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ABSTRACT

We present 450 and 850 wm James Clerk Maxwell Telescope (JCMT) observations of the Corona Australis (CrA) molecular
cloud taken as part of the JCMT Gould Belt Legacy Survey (GBLS). We present a catalogue of 39 starless and protostellar
sources, for which we determine source temperatures and masses using SCUBA-2 450 pm/850 pm flux density ratios for sources
with reliable 450 um detections, and compare these to values determined using temperatures measured by the Herschel Gould
Belt Survey (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 pm across the central Coronet region, thereby measuring dust temperature 7', dust emissivity index g, and
column density N(H;) across the Coronet. We find that 8 varies across the Coronet, particularly measuring 8 = 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 g is suggestive of the presence of
large dust grains in SMM-6, even when considering the effects of 7—p fitting degeneracy and '>CO contamination of SCUBA-2
850 um data on the measured 8 values.

Key words: stars: formation—dust, extinction—ISM: individual objects: Coronet—ISM: individual objects: R CrA —ISM:
kinematics and dynamics — submillimetre: ISM.

Belt Legacy Survey (GBLS; Ward-Thompson et al. 2007). Fig. 1

1 INTRODUCTION is a finding chart for CrA. IRAS 100- um data are shown in the

The Corona Australis molecular cloud (CrA) is a nearby molecular
cloud which is forming low- to intermediate-mass stars (Wilking et al.
1985; Wilking, Taylor & Storey 1986; Nutter, Ward-Thompson &
André 2005), located ~ 17° to the south of the Galactic Plane. The
most well-studied part of the cloud is the Coronet (Taylor & Storey
1984), a young cluster of objects (e.g. Esplin & Luhman 2022)
which 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
as part of the James Clerk Maxwell Telescope (JCMT) Gould

* E-mail: k.pattle@ucl.ac.uk
© 2025 The Author(s).

background (Miville-Deschénes & Lagache 2005), and contours of
Avy are shown from Dobashi et al. (2005). The white outlines show the
approximate edges of the SCUBA-2 observations (after mosaicing,
see Section 2).

The region of greatest extinction is towards the west of the cloud,
where the subregions CrA-A, CrA-B, and CrA-C are labelled on
Fig. 1. This nomenclature, introduced by Nutter et al. (2005) and
extended by Bresnahan et al. (2018), is used throughout this paper.
These subregions form the nucleus of the star-forming region. Three
filamentary structures can be seen in the /RAS data. Towards the far
west of the cloud, a filamentary structure, referred to as a streamer by
Petersonetal. (2011), is visible. An area of low extinction (Ay < 0.5)
can be seen to the north of this filamentary structure. To the east of the

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://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium,

provided the original work is properly cited.
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Figure 1. Finding chart of the Corona Australis molecular cloud. The background image shows /RAS 100- pm emission (Miville-Deschénes & Lagache 2005).
The overlaid red contours show Ay extinctions of 0.5, 1.0, 2.0, and 5.0 mag (Dobashi et al. 2005). The regions observed 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).

cloud nucleus, two filamentary tails are visible. The CrA-E clump,
the brightest clump away from the nucleus, is found on the north tail.

CrA is kinematically associated neither with the Gould Belt nor
with the Lindblad Ring (Neuhéuser et al. 2000). Harju et al. (1993)
studied the large scale structure of CrA, noting that the cloud is
situated on the southern arm of the HT shell which is associated
with the Upper Centaurus Lupus (UCL) OB association (de Geus
1992). The filamentary structures within the tails of CrA appear to
point away from this OB association. Recent analysis of Gaia data
has suggested that CrA is accelerating away from the Galactic Plane
and from the Scorpius Centaurus OB association (Posch et al. 2023),
perhaps having been ejected by supernova feedback. Alternatively,
or additionally, CrA is located between two expanding HI shells
(Bracco, Bresnahan & Palmeirim P. et 2020), suggesting that it may
be the result of a cloud—cloud collision (Inutsuka et al. 2015; Pineda
et al. 2023). The distance to CrA has recently been revised from
129 + 11 pc (Casey et al. 1998) to 151 £ 9 pc (Zucker et al. 2019);
in this paper, we take a distance of 130pc for consistency with
previous work (Bresnahan et al. 2018). Adopting the Zucker et al.
(2019) distance would increase the masses presented in this paper by
a factor of 1.35, increase the radii by a factor of 1.16, and decrease
the volume densities by a factor of 0.86. Column densities, dust
temperatures, and dust opacity indices would be unaffected, and
none of our conclusions would be altered.

In this paper, we identify and extract the properties of starless
and protostellar cores within CrA. This paper is laid out as follows:
In Section 2, we discuss the observations, data reduction, and data
processing. In Section 3, we discuss the source extraction method we
employed, and define the source selection and classification criteria.
We discuss the observed catalogue products, including the source
images. In Section 4, we use combinations of the SCUBA-2 data
and Herschel-derived data products to derive source parameters
for our SCUBA-2-identified sources. In Section 5, we discuss the
derived properties of, and present a mass—size diagram for, our
sources. In Section 6, we consider the evidence for a variable dust

MNRAS 537, 2127-2150 (2025)

opacity index in the Coronet region. Section 7 summarizes our
results.

2 OBSERVATIONS

2.1 SCUBA-2

The Corona Australis molecular cloud has been imaged with
SCUBA-2 as part of the JCMT GBLS (Ward-Thompson et al. 2007)
under project code MJLSG35. These continuum observations were
made using fully sampled 30’ diameter circular regions (PONG1800
mapping mode; Bintley et al. 2014) at three positions in CrA, at
850 um and 450 pm wavelengths, with resolutions of 14”1 and
9"6, respectively. The three subsections of the Corona Australis
region were each observed in dry weather JCMT Grade 2; 0.05 <
To5 < 0.08, where 125 is the atmospheric opacity at 225 GHz)
between 2012 April 24 and 2014 August 20. These three fields
are identified in GBLS survey documentation as CrA-1 (RA, Dec.
(J2000) = 19h01™34%, —36°55'51"; 6 repeats), CrA-2 (RA, Dec.
(J2000) = 19"03™33%, —37°13'54"; 5 repeats), and CrA-E (RA, Dec.
(J2000) = 19"10™22%, —37°07'49"; 6 repeats; GBLS nomenclature
here agrees with that of Bresnahan et al. 2018).! These observations
collectively have the project code MJLSG35. Two of the fields, CrA-
1 and CrA-2, overlap on the bright Coronet region, with the CrA-E
field located ~ 1 deg to the east of the Coronet.

The data presented in this paper form part of the GBLS Data
Release 2 of the SCUBA-2 data (cf. Kirk et al. 2018). The data
were reduced using the iterative map-making routine makemap (a
subroutine of SMURF; Chapin et al. 2013), and then gridded to 3 arcsec

IThe detailed observation dates are as follows: CrA-1: 2012 April 24, 2012
April 25 (twice), 2013 April 28, 2013 July 14, 2013 July 28. CrA-2: 2013
September 29, 2014 March 15, 2014 March 18, 2014 March 19, 2014 March
20. CrA-E: 2014 March 01, 2014 March 12, 2014 March 20, 2014 March 21,
2014 August 20 (twice).
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pixels at 850 pm and 2 arcsec pixels at 450 um. The iterations were
stopped when the change in the map pixels was < 1 percent of the
estimated map rms. The individual reduced maps were then co-added
to form a mosaic of the region. A mask created using a signal-to-
noise ratio cut was created for each region. The data were then
re-reduced using this mask to define the areas for which the emission
was significant.

The reduction process involves the use of a 600 arcsec spatial filter
in both the automatic masking process and the external masking
reductions. Flux recovery is therefore robust for sources with
Gaussian FWHM of <2.5arcmin. Sources with FWHM between
2.5 and 7.5 arcmin were detected, although the sizes and fluxes of
these sources were underestimated, due to Fourier components on
scales larger than 5 arcmin being removed by the filtering step. For
sources larger than 7.5 arcmin, the detectability of these sources
is dependent on the size of the mask used for the reduction. At
our adopted distance of 130 pc for the Corona Australis molecular
cloud, 7.5 arcmin corresponds to ~ 0.3 pc. (See Mairs et al. 2015
for a detailed discussion of the role of masking in SCUBA-2 data
reduction.) However, it should be noted that all of the sources
extracted and characterized in this work have sizes significantly
smaller than 2.5 arcmin, and so we can be confident that their fluxes
are accurately recovered.

