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A B S T R A C T 

We present 450 and 850 μm James Clerk Maxwell Telescope (JCMT) observations of the Corona Australis (CrA) molecular 
cloud taken as part of the JCMT Gould Belt Le gac y Surv e y (GBLS). We present a catalogue of 39 starless and protostellar 
sources, for which we determine source temperatures and masses using SCUBA-2 450 μm/850 μm flux density ratios for sources 
with reliable 450 μm detections, and compare these to values determined using temperatures measured by the Herschel Gould 

Belt Surv e y (HGBS). In keeping with previous studies, we find that SCUBA-2 preferentially detects high-volume-density starless 
cores, which are most likely to be prestellar (gravitationally bound). We do not observe any anticorrelation between temperature 
and volume density in the starless cores in our sample. Finally, we combine our SCUBA-2 and Herschel data to perform SED 

fitting from 160–850 μm across the central Coronet region, thereby measuring dust temperature T , dust emissivity index β, and 

column density N ( H 2 ) across the Coronet. We find that β varies across the Coronet, particularly measuring β = 1 . 55 ± 0 . 35 in 

the colder starless SMM-6 clump to the north of the B star R CrA. This relatively low value of β is suggestive of the presence of 
large dust grains in SMM-6, even when considering the effects of T –β fitting de generac y and 

12 CO contamination of SCUBA-2 

850 μm data on the measured β values. 

Key words: stars: formation – dust, extinction – ISM: individual objects: Coronet – ISM: individual objects: R CrA – ISM: 
kinematics and dynamics – submillimetre: ISM. 
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 I N T RO D U C T I O N  

he Corona Australis molecular cloud (CrA) is a nearby molecular 
loud which is forming low- to intermediate-mass stars (Wilking et al. 
985 ; Wilking, Taylor & Storey 1986 ; Nutter, Ward-Thompson & 

ndr ́e 2005 ), located ∼ 17 ◦ to the south of the Galactic Plane. The
ost well-studied part of the cloud is the Coronet (Taylor & Storey

984 ), a young cluster of objects (e.g. Esplin & Luhman 2022 )
hich includes the Herbig Ae/Be variable stars R CrA and T CrA

e.g. Sicilia-Aguilar et al. 2013 ). 
In this paper, we present SCUBA-2 observations of CrA, taken 

s part of the James Clerk Maxwell Telescope (JCMT) Gould 
 E-mail: k.pattle@ucl.ac.uk 
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elt Le gac y Surv e y (GBLS; Ward-Thompson et al. 2007 ). Fig. 1
s a finding chart for CrA. IRAS 100- μm data are shown in the
ackground (Miville-Desch ̂ enes & Lagache 2005 ), and contours of 
 V are shown from Dobashi et al. ( 2005 ). The white outlines show the

pproximate edges of the SCUBA-2 observations (after mosaicing, 
ee Section 2 ). 

The region of greatest extinction is towards the west of the cloud,
here the subregions CrA-A, CrA-B, and CrA-C are labelled on 
ig. 1 . This nomenclature, introduced by Nutter et al. ( 2005 ) and
xtended by Bresnahan et al. ( 2018 ), is used throughout this paper.
hese subregions form the nucleus of the star-forming region. Three 
lamentary structures can be seen in the IRAS data. Towards the far
est of the cloud, a filamentary structure, referred to as a streamer by
eterson et al. ( 2011 ), is visible. An area of low extinction (A V < 0 . 5)
an be seen to the north of this filamentary structure. To the east of the
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Figure 1. Finding chart of the Corona Australis molecular cloud. The background image shows IRAS 100- μm emission (Miville-Desch ̂ enes & Lagache 2005 ). 
The o v erlaid red contours show A V e xtinctions of 0.5, 1.0, 2.0, and 5.0 mag (Dobashi et al. 2005 ). The re gions observ ed as part of the JCMT GBLS are shown 
as white contours. Four subregions are labelled where data were taken. The white star towards the west of the image, in the vicinity of CrA-A, is the location of 
the Coronet cluster (Taylor & Storey 1984 ). 
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loud nucleus, two filamentary tails are visible. The CrA-E clump,
he brightest clump away from the nucleus, is found on the north tail.

CrA is kinematically associated neither with the Gould Belt nor
ith the Lindblad Ring (Neuh ̈auser et al. 2000 ). Harju et al. ( 1993 )

tudied the large scale structure of CrA, noting that the cloud is
ituated on the southern arm of the H I shell which is associated
ith the Upper Centaurus Lupus (UCL) OB association (de Geus
992 ). The filamentary structures within the tails of CrA appear to
oint away from this OB association. Recent analysis of Gaia data
as suggested that CrA is accelerating away from the Galactic Plane
nd from the Scorpius Centaurus OB association (Posch et al. 2023 ),
erhaps having been ejected by supernova feedback. Alternatively,
r additionally, CrA is located between two expanding H I shells
Bracco, Bresnahan & Palmeirim P. et 2020 ), suggesting that it may
e the result of a cloud–cloud collision (Inutsuka et al. 2015 ; Pineda
t al. 2023 ). The distance to CrA has recently been revised from
29 ± 11 pc (Casey et al. 1998 ) to 151 ± 9 pc (Zucker et al. 2019 );
n this paper, we take a distance of 130 pc for consistency with
revious work (Bresnahan et al. 2018 ). Adopting the Zucker et al.
 2019 ) distance would increase the masses presented in this paper by
 factor of 1.35, increase the radii by a factor of 1.16, and decrease
he volume densities by a factor of 0.86. Column densities, dust
emperatures, and dust opacity indices would be unaffected, and
one of our conclusions would be altered. 
In this paper, we identify and extract the properties of starless

nd protostellar cores within CrA. This paper is laid out as follows:
n Section 2 , we discuss the observations, data reduction, and data
rocessing. In Section 3 , we discuss the source extraction method we
mployed, and define the source selection and classification criteria.
e discuss the observed catalogue products, including the source

mages. In Section 4 , we use combinations of the SCUBA-2 data
nd Hersc hel -deriv ed data products to deriv e source parameters
or our SCUBA-2-identified sources. In Section 5 , we discuss the
erived properties of, and present a mass–size diagram for, our
ources. In Section 6 , we consider the evidence for a variable dust
NRAS 537, 2127–2150 (2025) 
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pacity index in the Coronet region. Section 7 summarizes our
esults. 

 OBSERVATI ONS  

.1 SCUBA-2 

he Corona Australis molecular cloud has been imaged with
CUBA-2 as part of the JCMT GBLS (Ward-Thompson et al. 2007 )
nder project code MJLSG35. These continuum observations were
ade using fully sampled 30 ′ diameter circular regions (PONG1800
apping mode; Bintley et al. 2014 ) at three positions in CrA, at

50 μm and 450 μm wavelengths, with resolutions of 14 . ′′ 1 and
 . ′′ 6, respectively. The three subsections of the Corona Australis
egion were each observed in dry weather (JCMT Grade 2; 0 . 05 <
225 < 0 . 08, where τ225 is the atmospheric opacity at 225 GHz)
etween 2012 April 24 and 2014 August 20. These three fields
re identified in GBLS surv e y documentation as CrA-1 (RA, Dec.
J2000) = 19 h 01 m 34 s , −36 ◦55 ′ 51 ′′ ; 6 repeats), CrA-2 (RA, Dec.
J2000) = 19 h 03 m 33 s , −37 ◦13 ′ 54 ′′ ; 5 repeats), and CrA-E (RA, Dec.
J2000) = 19 h 10 m 22 s , −37 ◦07 ′ 49 ′′ ; 6 repeats; GBLS nomenclature
ere agrees with that of Bresnahan et al. 2018 ). 1 These observations
ollectiv ely hav e the project code MJLSG35. Two of the fields, CrA-
 and CrA-2, o v erlap on the bright Coronet region, with the CrA-E
eld located ∼ 1 deg to the east of the Coronet. 
The data presented in this paper form part of the GBLS Data

elease 2 of the SCUBA-2 data (cf. Kirk et al. 2018 ). The data
ere reduced using the iterative map-making routine makemap (a

ubroutine of SMURF ; Chapin et al. 2013 ), and then gridded to 3 arcsec
014 August 20 (twice). 
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ixels at 850 μm and 2 arcsec pixels at 450 μm. The iterations were
topped when the change in the map pixels was < 1 per cent of the
stimated map rms. The individual reduced maps were then co-added 
o form a mosaic of the region. A mask created using a signal-to-
oise ratio cut was created for each region. The data were then
e-reduced using this mask to define the areas for which the emission
as significant. 
The reduction process involves the use of a 600 arcsec spatial filter

n both the automatic masking process and the external masking 
eductions. Flux reco v ery is therefore robust for sources with 
aussian FWHM of < 2.5 arcmin. Sources with FWHM between 
.5 and 7.5 arcmin were detected, although the sizes and fluxes of
hese sources were underestimated, due to Fourier components on 
cales larger than 5 arcmin being remo v ed by the filtering step. For
ources larger than 7.5 arcmin, the detectability of these sources 
s dependent on the size of the mask used for the reduction. At
ur adopted distance of 130 pc for the Corona Australis molecular 
loud, 7.5 arcmin corresponds to ∼ 0 . 3 pc. (See Mairs et al. 2015
or a detailed discussion of the role of masking in SCUBA-2 data
eduction.) Ho we ver, it should be noted that all of the sources
xtracted and characterized in this work have sizes significantly 
maller than 2.5 arcmin, and so we can be confident that their fluxes
re accurately reco v ered. 

The data are calibrated in mJy arcsec −2 using aperture 
lux Conversion Factors (FCFs) of 2340 mJy pW 

−1 arcsec −2 and 
710 mJy pW 

−1 arcsec −2 at 850 and 450 μm, respecti vely, deri ved
rom average values of JCMT calibrators (Dempsey et al. 2013 ). 2 

he PONG scan pattern leads to lower noise in the map center and
osaic o v erlap re gions, while data reduction and emission artefacts

an lead to small variations in the noise o v er the whole map. We found
ypical 1 σ noise levels of 0.07 mJy arcsec −2 and 2.03 mJy arcsec −2 

or the 850 μm data and 450 μm data, respectively. These values
ere determined by performing aperture photometry on emission- 

ree regions of the maps. 
The SCUBA-2 data presented in this paper are available, along 

ith the masks used in the data reduction, at [DOI to be inserted in
roof]. 
SCUBA-2 850 μm data can be contaminated by the 12 CO J =

 → 2 transition (Drabek et al. 2012 ; Coud ́e et al. 2016 ; Parsons et al.
018 ), which, with a rest wavelength of 867.6 μm, is co v ered by the
CUBA-2 850 μm filter bandpass (half-power bandwidth 85 μm; 
olland et al. 2013 ). SCUBA-2 observations can be corrected for
O contamination where 12 CO J = 3 → 2 data exist (Sada v oy et al.
013 ), typically by using JCMT HARP-B data (Buckle et al. 2009 ).
s HARP-B data have not been taken towards CrA, we perform a
ore approximate correction of a small area of the Coronet cluster 

sing JCMT Receiver B (RxB) data (Knee, in preparation). Due to 
he high uncertainty of this correction compared to those in other 
BLS studies, and to the highly limited area o v er which it can be

pplied, we restrict discussion of CO correction to Section 6 , and
resent uncorrected 850 μm flux densities throughout this paper. We 
xpect the contribution of CO emission to our 850 μm flux densities
o be small, generally < 20 per cent except in the immediate vicinity
f protostellar outflows (e.g. Pattle et al. 2015 ). As discussed in
ection 6 , the effects of CO contamination should thus be minimal
utside the centre of the Coronet cluster. 
 We note that updated SCUBA-2 calibrations are available (Mairs et al. 2021 ). 
e retain the Dempsey et al. ( 2013 ) FCFs for consistency with previous GBLS 
ork, noting that the Dempsey et al. ( 2013 ) and Mairs et al. ( 2021 ) pre-2018 
CFs agree within measurement uncertainty. 

d  

s  

S  

m
o  

C  
Figs 2 and 3 show the final reduced data for regions containing
ignificant emission. The complete data at both wavelengths are 
hown in Figs A1 and A2 in Appendix A . Fig. 4 shows a three-
olour image using Herschel 160- and 250- μm data (blue and green,
espectively; Bresnahan et al. 2018 ), and SCUBA-2 850 μm data
red). 

