. To do so, we first ‘uncalibrated’ the 
aps into pW using the SCUBA-2 flux conversion factors given 

y Dempsey et al. ( 2013 ). The fields of fake sources were added to
ach of the observations of the Oph/Sco N6 field using the fakemap
arameter, which allows the user to provide an image of the sky
hat will produce corresponding additional astronomical signal in 
he SCUBA-2 bolometer time-series, in MAKEMAP (Chapin et al. 
013 ), and the data reduction procedure for the field as described in
ection 2 and by Kirk et al. ( 2018 ) was repeated, including creation
f a fixed mask. This process is described in detail by Sadavoy et al.
 2013 ). We then calibrated and co-added the reduced maps to produce 
nal maps of fake sources at 850 and 450 μm. These final maps are
hown at 850 and 450 μm in the top and bottom right-hand panels of
igs B1 –B5 , respectively. 

3 Fake source identification 

e next attempted to identify the model cores in our data. We first
an GETSOURCES on our fields of fake sources, with a set-up identical
o that used on our real maps, as described in Section 3.1 . We then
pplied the selection criteria listed in Section 3.2 the source catalogue
eturned by GETSOURCES in order to produce final catalogues of 
ake sources which have been treated identically to our real data
hroughout. 

The number of sources recovered in each field and for each mass
re listed in Table B1 . 

4 Results 

he results of our completeness testing are described in Section 3.4
n the main body of the paper. 
MNRAS 543, 3547–3612 (2025)
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Figure B4. BEC spheres in the mass range 0.01–0.075 M�, placed at a distance of 300 pc. Panels as in Fig. B1 . 
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Figure B5. BEC spheres in the mass range 0.1–2.0 M�, placed at a distance of 450 pc. Panels as in Fig. B1 . 
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PPENDIX  C :  A N C I L L A RY  S O U R C E  

L ASSIFIC ATION  PLOTS  

he ratio of starless to protostellar cores is shown in Fig. C1 .
he fraction of starless cores which are either robust or candidate
restellar cores is shown for each cloud complex in Fig. C2 . 
NRAS 543, 3547–3612 (2025)

igure C1. The ratio of starless cores, prestellar cores (C & R prestellar 
ores), and robust prestellar cores to protostellar cores in each of the cloud 
omplexes that we consider. Note that the bars for Taurus, Cepheus, Orion 
, and Aquila are slightly offset from their true positions, to avoid overlap. 
he tick marks associated with these bars show the exact cloud masses. 

igure C2. Fraction of starless cores which are prestellar cores (C & R; 
pen circles), or robust prestellar cores (filled circles) as a function of cloud 
omplex mass. Cloud complexes are colour-coded by their distance range. 
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PPENDI X  D :  A N C I L L A RY  MASS  A N D  R A D I U S  

I STRI BU TI ONS  

he distributions of starless core masses for each cloud complex as
 function of distance are shown in Fig. D1 , for all cores and for
ores with masses above the 90 per cent completeness limit at 450 pc
f 0.2 M�. The equivalent distributions of deconvolved starless core
adius are shown in Fig. D2 . 
igure D1. Mass distribution for each cloud complex, as a function of 
istance. Top: for all starless cores. Bottom: for starless cores with masses 
bove the 90 per cent completeness limit at 450 pc of 0.2 M�. Solid circles 
how median values; and open circles show means. Thick black lines show 

he interquartile ranges. Dotted line shows the line of best fit to the maximum 

alues in each cloud complex; and dashed line shows the line of best fit to the 
edian values. 
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Figure D2. Deconvolved radius distribution for starless cores for each cloud 
complex, as a function of distance. Top: for all starless cores. Bottom: for 
starless cores with masses above the 90 per cent completeness limit at 450 pc 
of 0.2 M�. Solid circles show median values; and open circles show means. 
Thick black lines show the interquartile ranges. Dotted line shows the line of 
best fit to the maximum values in each cloud complex; and dashed line shows 
the line of best fit to the median values. 
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PPENDI X  E:  A N C I L L A RY  C O R E  MASS  

U N C T I O N S  A N D  C O M PA R I S O N S  O F  

EAST-SQUARES  A N D  M O N T E  C A R L O  

O D E L L I N G  

n this section, we show ancillary CMFs for various subsets of
ur sample. We first show ancillary results for CMFs plotted by
istance (see Section 6.1 ). Table E1 presents the LS best fits to
he unbound, candidate prestellar, and robust prestellar cores in 
ur sample. Fig. E1 shows the CMF for the far-distance clouds,
ith cores with temperatures > 15 K excluded. We then show the

ndividual CMFs for each molecular cloud complex that we consider, 
n Figs E2 –E14 . Where relevant, the best-fitting histogram produced
y LS fitting is overplotted. These fits are listed in Table 10 in the
ext. 

