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SUMMARY: We present two new radio-continuum images from the Australian Square Kilometre
Array Pathfinder (ASKAP) POlarisation Sky Survey of the Universe’s Magnetism (POSSUM) survey
in the direction of the Small Magellanic Cloud (SMC). The two new source lists produced from these
images contain 36,571 radio continuum sources observed at 944 MHz and 15,227 sources at 1367 MHz,
with beam sizes of 14.′′5×12.′′2 and 8.′′7×8.′′2, respectively. We used the Aegean software to create
these point source catalogues, and together with the previously published Meer-Karoo Array Telescope
(MeerKAT) point source catalogue, we estimated spectral indices for the whole population of radio
point sources in common. By cross-matching our ASKAP catalogues with the MeerKAT catalogue, we
found 21,442 and 12,654 point sources in common for 944 MHz and 1367 MHz, respectively, within a 2′′

region. This point source catalogue will help to further our knowledge of the SMC and highlights the
power of the new generation of telescopes such as ASKAP in studying different galactic populations.

Key words. Radio continuum: general – Surveys – Catalogs – Galaxies: individual: Small Magellanic
Cloud – Techniques: image processing

1. INTRODUCTION

Over the past 50 years, advances in radio as-
tronomy have improved our knowledge and under-
standing of the Small Magellanic Cloud (SMC), a
dwarf galaxy orbiting the Milky Way. The SMC is
located at a distance of 62.44 ± 0.47 kpc, and has
a considerable depth along our line of sight of up
to 7 kpc (Hilditch et al. 2005). Recent radio contin-
uum surveys have been conducted at different fre-

© 2025 The Author(s). Published by Astronomical Ob-
servatory of Belgrade and Faculty of Mathematics, University
of Belgrade. This open access article is distributed under CC
BY-NC-ND 4.0 International licence.

quencies, including radio surveys by telescopes such
as Meer-Karoo Array Telescope (MeerKAT) (Cotton
et al. 2024), the Australian Square Kilometre Array
Pathfinder (ASKAP) (Joseph et al. 2019) and the
Murchison Widefield Array (MWA) (For et al. 2018).
These allow for analysis into how the interstellar
medium (ISM) evolves, as well as shedding light on
the properties and movements of sources such as su-
pernova remnants (SNRs), planetary nebulae (PNe),
young stellar objects (YSOs), and Hii regions (Fil-
ipović and Tothill 2021).

The first published radio source catalogue of the
SMC was released in the 1970s by Clarke (1976),
Filipovic et al. (1996), which initiated a series of
comprehensive radio astronomy studies. There have
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been several surveys conducted since then (McGee
et al. 1976, Wright and Otrupcek 1990, Filipovic et al.
1997, Turtle et al. 1998, Filipovic et al. 1998, Filipović
et al. 2002, Payne et al. 2004, Filipović et al. 2005,
Reid et al. 2006, Payne et al. 2007, Wong et al. 2011a,
Crawford et al. 2011, Wong et al. 2011b, 2012a,b, For
et al. 2018, Dempsey et al. 2022, Pingel et al. 2022,
Murray et al. 2024, Cotton et al. 2024), which have
gradually increased our knowledge of the dynamics
and structure of the SMC.

These surveys have provided catalogues of SNRs,
helping to identify their interactions with the sur-
rounding interstellar medium and refine their distri-
bution across the SMC (Filipović et al. 2005, Payne
et al. 2007, Matsuura et al. 2022). Furthermore, the
identification and classification of PNe have improved
our understanding of their evolution and chemical
composition in the context of a dwarf galaxy (Fil-
ipovic et al. 1996, 1997, Payne et al. 2004, Asher et al.
2024).

Recent radio-continuum surveys using new-
generation interferometers such as ASKAP,
MeerKAT, and MWA have revolutionised our
ability to study numerous Galactic and extragalactic
radio sources and populations. These include dis-
coveries and analyses of several objects, including
Galactic and Magellanic Cloud (MC) SNRs (Kothes
et al. 2017, Filipović et al. 2023, Burger-Scheidlin
et al. 2024, Khabibullin et al. 2023, Smeaton et al.
2024b, Ball et al. 2025, Filipovic et al. 2025, Smeaton
et al. 2025) and SNR candidates (Lazarević et al.
2024b, Smeaton et al. 2024a), as well as the discovery
of the first intergalactic SNR J0624−6948 (Filipović
et al. 2022, Sasaki et al. 2025), and the study
of interesting Galactic and extragalactic sources
such as reflection nebulae (RNe) (Bradley et al.
2025b), Wolf-Rayet nebulae (Bradley et al. 2025a),
pulsar wind nebulae (PWNe) (Lazarević et al.
2024a, Ahmad et al. 2025), active galactic nu-
clei (AGN) (Velović et al. 2022), and Odd Radio
Circles (ORCs) (Norris et al. 2021, Koribalski et al.
2021, Gupta et al. 2022, Norris et al. 2022). These
surveys have also advanced our understanding of
the evolution of AGN, and star formation processes
in low-metallicity environments (Hotan et al. 2021,
Urquhart et al. 2022, Cotton et al. 2024). These
large-area, high-sensitivity surveys allow for statisti-
cal characterisation of compact and extended sources
across a range of physical scales, providing insights
into the life cycles of galaxies, the role of magnetic
fields, and the interaction between massive stars and
the ISM (Caleb et al. 2022).