.2 Herschel Space Obser v atory 

he ESA Herschel Space Observatory was a 3.5-metre-diameter 
elescope which operated in the far-infrared and submillimetre 
egime (Pilbratt et al. 2010 ). The observations we used in this paper
ere taken as part of the Herschel Gould Belt Surv e y (HGBS; Andr ́e

t al. 2010 ). The Photodetector Array Camera and Spectrometer 
PACS; Poglitsch et al. 2010 ) and the Spectral and Photometric
maging Receiver (SPIRE; Griffin et al. 2010 ) were used in a parallel
perating mode. In this mode, observations are taken simultaneously 
ith both instruments, which scanned areas of the sky at a rate of
0 arcsec s −1 . The full area observed with SCUBA-2 was covered
y Herschel . The Herschel data we used here are presented by
resnahan et al. ( 2018 ). We used the Herschel data for which there

s a common area for SCUBA-2, PACS and SPIRE. The Herschel
ata had wavelengths of 160, 250, 350, and 500 μm. The observation
Ds for these data are 1342206677–80, and they were reduced using
he Herschel Interactive Pr ocessing Envir onment ( HIPE ; Ott 2011 ).
he SCUBA-2 pipeline was applied to the Herschel data to make
omparisons and derive properties, as discussed in Section 2.3 below. 

.3 Data processing 

ue to the filtering of atmospheric signal, SCUBA-2 is insensitive to
tructure on angular scales greater than its array size, ∼ 600 arcsec .
o make comparisons between the Herschel data and the SCUBA-2 
ata, we followed the method described by Sada v oy et al. ( 2013 ).
he Herschel data at each wavelength are added to the SCUBA-2
50 μm bolometer time series, scaled to be a small perturbation on
he SCUBA-2 signal. For each Herschel wavelength, this process 
esults in a map that has the total flux of the combined SCUBA-2
nd (scaled) Herschel data at that wavelength. The filtered Herschel 
ap is then retrieved by subtracting the original SCUBA-2 reduced 

ata from the combined SCUBA-2 + Herschel map, and reversing 
he applied flux scaling. 

This spatial filtering remo v es the large-scale structure from the
erschel maps, and also applies the SCUBA-2 mask to the Herschel
ata. One consequence of this step is that the global background
evels for the Herschel maps that are normally determined using 
lanck data, are no longer needed (see e.g. K ̈on yv es et al. 2015 ;
arsh et al. 2016 ). We applied the process to data from each Herschel
avelength corresponding to each of the three PONG areas scanned 
y SCUBA-2, and then combined these spatially filtered maps into 
 mosaic. 

 RESULTS  

he Corona Australis molecular cloud has a wide range of column
ensities (see Bresnahan et al. 2018 ). The upper panel of Fig. 3
hows the most active part of the star-forming region, CrA-A (see
ection 3.2 ), which contains many of the well-studied objects in the
olecular cloud. The Coronet itself contains several young stellar 

bjects, including the well-studied Herbig Ae/Be stars R CrA and T
rA. R CrA has the spectral classification B5IIIpe (Gray et al. 2006 ).
MNRAS 537, 2127–2150 (2025) 
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Figure 2. 850 μm flux density data with a square root scaling. Top panel: CrA-A. Lower left panel: CrA-B and CrA-C. Lower right panel: CrA-E. The following 
colours are used for the ellipses marking our identified cores: red for CrA-A, yellow for CrA-B (one source at 19 h 02 m 58 . s 9 −37 ◦07 ′ 37 ′′ ), green for CrA-C, and 
dark blue for CrA-E. The yellow stars represent YSO/protostellar candidates as found by Peterson et al. ( 2011 ), who used Spitzer to surv e y Corona Australis. 
The contour levels are taken from the high-resolution column density map (see Bresnahan et al. 2018 ), produced using Herschel data, and start from 3 σ and 
increase in levels of 1.5 times the previous level, with values of 2 . 56 × 10 21 cm 

−2 , 3 . 84 × 10 21 cm 

−2 and 5 . 77 × 10 21 cm 

−2 . 
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Adjacent to the Coronet is NGC 6729 (Reynolds 1916 ), which has
ho wn v ariability in blue light measurements by Graham & Phillips
 1987 ). This variability has been partially attributed to R CrA itself,
hich was shown to have spectroscopic variations in its Balmer line

nd Fe II emission profiles (Joy 1945 ). Another reflection nebula,
GC 6727, is located ∼5 arcmin to the north-west of the Coronet,

nd is illuminated by TY CrA (Ward-Thompson et al. 1985 ). To the
est of the Coronet is the strongly accreting T Tauri star S CrA

Appenzeller, Jankovics & Jetter 1986 ; Gahm et al. 2018 ). 

.1 Source extraction 

e used the getsources source identification algorithm
Men’shchikov et al. 2012 ) to locate and extract the compact
nd extended starless cores and protostellar objects within the data.
NRAS 537, 2127–2150 (2025) 
etsources is a multiwavelength multiscale algorithm produced
rimarily for working with Herschel images (see e.g. Andr ́e et al.
010 ; K ̈on yv es et al. 2010 , 2015 ; Marsh et al. 2016 ). Specifically,
t was developed for extracting sources in the presence of source
lending, complex backgrounds, and filamentary structure pre v alent
n the Herschel GBS images. Getsources is also able to process
ata from SCUBA-2, among several other instruments from many
elescopes. 

We used the ‘No v ember 2013’ major release of getsources
1.140127) to produce our catalogue of cores. A brief description of
he methodology getsources uses is given by K ̈onyves et al. ( 2015 ). 

For this first-generation paper from the JCMT GBLS, we used
nly the 850 μm data to identify sources. The dynamic range of
CUBA-2 images is not as great as in Herschel images, due to the
ltering of the large-scale structure during the reduction process. This
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Figure 3. 450 μm flux density data with a square root scaling. We show the three regions of obvious emission contained within the SCUBA-2 data. Overlaid 
are the contours from the high resolution column density maps from Bresnahan et al. ( 2018 ), as in Fig. 2 . The red dashed lines in the upper panel show the 
approximate area of the streamer/filament. The black dashed line in the lower left panel shows the approximate division line between CrA-B, which lies to the 
north of the line and CrA-C, which lies to the south of the line. Several young and well-studied stars are plotted on the panels as yellow stars. 
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ltering actually introduces an advantage in that the selection of a 
nal catalogue of sources is easier. Ward-Thompson et al. ( 2016 )
ound that SCUBA-2 is sensitive to the most dense cores within 
aurus L1495. In effect, SCUBA-2’s ability to detect low-density 
nbound starless cores, which form part of the apparently continuous 
istribution of ISM structures from low-density unbound transient 
tructures to gravitationally bound and collapsing prestellar cores 
Marsh et al. 2016 ), is low. 

.2 Selection and classification of reliable source detections 

e introduced a scheme to eliminate spurious detections from our 
ource catalogue. The 450 μm data from SCUBA-2 have higher noise 
evels than do the 850 μm data. This means that more extended
bjects such as starless cores are more likely to remain undetected 
t 450 μm than at 850 μm. Inspection of Fig. 3 and comparison
ith Fig. 2 shows that much of the more diffuse structure visible
t 850 μm falls below the sensitivity of SCUBA-2 at 450 μm. As a
esult, we searched for sources within the 850 μm data only. 

Sources that had an 850 μm monochromatic significance ≤7 were 
emo v ed from the catalogue. This flag separates sources that are
lassified as reliable from those that are classified as tentative by
 etsources (Men’shchik ov et al. 2012 ). At this stage, 51 sources were
ound. ‘Monochromatic significance’ is a metric used by getsources 
s an analogue to peak signal-to-noise ratio (SNR). The monochro- 
atic significance of a source is determined by measuring signal-to- 

oise ratios o v er the multiple size scales on which g etsources mak es
easurements (Men’shchikov et al. 2012 ). 
We then cross-matched our remaining sources with those listed in 

he NASA Extragalactic Database (NED; Mazzarella & NED Team 

007 ). We found no cross-matching NED objects within the FHWM
llipses of the 51 sources. We searched within 30 arcsec of each
MNRAS 537, 2127–2150 (2025) 
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Figure 4. JCMT- Herschel three-colour images of three most visible regions within Corona Australis. Red channel: SCUBA-2 850 μm data. Green channel: 
Herschel 250- μm data. Blue channel: Herschel 160- μm data. Larger scale structure is observed by Herschel , and the dynamic range of Herschel images is much 
higher than that of SCUBA-2. This is especially pre v alent in the lower-right panel of the figure. The reflection nebula NGC 6727 can be seen to the north-west 
of the Coronet, which is the brightest area on the upper panel. Note that due to the significantly lower dynamic range in the SCUBA-2 data than in the Herschel 
data, for aesthetic purposes we excluded 850 μm data at locations without significant Herschel 250- μm emission. 
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ource for a matching SIMBAD source. Where present, the nearest
IMBAD source is given within the electronic table (see Table B1
or a template). 

We used the CUrvatur e Thr eshold E Xtractor (CuTEx; Molinari
t al. 2011 ) and the Cardiff Source-finding AlgoRithm ( CSAR ; Kirk
t al. 2013 ) as alternative source finding algorithms. We cross-
atched sources that were found by CuTEx or CSAR and those found

y getsources . We checked for matching CuTEx and CSAR positions
ithin the getsources -defined FWHM contour of each source, at
50 μm. Sources which have a CSAR or CuTEx match are flagged
ithin the catalogue. 
We then conducted a visual check on each source. To do this

tep, we inspected the 850 and 450 μm data within the immediate
NRAS 537, 2127–2150 (2025) 
icinity of each nominal source. We inspected the morphology of
hese sources and their location within the 850 μm map. Sources
ith no well-defined ‘core-like’ morphology were discarded. The

mages used to perform these visual checks are included in the
lectronic material. Two examples are given in Figs B1 and B2
n Appendix B . Of our 51 sources, we remo v ed twelv e that
ere not clearly visually identifiable within the 850 μm data,

eaving 39 sources in the catalogue. The key properties of these
9 sources are listed in Table 1 : source position, observed size,
nd position angle, and 850 and 450 μm flux densities. The full
etsources output for our 39 sources is included in electronic form.
 sample of the full getsources output is shown in Table B1 in 
ppendix B . 
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Table 1. This table lists the sources identified in the SCUBA-2 CrA observations using getsources . Sources are identified in the 850 μm data only, and so 
source sizes and angles are listed alongside the 850 μm flux densities. Peak and integrated flux densities are given for every source at 850 μm; 450 μm values 
are listed for those sources with a sufficiently high SNR at that wav elength. The re gions in which the sources are located are determined following Nutter 
et al. ( 2005 ). 