1 Matched-count sampling 

s well as the MC sampling of the CMFs described in Section 6.1.3 ,
hat matched the total mass of the cores in each region, we also
nvestigated a ‘matched count’ sample, as shown in Fig. E15 . In this
ase, we randomly drew a sample of ‘cores’ equal to the number
f cores in the far-distance starless or prestellar sample. From this
ample, we then randomly drew a number of ‘cores’ equal to the
umber of cores in the near-distance starless or prestellar sample, 
nd repeated the exercise for the mid-distance starless or prestellar 
ample. 

Broadly, the matched mass sample and the matched count sample 
roduce very similar mean and median values, with the matched- 
ass method producing a larger area of the parameter space having at

east some consistency with the observed sample. The most probable 
MF parameters for each distance range and cloud complex that we
onsider are presented in Tables E2 and E3 , respectively. 

2 Comparing Least-squares fits and Monte Carlo models of 
MFs 

ig. E16 compares the best-fitting LS and most-probable MC-derived 
MFs for each cloud complex. The two methods produce similar 

esults, although the most probable MC values do not always fall
ithin the LS-fitting errors. The LS and MC prestellar CMFs are
uch more similar to one another than are the LS and MC starless
MFs, likely because the prestellar cores are typically higher mass, 
nd so their peak masses are better-constrained. 

Figs E17 and E18 show the peak masses and widths of the starless
nd prestellar CMFs, determined using MC modelling, as a function 
MNRAS 543, 3547–3612 (2025)
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Figure E1. Starless CMF for the far-distance clouds in our sample, with cores in Orion A with temperatures > 15 K excluded. Left: CMFs with fits to full, 
unbound, candidate prestellar and robust prestellar samples shown. Right: CMFs with fits to full, unbound, and combined (C & R) prestellar samples. In both 
panels, the unresolved sources are shown as a hatched histogram. Colours of histograms are as in Fig. 17 . 

Figure E2. CMFs for Aquila. Left: starless CMF. Right: prestellar (C & R) CMF. LS best-fitting model CMFs are shown as red dot–dashed line. Areas below 

the 90 per cent mass completeness limit are shaded in grey. 

Figure E3. CMFs for Auriga. Left: starless CMF. Right: prestellar (C & R) CMF. LS best-fitting model CMFs are shown as red dot–dashed line. Areas below 

the 90 per cent mass completeness limit are shaded in grey. 
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Figure E4. CMFs for Cepheus. Left: starless CMF. Right: prestellar (C & R) CMF. LS best-fitting model CMFs are shown as red dot–dashed line. Areas below 

the 90 per cent mass completeness limit are shaded in grey. 

Figure E5. CMFs for Corona Australis. Left: starless CMF. Right: prestellar (C & R) CMF. LS best-fitting model CMFs are shown as red dot–dashed line. 
Areas below the 90 per cent mass completeness limit are shaded in grey. 

Figure E6. CMFs for IC 5146. Left: starless CMF. Right: prestellar (C & R) CMF. LS best-fitting model CMFs are shown as red dot–dashed line. Areas below 

the 90 per cent mass completeness limit are shaded in grey. 
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Figure E7. Starless CMFs for Lupus. Area below the 90 per cent mass 
completeness limit is shaded in grey. 

Figure E8. CMFs for Ophiuchus. Left: starless CMF. Right: prestellar (C & R) CMF. LS best-fitting model CMFs are shown as red dot–dashed line. Areas 
below the 90 per cent mass completeness limit are shaded in grey. 
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Figure E9. CMFs for Orion A. Left: starless CMF. Right: prestellar (C & R) CMF. LS best-fitting model CMFs are shown as red dot–dashed line. Areas below 

the 90 per cent mass completeness limit are shaded in grey. 

Figure E10. CMFs for Orion B. Left: starless CMF. Right: prestellar (C & R) CMF. LS best-fitting model CMFs are shown as red dot–dashed line. Areas below 

the 90 per cent mass completeness limit are shaded in grey. 
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Figure E11. CMFs for Perseus. Left: starless CMF. Right: prestellar (C & R) CMF. LS best-fitting model CMFs are shown as red dot–dashed line. Areas below 

the 90 per cent mass completeness limit are shaded in grey. 

Figure E12. Starless CMF for the Pipe Nebula. Area below the 90 per cent 
mass completeness limit is shaded in grey. 
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Figure E13. CMFs for Serpens. Left: starless CMF. Right: prestellar (C & R) CMF. LS best-fitting model CMFs are shown as red dot–dashed line. Areas below 

the 90 per cent mass completeness limit are shaded in grey. 