The data are calibrated in mlyarcsec™ using aperture
Flux Conversion Factors (FCFs) of 2340 mJy pW~! arcsec™? and
4710 mJy pW—! arcsec™2 at 850 and 450 pum, respectively, derived
from average values of JCMT calibrators (Dempsey et al. 2013).2
The PONG scan pattern leads to lower noise in the map center and
mosaic overlap regions, while data reduction and emission artefacts
can lead to small variations in the noise over the whole map. We found
typical 1o noise levels of 0.07 mJy arcsec™? and 2.03 mJy arcsec™>
for the 850 um data and 450 um data, respectively. These values
were determined by performing aperture photometry on emission-
free regions of the maps.

The SCUBA-2 data presented in this paper are available, along
with the masks used in the data reduction, at [DOI to be inserted in
proof].

SCUBA-2 850 um data can be contaminated by the '?CO J =
3 — 2 transition (Drabek et al. 2012; Coudé et al. 2016; Parsons et al.
2018), which, with a rest wavelength of 867.6 um, is covered by the
SCUBA-2 850 um filter bandpass (half-power bandwidth 85 pm;
Holland et al. 2013). SCUBA-2 observations can be corrected for
CO contamination where '>’CO J = 3 — 2 data exist (Sadavoy et al.
2013), typically by using JCMT HARP-B data (Buckle et al. 2009).
As HARP-B data have not been taken towards CrA, we perform a
more approximate correction of a small area of the Coronet cluster
using JCMT Receiver B (RxB) data (Knee, in preparation). Due to
the high uncertainty of this correction compared to those in other
GBLS studies, and to the highly limited area over which it can be
applied, we restrict discussion of CO correction to Section 6, and
present uncorrected 850 pm flux densities throughout this paper. We
expect the contribution of CO emission to our 850 pm flux densities
to be small, generally < 20 per cent except in the immediate vicinity
of protostellar outflows (e.g. Pattle et al. 2015). As discussed in
Section 6, the effects of CO contamination should thus be minimal
outside the centre of the Coronet cluster.

2

2We note that updated SCUBA-2 calibrations are available (Mairs et al. 2021).
We retain the Dempsey et al. (2013) FCFs for consistency with previous GBLS
work, noting that the Dempsey et al. (2013) and Mairs et al. (2021) pre-2018
FCFs agree within measurement uncertainty.

SCUBA-2 observations of Corona Australis
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Figs 2 and 3 show the final reduced data for regions containing
significant emission. The complete data at both wavelengths are
shown in Figs Al and A2 in Appendix A. Fig. 4 shows a three-
colour image using Herschel 160- and 250- wm data (blue and green,
respectively; Bresnahan et al. 2018), and SCUBA-2 850 pm data
(red).

2.2 Herschel Space Observatory

The ESA Herschel Space Observatory was a 3.5-metre-diameter
telescope which operated in the far-infrared and submillimetre
regime (Pilbratt et al. 2010). The observations we used in this paper
were taken as part of the Herschel Gould Belt Survey (HGBS; André
et al. 2010). The Photodetector Array Camera and Spectrometer
(PACS; Poglitsch et al. 2010) and the Spectral and Photometric
Imaging Receiver (SPIRE; Griffin et al. 2010) were used in a parallel
operating mode. In this mode, observations are taken simultaneously
with both instruments, which scanned areas of the sky at a rate of
60 arcsecs™!. The full area observed with SCUBA-2 was covered
by Herschel. The Herschel data we used here are presented by
Bresnahan et al. (2018). We used the Herschel data for which there
is a common area for SCUBA-2, PACS and SPIRE. The Herschel
data had wavelengths of 160, 250, 350, and 500 pm. The observation
IDs for these data are 1342206677-80, and they were reduced using
the Herschel Interactive Processing Environment (HIPE; Ott 2011).
The SCUBA-2 pipeline was applied to the Herschel data to make
comparisons and derive properties, as discussed in Section 2.3 below.

2.3 Data processing

Due to the filtering of atmospheric signal, SCUBA-2 is insensitive to
structure on angular scales greater than its array size, ~ 600 arcsec.
To make comparisons between the Herschel data and the SCUBA-2
data, we followed the method described by Sadavoy et al. (2013).
The Herschel data at each wavelength are added to the SCUBA-2
850 pm bolometer time series, scaled to be a small perturbation on
the SCUBA-2 signal. For each Herschel wavelength, this process
results in a map that has the total flux of the combined SCUBA-2
and (scaled) Herschel data at that wavelength. The filtered Herschel
map is then retrieved by subtracting the original SCUBA-2 reduced
data from the combined SCUBA-2 + Herschel map, and reversing
the applied flux scaling.

This spatial filtering removes the large-scale structure from the
Herschel maps, and also applies the SCUBA-2 mask to the Herschel
data. One consequence of this step is that the global background
levels for the Herschel maps that are normally determined using
Planck data, are no longer needed (see e.g. Konyves et al. 2015;
Marsh etal. 2016). We applied the process to data from each Herschel
wavelength corresponding to each of the three PONG areas scanned
by SCUBA-2, and then combined these spatially filtered maps into
a mosaic.

3 RESULTS

The Corona Australis molecular cloud has a wide range of column
densities (see Bresnahan et al. 2018). The upper panel of Fig. 3
shows the most active part of the star-forming region, CrA-A (see
Section 3.2), which contains many of the well-studied objects in the
molecular cloud. The Coronet itself contains several young stellar
objects, including the well-studied Herbig Ae/Be stars R CrA and T
CrA. R CrA has the spectral classification B5IIIpe (Gray et al. 2006).

MNRAS 537, 2127-2150 (2025)
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Figure 2. 850 um 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 19P02™58%9 —37°07'37"), green for CrA-C, and

dark blue for CrA-E. The yellow stars represent Y SO/protostellar candidates as found by Peterson et al. (2011), who used Spitzer to survey 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 30 and
increase in levels of 1.5 times the previous level, with values of 2.56 x 102! cm=2,3.84 x 102! cm™2 and 5.77 x 10* cm™2.

Adjacent to the Coronet is NGC 6729 (Reynolds 1916), which has
shown variability in blue light measurements by Graham & Phillips
(1987). This variability has been partially attributed to R CrA itself,
which was shown to have spectroscopic variations in its Balmer line
and Fell emission profiles (Joy 1945). Another reflection nebula,
NGC 6727, is located ~5 arcmin to the north-west of the Coronet,
and is illuminated by TY CrA (Ward-Thompson et al. 1985). To the
west of the Coronet is the strongly accreting T Tauri star S CrA
(Appenzeller, Jankovics & Jetter 1986; Gahm et al. 2018).

3.1 Source extraction

We used the getsources source identification algorithm
(Men’shchikov et al. 2012) to locate and extract the compact
and extended starless cores and protostellar objects within the data.

MNRAS 537, 2127-2150 (2025)

Getsources is a multiwavelength multiscale algorithm produced
primarily for working with Herschel images (see e.g. André et al.
2010; Konyves et al. 2010, 2015; Marsh et al. 2016). Specifically,
it was developed for extracting sources in the presence of source
blending, complex backgrounds, and filamentary structure prevalent
in the Herschel GBS images. Getsources is also able to process
data from SCUBA-2, among several other instruments from many
telescopes.

We used the ‘November 2013’ major release of getsources
(1.140127) to produce our catalogue of cores. A brief description of
the methodology getsources uses is given by Konyves et al. (2015).

For this first-generation paper from the JCMT GBLS, we used
only the 850 pm data to identify sources. The dynamic range of
SCUBA-2 images is not as great as in Herschel images, due to the
filtering of the large-scale structure during the reduction process. This
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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.

filtering actually introduces an advantage in that the selection of a
final catalogue of sources is easier. Ward-Thompson et al. (2016)
found that SCUBA-2 is sensitive to the most dense cores within
Taurus L1495. In effect, SCUBA-2’s ability to detect low-density
unbound starless cores, which form part of the apparently continuous
distribution of ISM structures from low-density unbound transient
structures to gravitationally bound and collapsing prestellar cores
(Marsh et al. 2016), is low.

3.2 Selection and classification of reliable source detections

We introduced a scheme to eliminate spurious detections from our
source catalogue. The 450 pm data from SCUBA-2 have higher noise
levels than do the 850 um data. This means that more extended
objects such as starless cores are more likely to remain undetected
at 450 um than at 850 um. Inspection of Fig. 3 and comparison

with Fig. 2 shows that much of the more diffuse structure visible
at 850 um falls below the sensitivity of SCUBA-2 at 450 um. As a
result, we searched for sources within the 850 pm data only.

Sources that had an 850 pm monochromatic significance <7 were
removed from the catalogue. This flag separates sources that are
classified as reliable from those that are classified as tentative by
getsources (Men’shchikov et al. 2012). At this stage, 51 sources were
found. ‘Monochromatic significance’ is a metric used by getsources
as an analogue to peak signal-to-noise ratio (SNR). The monochro-
matic significance of a source is determined by measuring signal-to-
noise ratios over the multiple size scales on which getsources makes
measurements (Men’shchikov et al. 2012).