850 μm 450 μm 

RA Dec. FWHM size Angle Flux density Flux density 
Index h:m:s ◦: ′ : ′′ Major Minor E of N Peak Total Peak Total Region 

(J2000) arcsec (deg.) Jy arcsec −2 (Jy) Jy arcsec −2 (Jy) 

1 19:00:54.17 −36:55:18.8 53 41 53 0.081 1.120 – CrA-A
2 19:01:08.78 −36:57:20.4 14 14 – 0.562 0.513 2.920 2.830 CrA-A
3 19:01:21.60 −36:54:22.2 44 22 67 0.022 0.082 – CrA-A
4 19:01:34.23 −36:53:41.6 49 27 27 0.073 0.524 – CrA-A
5 19:01:38.54 −36:53:24.7 26 20 116 0.083 0.228 – CrA-A
6 19:01:40.23 −36:53:00.9 45 40 62 0.126 1.370 – CrA-A
7 19:01:41.58 −36:58:31.1 14 14 – 1.310 1.230 7.930 7.890 CrA-A
8 19:01:41.93 −36:55:46.0 29 16 96 0.089 0.196 – CrA-A
9 19:01:43.62 −36:56:33.3 27 14 106 0.019 0.082 – CrA-A
10 19:01:46.09 −36:55:33.4 43 20 73 0.303 1.600 – CrA-A
11 19:01:47.84 −36:57:27.2 32 23 15 0.270 1.160 – CrA-A
12 19:01:48.65 −36:57:14.7 17 14 13 0.388 0.526 2.660 3.630 CrA-A
13 19:01:50.59 −36:56:34.3 17 14 81 0.099 0.086 – CrA-A
14 19:01:53.95 −37:00:33.0 58 24 21 0.057 0.438 – CrA-A
15 19:01:54.36 −36:57:43.0 20 15 70 1.090 2.140 – CrA-A
16 19:01:55.24 −36:54:02.2 50 36 39 0.034 0.287 – CrA-A
17 19:01:55.27 −36:57:16.8 14 14 – 1.120 1.450 7.840 13.200 CrA-A
18 19:01:55.35 −37:00:51.4 37 32 19 0.057 0.399 – CrA-A
19 19:01:55.76 −36:57:46.7 22 20 14 1.500 4.920 – CrA-A
20 19:01:56.46 −36:57:29.7 14 14 – 1.460 1.790 9.310 17.400 CrA-A
21 19:01:56.63 −36:59:25.2 21 15 36 0.035 0.074 – CrA-A
22 19:01:58.47 −37:01:05.5 26 16 121 0.055 0.133 – CrA-A
23 19:01:58.67 −36:57:08.9 14 14 – 0.961 0.861 4.790 5.380 CrA-A
24 19:02:00.99 −36:56:37.9 25 18 17 0.084 0.157 – CrA-A
25 19:02:01.39 −36:55:05.1 43 31 10 0.046 0.305 – CrA-A
26 19:02:04.38 −36:54:52.3 27 25 9 0.035 0.112 – CrA-A
27 19:02:08.34 −37:00:27.4 19 14 123 0.031 0.047 – CrA-A
28 19:02:09.84 −36:56:21.6 69 54 76 0.094 1.790 – CrA-A
29 19:02:12.49 −37:00:40.6 44 28 135 0.076 0.556 – CrA-A
30 19:02:15.63 −36:57:43.8 34 17 153 0.041 0.111 – CrA-A
31 19:02:17.02 −37:01:35.7 56 28 83 0.114 1.080 – CrA-A
32 19:02:23.92 −36:56:36.7 53 32 56 0.049 0.354 – CrA-A
33 19:02:58.86 −37:07:37.4 17 14 134 0.604 1.510 2.650 7.360 CrA-B
34 19:03:06.69 −37:15:14.5 81 53 173 0.079 1.820 – CrA-C
35 19:03:07.02 −37:12:51.1 14 14 – 0.805 0.879 4.330 6.040 CrA-C
36 19:03:16.32 −37:14:09.1 23 17 178 0.040 0.066 – CrA-C
37 19:03:56.28 −37:15:54.2 106 43 113 0.078 1.670 – CrA-C
38 19:09:46.07 −37:04:26.7 14 14 – 0.184 0.153 0.788 0.718 CrA-E
39 19:10:20.29 −37:08:26.3 14 14 – 1.340 1.770 5.030 6.370 CrA-E
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We assigned our sources to the subregions given by Bresnahan 
t al. ( 2018 ). The nomenclature for naming the subregions was
riginally devised by Nutter et al. ( 2005 ), who surv e yed CrA using
CUBA. Our final set of sources are shown in Fig. 2 . We identified
2 sources within CrA-A, one source in CrA-B, four sources in 
rA-C, and two sources in CrA-E. YSO and protostellar candidates 
atalogued by Peterson et al. ( 2011 ) are also plotted. 

We used results from previous surv e ys to categorize sources
s starless cores or protostellar (and YSO) sources. We identified 
ources that were associated with YSOs and protostars within CrA 

sing the Spitzer catalogue compiled by Peterson et al. ( 2011 ), and the
ISE YSO catalogue (Marton et al. 2015 ). We checked for sources
ithin the getsources -defined FWHM contour at 850 μm. Where 
resent, the nearest matching Spitzer or WISE source name is given 
n the electronic table (see Table B1 ). Within the SCUBA-2 data,
rotostellar sources are clearly seen as bright, compact objects, on 
op of extended backgrounds, typically at the size of the beam. One
dvantage of this morphology is that protostellar sources are easily 
dentified even in the presence of jet cavities and other surrounding

aterial, which may be directly linked to the protostar. 
We note that the source known as V721 CrA (see lower right panel

f Fig. 3 ) is beyond the limit of the Spitzer surv e y field. We include
his source in our catalogue as a protostar none the less, as it has
een located in previous work and associated with the molecular 
loud (Marraco & Rydgren 1981 ; Wilking et al. 1992 ; Skrutskie et
l. 2006 ; K ̈ohler et al. 2008 ; Marton et al. 2015 ). 

Of the 39 sources we identified in CrA, 24 were found to be
tarless cores. The other 15 were matched to a protostellar/YSO 

ource, and were therefore categorized as protostellar cores. Source 
lassifications are listed in Table 2 . 
MNRAS 537, 2127–2150 (2025) 
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Table 2. This table lists the classifications (as starless, prestellar, or proto- 
stellar), and Bonnor–Ebert stability ratios, of our sources. BE stability ratios 
are given for resolved sources only; sources without a matched protostar 
are considered prestellar if M BE /M < 2 and starless otherwise. Best-match 
protostar identifications are given for each of the protostellar sources. 

Index Type M BE /M Protostar ID 

1 Prestellar 1.51 –
2 Protostellar – S CrA 

3 Starless 15.84 –
4 Starless 4.09 –
5 Protostellar 6.65 HD 176386A 

6 Starless 2.98 –
7 Protostellar – IRS 2 
8 Starless 3.88 –
9 Starless 8.09 –
10 Prestellar 0.70 –
11 Protostellar 1.22 IRS 5A 

12 Protostellar 0.74 IRS 84 
13 Protostellar 4.48 [GMM2009] CrA 5 
14 Protostellar 3.24 [GMM2009] CrA 24 
15 Prestellar 0.34 –
16 Starless 7.13 –
17 Protostellar – R CrA 

18 Starless 3.08 –
19 Prestellar 0.22 –
20 Protostellar – IRS 7B/E 

21 Starless 7.03 –
22 Protostellar 4.28 [GMM2009] CrA 9 
23 Protostellar – [GMM2009] CrA 10 
24 Starless 5.86 –
25 Starless 5.47 –
26 Starless 9.60 –
27 Starless 7.02 –
28 Prestellar 1.43 –
29 Starless 2.28 –
30 Starless 7.76 –
31 Prestellar 1.21 –
32 Starless 4.83 –
33 Protostellar 0.24 IRAS 18595-3712 
34 Prestellar 1.17 –
35 Protostellar – VV CrA 

36 Protostellar 8.88 [GMM2009] CrA 34 
37 Prestellar 1.30 –
38 Protostellar – V721 CrA 

39 Prestellar – –
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 S C U BA - 2 -  A N D  HERSCHEL-DERIVED  

A R A M E T E R S  

.1 SCUBA-2-deri v ed temperatures and masses 

e initially derived temperatures and masses for our sources using
CUBA-2 integrated flux densities at 450 and 850 μm. We convolved

he 450 μm map to the resolution of the 850 μm map using the method
escribed by Aniano et al. ( 2011 ). We used the convolution kernel
erived using the same prescription as the kernels used in Pattle et al.
 2015 ) (see also Rumble et al. 2016 ). 

Source temperatures can be determined from the flux densities F ν1 

nd F ν2 at frequencies ν1 and ν2 , respectively using the relation 

F ν1 

F ν2 

= 

(
ν1 

ν2 

)3 + β ( exp ( hν2 /k B T ) − 1 

exp ( hν1 /k B T ) − 1 

)
, (1) 

here T is the source temperature and β is the dust opacity index. 
NRAS 537, 2127–2150 (2025) 
F or a fix ed value of β, this equation may be solved numerically for
 , under the assumption that line-of-sight temperature variation is
inimal, and that both wavelengths are tracing the same population

f dust grains; cf. Shetty et al. ( 2009 ). We chose β = 2 . 0 for
onsistency with Herschel -derived temperature measurements (cf.
resnahan et al. 2018 ). 
In general, the ability to derive SCUBA-2 temperatures is limited

y the higher RMS noise levels in the 450 μm data (in the absence of
50 μm flux excesses, discussed in detail below). To exclude poorly
etected sources, we only calculated SCUBA-2 temperatures for
ources which have a monochromatic detection significance ≥7 in
he 450 μm band. 

Of our twelve SCUBA-2-identified protostellar cores, nine had a
etsources monochromatic detection significance ≥7 at 450 μm, for
hich we derived temperatures (sources with an 850 μm significance
 7 were excluded from the catalogue at an earlier stage; cf.
ection 3.1 ). A single starless core, located in CrA-E, also has
 SCUBA-2-derived temperature. These temperatures are listed in
able 3 . 
Our SCUBA-2-derived temperature error estimates are given

hrough error propagation of equation 1 , assuming a fixed β. Under
his assumption, we derived the error of the ratio of flux densi-

ies. The error in the ratio R = F ν1 / F ν2 is �R = 

√ 

�F 

2 
ν1 

+ �F 

2 
ν2 

,

here �F ν = 

√ 

( f ν, cal ) 2 + ( σν, flux F 

−1 
ν ) 2 . The parameter f ν, cal is the

ractional calibration error at the respective SCUBA-2 wavelength
8 per cent and 12 per cent for the 450 μm and 850 μm bands,
espectiv ely; Dempse y et al. 2013 ). The parameter σν, flux is the
onserv ati ve getsources -defined measurement error, with units of
Jy arcsec −2 . 
Equation ( 1 ) is insensitive to temperature in the Rayleigh–Jeans

imit ( hν/k B T � 1). As the 450 μm data lie on the Rayleigh–
eans tail for temperatures 	 32 K, as do the 850 μm data for
emperatures 	 17 K, the reliability of the derived temperatures
or dense cores falls for SCUBA-2 at temperatures > 20 K. This
eliability is reflected in the uncertainties associated with our higher
emperature sources. 

Source masses were calculated following Hildebrand ( 1983 ): 

 = 

F 

total 
v (850 μm ) D 

2 

κν(850 μm ) B ν(850 μm ) ( T ) 
, (2) 

here F 

total 
ν (850 μm ) is the flux density at 850 μm, D is the

istance to the source, B ν(850 μm ) ( T ) is the Planck function at
emperature T , and κν(850 μm ) is the dust mass opacity. We take
ν = 0 . 1( ν/ 1 THz ) β cm 

2 g −1 (Beckwith et al. 1990 ), for consistency
ith previous work by the JCMT GLBS (e.g. Pattle et al. 2015 ; Mairs

t al. 2016 ) and the Herschel GBS (e.g. K ̈on yv es et al. 2015 ; Marsh
t al. 2016 ). Where possible, the SCUBA-2-derived temperatures
ere used to derive a SCUBA-2-only mass. These masses are also

isted in Table 3 . 

.2 Herschel-deri v ed temperatures and masses 

o check the reliability of our temperature estimates, we compared
ur SCUBA-2-derived temperatures to the Herschel -derived tem-
erature map for Corona Australis (cf. Bresnahan et al. 2018 ). The
erschel temperature map was derived by SED fitting to the 160-
m through 500- μm data (see e.g. Andr ́e et al. 2010 ; K ̈on yv es et al.
015 ). The resolution of the Hersc hel -deriv ed temperature map is
imited by the 36 arcsec resolution of the 500- μm data. We used our
etsources -defined non-deconvolved elliptical parameters for each
ource as apertures, taking the mean Hersc hel -deriv ed temperature
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Table 3. This table lists the derived properties of our sources. Observed and deconvolved radii are listed, assuming a distance of 130 pc and a beam size 
of 14.1 arcsec. ‘S2’ temperatures are given as derived from the SCUBA-2 450 μm/850 μm flux density ratio, for sources with sufficiently high SNR at both 
wavelengths. ‘H’ temperatures are measured from the Bresnahan et al. ( 2018 ) Hersc hel -deriv ed dust temperature maps. Masses are calculated using both 
temperatures. Column densities and volume densities are calculated using ‘H’ temperatures, for both observed and deconvolved radii. 