The radio-continuum catalogue of the SMC pre-
sented by Joseph et al. (2019) was based on ASKAP
early science data taken at 1320 MHz as part of the
EMU pilot survey. While the survey was a signifi-
cant step forward, the dataset was limited by early
beam calibration models, reduced uv-coverage, and
preliminary imaging and source extraction pipelines.
As a result, the positional and flux accuracy, as well

as the catalogue completeness, were subject to sys-
tematic limitations (Hotan et al. 2021).

This paper presents a new ASKAP radio-
continuum survey and its corresponding catalogue.
We carry out a comparative analysis with the recently
published MeerKAT survey of the SMC by Cotton
et al. (2024), leveraging the extensive dataset to val-
idate and assess the quality of our results.

In contrast, the new catalogue presented in this
paper is based on ASKAP observations at 944 MHz
and 1367 MHz, using the latest imaging and calibra-
tion techniques from the ASKAPSoft pipeline (Guz-
man et al. 2019). The data benefit from improved
primary beam models, better dynamic range, and
deeper integrations. This catalogue represents an
improvement over the earlier work of Joseph et al.
(2019), offering enhanced positional accuracy and
more reliable flux measurements.

The structure of this paper is as follows: Section 2
describes ASKAP’s observations, data, and process-
ing. Section 3 describes ASKAP’s point source cat-
alogue generating methodology. Section 4 presents
the results of the comparison between the ASKAP
and MeerKAT catalogues. Section 5 discusses these
results, and Section 6 provides the main conclusions.

2. DATA, OBSERVATION AND
PROCESSING

In this section, we present the data and images
obtained with ASKAP at 944 and 1367 MHz (Mc-
Connell et al. 2016, Hopkins et al. 2025).

The ASKAP Pilot Survey for the POSSUM
project code for both surveys is AS1031 (Gaensler
et al. 2025). Observations were conducted on 2022-
08-07 and 2022-09-18 using the ASKAP array. The
data correspond with scheduling blocks SB43237
(tilePOSSUM_0101-72) and SB44127 (tilePOSSUM_
0101-72A). Observations were made at central fre-
quencies of 944 MHz and 1367 MHz, with correspond-
ing bandwidths of 288 MHz. The beam sizes for the
corresponding images are 14.′′5× 12.′′2 and 8.′′7× 8.′′2,
respectively. The average background noise for the
images are 26µJy beam−1 and 28 µJy beam−1, re-
spectively (see Table 1).

The data is accessible through the Common-
wealth Scientific and Industrial Research Organ-
isation (CSIRO) ASKAP Science Data Archive
(CASDA)2 (Chapman 2015, Chapman et al. 2017,
Huynh et al. 2020).

The data reduction was performed with ASKAP-
soft v1.7.1, using the ASKAP pipeline v1.9.5 for the
944 MHz and v1.9.7 for the 1367 MHz, which offers
reliable calibration and imaging processes by utilis-
ing multi-frequency synthesis imaging and multi-scale
cleaning methods (Guzman et al. 2019).

1http://hdl.handle.net/102.100.100/326207?index=1

2https://data.csiro.au/domain/casda

10

(tile POSSUM_0101-72)
(tile POSSUM_0101-72A)
(tile POSSUM_0101-72A)
http://hdl.handle.net/102.100.100/326207?index=1
https://data.csiro.au/domain/casda


RADIO-CONTINUUM SURVEY OF SMC

Fig. 1: ASKAP image of the SMC at 944 MHz. The beam size is 14.′′5 × 12.′′2 and the linearly scaled colour bar
represents the image scale intensity range. The background noise level in the image is 26µJy beam−1. Coordinates
are in the epoch J2000.

We show the full ASKAP tiles of the SMC field
at the frequencies of 944 MHz (Fig. 1) and 1367 MHz
(Fig. 2) using the cubehelix colour scheme (Green
2011). A summary of the ASKAP observations is
given in Table 1.

3. POINT SOURCE CATALOGUE
GENERATION METHODOLOGY

This section presents the systematic method un-
dertaken to generate the point source catalogue that
we adopt in our analysis. This process was opti-
mised to achieve a maximum degree of reliability,
completeness, and consistency across the entire ob-
served field. We present the step-by-step data pro-
cessing and source detection steps, from first source
detection to post-processing filters and verification,

employed to calibrate the source catalogue and to
reduce noise caused by artifacts, extended sources,
and noise-limited regions. This process employs au-
tomated source-finding programs together with sta-
tistically warranted quality assessment criteria and
final visual checking, in compliance with best prac-
tices in current broad field radio-continuum surveys.