We then cross-matched our remaining sources with those listed in
the NASA Extragalactic Database (NED; Mazzarella & NED Team
2007). We found no cross-matching NED objects within the FHWM
ellipses 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 pm data. Green channel:
Herschel 250-um data. Blue channel: Herschel 160-pum 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 prevalent 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 um data at locations without significant Herschel 250-pum emission.

source for a matching SIMBAD source. Where present, the nearest
SIMBAD source is given within the electronic table (see Table B1
for a template).

We used the CUrvature Threshold E Xtractor (CuTEx; Molinari
et al. 2011) and the Cardiff Source-finding AlgoRithm (CSAR; Kirk
et al. 2013) as alternative source finding algorithms. We cross-
matched sources that were found by CuTEx or CSAR and those found
by getsources. We checked for matching CuTEx and CSAR positions
within the getsources-defined FWHM contour of each source, at
850 um. Sources which have a CSAR or CuTEx match are flagged
within the catalogue.

We then conducted a visual check on each source. To do this
step, we inspected the 850 and 450 um data within the immediate
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vicinity of each nominal source. We inspected the morphology of
these sources and their location within the 850 um map. Sources
with no well-defined ‘core-like’ morphology were discarded. The
images used to perform these visual checks are included in the
electronic material. Two examples are given in Figs B1 and B2
in Appendix B. Of our 51 sources, we removed twelve that
were not clearly visually identifiable within the 850 um data,
leaving 39 sources in the catalogue. The key properties of these
39 sources are listed in Table 1: source position, observed size,
and position angle, and 850 and 450 um flux densities. The full
getsources output for our 39 sources is included in electronic form.
A sample of the full getsources output is shown in Table B1 in
Appendix B.

Gz0z Aeniga4 0| uo Jasn aslyseoueT [enuad 1o AusisAlun Aq LOLEY6.2//212/2/LES/e1onie/seiuw/woo dnoolwapeoe//:sdiy woll papeojumod



SCUBA-2 observations of Corona Australis 2133

Table 1. This table lists the sources identified in the SCUBA-2 CrA observations using getsources. Sources are identified in the 850 um data only, and so
source sizes and angles are listed alongside the 850 pum flux densities. Peak and integrated flux densities are given for every source at 850 pm; 450 pm values
are listed for those sources with a sufficiently high SNR at that wavelength. The regions in which the sources are located are determined following Nutter
et al. (2005).

850 pm 450 pm
RA Dec. FWHM size Angle Flux density Flux density
Index h:m:s o Major Minor Eof 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
We assigned our sources to the subregions given by Bresnahan protostellar sources are clearly seen as bright, compact objects, on
et al. (2018). The nomenclature for naming the subregions was top of extended backgrounds, typically at the size of the beam. One
originally devised by Nutter et al. (2005), who surveyed CrA using advantage of this morphology is that protostellar sources are easily
SCUBA. Our final set of sources are shown in Fig. 2. We identified identified even in the presence of jet cavities and other surrounding
32 sources within CrA-A, one source in CrA-B, four sources in material, which may be directly linked to the protostar.
CrA-C, and two sources in CrA-E. YSO and protostellar candidates We note that the source known as V721 CrA (see lower right panel
catalogued by Peterson et al. (2011) are also plotted. of Fig. 3) is beyond the limit of the Spitzer survey field. We include
We used results from previous surveys to categorize sources this source in our catalogue as a protostar none the less, as it has
as starless cores or protostellar (and YSO) sources. We identified been located in previous work and associated with the molecular

sources that were associated with YSOs and protostars within CrA cloud (Marraco & Rydgren 1981; Wilking et al. 1992; Skrutskie et
using the Spitzer catalogue compiled by Peterson etal. (2011), and the al. 2006; Kohler et al. 2008; Marton et al. 2015).

WISE YSO catalogue (Marton et al. 2015). We checked for sources Of the 39 sources we identified in CrA, 24 were found to be
within the getsources-defined FWHM contour at 850 pm. Where starless cores. The other 15 were matched to a protostellar/YSO
present, the nearest matching Spitzer or WISE source name is given source, and were therefore categorized as protostellar cores. Source

in the electronic table (see Table B1). Within the SCUBA-2 data, classifications are listed in Table 2.
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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 Mpr/M < 2 and starless otherwise. Best-match
protostar identifications are given for each of the protostellar sources.

Index Type Mgpg/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 - -

4 SCUBA-2- AND HERSCHEL-DERIVED
PARAMETERS

4.1 SCUBA-2-derived temperatures and masses

We initially derived temperatures and masses for our sources using
SCUBA-2 integrated flux densities at 450 and 850 pm. We convolved
the 450 pm map to the resolution of the 850 m map using the method
described by Aniano et al. (2011). We used the convolution kernel
derived 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,,
and F,, at frequencies v; and v,, respectively using the relation

Fu _ ()’5 (M) 0
Fo w2 exp(hv /kgT) — 1)

v2

where T is the source temperature and S is the dust opacity index.
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For a fixed value of 8, this equation may be solved numerically for
T, under the assumption that line-of-sight temperature variation is
minimal, and that both wavelengths are tracing the same population
of dust grains; cf. Shetty et al. (2009). We chose 8 = 2.0 for
consistency with Herschel-derived temperature measurements (cf.
Bresnahan et al. 2018).

In general, the ability to derive SCUBA-2 temperatures is limited
by the higher RMS noise levels in the 450 im data (in the absence of
850 um flux excesses, discussed in detail below). To exclude poorly
detected sources, we only calculated SCUBA-2 temperatures for
sources which have a monochromatic detection significance >7 in
the 450 um band.

Of our twelve SCUBA-2-identified protostellar cores, nine had a
getsources monochromatic detection significance >7 at 450 um, for
which we derived temperatures (sources with an 850 pm significance
<7 were excluded from the catalogue at an earlier stage; cf.
Section 3.1). A single starless core, located in CrA-E, also has
a SCUBA-2-derived temperature. These temperatures are listed in
Table 3.

Our SCUBA-2-derived temperature error estimates are given
through error propagation of equation 1, assuming a fixed B. Under
this assumption, we derived the error of the ratio of flux densi-

ties. The error in the ratio R = F,, /F,, is AR = ,/AFVZI + AF}T

where AF, = \/(fv,ca1)2 + (0, qux F, 1)?. The parameter f, ¢, is the
fractional calibration error at the respective SCUBA-2 wavelength
(8 percent and 12 percent for the 450 um and 850 pm bands,
respectively; Dempsey et al. 2013). The parameter o, gux is the
conservative getsources-defined measurement error, with units of
mly arcsec™.

Equation (1) is insensitive to temperature in the Rayleigh—Jeans
limit (hv/ksr < 1). As the 450 um data lie on the Rayleigh—
Jeans tail for temperatures > 32K, as do the 850 um data for
temperatures > 17 K, the reliability of the derived temperatures
for dense cores falls for SCUBA-2 at temperatures > 20 K. This
reliability is reflected in the uncertainties associated with our higher
temperature sources.

Source masses were calculated following Hildebrand (1983):

Ful(850 14m)D?

M= ,
Ky(850 pm) Bv(850 um)(T)

@

where F'°4(850 pum) is the flux density at 850 um, D is the
distance to the source, B,ssom)(7T) is the Planck function at
temperature 7', and x50 um) 1S the dust mass opacity. We take
&y = 0.1(v/1 THz)? cm? g~ (Beckwith et al. 1990), for consistency
with previous work by the JCMT GLBS (e.g. Pattle et al. 2015; Mairs
et al. 2016) and the Herschel GBS (e.g. Konyves et al. 2015; Marsh
et al. 2016). Where possible, the SCUBA-2-derived temperatures
were used to derive a SCUBA-2-only mass. These masses are also
listed in Table 3.