Radius Temp. Mass N (H 2 ) n (H 2 ) 
Index (Obs.) (Deconv.) S2 H ( T S2 ) ( T H ) (Obs.) (Deconv.) (Obs.) (Deconv.) 

(pc) (K) (M 
) (10 21 cm 

−2 ) (10 4 cm 

−3 ) 

1 0.030 0.028 – 13.0 ± 0.4 – 0.303 ± 0.029 4.7 ± 0.5 5.2 ± 0.5 3.9 ± 0.4 4.5 ± 0.4 
2 0.009 – 11.9 ± 2.1 17.0 ± 0.7 0.16 ± 0.03 0.088 ± 0.003 14.4 ± 0.5 – 38.1 ± 1.4 –
3 0.020 0.018 – 14.5 ± 0.5 – 0.018 ± 0.005 0.6 ± 0.2 0.8 ± 0.2 0.8 ± 0.2 1.1 ± 0.3 
4 0.023 0.021 – 17.8 ± 0.8 – 0.084 ± 0.015 2.2 ± 0.4 2.6 ± 0.5 2.3 ± 0.4 2.9 ± 0.5 
5 0.014 0.011 – 21.7 ± 1.2 – 0.027 ± 0.003 1.8 ± 0.2 3.0 ± 0.4 3.0 ± 0.4 6.5 ± 0.8 
6 0.027 0.025 – 24.6 ± 1.6 – 0.136 ± 0.014 2.6 ± 0.3 3.0 ± 0.3 2.4 ± 0.3 2.9 ± 0.3 
7 0.009 – 14.0 ± 2.6 17.8 ± 0.8 0.29 ± 0.05 0.195 ± 0.007 32.1 ± 1.2 – 84.7 ± 3.2 –
8 0.014 0.010 – 14.5 ± 0.5 – 0.043 ± 0.017 3.1 ± 1.2 5.5 ± 2.1 5.4 ± 2.1 12.7 ± 4.9 
9 0.013 0.009 – 14.9 ± 0.5 – 0.017 ± 0.030 1.5 ± 2.6 3.2 ± 5.6 2.9 ± 5.0 8.9 ± 15.5 
10 0.019 0.016 – 13.9 ± 0.4 – 0.379 ± 0.082 14.9 ± 3.2 19.6 ± 4.2 19.2 ± 4.1 29.0 ± 6.2 
11 0.017 0.015 – 17.2 ± 0.7 – 0.195 ± 0.054 9.0 ± 2.5 12.4 ± 3.4 12.5 ± 3.5 20.5 ± 5.7 
12 0.010 0.004 15.4 ± 10.3 17.3 ± 0.7 0.11 ± 0.07 0.088 ± 0.018 12.0 ± 2.5 75.0 ± 15.7 29.2 ± 6.1 452.0 ± 95.0 
13 0.010 0.004 – 17.2 ± 0.7 – 0.014 ± 0.008 2.0 ± 1.0 12.3 ± 6.5 4.8 ± 2.5 74.7 ± 39.1 
14 0.024 0.022 – 13.5 ± 0.4 – 0.110 ± 0.021 2.7 ± 0.5 3.1 ± 0.6 2.7 ± 0.5 3.5 ± 0.7 
15 0.011 0.007 – 18.8 ± 0.9 – 0.314 ± 0.032 34.0 ± 3.5 100.0 ± 10.3 73.2 ± 7.5 371.0 ± 38.0 
16 0.027 0.025 – 15.4 ± 0.5 – 0.057 ± 0.015 1.1 ± 0.3 1.2 ± 0.3 1.0 ± 0.3 1.2 ± 0.3 
17 0.009 – 25.5 ± 17.8 22.0 ± 1.2 0.14 ± 0.07 0.170 ± 0.017 27.9 ± 2.9 – 73.6 ± 7.6 –
18 0.022 0.020 – 13.2 ± 0.4 – 0.105 ± 0.021 3.0 ± 0.6 3.6 ± 0.7 3.3 ± 0.7 4.4 ± 0.9 
19 0.014 0.010 – 18.9 ± 0.9 – 0.719 ± 0.051 54.1 ± 3.9 99.8 ± 7.1 96.7 ± 6.9 242.0 ± 17.2 
20 0.009 0.009 31.0 ± 23.7 20.6 ± 1.1 0.13 ± 0.07 0.229 ± 0.019 37.3 ± 3.0 37.3 ± 3.0 98.3 ± 8.0 98.3 ± 8.0 
21 0.012 0.007 – 14.5 ± 0.5 – 0.016 ± 0.006 1.7 ± 0.6 4.4 ± 1.7 3.5 ± 1.3 15.0 ± 5.7 
22 0.013 0.009 – 13.1 ± 0.4 – 0.035 ± 0.006 2.8 ± 0.5 5.6 ± 1.0 5.3 ± 0.9 14.4 ± 2.6 
23 0.009 – 13.6 ± 5.1 18.3 ± 0.8 0.22 ± 0.08 0.132 ± 0.015 21.6 ± 2.4 – 57.1 ± 6.4 –
24 0.014 0.010 – 16.4 ± 0.6 – 0.029 ± 0.011 2.1 ± 0.8 3.7 ± 1.4 3.6 ± 1.3 8.5 ± 3.2 
25 0.023 0.021 – 15.1 ± 0.5 – 0.063 ± 0.008 1.6 ± 0.2 1.9 ± 0.2 1.7 ± 0.2 2.2 ± 0.3 
26 0.017 0.014 – 15.0 ± 0.5 – 0.024 ± 0.002 1.2 ± 0.1 1.7 ± 0.2 1.7 ± 0.2 2.8 ± 0.3 
27 0.011 0.005 – 13.3 ± 0.4 – 0.012 ± 0.003 1.5 ± 0.4 6.0 ± 1.7 3.4 ± 1.0 27.2 ± 7.6 
28 0.039 0.038 – 14.0 ± 0.4 – 0.425 ± 0.049 3.9 ± 0.5 4.2 ± 0.5 2.5 ± 0.3 2.7 ± 0.3 
29 0.023 0.021 – 13.2 ± 0.4 – 0.145 ± 0.017 4.0 ± 0.5 4.8 ± 0.6 4.3 ± 0.5 5.6 ± 0.7 
30 0.015 0.012 – 14.2 ± 0.4 – 0.026 ± 0.006 1.5 ± 0.3 2.3 ± 0.5 2.4 ± 0.5 4.6 ± 1.0 
31 0.025 0.023 – 12.5 ± 0.3 – 0.311 ± 0.021 6.9 ± 0.5 7.9 ± 0.5 6.6 ± 0.5 8.2 ± 0.6 
32 0.026 0.025 – 14.1 ± 0.4 – 0.082 ± 0.012 1.7 ± 0.2 1.9 ± 0.3 1.5 ± 0.2 1.8 ± 0.3 
33 0.010 0.004 10.6 ± 1.8 16.5 ± 0.6 0.60 ± 0.11 0.273 ± 0.010 37.3 ± 1.3 225.0 ± 8.0 90.1 ± 3.2 1336.0 ± 47.6 
34 0.042 0.041 – 12.1 ± 0.3 – 0.560 ± 0.052 4.5 ± 0.4 4.7 ± 0.4 2.6 ± 0.2 2.8 ± 0.3 
35 0.009 – 15.3 ± 3.4 19.5 ± 0.9 0.18 ± 0.04 0.122 ± 0.005 20.0 ± 0.8 – 52.9 ± 2.1 –
36 0.013 0.008 – 14.1 ± 0.4 – 0.015 ± 0.003 1.4 ± 0.3 3.0 ± 0.5 2.7 ± 0.5 8.5 ± 1.6 
37 0.043 0.042 – 12.0 ± 0.3 – 0.519 ± 0.050 3.9 ± 0.4 4.1 ± 0.4 2.2 ± 0.2 2.4 ± 0.2 
38 0.009 – 10.3 ± 2.3 14.4 ± 0.4 0.06 ± 0.02 0.034 ± 0.001 5.7 ± 0.2 – 14.9 ± 0.6 –
39 0.009 – 8.5 ± 0.8 11.2 ± 0.3 1.13 ± 0.14 0.627 ± 0.016 102.0 ± 2.7 – 271.0 ± 7.2 –
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ithin each aperture to be representative of the temperature of that 
ource. The associated Herschel error estimates are from the error in 
he SED fitting process, where the Hersc hel -deriv ed temperature 
rror map is also used in the same way to derive errors on
ur aperture temperatures. These temperatures are also listed in 
able 3 . 
For all 39 of our sources, we derived a hybrid ‘SCUBA-

- Herschel ’ mass, using our Hersc hel -deriv ed temperatures and
CUBA-2 observed total 850 μm flux densities to determine a mass
or each source using equation ( 2 ). These masses are also listed in
able 3 . 

.3 Comparison of deri v ed temperatures and masses 

ig. 5 shows a comparison between SCUBA-2- and Hersc hel -deriv ed
emperatures. The sources are colour-coded as in Fig. 2 . The dashed
ine shows where the ratio is unity. For the majority of our sources,
heir Hersc hel -deriv ed temperatures are higher than their SCUBA-
-deriv ed temperatures. P attle et al. ( 2017 ) suggested that higher
emperatures are usually derived from Herschel data, due to the 
ncreased sensitivity of Herschel observations to warmer components 
ithin the ambient cloud material. Moreo v er, most of our derived

emperatures are for protostellar objects, where there is a greater 
ncertainty in source temperature (see e.g. Pattle et al. 2017 ) as
etermined using our SCUBA-2 data. 
Fig. 6 shows the SCUBA-2-temperature-derived masses plotted 

gainst the Hersc hel -temperature-deriv ed masses for the 10 sources
ith reliable SCUBA-2 temperatures. Despite the low number of 

ources with reliable temperatures, we find that there is no substantial
isparity between our two measures of mass, with the tendency 
or SCUBA-2 temperatures to lead to slightly higher masses, in 
greement with Pattle et al. ( 2017 ). 
MNRAS 537, 2127–2150 (2025) 
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Figure 5. Comparison of the SCUBA-2-derived temperatures and Herschel - 
derived temperatures, taken from the Herschel GBS survey results. Sources 
are colour-coded as in Fig. 2 . The dashed black line shows parity. 

Figure 6. Comparison of our SCUBA-2-temperature-derived masses and 
Hersc hel -temperature-deriv ed masses, taken from the Herschel GBS temper- 
ature maps discussed in Section 4.2 . Sources are colour-coded as in Fig. 2 . 
The dashed black line shows parity. 
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.4 Further deri v ed properties 

n the interest of self-consistency, and given the reasonable agreement
ith the SCUBA-2-derived temperatures and masses, we used
ur Hersc hel -deriv ed temperatures and hybrid ‘SCUBA-2- Hersc hel ’
asses to determine further source properties. 
We derived the mean volume densities of our sources as 

 ( H 2 ) = 

M 

μm H 

1 
4 
3 πR 

3 
, (3) 
NRAS 537, 2127–2150 (2025) 
here R is the geometric mean of the major and minor FWHMs
f the source, converted into physical distance assuming a distance
f 130 pc. Two estimates were made, for observed and deconvolved
WHM source sizes. The deconvolved source size is derived by
ubtracting the half-power beam-width (HPBW) of the SCUBA-2
50 μm beam (14 . ′′ 1) from the estimated geometric mean FWHM of
he source, at 850 μm, in quadrature. We took μ = 2 . 86 following
irk et al. ( 2013 ), assuming ∼70 per cent H 2 by mass. 
We derived the mean column densities for our sources as 

 ( H 2 ) = 

M 

μm H 

1 

πR 

2 
, (4) 

here the parameters are as abo v e. Again, these quantities are given
or the observed and deconvolved geometric mean FWHMs for all
f our sources. Observed and deconvolved geometric mean sizes,
olumn densities and volume densities are listed in Table 3 . 