Figure E14. CMFs for Taurus. Left: starless CMF. Right: prestellar (C & R) CMF. LS best-fitting model CMFs are shown as red dot–dashed line. Areas below 

the 90 per cent mass completeness limit are shaded in grey. 
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Figure E15. Median p-values for two-sided KS test between model CMFs and starless (left) and prestellar (right) CMFs, using the ‘matched count’ sampling 
method. Contours show p- values of 0.05, 0.1, and 0.5. Red marks near-, green mid-, and blue far-distance CMFs. Filled circles mark 1 × and 3 ×, the Chabrier 
( 2005 ) peak system mass (0.25 M�). Open circles mark 0.73 × these values, accounting for the typical flux loss in our SCUBA-2 observations. 

Figure E16. Comparison between the CMF properties (peak mass, μ, and width, σ ) determined from LS and MC methods for each cloud complex. Left: 
starless cores. Right: prestellar (C & R) cores. In both panels, open circles indicate the best-fitting LS values, while closed circles indicate the most probable 
MC values. Cloud complexes are colour-coded by their distance range. 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/doi/10.1093/m
nras/staf1549/8253616 by U

niversity of Lancashire user on 22 O
ctober 2025



The JCMT GBS Core Catalogue 3611

MNRAS 543, 3547–3612 (2025)

Figure E17. The peak masses of the starless and prestellar CMFs as a function of cloud complex mass, determined using MC modelling. Left: starless CMFs. 
Right: prestellar CMFs. Dotted line shows the power-law model producing the best fit to all data points; and dashed line shows the power-law model producing 
the best fit to the data points with Ophiuchus, which has a notably low peak mass, excluded. Data points are colour-coded by their distance range. 

Figure E18. The width of the starless (left) and prestellar (right) CMFs as a function of cloud complex mass, determined using MC modelling. Data points are 
colour-coded by their distance range. 

Table E1. LS best-fitting CMFs for each of our distance ranges, for unbound starless, candidate prestellar, and robust prestellar cores. The final two rows of the 
table show LS best fits to the near- and mid-distance samples, for cores above the far-distance mass completeness limit (0.2 M�) only. 

Unbound Candidate Robust 

A μ σ A μ σ A μ σ

Range (M�) (log 10 M�) (M�) (log 10 M�) (M�) (log 10 M�) 

0–200 pc 16 ±4 0.12 ±0.03 0.36 ±0.08 16 ±3 0.13 ±0.01 0.28 ±0.03 8 ±1 0.61 ±0.09 0.38 ±0.05
200–355 pc 15 ±3 0.2 ±0.1 0.5 ±0.2 12.5 ±0.9 0.25 ±0.01 0.21 ±0.01 11 ±3 0.6 ±0.1 0.32 ±0.07
355–500 pc 80 ±10 0.27 ±0.06 0.30 ±0.05 100 ±10 0.31 ±0.06 0.28 ±0.05 110 ±10 0.95 ±0.05 0.29 ±0.02
No heated Orion A 77 ±6 0.34 ±0.04 0.27 ±0.03 88 ±9 0.38 ±0.04 0.23 ±0.03 110 ±4 1.00 ±0.02 0.30 ±0.01
> 500 pc – – – – – – – – –

For cores with masses > 0 . 2 M� only 

0–200 pc – – – – – – – – –
200–355 pc – – – – – – 11 ±3 0.6 ±0.1 0.32 ±0.07
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Table E2. The most probable starless and prestellar CMFs for each distance range that we consider, as determined from 

MC estimation and two-sided KS tests, using matched-count sampling. p-values show the probability that this model 
and our sample are drawn from the same underlying distribution. 

Starless Prestellar (C & R) 

Range (pc) μ σ p μ σ p 

(M�) (log 10 M�) (M�) (log 10 M�) 

0–200 0.14 0.44 0.80 0.19 0.47 0.77 
200–355 0.33 0.36 0.72 0.40 0.35 0.69 
355–500 0.40 0.44 0.65 0.56 0.39 0.68 

Table E3. The most probable starless and prestellar CMFs for each cloud complex that we consider, as determined 
from MC estimation and two-sided KS tests, using matched-count sampling. Median p-values, showing the probability 
that this model and our sample are drawn from the same underlying distribution, are given. 

Starless Prestellar (C & R) 

Region μ σ p μ σ p 

(M�) (log 10 M�) (M�) (log 10 M�) 

Near 

CrA 0.17 0.27 0.77 0.16 0.24 0.87 
Ophiuchus 0.10 0.49 0.77 0.15 0.56 0.71 
Taurus 0.17 0.26 0.79 – – –

Mid 

Cepheus 0.38 0.37 0.83 0.45 0.35 0.79 
Perseus 0.31 0.35 0.70 0.38 0.35 0.74 

Far 

Aquila 0.39 0.37 0.66 0.41 0.36 0.66 
Auriga 0.46 0.31 0.72 0.58 0.24 0.69 
Orion A 0.43 0.42 0.53 0.60 0.41 0.53 
Orion B 0.35 0.49 0.67 0.55 0.42 0.74 
Serpens 0.50 0.40 0.71 0.89 0.27 0.56 
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