4.2 Herschel-derived temperatures and masses

To check the reliability of our temperature estimates, we compared
our SCUBA-2-derived temperatures to the Herschel-derived tem-
perature map for Corona Australis (cf. Bresnahan et al. 2018). The
Herschel temperature map was derived by SED fitting to the 160-
pum through 500-um data (see e.g. André et al. 2010; Konyves et al.
2015). The resolution of the Herschel-derived temperature map is
limited by the 36 arcsec resolution of the 500-pum data. We used our
getsources-defined non-deconvolved elliptical parameters for each
source as apertures, taking the mean Herschel-derived 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 um/850 pum flux density ratio, for sources with sufficiently high SNR at both
wavelengths. ‘H’ temperatures are measured from the Bresnahan et al. (2018) Herschel-derived 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,) n(Hy)

Index (Obs.) (Deconv.) S2 H (Ts2) (Tw) (Obs.) (Deconv.) (Obs.) (Deconv.)
o) (K) (Mo) (10 cm~2) (10* om~3)

1 0.030 0.028 - 13.0+04 - 0.303 £ 0.029 474+0.5 52405 39+04 45+04
2 0.009 - 119+ 2.1 170+ 0.7 0.16£0.03 0.088+0.003 144+05 - 38.1+1.4 -
3 0.020 0.018 - 145+05 - 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 22+04 2.6 +0.5 23+04 29+0.5
5 0.014 0.011 - 21.7+1.2 - 0.027 £ 0.003 1.8+0.2 30+04 30+04 6.5+0.8
6 0.027 0.025 - 246+ 1.6 - 0.136 £ 0.014 26+0.3 30+£0.3 24403 29403
7 0.009 - 140+26 178408 0294005 0.195+£0.007 32.1+1.2 - 84.7+3.2 -
8 0.014 0.010 - 145+05 - 0.043 £ 0.017 31+1.2 55+2.1 54421 12.7+49
9 0.013 0.009 - 149 +0.5 - 0.017 £ 0.030 1.5+26 32456 29+5.0 89+ 155
10 0.019 0.016 - 139+ 04 - 0.379 £0.082 149+3.2 19.6 £ 4.2 19.2 £ 4.1 29.0 £ 6.2
11 0.017 0.015 - 172+ 0.7 - 0.195 £ 0.054 9.0+25 124+ 34 125+35 20.5 +5.7
12 0.010 0.004 154+103 173+£0.7 0.11+£0.07 0.088+0.018 12.0+25 75.0 £ 15.7 29.2 +6.1 452.0 £95.0
13 0.010 0.004 - 172+ 0.7 - 0.014 £ 0.008 20+ 1.0 123+ 6.5 48+25 74.7 + 39.1
14 0.024 0.022 - 13.5+04 - 0.110 £ 0.021 2.7+0.5 3.1£0.6 2.7+0.5 354+0.7
15 0.011 0.007 - 18.8 +£0.9 - 0.314 £0.032 34.0+£3.5 100.0 £ 103 732+75 371.0 £+ 38.0
16 0.027 0.025 - 154+05 - 0.057 £ 0.015 1.1 £0.3 1.2+0.3 1.0£0.3 1.24+0.3
17 0.009 - 2554+17.8 220+1.2 0.14£0.07 0.170+0.017 279+29 - 73.6 7.6 -
18 0.022 0.020 - 13.2+04 - 0.105 £ 0.021 30+£0.6 36+0.7 334+0.7 44+09
19 0.014 0.010 - 189+ 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+£237 206+1.1 0.13£0.07 0.2294+0.019 37.3+3.0 37.3+3.0 98.3 + 8.0 98.3 £ 8.0
21 0.012 0.007 - 145+0.5 - 0.016 =+ 0.006 1.7+0.6 44+ 1.7 35+1.3 150 £ 5.7
22 0.013 0.009 - 13.1+04 - 0.035 £ 0.006 28 +0.5 5.6+ 1.0 53+09 144126
23 0.009 - 13.6 £5.1 1834+0.8 022+£0.08 0.132+0.015 21.6+24 - 57.1+64 -
24 0.014 0.010 - 164+ 0.6 - 0.029 £ 0.011 2.1 £0.8 37+14 36+1.3 85+32
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 22+0.3
26 0.017 0.014 - 150+ 0.5 - 0.024 £ 0.002 1.24+0.1 1.7+£0.2 1.7+0.2 2.84+0.3
27 0.011 0.005 - 13.3+04 - 0.012 £ 0.003 1.5+04 6.0+ 1.7 34+1.0 272 +7.6
28 0.039 0.038 - 140+ 04 - 0.425 £ 0.049 39+0.5 42405 25403 2.7+0.3
29 0.023 0.021 - 1324+ 04 - 0.145 £ 0.017 40+£0.5 4.8+0.6 43405 5.6 +0.7
30 0.015 0.012 - 142+04 - 0.026 + 0.006 1.5+0.3 23+0.5 24 +0.5 46+ 1.0
31 0.025 0.023 - 125+0.3 - 0.311 £ 0.021 6.9+0.5 79405 6.6 £0.5 82+0.6
32 0.026 0.025 - 14.1+04 - 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 10618 165+06 060+0.11 0.273£0.010 373+1.3 225.0 £ 8.0 90.1 £32 1336.0+47.6
34 0.042 0.041 - 12.1+£0.3 - 0.560 + 0.052 454+04 47+04 26+0.2 2.84+0.3
35 0.009 - 153+34 195+09 0.18+0.04 0.122+£0.005 20.0+0.8 - 529+2.1 -
36 0.013 0.008 - 14.1+04 - 0.015 £ 0.003 14+0.3 30£0.5 2.7+0.5 85+1.6
37 0.043 0.042 - 120+ 0.3 - 0.519 £ 0.050 39+04 4.1+04 22402 24402
38 0.009 - 10.3 +2.3 144+04 0.06+0.02 0.034 4+0.001 57+0.2 - 149+ 0.6 -
39 0.009 - 85+0.8 11.2+03 1.13+£0.14 0.627+£0.016 102.0£2.7 - 271.0+£7.2 -

within each aperture to be representative of the temperature of that
source. The associated Herschel error estimates are from the error in
the SED fitting process, where the Herschel-derived temperature
error map is also used in the same way to derive errors on
our aperture temperatures. These temperatures are also listed in
Table 3.

For all 39 of our sources, we derived a hybrid ‘SCUBA-
2-Herschel’ mass, using our Herschel-derived temperatures and
SCUBA-2 observed total 850 um flux densities to determine a mass
for each source using equation (2). These masses are also listed in
Table 3.

4.3 Comparison of derived temperatures and masses

Fig. 5 shows a comparison between SCUBA-2- and Herschel-derived
temperatures. The sources are colour-coded as in Fig. 2. The dashed

line shows where the ratio is unity. For the majority of our sources,
their Herschel-derived temperatures are higher than their SCUBA-
2-derived temperatures. Pattle et al. (2017) suggested that higher
temperatures are usually derived from Herschel data, due to the
increased sensitivity of Herschel observations to warmer components
within the ambient cloud material. Moreover, most of our derived
temperatures are for protostellar objects, where there is a greater
uncertainty in source temperature (see e.g. Pattle et al. 2017) as
determined using our SCUBA-2 data.

Fig. 6 shows the SCUBA-2-temperature-derived masses plotted
against the Herschel-temperature-derived masses for the 10 sources
with reliable SCUBA-2 temperatures. Despite the low number of
sources with reliable temperatures, we find that there is no substantial
disparity between our two measures of mass, with the tendency
for SCUBA-2 temperatures to lead to slightly higher masses, in
agreement with Pattle et al. (2017).
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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.
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Figure 6. Comparison of our SCUBA-2-temperature-derived masses and
Herschel-temperature-derived 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.

4.4 Further derived properties

In the interest of self-consistency, and given the reasonable agreement
with the SCUBA-2-derived temperatures and masses, we used
our Herschel-derived temperatures and hybrid ‘SCUBA-2-Herschel’
masses to determine further source properties.

We derived the mean volume densities of our sources as

M 1

nH) = — 51—,
2 Wimy %rrR3

3
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where R is the geometric mean of the major and minor FWHMs
of the source, converted into physical distance assuming a distance
of 130 pc. Two estimates were made, for observed and deconvolved
FWHM source sizes. The deconvolved source size is derived by
subtracting the half-power beam-width (HPBW) of the SCUBA-2
850 wm beam (1471) from the estimated geometric mean FWHM of
the source, at 850 pm, in quadrature. We took u = 2.86 following
Kirk et al. (2013), assuming ~70 per cent H, by mass.
We derived the mean column densities for our sources as

N(H M1 4

(2)_MmH7TR2’ C))
where the parameters are as above. Again, these quantities are given
for the observed and deconvolved geometric mean FWHMs for all
of our sources. Observed and deconvolved geometric mean sizes,
column densities and volume densities are listed in Table 3.

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

Mggcrie ~ 2.4Rpecy(T)? /G, )

where Rgpg is the BE radius, ¢ is the isothermal sound speed, and
G is the gravitational constant. The radius Rpg is taken to be the
deconvolved core radius measured at 850 pm. For this calculation,
we assumed a typical gas temperature of 10K (in keeping with the
methodology of the Herschel GBS; we refer the reader to Konyves
et al. 2015 for a justification).