In the absence of spectroscopic data, we used the critical Bonnor–
bert (BE; Bonnor 1956 ; Ebert 1955 ) mass, M BE , of our cores to
etermine their dynamical states. The critical BE mass is given as 

 BE,crit ≈ 2 . 4 R BE c s ( T ) 
2 /G, (5) 

here R BE is the BE radius, c s is the isothermal sound speed, and
 is the gravitational constant. The radius R BE is taken to be the

econvolved core radius measured at 850 μm. For this calculation,
e assumed a typical gas temperature of 10 K (in keeping with the
ethodology of the Herschel GBS; we refer the reader to K ̈on yv es

t al. 2015 for a justification). 
Our chosen criterion for a starless core which is likely to be

ravitationally bound, and so prestellar, is M BE /M < 2, i.e. the core’s
erived mass is at least half of its Bonnor–Ebert mass. This criterion
s again in keeping with the Herschel GBS (cf. K ̈onyves et al. 2015 ).

e found nine of our 27 starless cores to be bound under the critical
E criterion. We hereafter refer to these cores as prestellar cores.
he cores’ M BE /M ratios are also listed in Table 2 . 
We note that in the case of protostellar cores, the masses and

emperatures determined from submillimetre dust emission are those
f the protostellar envelopes, rather than those of the embedded
entral hydrostatic objects or their discs. We further note that a
iven SCUBA-2 core may not necessarily have a corresponding
erschel -identifed core, as described by Bresnahan et al. ( 2018 ). 3 

he disagreements between our catalogue and Bresnahan et al.
 2018 ) mostly occur in lower-SNR regions and in the peripheries
f complex structures. We consider it likely that these differences
rise from the complex response of SCUBA-2 to large-scale emission
tructure, and the inherent difficulty in segmenting continuous cloud
tructure into discrete clumps are cores. 

 DI SCUSSI ON  O F  PROPERTIES  

ig. 7 shows the mass–size diagram for our resolved and marginally
esolved sources. On this diagram, we have split the cores into three
opulations according to their dynamical state: protostellar objects,
restellar cores and unbound starless cores. 
Notably, the sole prestellar core within CrA-E is unresolved by

CUBA-2. This object is marginally resolved in Herschel obser-
ations, when extracted by getsources (Bresnahan et al. 2018 ).
his difference is likely to be due to the fact that the extended
aterial surrounding the core is more apparent in Herschel images,
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Figure 7. The mass–size diagram for the population of 39 dense cores extracted by getsources from the SCUBA-2 data. The open circles represent cores that 
were classified as unbound starless cores, and are coloured by subregion. The prestellar cores are indicated by circles filled using the same colour as their 
respectiv e subre gion. Protostellar cores are sho wn by filled stars, again, with their respecti v e subre gional colour. Shaded gre y squares indicate the cores found in 
Orion using SCUBA (Motte et al. 2001 ), and the open squares indicate cores found in Ophiuchus using MAMBO (Motte et al. 2001 ). The shaded yellow band 
indicates the mass–size correlation observed for unbound CO clumps (Elmegreen & Falgarone 1996 ). There are two model lines representing critical isothermal 
Bonnor–Ebert spheres, shown in black. The upper and lower lines represent BE spheres at T = 20 K and T = 7 K, respectively (cf. Simpson et al. 2011 ). The 
two vertical dark-grey dashed lines indicate the physical 14 . 1 arcsec resolution in the plane of sky at the assumed 130 pc distance of CrA. 

Figure 8. Temperature against density of the SCUBA-2 starless cores. 
Sources are labelled and colour-coded as in Fig. 7 . The horizontal dashed 
line is the n ∼ 5 × 10 3 cm 

−3 density sensitivity limit for the SCUBA-2 
observ ations gi ven by Ward-Thompson et al. ( 2016 ). 
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s the dynamic range of, and sensitivity to large-scale structure in, 
erschel images is greater. This produces an inherently lower peak- 

o-background contrast within the Herschel images when sources are 
xtracted. 

The two prestellar cores outside of CrA-A have larger deconvolved 
adii than any of the prestellar cores in CrA-A. Bresnahan et al.
 2018 ) concluded that this may be due to increased external pressures
n CrA-A, created by R CrA, which acts on the surrounding dust.
his external pressure acts to confine the prestellar cores in CrA-A,

eading to their smaller sizes. 
Fig. 8 shows a plot of the temperature of the starless cores against

heir respective densities. We do not find cores below a volume 
ensity of ∼ 10 4 cm 

−3 . Ward-Thompson et al. ( 2016 ) suggested that
he minimum volume density to which JCMT GBS SCUBA-2 data 
s sensitive for a given distance and temperature is given by 

 = n 0 

(
D 

D 0 

)2 
e hν/k B T −1 

e hν/k B T 0 −1 
, (6) 

here D 0 = 140 pc is their assumed distance to Taurus, and T 0 =
1 . 3 K is the mean density of non-externally heated starless cores
ithin Taurus, as determined by Ward-Thompson et al. ( 2016 ). In

he case of CrA, the mean source temperature is T = 14 . 3 K, and the
istance is D = 130 pc. Equation ( 6 ) thus gives a minimum volume
ensity sensitivity of n ∼ 5 × 10 3 cm 

−3 within CrA for the JCMT
BS. The minimum density of our starless core sample is somewhat

arger than this value. This result supports that of Ward-Thompson 
t al. ( 2016 ) – that there is a minimum volume density sensitivity
ssociated with SCUBA-2 observations for a given temperature –
ut suggests that more examples are required to calibrate the relation
ccurately. 

While temperature–density relations have been found to follow the 
elation ρ ∝ T −a in various nearby regions, using both SCUBA-2 
nd Herschel data (see e.g. Marsh et al. 2016 ; Ward-Thompson et al.
016 ; Pattle et al. 2017 ), we do not observe such a relationship for
ur cores. The reason for this lack of correlation is not clear, but may
imply be the result of poor number statistics. Ho we ver, we note that
he two hottest and densest of our prestellar cores, cores 15 and 19,
re both located within the central Coronet region, in close proximity
o the many embedded protostars, suggesting that they are subject to
ignificant external heating. 

Comparing our range of temperatures and densities with those 
f Marsh et al. ( 2016 ), Ward-Thompson et al. ( 2016 ), and Pattle
t al. ( 2017 ), we observe that there are a fe w relati vely warm star-
ess/prestellar cores within CrA-A with high densities ( > 10 6 cm 

−3 ).
hese cores are likely to be significantly heated by the nearby stars
f the Coronet. 
MNRAS 537, 2127–2150 (2025) 
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 DUST  O PAC I T Y  I N D I C E S  IN  T H E  C O RO N E T  

n the earlier sections of this paper, we fixed β = 2. Ho we ver, analysis
f Planck observations gave an average β value in nearby clouds of
 . 78 ± 0 . 07 (Planck Collaboration XXV 2011 ), and there is ample
vidence to suggest that β varies both within and between star-
orming re gions (e.g. Juv ela et al. 2015 ; Chac ́on-Tanarro et al. 2019 ;
 ang, W ang & Wilson 2021 ). Here, we investigate the consequences
f determining β through SED fitting to Herschel PACS, Herschel
PIRE, and JCMT SCUBA-2 wavelengths. As discussed abo v e,
erschel data are sensitive to large-scale emission that is filtered
ut by SCUBA-2. To compare like with like, we passed the rele v ant
erschel maps through the SCUBA-2 pipeline, thus applying the

ame spatial filtering and masking to the Herschel data that were
pplied the SCUBA-2 maps. This technique is described in detail by
ada v oy et al. ( 2013 ). 
We used the 850 μm data in addition to the filtered- Herschel data to

erive temperature, column density, and β maps towards the Coronet.
e convolved all of the filtered- Herschel SPIRE and PACS data, as
ell as the SCUBA-2 850 μm data, to the 36 arcsec resolution of the
erschel SPIRE 500- μm data. This convolution process is the same

s that used to take the 450 μm data to the resolution of the 850 μm
ata (see Pattle et al. 2015 for more details). 
The Herschel Gould Belt Survey (Andr ́e et al. 2010 ) derived

olumn density maps by fitting Herschel SPIRE and PACS bands,
sing non-linear least-squares fitting algorithms. In keeping with
heir methodology, we used the modified blackbody equation 

 ν = 

MB ν( T d ) κν( β) 

D 

2 
. (7) 

o fit fluxes from 160–850 μm for the quantities M , T , and β on a
ix el-by-pix el basis. Note that equation ( 7 ) is functionally identical
o equation ( 2 ), and that κν( β) is defined as abo v e. Column density

( H 2 ) = M/μm H A , where A is the pixel area in units of cm 

2 and
= 2 . 86, as previously. 
When performing reduced- χ2 fitting of a model to data, the number

f free parameters that can be fitted is n − 1, where n is the number
f data points to which the model is to be fitted. Ho we ver, in practice,
hen fitting Herschel -only data, β is commonly fixed, despite there

ypically being four wavelengths with good signal-to-noise ratios
owards cold and dense regions. The lack of longer -wa velength data
 > 500 μm) means that β, which controls the slope of the Rayleigh–
eans tail in the modified blackbody model, generally cannot be
ccurately constrained (Sada v oy et al. 2013 ). Thus, for the Herschel
ould Belt Surv e y, β was fix ed equal to 2.0 in the SED fitting process,
hile the temperature T , and dust mass M were fitted to the SPIRE

nd PACS data. We investigate the effect of allowing β to vary below.
We fitted T , M , and β to the filtered- Herschel 160, 250, 350, and

00 μm data, and SCUBA-2 850 μm data. The SCUBA-2 450 μm
ata were excluded given the availability of the filtered- Herschel
00 μm data, which has better sensitivity. In principle, including
CUBA-2 850 μm data in SED fitting allows a better constraint on

he value of β by a factor of 2 compared to fitting Herschel data alone
Sada v oy et al. 2013 ). 

Figs 9 –11 show five combinations of wavelengths and constraints
n the value of β used to fit the emission from the Coronet region of
rA. Fig. 9 shows the best-fitting temperature values, Fig. 10 shows

he best-fitting β values, and Fig. 11 shows the best-fitting column
ensity values, all with fitting uncertainties shown alongside. The
ases are as follows: (a) filtered- Herschel data only, with β = 2;
b) filtered- Herschel and SCUBA-2 850 μm data, with β = 2; (c)
ltered- Herschel only, with β allowed to vary, but constrained to be
NRAS 537, 2127–2150 (2025) 
reater than zero; (d) filtered- Herschel and SCUBA-2 850 μm data,
ith β allowed to vary, but constrained to be greater than unity; and

e) filtered- Herschel and SCUBA-2 850 μm data with β allowed to
ary, but constrained to be greater than zero. 

Comparing (a) and (b), including the SCUBA-2 850 μm data
auses the peak temperature to decrease, with the peak value of
olumn density increasing accordingly. The morphology of the high-
olumn-density region around the Coronet, containing the prestellar
ore SMM 1A, remains consistent with the Hersc hel -deriv ed column
ensity map produced by Bresnahan et al. ( 2018 ). 
Allowing β to vary produces different behaviour in cases (c–e)

han in the fixed- β cases (a) and (b). β is found to be < 2 across
he Coronet, with significant variation across the region. Notably,
t can be seen that the lowest values of β typically correspond to
he highest values of T , and there is not a clear (anti)correlation
etween β values and column density. We interpret these variations
n β, and correlations or lack thereof with the other fitted properties,
hroughout the remainder of this section. 

.1 Potential causes of low β values 

ere we discuss possible causes for low values of dust opacity index
, before attempting to interpret the values of β shown in Fig. 10 . 