Our chosen criterion for a starless core which is likely to be
gravitationally bound, and so prestellar, is Mg /M < 2,i.e. the core’s
derived mass is at least half of its Bonnor—Ebert mass. This criterion
is again in keeping with the Herschel GBS (cf. Konyves et al. 2015).
We found nine of our 27 starless cores to be bound under the critical
BE criterion. We hereafter refer to these cores as prestellar cores.
The cores’ Mgg/M ratios are also listed in Table 2.

We note that in the case of protostellar cores, the masses and
temperatures determined from submillimetre dust emission are those
of the protostellar envelopes, rather than those of the embedded
central hydrostatic objects or their discs. We further note that a
given SCUBA-2 core may not necessarily have a corresponding
Herschel-identifed core, as described by Bresnahan et al. (2018).3
The disagreements between our catalogue and Bresnahan et al.
(2018) mostly occur in lower-SNR regions and in the peripheries
of complex structures. We consider it likely that these differences
arise from the complex response of SCUBA-2 to large-scale emission
structure, and the inherent difficulty in segmenting continuous cloud
structure into discrete clumps are cores.

5 DISCUSSION OF PROPERTIES

Fig. 7 shows the mass—size diagram for our resolved and marginally
resolved sources. On this diagram, we have split the cores into three
populations according to their dynamical state: protostellar objects,
prestellar cores and unbound starless cores.

Notably, the sole prestellar core within CrA-E is unresolved by
SCUBA-2. This object is marginally resolved in Herschel obser-
vations, when extracted by getsources (Bresnahan et al. 2018).
This difference is likely to be due to the fact that the extended
material surrounding the core is more apparent in Herschel images,

30ur cores 4, 5, 8,9, 11, 12, 14, 16, 21, 24, and 37 do not have Bresnahan
et al. (2018) counterparts
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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 x 10> cm™> density sensitivity limit for the SCUBA-2
observations given by Ward-Thompson et al. (2016).

as the dynamic range of, and sensitivity to large-scale structure in,
Herschel images is greater. This produces an inherently lower peak-
to-background contrast within the Herschel images when sources are
extracted.

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

Fig. 8 shows a plot of the temperature of the starless cores against
their respective densities. We do not find cores below a volume
density of ~ 10* cm~3. Ward-Thompson et al. (2016) suggested that

the minimum volume density to which JCMT GBS SCUBA-2 data
is sensitive for a given distance and temperature is given by

D 2 ehv/kBT—1

= () G ©
where Dy = 140 pc is their assumed distance to Taurus, and Tp =
11.3K is the mean density of non-externally heated starless cores
within Taurus, as determined by Ward-Thompson et al. (2016). In
the case of CrA, the mean source temperature is 7 = 14.3 K, and the
distance is D = 130 pc. Equation (6) thus gives a minimum volume
density sensitivity of n ~ 5 x 103 cm™> within CrA for the JCMT
GBS. The minimum density of our starless core sample is somewhat
larger than this value. This result supports that of Ward-Thompson
et al. (2016) — that there is a minimum volume density sensitivity
associated with SCUBA-2 observations for a given temperature —
but suggests that more examples are required to calibrate the relation
accurately.

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

Comparing our range of temperatures and densities with those
of Marsh et al. (2016), Ward-Thompson et al. (2016), and Pattle
et al. (2017), we observe that there are a few relatively warm star-
less/prestellar cores within CrA-A with high densities (> 10° cm™).
These cores are likely to be significantly heated by the nearby stars
of the Coronet.
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6 DUST OPACITY INDICES IN THE CORONET

In the earlier sections of this paper, we fixed 8 = 2. However, analysis
of Planck observations gave an average B value in nearby clouds of
1.78 £ 0.07 (Planck Collaboration XXV 2011), and there is ample
evidence to suggest that B varies both within and between star-
forming regions (e.g. Juvela et al. 2015; Chacén-Tanarro et al. 2019;
Tang, Wang & Wilson 2021). Here, we investigate the consequences
of determining B through SED fitting to Herschel PACS, Herschel
SPIRE, and JCMT SCUBA-2 wavelengths. As discussed above,
Herschel data are sensitive to large-scale emission that is filtered
out by SCUBA-2. To compare like with like, we passed the relevant
Herschel maps through the SCUBA-2 pipeline, thus applying the
same spatial filtering and masking to the Herschel data that were
applied the SCUBA-2 maps. This technique is described in detail by
Sadavoy et al. (2013).

We used the 850 wm data in addition to the filtered-Herschel data to
derive temperature, column density, and 8 maps towards the Coronet.
We convolved all of the filtered-Herschel SPIRE and PACS data, as
well as the SCUBA-2 850 pm data, to the 36 arcsec resolution of the
Herschel SPIRE 500-pm data. This convolution process is the same
as that used to take the 450 um data to the resolution of the 850 pm
data (see Pattle et al. 2015 for more details).

The Herschel Gould Belt Survey (André et al. 2010) derived
column density maps by fitting Herschel SPIRE and PACS bands,
using non-linear least-squares fitting algorithms. In keeping with
their methodology, we used the modified blackbody equation

_ MB(Tox,(B)

F, e

@)
to fit fluxes from 160-850 um for the quantities M, T, and 8 on a
pixel-by-pixel basis. Note that equation (7) is functionally identical
to equation (2), and that «,(8) is defined as above. Column density
N(H,) = M /umyA, where A is the pixel area in units of cm? and
= 2.86, as previously.

When performing reduced- x 2 fitting of a model to data, the number
of free parameters that can be fitted is n — 1, where # is the number
of data points to which the model is to be fitted. However, in practice,
when fitting Herschel-only data, 8 is commonly fixed, despite there
typically being four wavelengths with good signal-to-noise ratios
towards cold and dense regions. The lack of longer-wavelength data
(>500 wm) means that 8, which controls the slope of the Rayleigh—
Jeans tail in the modified blackbody model, generally cannot be
accurately constrained (Sadavoy et al. 2013). Thus, for the Herschel
Gould Belt Survey, 8 was fixed equal to 2.0 in the SED fitting process,
while the temperature 7', and dust mass M were fitted to the SPIRE
and PACS data. We investigate the effect of allowing S to vary below.

We fitted 7, M, and B to the filtered-Herschel 160, 250, 350, and
500 um data, and SCUBA-2 850 um data. The SCUBA-2 450 um
data were excluded given the availability of the filtered-Herschel
500 pm data, which has better sensitivity. In principle, including
SCUBA-2 850 um data in SED fitting allows a better constraint on
the value of B by a factor of 2 compared to fitting Herschel data alone
(Sadavoy et al. 2013).

Figs 9-11 show five combinations of wavelengths and constraints
on the value of B used to fit the emission from the Coronet region of
CrA. Fig. 9 shows the best-fitting temperature values, Fig. 10 shows
the best-fitting B values, and Fig. 11 shows the best-fitting column
density values, all with fitting uncertainties shown alongside. The
cases are as follows: (a) filtered-Herschel data only, with 8 = 2;
(b) filtered-Herschel and SCUBA-2 850 um data, with 8 = 2; (¢)
filtered-Herschel only, with B allowed to vary, but constrained to be
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greater than zero; (d) filtered-Herschel and SCUBA-2 850 um data,
with g8 allowed to vary, but constrained to be greater than unity; and
(e) filtered-Herschel and SCUBA-2 850 um data with g8 allowed to
vary, but constrained to be greater than zero.

Comparing (a) and (b), including the SCUBA-2 850 um data
causes the peak temperature to decrease, with the peak value of
column density increasing accordingly. The morphology of the high-
column-density region around the Coronet, containing the prestellar
core SMM 1A, remains consistent with the Herschel-derived column
density map produced by Bresnahan et al. (2018).

Allowing B to vary produces different behaviour in cases (c—e)
than in the fixed-g cases (a) and (b). 8 is found to be < 2 across
the Coronet, with significant variation across the region. Notably,
it can be seen that the lowest values of B typically correspond to
the highest values of 7', and there is not a clear (anti)correlation
between § values and column density. We interpret these variations
in B, and correlations or lack thereof with the other fitted properties,
throughout the remainder of this section.

6.1 Potential causes of low B values

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

6.1.1 Grain growth

A genuinely low value of  may be indicative of the presence of large
dust grains (Ossenkopf & Henning 1994). Values of B in molecular
clouds are expected to be in the range ~ 1.5-2.0 (Draine & Lee 1984;
Draine & Li 2007), while in protostellar discs 8 ~ 1.0 (Beckwith
et al. 1990).

Many different approaches have been taken to modelling interstel-
lar dust, and its evolution within star-forming clouds. These methods
include numerical modelling of the properties of dust grains using
tools such as the THEMIS (The Heterogeneous dust Evolution Model
for Interstellar Solids) framework (Jones et al. 2017; Ysard et al.
2019, 2024), informed by laboratory analysis of interstellar dust
analogues (e.g. Demyk et al. 2017a, b, 2022); creating empirical dust
models through fitting of observations (Hensley & Draine 2023);
and performing hydrodynamic simulations of dust coagulation in
core collapse (Bate 2022). Each of these approaches demonstrates
the complexity of ISM dust physics, and the sensitivity of measured
dust properties, such as §, to a wide range of parameters including
temperature, grain composition and UV radiation field. However,
there is a broad expectation that B will decrease from ~ 2 in
molecular clouds to ~ 1 in protostellar discs as dust coagulation
occurs and maximum grain size increases (e.g. Testi et al. 2014),
although this picture is complicated where dust grains have ice
mantles (Ossenkopf & Henning 1994).

Observational results suggest significant variation of 8 both within
and between molecular clouds, and with Galactic environment.
Juvela et al. (2015), observing a large sample of Planck Galactic
Cold Clumps (PGCCs) found a median g = 1.86, with values up
to 2.2, while Tang et al. (2021), observing the Galactic Centre,
found B to increase from 2.0 to 2.4 towards dense peaks. Values,
and behaviours, of B are also seen to vary in nearby molecular
clouds and cores. For example, Bracco et al. (2017), observing the
Taurus B213 filament, found a constant 8 = 2.4 + 0.3 in the Miz-8b
prestellar core, while finding systematic variation of § between 1
and 2 in nearby protostellar cores. However, Chacén-Tanarro et al.
(2019), observing the prestellar core L1544, found g to increase to a
maximum 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 8 = 2; (b) filtered-Herschel and SCUBA-2 850 um data, with 8 = 2; (c) filtered-Herschel
only, with B allowed to vary, but constrained to be greater than zero; (d) filtered-Herschel and SCUBA-2 850 um data, with 8 allowed to vary, but constrained
to be greater than unity; and (e, bottom) filtered-Herschel and SCUBA-2 850 um data, with 8 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 B values in the Coronet (left) and their uncertainties (right). Cases (a—e) are the same as shown in Fig. 9.

Variation of B with dust temperature has been seen in previous
analyses of JCMT GBS data. Chen et al. (2016), studying the Perseus
star-forming clumps, saw significant variations in 8 within individual
clumps. They found that regions with low g correlate with local
temperature peaks, and demonstrated that this correlation could not
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be fully explained by T-8 fitting degeneracy (see Section 6.1.2,
below). Chen et al. (2016) argued that this effect could have resulted
from grain growth in evolved clumps, hypothesizing that grain
growth occurred while the dense clumps were cold, before the onset
of 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.

in B because the grains would also have accumulated icy mantles,
which drive B to higher values (Ossenkopf & Henning 1994).
Once YSOs have formed, they heat their surroundings, causing
the ice to sublimate, the large grains to be exposed, and so B

to decrease. Chen et al. (2016) further suggested that protostellar
outflows may be capable of carrying large, low-g grains from
deep within protostellar cores out to size scales observable by the
JCMT.
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Attempts to constrain S from far-infrared and submillimetre
dust observation using SED fitting are complicated by a range of
observational and instrumental effects, which we now discuss in
turn.

6.1.2 T-B fitting degeneracy

Reduced-? fitting of spectral energy distributions in the submil-
limetre regime typically results in anticorrelated values of 7' and
B (e.g. Shetty et al. 2009, Shetty et al. 2009a). The degeneracy
between these two parameters can to some extent be broken by the
inclusion of long-wavelength (>500 pm) data (e.g. Sadavoy et al.
2013). Chen et al. (2016) found that fitting to both Herschel and
SCUBA-2 fluxes allows good constraints to be put on both 7" and B
for T < 20 K. Hence, in the absence of 850 um flux excesses due to
CO contamination, we expect our results to be quite reliable in this
temperature regime.

6.1.3 Line-of-sight temperature variations

Apparent § values may be lowered by the presence of multiple dust
temperature components along the line of sight. Such temperature
variation would broaden the observed SED, and hence artificially
lower the measured value of 8 if a single-temperature model SED
were fitted. This effect is modelled for a two-component (10 and
15K) SED by Shetty et al. (2009). Malinen et al. (2011) used
radiative transfer modelling of MHD simulations to show that B
can be significantly underestimated, by up to 0.5 dex, due to line-
of-sight temperature variations, including in the case of cores with
embedded heating sources, although they found that the effects are
more severe in starless than in protostellar sources. While we cannot
rule out such line-of-sight variations in CrA, we note that the spatial
filtering inherent in SCUBA-2 observations (and imposed on the
Herschel observations) limits the detectability of warm extended
foreground emission. The internal heating of the Coronet could create
significant temperature variations along lines of sight associated
with the massive protostars, but as noted by Malinen et al. (2011),
in sources with embedded protostars, the 7—f fitting degeneracy
discussed in Section 6.1.2 is expected to have a significantly greater
impact on recovered values of 8 than does line-of-sight temperature
variation.

6.1.4 CO contamination

As discussed above, the SCUBA-2 850 um wide-band filter encom-
passes the '2CO J = 3 — 2 transition, and so 850 um flux densities
may contain an excess caused by integrated CO line emission
(Drabek et al. 2012; Holland et al. 2013; Coudé et al. 2016; Parsons
et al. 2018).

CO contamination in JCMT Gould Belt Survey maps is typically
assessed by subtracting the integrated CO J = 3 — 2 emission,
as observed with HARP (Buckle et al. 2009), from the SCUBA-
2 timestream data (see Sadavoy et al. 2013 for a detailed description
of the method). As HARP data were not taken towards CrA, we
instead tested CO contamination levels using a JCMT RxB integrated
intensity map (Knee 2017; Knee, in preparation) of the Coronet
region. We added this map to the SCUBA-2 850 um bolometer time
series as a negative signal and repeated the data reduction process
to produce a CO-subtracted map and, by comparing this to the
original map, a map of CO contamination fraction. We find that CO
contamination levels on the eastern side of the Coronet cluster, in the
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Figure 12. Filled contours of CO contamination fraction in the Coronet
cluster, with open contours of uncorrected 850 um continuum emission
overlaid. CO contamination values are shown where 850 um intensities are
greater than 0.01 mJy arcsec™2. 850 um 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.

vicinity of R CrA and SMM-2, are unusually high, typically more
than 30 per cent, and peaking at > 60 per cent. However, these values
are uncertain by ~ 20 per cent due to RxB calibration uncertainties
and to the small size of the RxB map: SCUBA-2-pipeline background
subtraction requires a large region of minimal astrophysical flux for
good accuracy (Chapin et al. 2013). As we discuss in Section 6.4
below, comparison of our Herschel-only and Herschel + SCUBA-2
fitting results suggest that the CO contamination fractions that we
derive are likely to be systematically overestimated.

A filled contour plot of CO contamination fraction is shown with
contours of uncorrected 850 um continuum emission overlaid in
Fig. 12. Note that CO contamination fractions measured in regions
of low 850 um brightness are not physically meaningful. While the
CO contamination values shown are highly uncertain, they provide
useful, if somewhat qualitative, information on the location of CO-
contamination-induced 850 um flux excesses in the Coronet, as
discussed below.

6.1.5 Free—free contamination

In the vicinity of high-mass stars, free—free emission can be suf-
ficiently strong to significantly contaminate the 850 pm channel,
contributing up to 2 10 per cent of the total flux density (Rumble
et al. 2016). We do not have any evidence by which to judge levels
of free—free contamination in the Coronet. However, as the region
contains embedded young massive stars, free—free emission is a
possible contributing factor to 850 um flux excesses, particularly
in the immediate vicinity of those stars.

6.1.6 Effect of contamination of 850 wm band

We used Monte Carlo methods to model the effect that adding excess
flux to the 850 pm data point has on the results of SED fitting, in order
to quantify the potential impact of CO or free—free contamination on
our results.

We created modified blackbody distributions using the Beckwith
et al. (1990) dust opacity law used in our mass determinations above.
We chose a column density of 5 x 10?! cm™ and temperatures
of 10, 15, and 20K, and varied § in the range 1.0-2.2. We then
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the SMM-6 region.

added excess flux to the 850 um data point, to model the effect
of contamination, testing contamination fractions in the range 0—
50 percent. We next added noise to each data point drawn from a
Gaussian distribution with a 1o width of 10 per cent of the flux at that
wavelength.* Finally, we fitted equation (7) to our model data using
the SCIPYcurve_fit routine. We repeated this process 10 000 times for
each contamination fraction, and examined the returned g and T
values.