.1.1 Grain growth 

 genuinely low value of β may be indicative of the presence of large
ust grains (Ossenkopf & Henning 1994 ). Values of β in molecular
louds are expected to be in the range ∼ 1 . 5 –2 . 0 (Draine & Lee 1984 ;
raine & Li 2007 ), while in protostellar discs β  1 . 0 (Beckwith

t al. 1990 ). 
Many different approaches have been taken to modelling interstel-

ar dust, and its evolution within star-forming clouds. These methods
nclude numerical modelling of the properties of dust grains using
ools such as the THEMIS (The Heterogeneous dust Evolution Model
or Interstellar Solids) framework (Jones et al. 2017 ; Ysard et al.
019 , 2024 ), informed by laboratory analysis of interstellar dust
nalogues (e.g. Demyk et al. 2017 a, b, 2022 ); creating empirical dust
odels through fitting of observations (Hensley & Draine 2023 );

nd performing hydrodynamic simulations of dust coagulation in
ore collapse (Bate 2022 ). Each of these approaches demonstrates
he complexity of ISM dust physics, and the sensitivity of measured
ust properties, such as β, to a wide range of parameters including
emperature, grain composition and UV radiation field. Ho we ver,
here is a broad expectation that β will decrease from ∼ 2 in
olecular clouds to ∼ 1 in protostellar discs as dust coagulation

ccurs and maximum grain size increases (e.g. Testi et al. 2014 ),
lthough this picture is complicated where dust grains have ice
antles (Ossenkopf & Henning 1994 ). 
Observational results suggest significant variation of β both within

nd between molecular clouds, and with Galactic environment.
uvela et al. ( 2015 ), observing a large sample of Planck Galactic
old Clumps (PGCCs) found a median β = 1 . 86, with values up

o 2.2, while Tang et al. ( 2021 ), observing the Galactic Centre,
ound β to increase from 2.0 to 2.4 towards dense peaks. Values,
nd behaviours, of β are also seen to vary in nearby molecular
louds and cores. For example, Bracco et al. ( 2017 ), observing the
aurus B213 filament, found a constant β = 2 . 4 ± 0 . 3 in the Miz-8b
restellar core, while finding systematic variation of β between 1
nd 2 in nearby protostellar cores. Ho we ver, Chac ́on-Tanarro et al.
 2019 ), observing the prestellar core L1544, found β to increase to a
aximum of 1.9 in the core centre. 
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Figure 9. The best-fitting temperatures in the Coronet (left) and their uncertainties (right) as determined using five different sets (a–e) of SED fitting constraints. 
The cases are as follows: (a, top) filtered- Herschel data only, with β = 2; (b) filtered- Herschel and SCUBA-2 850 μm data, with β = 2; (c) filtered- Herschel 
only, with β allowed to vary, but constrained to be greater than zero; (d) filtered- Herschel and SCUBA-2 850 μm data, with β allowed to vary, but constrained 
to be greater than unity; and (e, bottom) filtered- Herschel and SCUBA-2 850 μm data, with β allowed to vary, but constrained to be greater than zero. R CrA, 
SMM-2, IRS 2/SMM-5 and the SMM-6 region are labelled in the upper left panel. 
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Figure 10. The best-fitting β values in the Coronet (left) and their uncertainties (right). Cases (a–e) are the same as shown in Fig. 9 . 
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Variation of β with dust temperature has been seen in previous
nalyses of JCMT GBS data. Chen et al. ( 2016 ), studying the Perseus
tar-forming clumps, saw significant variations in β within individual
lumps. They found that regions with low β correlate with local
emperature peaks, and demonstrated that this correlation could not
NRAS 537, 2127–2150 (2025) 
e fully explained by T –β fitting de generac y (see Section 6.1.2 ,
elow). Chen et al. ( 2016 ) argued that this effect could have resulted
rom grain growth in evolved clumps, hypothesizing that grain
rowth occurred while the dense clumps were cold, before the onset
f star formation, but would not have resulted in a significant change
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Figure 11. The best-fitting column densities in the Coronet (left) and their uncertainties (right). Cases (a–e) are the same as shown in Fig. 9 . 
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n β because the grains would also have accumulated icy mantles, 
hich drive β to higher values (Ossenkopf & Henning 1994 ). 
nce YSOs have formed, they heat their surroundings, causing 

he ice to sublimate, the large grains to be exposed, and so β
o decrease. Chen et al. ( 2016 ) further suggested that protostellar
utflows may be capable of carrying large, low- β grains from 

eep within protostellar cores out to size scales observable by the
CMT. 
MNRAS 537, 2127–2150 (2025) 
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Figure 12. Filled contours of CO contamination fraction in the Coronet 
cluster, with open contours of uncorrected 850 μm continuum emission 
o v erlaid. CO contamination values are shown where 850 μm intensities are 
greater than 0.01 mJy arcsec −2 . 850 μm contours show 10, 20, 30, 40, and 
50 per cent of the maximum flux density in the map. The dashed lines show 

the extent of the CO map. Beam size is shown in the lower left-hand corner. 
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Attempts to constrain β from far-infrared and submillimetre
ust observation using SED fitting are complicated by a range of
bservational and instrumental effects, which we now discuss in
urn. 

.1.2 T –β fitting degeneracy 

educed- χ2 fitting of spectral energy distributions in the submil-
imetre regime typically results in anticorrelated values of T and

(e.g. Shetty et al. 2009 , Shetty et al. 2009a ). The de generac y
etween these two parameters can to some extent be broken by the
nclusion of long-wavelength ( > 500 μm) data (e.g. Sada v oy et al.
013 ). Chen et al. ( 2016 ) found that fitting to both Herschel and
CUBA-2 fluxes allows good constraints to be put on both T and β
or T < 20 K. Hence, in the absence of 850 μm flux excesses due to
O contamination, we expect our results to be quite reliable in this

emperature regime. 

.1.3 Line-of-sight temperature variations 

pparent β values may be lowered by the presence of multiple dust
emperature components along the line of sight. Such temperature
ariation would broaden the observed SED, and hence artificially
ower the measured value of β if a single-temperature model SED
ere fitted. This effect is modelled for a two-component (10 and
5 K) SED by Shetty et al. ( 2009 ). Malinen et al. ( 2011 ) used
adiative transfer modelling of MHD simulations to show that β
an be significantly underestimated, by up to 0.5 dex, due to line-
f-sight temperature variations, including in the case of cores with
mbedded heating sources, although they found that the effects are
ore severe in starless than in protostellar sources. While we cannot

ule out such line-of-sight variations in CrA, we note that the spatial
ltering inherent in SCUBA-2 observations (and imposed on the
erschel observations) limits the detectability of warm extended

oreground emission. The internal heating of the Coronet could create
ignificant temperature variations along lines of sight associated
ith the massive protostars, but as noted by Malinen et al. ( 2011 ),

n sources with embedded protostars, the T –β fitting de generac y
iscussed in Section 6.1.2 is expected to have a significantly greater
mpact on reco v ered values of β than does line-of-sight temperature
ariation. 

.1.4 CO contamination 

s discussed abo v e, the SCUBA-2 850 μm wide-band filter encom-
asses the 12 CO J = 3 → 2 transition, and so 850 μm flux densities
ay contain an excess caused by integrated CO line emission

Drabek et al. 2012 ; Holland et al. 2013 ; Coud ́e et al. 2016 ; Parsons
t al. 2018 ). 

CO contamination in JCMT Gould Belt Surv e y maps is typically
ssessed by subtracting the integrated CO J = 3 → 2 emission,
s observed with HARP (Buckle et al. 2009 ), from the SCUBA-
 timestream data (see Sada v oy et al. 2013 for a detailed description
f the method). As HARP data were not taken towards CrA, we
nstead tested CO contamination levels using a JCMT RxB integrated
ntensity map (Knee 2017 ; Knee, in preparation) of the Coronet
egion. We added this map to the SCUBA-2 850 μm bolometer time
eries as a ne gativ e signal and repeated the data reduction process
o produce a CO-subtracted map and, by comparing this to the
riginal map, a map of CO contamination fraction. We find that CO
ontamination levels on the eastern side of the Coronet cluster, in the
NRAS 537, 2127–2150 (2025) 
icinity of R CrA and SMM-2, are unusually high, typically more
han 30 per cent, and peaking at > 60 per cent. Ho we ver, these v alues
re uncertain by ∼ 20 per cent due to RxB calibration uncertainties
nd to the small size of the RxB map: SCUBA-2-pipeline background
ubtraction requires a large region of minimal astrophysical flux for
ood accuracy (Chapin et al. 2013 ). As we discuss in Section 6.4
elow, comparison of our Herschel -only and Herschel + SCUBA-2
tting results suggest that the CO contamination fractions that we
erive are likely to be systematically overestimated. 
A filled contour plot of CO contamination fraction is shown with

ontours of uncorrected 850 μm continuum emission o v erlaid in
ig. 12 . Note that CO contamination fractions measured in regions
f low 850 μm brightness are not physically meaningful. While the
O contamination values shown are highly uncertain, they provide
seful, if somewhat qualitative, information on the location of CO-
ontamination-induced 850 μm flux excesses in the Coronet, as
iscussed below. 

.1.5 Fr ee–fr ee contamination 

n the vicinity of high-mass stars, free–free emission can be suf-
ciently strong to significantly contaminate the 850 μm channel,
ontributing up to � 10 per cent of the total flux density (Rumble
t al. 2016 ). We do not hav e an y evidence by which to judge levels
f free–free contamination in the Coronet. Ho we ver, as the region
ontains embedded young massive stars, free–free emission is a
ossible contributing factor to 850 μm flux excesses, particularly
n the immediate vicinity of those stars. 

.1.6 Effect of contamination of 850 μm band 

e used Monte Carlo methods to model the effect that adding excess
ux to the 850 μm data point has on the results of SED fitting, in order

o quantify the potential impact of CO or free–free contamination on
ur results. 
We created modified blackbody distributions using the Beckwith

t al. ( 1990 ) dust opacity law used in our mass determinations above.
e chose a column density of 5 × 10 21 cm 

−2 and temperatures
f 10, 15, and 20 K, and varied β in the range 1.0–2.2. We then
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Figure 13. In this figure, we show the results of our Monte Carlo modelling 
of the effects of CO/free–free contamination on SED fitting. Top panel: input 
β versus returned β. Bottom panel: input β versus the difference between 
best-fit and input β. The case in which 14 per cent of the total emission arises 
from contamination is shown in red, as this is the measured contamination in 
the SMM-6 region. 
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dded excess flux to the 850 μm data point, to model the effect
f contamination, testing contamination fractions in the range 0–
0 per cent. We next added noise to each data point drawn from a
aussian distribution with a 1 σ width of 10 per cent of the flux at that
avelength. 4 Finally, we fitted equation ( 7 ) to our model data using

he SCIPY curve fit routine. We repeated this process 10 000 times for
ach contamination fraction, and examined the returned β and T 
alues. 

The results of this analysis are shown in Fig. 13 . It can imme-
iately be seen that even 10 per cent 850 μm contamination can
ignificantly alter the returned value of β. Therefore, if the CO
ontamination fractions presented in Section 6.1.4 are accurate, 
ur Herschel + SCUBA-2 β values are likely to be significantly 
nderestimated, and should moreo v er be significantly lower than 
he β values determined from the Herschel -only fitting at the same 
osition. Ho we ver, as discussed in Section 6.4 , below, comparison
f our Herschel + SCUBA-2 and Herschel -only β values does 
ot provide evidence for significant differences between the two 
 We also tested a 1 σ width of 5 per cent of the flux, which produced almost 
dentical results to the 10 per cent case. 

(  

b  

u  

t

alues, suggesting that our CO contamination fractions may be 
 v erestimated. 

.2 The R CrA/SMM-2 region 

hen β is allowed to vary, it shows low values in the vicinity of R
rA, and particularly towards the submm-bright point source SMM- 
 (Nutter et al. 2005 ), identified as a Class I protostar (Sandell
t al. 2021 ), whether or not SCUBA-2 850 μm data are used in
he fitting process. In the following discussion, the R CrA region
s defined as RA > 19 h 01 m 52 . s 8, Dec. > −36 ◦57 ′ 30 ′′ , and where
50 μm flux density is > 2 mJy arcsec −2 (this latter criterion is
hosen for consistency with our definition of SMM-6, below). The 
MM-2 region refers to the circular area around the SMM-2 protostar
f radius 14.1 arcsec. 
When fitted using Herschel data alone, the R CrA region as a

hole is found to be the hottest region of the Coronet, with a median
emperature of 37 K and a median fitting error of 27 K, as seen in
anel (c) of Fig. 9 . Panel (c) of Fig. 10 shows a corresponding
ecrease in β, with a median value of 1.16 and a median uncertainty
f 0.75. At the position of the SMM-2 protostar, we measure a
edian temperature of 31 ± 18 K, and a median β of 1 . 07 ± 0 . 75.
e might expect to see high temperatures in a region containing an

mbedded B5 star (R CrA), and so these lo w v alues of β, and their
arge uncertainties, are likely to result from T − β fitting de generac y
ather than providing evidence for grain growth. 

The artificially low values of β seen in the R CrA/SMM-2 region
re exacerbated by the inclusion of 850 μm data, as seen in Panels (d)
nd (e) of Fig. 10 . The median temperature across R CrA becomes
8 ± 30 K, while the median β becomes 0 . 93 ± 0 . 35, while the
edian values in the vicinity of SMM-2 become T = 48 ± 31 K

nd β = 0 . 61 ± 0 . 35. Fig. 12 shows that the highest CO fractions
n the Coronet region occur between R CrA and SMM-2. The
verage CO fraction across the R CrA region as a whole is
4 per cent ± 10 per cent , with a maximum value of 60 per cent. The
verage CO fraction around SMM-2 is 32 per cent ± 10 per cent , 
ith a minimum of 10 per cent at the position of SMM-2 itself.
hus, while our analysis of the SMM-6 region, below, suggests that

hese CO contamination fractions may be o v erestimated, there is a
trong probability that the extremely lo w- β v alues inferred in this
egion using JCMT 850 μm data are artificial. 

.3 The IRS 2 protostar 

he environment of the IRS 2 protostar (Class I; SMM-5 in the
omenclature of Nutter et al. 2005 ), detached from the main Coronet
egion in the south-west of Figs 9 and 11 , presents an interesting
uzzle. In Herschel -only fitting, β = 0 . 89 ± 0 . 76 across this source,
ith β lower on the western side. In SCUBA-2 + Herschel 
tting, β = 0 . 26 ± 0 . 38, with T artificially high (38 ± 29 K with
erschel only; 107 ± 184 K with the SCUBA-2 data point) and
( H 2 ) artificially low. This source appears to have a significant

ong-wavelength flux excess. As can be seen in Fig. 12 , the CO
ontamination associated with IRS 2 is low, at 9 ± 6 per cent, and as
iscussed below, this may be an o v erestimate. These temperature and
values are median fitted values and median fitting error measured 

 v er pix els within a radius of one JCMT beam of the source position.
IRS 2 is a low-mass protostar, with associated X-ray emission 

Forbrich & Preibisch 2007 ). This system also has an associated
right rim (Sicilia-Aguilar et al. 2013 ), suggesting that it may be
ndergoing shock heating. If this is in fact the case, it might suggest
hat the artificially low values of β seen are the result of a severe T –β
MNRAS 537, 2127–2150 (2025) 
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tting de generac y. Another possibility is a genuine flux e xcess at long
avelengths, caused by large amounts of cold dust associated with

he protostar. We do not have sufficient information to distinguish
etween these hypotheses, but note this as an interesting source for
urther study. 

.4 The SMM-6 region 

he SMM-6 region (Nutter et al. 2005 ), in the north-west of
he Coronet, shows a stable and plausible β value, β ≈ 1 . 54,
oth with and without SCUBA-2 data: for Herschel -only fitting,
= 1 . 53 ± 0 . 79, while when the SCUBA-2 data point is included,
= 1 . 55 ± 0 . 35. This region contains no embedded protostars, and

o no significant internal temperature variations are expected. The
est-fitting temperature of the clump is 15 . 8 ± 4 . 2 K ( Herschel -only)
r 15 . 3 ± 2 . 3 K (with SCUBA-2), suggesting that T –β de generac y
ffects on the derived value of β should be minimal. We define SMM-
 as having RA < 19 h 01 m 49 . s 5, Dec. > −36 ◦56 ′ 51 ′′ , and where
50 μm flux density is > 2 mJy arcsec −2 , the intensity contour at
hich SMM-6 separates from the rest of the Coronet region. 
The CO contamination fraction in SMM-6 is relatively low, with a
ean value of 14 ± 3 per cent. Despite being relatively low, this CO

raction is large enough that we would expect based on our Monte
arlo modelling to see a lower β value for the Herschel + SCUBA-2
t than for the Herschel -only fit. Based on our modelling described

n Section 6.1.6 abo v e, a CO contamination fraction of 14 per cent
roduces a value of β offset by −0 . 28 from the true value at a
emperature of 15 K. We thus might expect that if we measure β =
 . 55, the underlying true β would be approximately 1.83. Ho we ver,
he Herschel -only fitting produces a value almost identical to the
erschel + SCUBA-2 fit. The fact that we see such similar values
ith and without the SCUBA-2 data point included in the fit implies

hat the RxB CO contamination fractions given in Section 6.1.4
ay be systematically o v erestimated. We noted in Section 6.1.4

hat there is a ∼ 20 per cent systematic uncertainty on RxB-derived
O contamination values; our results in SMM-6 suggest that the

ystematic error on our measured CO fractions is indeed large. 
The consistent, well-constrained, and plausible values of both

 and β that we obtain in SMM-6 suggest that this region is our
est candidate for demonstrating grain growth within the Coronet.
e therefore next consider the time-scale for grain coagulation in
olecular clouds, t coag , following Chakrabarti & McKee ( 2005 ): 

 coag ∼ 6 × 10 6 
(

10 5 cm 

−3 

n H 

)(
a 

0 . 1 μm 

)(
1 m s −1 

v rel 

)
yr , (8) 

here n H is the number density of hydrogen atoms, a is the maximum
rain size, and v rel is the typical relative velocity of two dust grains.
e estimated n H using the median best-fitting N (H 2 ) values in SMM-

: 2 . 5 × 10 −22 cm 

−2 for Herschel -only fitting, and 2 . 8 × 10 22 cm 

−2 

or the Herschel + SCUBA-2 fitting. We estimated a depth of SMM-
 of 9 . 0 × 10 16 cm, equal to 

√ 

A , where A is the area o v er which the
roperties described abo v e are measured. This led us to estimated
 H 2 values of 2 . 8 × 10 5 cm 

−3 from Herschel -only fitting and 3 . 1 ×
0 5 cm 

−3 from Herschel + SCUBA-2 fitting. We therefore adopt
 H = 2 n H 2 ≈ 6 × 10 5 cm 

−3 for SMM-6. 
Using n H ≈ 6 × 10 5 cm 

−3 and v rel ∼ 1 m s −1 , equation ( 8 ) sug-
ests that the time required to grow grains to micron sizes in SMM-6
s ∼ 10 7 yr. Since the CrA cloud contains many Class III protostars
e.g. Peterson et al. 2011 ), it must have an age of at least a few
10 6 yr (cf. Evans et al. 2009 ), but it is not clear that SMM-6 has

xisted in an undisturbed state for long enough for significant grain
rowth to have occurred. 
NRAS 537, 2127–2150 (2025) 
This is further demonstrated by considering the ratio of t coag and
he freefall time ( t ff ) in SMM-6, again following Chakrabarti &

cKee ( 2005 ): 

t coag 

t ff 
∼ 2000 

(
10 5 cm 

−3 

n H 

) 1 
2 
(

a 

5 μm 

)(
1 m s −1 

v rel 

)
. (9) 

sing the same values for all terms as in the previous calculation,
his relation suggests that the time-scale for growth to micron-sized
rains in SMM-6 is > 100 × t ff . This would again require SMM-6 to
e extremely long-lived for significant grain growth to have had time
o occur within it. While it is therefore difficult to physically motivate
rain growth in SMM-6, the β value that we measure in this region is
one the less lower than the average across CrA from Planck data (see
ection 6.5 , below). This suggests that grain properties in and around

he Coronet may differ from elsewhere in CrA. The dust properties of
his nearby, well-resolved region may therefore be worthy of further
nvestigation. 

.5 Comparison with Planck imaging 

e compared our results to the β values determined across CrA by
he Planck Observatory (Planck Collaboration XI 2014 ). There is a
ignificant discrepancy between the resolution of the Planck β maps
presented on 1 arcmin pixels; Planck has resolution ∼ 5 arcmin at
53 GHz) and our own data. Moreo v er, space-borne instrumentation
s not subject to the atmospheric spatial filtering which restricts the
ize scales detectable by SCUBA-2. This suggests that the Planck
ata will on average trace lower-density material than SCUBA-2.
espite this, we expect the values of β inferred from Planck data to
rovide a useful check on the results which we derive in this paper. 
The Planck β map of the full CrA region is shown in Fig. 14 . β

aries significantly across CrA, exceeding 2 in CrA-C and CrA-E.
e find that the mean Planck β value o v er the full region observed
ith SCUBA-2 is βall 

P lanck = 1 . 6 ± 0 . 3, while the mean value o v er
he area where Hersc hel -deriv ed N (H 2 ) ≥ 10 21 cm 

−2 (including 38
f our 39 cores) is β log N> 21 

P lanck = 1 . 7 ± 0 . 4. While the Planck results
uggest that the typical value of β in CrA may be smaller than
ur chosen value of β = 2 . 0, we none the less retain this value for
urposes of comparison with previous studies, noting that the average
lanck value along high-column-density sightlines is consistent with
= 2 . 0, and that the applicability of Planck -deri ved v alues to cores

n size scales of a few tens of arcseconds is unclear. 
The mean value o v er the Coronet region outlined in Figs 9 and

1 is βCo ro net 
P lanck = 1 . 50 ± 0 . 03. This is consistent with the value of

≈ 1 . 54 which we find in SMM-6, suggesting that our SED fitting
s producing an accurate value of β in that region. 

 SUMMARY  

n this paper, we hav e e xtracted a set of 39 starless and protostellar
ores from the SCUBA-2 JCMT Gould Belt Le gac y Surv e y data
f the Corona Australis molecular cloud. We derived the properties
or our catalogue of sources using the SCUBA-2 data, as well as a
ersc hel -deriv ed temperature map (Bresnahan et al. 2018 ). 
We showed that the empirical minimum volume density sensitivity

f SCUBA-2 GBS data measured by Ward-Thompson et al. ( 2016 )
olds across our sample of starless cores in CrA. We observed no
orrelation between the density and temperature of our cores, and
nd a population of higher-density prestellar cores with temperatures
ignificantly higher than expected for such cores based on studies
f other clouds. This matches previous Herschel observations of
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Figure 14. Planck β map of CrA. White contours are Herschel column density. Grey outline shows regions observed using SCUBA-2. 
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restellar cores in CrA (Bresnahan et al. 2018 ). The lack of
orrelation between core temperature and density is suggestive of 
ignificant external heating of cores in CrA. 