The results of this analysis are shown in Fig. 13. It can imme-
diately be seen that even 10 percent 850 um contamination can
significantly alter the returned value of B. Therefore, if the CO
contamination fractions presented in Section 6.1.4 are accurate,
our Herschel + SCUBA-2 B values are likely to be significantly
underestimated, and should moreover be significantly lower than
the S values determined from the Herschel-only fitting at the same
position. However, as discussed in Section 6.4, below, comparison
of our Herschel + SCUBA-2 and Herschel-only B values does
not provide evidence for significant differences between the two

4We also tested a 1o width of 5 per cent of the flux, which produced almost
identical results to the 10 per cent case.
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values, suggesting that our CO contamination fractions may be
overestimated.

6.2 The R CrA/SMM-2 region

When g is allowed to vary, it shows low values in the vicinity of R
CrA, and particularly towards the submm-bright point source SMM-
2 (Nutter et al. 2005), identified as a Class I protostar (Sandell
et al. 2021), whether or not SCUBA-2 850 um data are used in
the fitting process. In the following discussion, the R CrA region
is defined as RA > 19"01™528, Dec. > —36°57'30", and where
850 um flux density is > 2mlyarcsec™> (this latter criterion is
chosen for consistency with our definition of SMM-6, below). The
SMM-2 region refers to the circular area around the SMM-2 protostar
of radius 14.1 arcsec.

When fitted using Herschel data alone, the R CrA region as a
whole is found to be the hottest region of the Coronet, with a median
temperature of 37K and a median fitting error of 27K, as seen in
Panel (c) of Fig. 9. Panel (c) of Fig. 10 shows a corresponding
decrease in B, with a median value of 1.16 and a median uncertainty
of 0.75. At the position of the SMM-2 protostar, we measure a
median temperature of 31 &+ 18 K, and a median g8 of 1.07 £ 0.75.
We might expect to see high temperatures in a region containing an
embedded B5 star (R CrA), and so these low values of 8, and their
large uncertainties, are likely to result from 7' — g fitting degeneracy
rather than providing evidence for grain growth.

The artificially low values of 8 seen in the R CrA/SMM-2 region
are exacerbated by the inclusion of 850 wm data, as seen in Panels (d)
and (e) of Fig. 10. The median temperature across R CrA becomes
48 £ 30K, while the median g becomes 0.93 4 0.35, while the
median values in the vicinity of SMM-2 become 7 =48 + 31K
and B = 0.61 £ 0.35. Fig. 12 shows that the highest CO fractions
in the Coronet region occur between R CrA and SMM-2. The
average CO fraction across the R CrA region as a whole is
34 per cent £ 10 per cent, with a maximum value of 60 per cent. The
average CO fraction around SMM-2 is 32 per cent & 10 per cent,
with a minimum of 10 percent at the position of SMM-2 itself.
Thus, while our analysis of the SMM-6 region, below, suggests that
these CO contamination fractions may be overestimated, there is a
strong probability that the extremely low-8 values inferred in this
region using JCMT 850 um data are artificial.

6.3 The IRS 2 protostar

The environment of the IRS 2 protostar (Class I; SMM-5 in the
nomenclature of Nutter et al. 2005), detached from the main Coronet
region in the south-west of Figs 9 and 11, presents an interesting
puzzle. In Herschel-only fitting, B = 0.89 £ 0.76 across this source,
with B lower on the western side. In SCUBA-2 + Herschel
fitting, B = 0.26 £ 0.38, with T artificially high (38 £ 29K with
Herschel only; 107 £ 184 K with the SCUBA-2 data point) and
N(H,) artificially low. This source appears to have a significant
long-wavelength flux excess. As can be seen in Fig. 12, the CO
contamination associated with IRS 2 is low, at 9 & 6 per cent, and as
discussed below, this may be an overestimate. These temperature and
B values are median fitted values and median fitting error measured
over pixels 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
bright rim (Sicilia-Aguilar et al. 2013), suggesting that it may be
undergoing shock heating. If this is in fact the case, it might suggest
that the artificially low values of 8 seen are the result of a severe 7—8
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fitting degeneracy. Another possibility is a genuine flux excess at long
wavelengths, caused by large amounts of cold dust associated with
the protostar. We do not have sufficient information to distinguish
between these hypotheses, but note this as an interesting source for
further study.

6.4 The SMM-6 region

The SMM-6 region (Nutter et al. 2005), in the north-west of
the Coronet, shows a stable and plausible g value, 8 =~ 1.54,
both with and without SCUBA-2 data: for Herschel-only fitting,
B = 1.53 £0.79, while when the SCUBA-2 data point is included,
B = 1.55 £ 0.35. This region contains no embedded protostars, and
so no significant internal temperature variations are expected. The
best-fitting temperature of the clump is 15.8 + 4.2 K (Herschel-only)
or 15.3 £2.3 K (with SCUBA-2), suggesting that 7—f degeneracy
effects on the derived value of 8 should be minimal. We define SMM-
6 as having RA < 19"01™4935, Dec. > —36°56'51”, and where
850 um flux density is > 2mly arcsec™2, the intensity contour at
which SMM-6 separates from the rest of the Coronet region.

The CO contamination fraction in SMM-6 is relatively low, with a
mean value of 14 £ 3 per cent. Despite being relatively low, this CO
fraction is large enough that we would expect based on our Monte
Carlo modelling to see a lower g value for the Herschel + SCUBA-2
fit than for the Herschel-only fit. Based on our modelling described
in Section 6.1.6 above, a CO contamination fraction of 14 per cent
produces a value of B offset by —0.28 from the true value at a
temperature of 15 K. We thus might expect that if we measure g =
1.55, the underlying true 8 would be approximately 1.83. However,
the Herschel-only fitting produces a value almost identical to the
Herschel + SCUBA-2 fit. The fact that we see such similar values
with and without the SCUBA-2 data point included in the fit implies
that the RxB CO contamination fractions given in Section 6.1.4
may be systematically overestimated. We noted in Section 6.1.4
that there is a ~ 20 per cent systematic uncertainty on RxB-derived
CO contamination values; our results in SMM-6 suggest that the
systematic error on our measured CO fractions is indeed large.

The consistent, well-constrained, and plausible values of both
T and B that we obtain in SMM-6 suggest that this region is our
best candidate for demonstrating grain growth within the Coronet.
We therefore next consider the time-scale for grain coagulation in
molecular clouds, #c,q,, following Chakrabarti & McKee (2005):

105 -3 1 —1
feong ~ 6 x 100 [ — - )y, ®)
ny 0.1 pm Vrel

where ny is the number density of hydrogen atoms, a is the maximum
grain size, and v, is the typical relative velocity of two dust grains.
We estimated ny using the median best-fitting N (H,) values in SMM-
6: 2.5 x 10722 cm~? for Herschel-only fitting, and 2.8 x 10?2 cm™
for the Herschel + SCUBA-2 fitting. We estimated a depth of SMM-
60 9.0 x 10'® cm, equal to /A, where A is the area over which the
properties described above are measured. This led us to estimated
ny, values of 2.8 x 10° cm™ from Herschel-only fitting and 3.1 x
10° cm~3 from Herschel + SCUBA-2 fitting. We therefore adopt
ng = 2ny, X 6 X 10° cm~3 for SMM-6.

Using ny ~ 6 x 10°cm™ and v, ~ 1 ms~!, equation (8) sug-
gests that the time required to grow grains to micron sizes in SMM-6
is ~ 107 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
x 10 yr (cf. Evans et al. 2009), but it is not clear that SMM-6 has
existed in an undisturbed state for long enough for significant grain
growth to have occurred.

1
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This is further demonstrated by considering the ratio of .o, and
the freefall time (¢;¢) in SMM-6, again following Chakrabarti &
McKee (2005):

1

Teoag 10°cm™3 2 a Ims™!

—= ~ 2000 . &)
e ny 5 pm Urel

Using the same values for all terms as in the previous calculation,
this relation suggests that the time-scale for growth to micron-sized
grains in SMM-6is > 100 x #. This would again require SMM-6 to
be extremely long-lived for significant grain growth to have had time
to occur within it. While it is therefore difficult to physically motivate
grain growth in SMM-6, the B value that we measure in this region is
none the less lower than the average across CrA from Planck data (see
Section 6.5, below). This suggests that grain properties in and around
the Coronet may differ from elsewhere in CrA. The dust properties of
this nearby, well-resolved region may therefore be worthy of further
investigation.

6.5 Comparison with Planck imaging

We compared our results to the 8 values determined across CrA by
the Planck Observatory (Planck Collaboration XI 2014). There is a
significant discrepancy between the resolution of the Plancks maps
(presented on 1 arcmin pixels; Planck has resolution ~ 5 arcmin at
353 GHz) and our own data. Moreover, space-borne instrumentation
is not subject to the atmospheric spatial filtering which restricts the
size scales detectable by SCUBA-2. This suggests that the Planck
data will on average trace lower-density material than SCUBA-2.
Despite this, we expect the values of 8 inferred from Planck data to
provide a useful check on the results which we derive in this paper.

The Planckp map of the full CrA region is shown in Fig. 14. 8
varies significantly across CrA, exceeding 2 in CrA-C and CrA-E.
We find that the mean Planckp value over the full region observed
with SCUBA-2 is g%/ . = 1.6 4 0.3, while the mean value over
the area where Herschel-derived N(H,) > 10?! cm™2 (including 38
of our 39 cores) is BEN =" = 1.7 £ 0.4. While the Planck results
suggest that the typical value of § in CrA may be smaller than
our chosen value of 8 = 2.0, we none the less retain this value for
purposes of comparison with previous studies, noting that the average
Planck value along high-column-density sightlines is consistent with
B = 2.0, and that the applicability of Planck-derived values to cores
on size scales of a few tens of arcseconds is unclear.

The mean value over the Coronet region outlined in Figs 9 and
11 is pEgronet = 1.50 £ 0.03. This is consistent with the value of
B ~ 1.54 which we find in SMM-6, suggesting that our SED fitting
is producing an accurate value of 8 in that region.

7 SUMMARY

In this paper, we have extracted a set of 39 starless and protostellar
cores from the SCUBA-2 JCMT Gould Belt Legacy Survey data
of the Corona Australis molecular cloud. We derived the properties
for our catalogue of sources using the SCUBA-2 data, as well as a
Herschel-derived temperature map (Bresnahan et al. 2018).

We showed that the empirical minimum volume density sensitivity
of SCUBA-2 GBS data measured by Ward-Thompson et al. (2016)
holds across our sample of starless cores in CrA. We observed no
correlation between the density and temperature of our cores, and
find a population of higher-density prestellar cores with temperatures
significantly higher than expected for such cores based on studies
of other clouds. This matches previous Herschel observations of
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Figure 14. Planckf map of CrA. White contours are Herschel column density. Grey outline shows regions observed using SCUBA-2.

prestellar cores in CrA (Bresnahan et al. 2018). The lack of
correlation between core temperature and density is suggestive of
significant external heating of cores in CrA.

We performed pixel-by-pixel SED fitting to SCUBA-2 and spa-
tially filtered Herschel observations of the Coronet region. We found
a low value of § &~ 1.54 in the starless core SMM 6, although we
cannot confidently ascribe this to grain growth, since the timescale
for grain coagulation is significantly longer than the freefall time
in the region. Elsewhere in the Coronet cluster, some combination
of T—p fitting degeneracy, line-of-sight temperature variation and
contamination of the SCUBA-2 850 um filter by the 2CO J = 3 —
2 line prevent accurate determination of B, with values going as
low as B = 0 in our fitting. We find that the Class I protostar IRS
2 has an apparently significant long-wavelength flux excess. While
we find some evidence for variable B values in the Coronet region,
comparison to Planck data suggests that the canonical value 8 = 2.0
is likely to be representative over the rest of the dense gas in CrA.
This suggests that the Coronet region may be an excellent site for
further investigation of how dust properties vary at high densities in
star-forming regions.
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Figure Al. The reduced SCUBA-2 850 um flux density map, shown in logarithmic scaling.
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Figure A2. The reduced SCUBA-2 450 um flux density map, shown in logarithmic scaling.
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APPENDIX B: getsources OUTPUT

Table B1. Catalogue of dense cores identified in the JCMT GBLS maps of the Corona Australis molecular cloud (template, full catalogue only provided

electronically).
C.No. Source name RA (2000) Dec. (2000) Sigaso speak P/ S
(hms) e’ (Jy beam™")
(1) 2) 3) C)) ) (6) @) ®)
1 190054.1—-365518 19:00:54.17 —36:55:18.8 5 1.17e—01 1.34e—01 0.47
2 190108.7—365720 19:01:08.78 —36:57:20.4:18 2.92e+00 2.91e—01 14.67
3 190121.6—365422 19:01:21.60 —36:54:22.2 —999 2.73e—01 1.24e—01 1.17
S ay50 baso PA4s0 Sigsso S§§8k S§§Sk/ Sbe
dy) (arcsec) (arcsec) ©) Jy beam™!)
©) (10) an (12) (13) (14) (15) (16) a7
2.78e4-00 3.17e+00 84 32 163 16 8.08e—02 1.35e—02 1291
2.83e+00 2.82e—01 9 9 41 103 5.62e—01 1.17e—02 18.58
5.08e+4-00 2.31e+00 49 45 84 9 2.24e—02 1.15e—02 332
Sggto agso bgso PAgso CSAR CuTEx Core type
dy) @ @ )
(18) (19) (20) 21) (22) (23) 24) (25)
1.12e+00 1.88e—01 53 41 53 0 0 2
5.13e—01 1.07e—02 14 14 72 2 2 3
8.16e—02 4.19e—02 44 22 67 0 0 1
SIMBAD WISE Spitzer Comments
(26) 27) (28) (29)
[SHK2011b] 8 no SCUBA-2 temperature/mass
V S CrA J190108.61—-365720.6 S CrA spatially unresolved at 850 micron

no SCUBA-2 temperature/mass

Note. Catalog entries are as follows: (1) Core number; (2) Core name = JCMTGLS_J prefix directly followed by a tag created from the J2000 sexagesimal
coordinates; (3) and (4): Right ascension and declination of core center; (5) and (14): Detection significance from monochromatic single scales, in the 450 um
and 850 um maps, respectively. (NB: the detection significance has the special value of —999 when the core is not visible in clean single scales.); (6)%(7)
and (15)=£(16): Peak flux density and its error in Jy beam ™! as estimated by getsources; (8) and (17): Contrast over the local background, defined as the ratio
of the background-subtracted peak intensity to the local background intensity (Sfeak/Sbg); (9)£(10) and (18)%(19): Integrated flux density and its error in Jy
as estimated by getsources; (11-12) and (20-21): Major & minor FWHM diameters of the core (in arcsec), respectively, as estimated by getsources. (NB: the
special value of —1 means that no size measurement was possible); (13) and (22): Position angle of the core major axis, measured east of north, in degrees; (23)
‘CSAR’ flag: 2 if the getsources core has a counterpart detected by the CSAR source-finding algorithm (Kirk et al. 2013) within 6 arcsec of its peak position,
equal to 1 if source found independently by CSAR within 6 arcsec of getsources source, and 3 if the source is not already identified using the former criteria.
However is located using the mask image produced by CSAR, 0 otherwise; (24) ‘CuTEx’ flag: 2 if the getsources core has a counterpart detected by the CuTEx
source-finding algorithm (Molinari et al. 2011) within 6 arcsec of its peak position, 1 if no close CuTEx counterpart exists but the peak position of a CuTEx
source lies within the FWHM contour of the getsources core in the 850 um map, 0 otherwise; (25) Core type: 1 = unbound starless, 2 = prestellar, 3 = dense
core with embedded protostar; (26) Closest counterpart found in SIMBAD, if any, up to 1’ from the Herschel peak position; (27) Closest WISE-identified YSO
from the WISE all-sky YSO catalogue given by (Marton et al. 2015) within 6” of the Herschel peak position, if any. When present, the WISE source name
contained within the aforementioned catalogue is given; (28) Closest Spitzer-identified YSO from the Spitzer Gould Belt Survey (Peterson et al. 2011) within
6 arcsec of the SCUBA-2 850 um peak position, if any. When present, the Spitzer source name contained within the aforementioned catalogue is given; (29)
Comments may be no SCUBA-2 temperature/mass, spatially unresolved at 850 micron, reflection nebula?.
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Cat. No. 0001 | Corona Australis core JOMTLSG 190054.2-365518 | Ra:19:00:54.2 Dec:-36:55:18

SCUBA-Z 450 p.I'I'I MJy/Sr
381

SCUBA-2 850 um local area

Declination

19"01™10° 01" 00°

SCUBA-2 observations of Corona Australis
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Figure B1. Example getsources output for a starless core. We show SCUBA-2 images at 450 and 850 pum. We also show a local area cut-out using the
850 um 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.

Cat. No. 0002 | Corona Australis core JCMTLSG 190108.8-365720 | Ra:19:01:08.8 Dec:-36:57:20

SCUBA-2 450 um Mly/Se
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Figure B2. As Fig. B1, but for a protostellar core. The same image cut-outs are shown.
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