We performed pix el-by-pix el SED fitting to SCUBA-2 and spa-
ially filtered Herschel observations of the Coronet region. We found 
 lo w v alue of β ≈ 1 . 54 in the starless core SMM 6, although we
annot confidently ascribe this to grain growth, since the timescale 
or grain coagulation is significantly longer than the freefall time 
n the region. Elsewhere in the Coronet cluster, some combination 
f T –β fitting de generac y, line-of-sight temperature variation and 
ontamination of the SCUBA-2 850 μm filter by the 12 CO J = 3 →
 line prevent accurate determination of β, with values going as
ow as β = 0 in our fitting. We find that the Class I protostar IRS
 has an apparently significant long-wavelength flux excess. While 
e find some evidence for v ariable β v alues in the Coronet region,

omparison to Planck data suggests that the canonical value β = 2 . 0
s likely to be representative over the rest of the dense gas in CrA.
his suggests that the Coronet region may be an excellent site for

urther investigation of how dust properties vary at high densities in 
tar-forming regions. 
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A
PPENDIX  A :  DATA  
Figure A1. The reduced SCUBA-2 850 μm flux 

Figure A2. The reduced SCUBA-2 450 μm flux 
MNRAS 537, 2127–2150 (2025) 

density map, shown in logarithmic scaling. 

density map, shown in logarithmic scaling. 
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PPENDIX  B:  getsources O U T P U T  
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able B1. Catalogue of dense cores identified in the JCMT GBLS maps of the 
lectronically). 

.No. Source name RA (2000) Dec. (2000) 
(h m s) ( ◦ ′ ′′ ) 

1) (2) (3) (4) 

 190054.1 −365518 19:00:54.17 −36:55:18.8
 190108.7 −365720 19:01:08.78 −36:57:20.4:1
 190121.6 −365422 19:01:21.60 −36:54:22.2

S tot 
450 a 450 b 450 

(Jy) ( arcsec ) ( arcsec ) 
9) (10) (11) (12) 

.78e + 00 3.17e + 00 84 32 

.83e + 00 2.82e −01 9 9 

.08e + 00 2.31e + 00 49 45 

S tot 
850 a 850 b 850 

(Jy) ( ′′ ) ( ′′ ) 
18) (19) (20) (21) 

.12e + 00 1.88e −01 53 41 

.13e −01 1.07e −02 14 14 

.16e −02 4.19e −02 44 22 

IMBAD WISE Spitzer Comments 
26) (27) (28) (29) 

SHK2011b] 8 no SCUBA-2 tempera
 S CrA J190108.61 −365720.6 S CrA spatially unresolved at 8

no SCUBA-2 tempera

ote. Catalog entries are as follows: (1) Core number; (2) Core name = JCMTG
oordinates; (3) and (4): Right ascension and declination of core center; (5) and (1
nd 850 μm maps, respectively. (NB: the detection significance has the special v
nd (15) ±(16): Peak flux density and its error in Jy beam 

−1 as estimated by getso

f the background-subtracted peak intensity to the local background intensity ( S pe
λ

s estimated by getsources ; (11–12) and (20–21): Major & minor FWHM diamete
pecial value of −1 means that no size measurement was possible); (13) and (22): P
 CSAR ’ flag: 2 if the getsources core has a counterpart detected by the CSAR sour
qual to 1 if source found independently by CSAR within 6 arcsec of getsources s
o we ver is located using the mask image produced by CSAR , 0 otherwise; (24) ‘ C

ource-finding algorithm (Molinari et al. 2011 ) within 6 arcsec of its peak positio
ource lies within the FWHM contour of the getsources core in the 850 μm map, 0
ore with embedded protostar; (26) Closest counterpart found in SIMBAD, if any, 
rom the WISE all-sky YSO catalogue given by (Marton et al. 2015 ) within 6 ′′ o
ontained within the aforementioned catalogue is given; (28) Closest Spitzer -ident
 arcsec of the SCUBA-2 850 μm peak position, if any. When present, the Spitzer
omments may be no SCUBA-2 temperature/mass , spatially unresolved at 850 mic
Corona Australis molecular cloud (template, full catalogue only provided 

Sig 450 S 
peak 
450 S 

peak 
450 /S bg 

(Jy beam 

−1 ) 
(5) (6) (7) (8) 

 5 1.17e −01 1.34e −01 0.47 
8 2.92e + 00 2.91e −01 14.67 
 −999 2.73e −01 1.24e −01 1.17 

PA 450 Sig 850 S 
peak 
850 S 

peak 
850 /S bg 

( ◦) (Jy beam 

−1 ) 
(13) (14) (15) (16) (17) 

163 16 8.08e −02 1.35e −02 12.91 
41 103 5.62e −01 1.17e −02 18.58 
84 9 2.24e −02 1.15e −02 3.32 

PA 850 CSAR CuTEx Core type 
( ◦) 

(22) (23) (24) (25) 

53 0 0 2 
72 2 2 3 
67 0 0 1 

ture/mass 
50 micron 

ture/mass 

LS J prefix directly followed by a tag created from the J2000 sexagesimal 
4): Detection significance from monochromatic single scales, in the 450 μm 

alue of −999 when the core is not visible in clean single scales.); (6) ±(7) 
urces ; (8) and (17): Contrast o v er the local background, defined as the ratio 
ak / S bg ); (9) ±(10) and (18) ±(19): Integrated flux density and its error in Jy 
rs of the core (in arcsec), respectively, as estimated by getsources . (NB: the 
osition angle of the core major axis, measured east of north, in degrees; (23) 
ce-finding algorithm (Kirk et al. 2013 ) within 6 arcsec of its peak position, 

ource, and 3 if the source is not already identified using the former criteria. 
uTEx ’ flag: 2 if the getsources core has a counterpart detected by the CuTEx 
n, 1 if no close CuTEx counterpart exists but the peak position of a CuTEx 
 otherwise; (25) Core type: 1 = unbound starless, 2 = prestellar, 3 = dense 
up to 1 ′ from the Herschel peak position; (27) Closest WISE -identified YSO 

f the Herschel peak position, if any. When present, the WISE source name 
ified YSO from the Spitzer Gould Belt Surv e y (Peterson et al. 2011 ) within 
 source name contained within the aforementioned catalogue is given; (29) 
ron , reflection nebula? . 
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Figure B1. Example getsources output for a starless core. We show SCUBA-2 images at 450 and 850 μm. We also show a local area cut-out using the 
850 μm data. Ellipses represent the estimated major and minor FWHM sizes of the core at each wavelength. If a core is significantly detected at the respective 
wavelength, the line is solid, and is dashed otherwise. We provide a complete set of these images for our dense cores. 

Figure B2. As Fig. B1 , but for a protostellar core. The same image cut-outs are shown. 

1

S
2

L
3

V
4

 

V

5
 

9
6

4
7

 

U
8

t
9

G

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/537/2/2127/7943701 by U
niversity of C

entral Lancashire user on 10 February 2025
 Department of Physics and Astronomy, University College London, Gower 
treet, London WC1E 6BT, UK 

 Jeremiah Horrocks Institute , Univer sity of Central Lancashire, Preston, 
ancashire PR1 2HE, UK 

 NRC Herzberg Astronomy and Astrophysics, 5071 West Saanich Road, 
ictoria, BC V9E 2E7, Canada 
 Department of Physics and Astronomy, University of V ictoria, V ictoria, BC
8P 5C2, Canada 
 East Asian Observatory, 660 N. A‘oh ̄ok ̄u Place , Univer sity Park, Hilo, HI
6720, USA. 
 Physics and Astronomy, University of Exeter, Stocker Road, Exeter EX4 
QL, UK 

 Vera C. Rubin Observatory, 950 North Cherry A venue, T ucson, AZ 85719,
SA 

 Leiden Observatory, Leiden University, PO Box 9513, NL-2300 RA Leiden, 
he Netherlands 
 Max-Planck Institute for Astronomy, K ̈onigstuhl 17, 69117 Heidelberg, 
ermany 
MNRAS 537, 2127–2150 (2025) 



2150 K. Pattle et al. 

MNRAS 537, 2127–2150 (2025) 

10 School of Physics and Astronomy, Cardiff University, The Parade, Cardiff 
CF24 3AA, UK 

11 Anton Pannekoek Institute for Astronomy, University of Amsterdam, PO 

Box 94249, 1090 GE Amsterdam, the Netherlands 
12 Centr e de Recher che en Astrophysique du Qu ́ebec et d ́epartement de 
physique , Univer sit ́e de Montr ́eal , C.P. 6128, succursale centre-ville, 
Montr ́eal, QC H3C 3J7, Canada 
13 Department of Physics and Astronomy, James Madison University, MSC 

4502, 901 Carrier Drive, Harrisonburg, VA 22807, USA 

14 The Department of Physics, Engineering Physics & Astronomy, Queen’s 
University, Stirling Hall, 64 Bader Lane, Kingston, ON K7L 3N6, Canada 
15 SKA Observatory, Jodrell Bank, Lower Withington, Macclesfield SK11 9FT, 
UK 

16 Department of Earth, Environment, and Physics, Worcester State Univer- 
sity, Worcester, MA 01602, USA 

17 Center for Astrophysics ∼ Harvard & Smithsonian, 60 Garden Street, 
Cambridg e , MA 02138, USA 

18 RAL Space, Rutherford Appleton Laboratory, Harwell Campus, Didcot, 
Oxfor dshir e, OX11 0QX, UK, UK 

19 National Science Foundation, 2415 Eisenhower Avenue, Alexandria, VA 

22314, USA 

20 Medical Imaging and Biomedical Engineering, University College London, 
Gower Street, London WC1E 6BT, UK 

21 Department of Physics and Astronomy, University of W aterloo, W aterloo, 
Ontario N2L 3G1, Canada 
22 Department of Physics & Astronomy, University of Manitoba, Winnipeg, 
Manitoba R3T 2N2, Canada 
23 David A. Dunlap Department of Astronomy & Astrophysics, University of 
Toronto, 50 St. George St, Toronto, ON M5S 3H4, Canada 

24 Jodr ell Bank Centr e for Astrophysics, Alan Turing Building, School of 
Physics and Astronomy, University of Manchester, Oxford Road, Manchester 
M13 9PL, UK 

25 UK Astronomy Technology Centre, Royal Observatory, Blackford Hill, 
Edinburgh EH9 3HJ, UK 

26 Institute for Astronomy, Royal Observatory, University of Edinburgh, 
Blackford Hill, Edinburgh EH9 3HJ, UK 

27 Centr e de r echer che en astrophysique du Qu ́ebec et D ́epartement de 
physique, de g ́enie physique et d’optique , Univer sit ́e Laval, 1045 avenue 
de la m ́edecine, QC G1V 0A6, Canada 
28 Astr ophysics Gr oup, Cavendish Laboratory , J J Thomson A venue, Cam- 
bridge CB3 0HE, UK 

29 Kavli Institute for Cosmology, Institute of Astronomy, University of Cam- 
bridg e , Madingley Road, Cambridge CB3 0HA, UK 

30 Department of Physics and Astronomy, McMaster University, Hamilton, 
ON L8S 4M1, Canada 
31 Department of Physics, University of Alberta, Edmonton, AB T6G 2E1, 
Canada 
32 School of Science, Western Sydney Univer sity, Lock ed Ba g 1797, Penrith 
NSW 2751, Australia 
33 Tr ansdisciplinary Researc h Ar ea (TRA) ‘Matter’, Ar gelander-Institut f ̈ur 
Astronomie , Univer sity of Bonn, Auf dem H ̈ug el 71, 53121 Bonn, Germany. 
34 Department of Physical Sciences, The Open University, Milton Keynes 
MK7 6AA, UK 

35 National Astronomical Observatory of China, 20A Datun Road, Chaoyang 
District, Beijing 100012, China 

This paper has been typeset from a T E 

X/L 

A T E 

X file prepared by the author. 

© 2025 The Author(s). 
Published by Oxford University Press on behalf of Royal Astronomical Society. This is an Open Access article distributed under the terms of the Creative Commons Attribution License 

( https://cr eativecommons.or g/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited. 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/537/2/2127/7943701 by U
niversity of C

entral Lancashire user on 10 February 2025

https://creativecommons.org/licenses/by/4.0/

	1 INTRODUCTION
	2 OBSERVATIONS
	3 RESULTS
	4 SCUBA-2- AND HERSCHEL-DERIVED PARAMETERS
	5 DISCUSSION OF PROPERTIES
	6 DUST OPACITY INDICES IN THE CORONET
	7 SUMMARY
	ACKNOWLEDGEMENTS
	DATA AVAILABILITY
	REFERENCES
	APPENDIX A: DATA
	APPENDIX B: getsources OUTPUT