Step 1: Initial source detection and cata-
logue Generation

The source finding program Aegean3 (Hancock
et al. 2012, 2018) was employed to generate initial
source lists from the ASKAP images at a 3-sigma de-
tection threshold. These images, which exhibit vary-
ing noise levels due to the presence of multiple beams
and bright source artifacts, were first processed using

3https://github.com/PaulHancock/Aegean
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Fig. 2: ASKAP image of the SMC at 1367 MHz. The beam size is 8.′′7×8.′′2 and the linearly scaled colour bar
represents the image scale intensity range. The background noise level in the image is 28µJy beam−1. Coordinates
are in the epoch J2000.

Table 1: Summary of ASKAP data and observations.

Frequency (MHZ) 944 MHz 1367 MHz
Project Code AS103
Bandwidth (MHz) 288
Stokes Parameter STOKES I
Observation Date 2022-08-07 2022-09-18
Scheduling Block (SBID) SB43237 SB44127
Beam Size (′′×′′) 14.5 × 12.2 8.7 × 8.2
RMS (µJy beam−1) 26 30
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Fig. 3: Distribution of SIMBAD object types from cross-matched sources. G = galaxy; Rad = radio source; AG? =
possible active galaxy; AGN = active galactic nucleus; rG = radio galaxy; RB? = possible radio burst source; X =
X-ray source; PN = planetary nebula; Y*? = possible young stellar object; Psr = pulsar; Others = rare types.

the Background and Noise Estimator (BANE)4 rou-
tine. BANE generates Root Mean Squared (RMS)
background noise maps using a sliding box-car and
sigma-clipping algorithm (Hancock et al. 2018). The
initial catalogue included all sources detected at the
3-sigma level with default parameters.

Step 2: Masking Sources Based on FLAGS
and SOURCES

We excluded sources with FLAGS not equal to 0 or
SOURCES less than 1, following recommendations in
the Aegean documentation5. According to the doc-
umentation, non-zero FLAGS indicate unreliable fits,
while a source count (SOURCES) below 1 suggests in-
adequate detection quality. This step was crucial for
ensuring that only well-fit, reliable sources were re-
tained in the final catalogue.

Step 3: Axis Ratio Masking

To exclude extended or poorly resolved sources,
we masked sources based on their major and minor
axis ratios. The major axis ratio (Ra) and minor
axis ratio (Rb) were calculated as follows:

Ra =
a

psfa
, Rb =

b

psfb
,

where a and b are the source’s measured major and
minor axes, and psfa and psfb are the correspond-

ing beam’s major and minor axes. A perfect point
source should have an angular size equal to the beam
size, meaning Ra = 1 and Rb = 1. Any source with
an angular size larger than the beam is considered
resolved, while those smaller than the beam are un-
resolved and handled separately using the peak flux
density (Speak) instead of the integrated flux density
(Sint).

To retain compact sources, we excluded all
sources with Ra > 1.2 or Rb > 1.2, corresponding
to 20% larger than the beam size. This criterion en-
sures that we remove significantly extended sources
while preserving compact and point-like sources.

At the SMC distance of 62.44 ± 0.47 kpc, 1′′ '
0.303 pc. Thus, the ASKAP beams correspond to
physical scales of ∼ 14.5′′ × 12.2′′ ≈ 4.39 × 3.69 pc
at 944 MHz and ∼ 8.7′′ × 8.2′′ ≈ 2.63 × 2.48 pc
at 1367 MHz. Our 1.2× beam-size threshold there-
fore translates to excluding sources larger than ∼
17.4′′ × 14.6′′ ≈ 5.27 × 4.43 pc (944 MHz) and ∼
10.44′′ × 9.84′′ ≈ 3.16× 2.98 pc (1367 MHz).

This selection method may introduce minor bi-
ases, such as the inclusion of faint extended sources
near the threshold and the exclusion of marginally
resolved sources due to beam-fitting variations. De-
spite these factors, the 1.2 threshold effectively bal-
ances the rejection of extended sources while preserv-
ing a reliable sample of compact radio sources.

Step 4: Correcting Integrated Flux Values

Some sources exhibited integrated flux densities
lower than their peak flux densities. When a source
extractor provides such results, it means that the
source is unresolved, and the integrated flux density

4https://github.com/PaulHancock/Aegean

5https://github.com/PaulHancock/Aegean/blob/main/

doc/includes/aegean.md
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should be equal to the peak flux density. To correct
these values, we applied the following logical opera-
tion:

Sint =

{
Speak, if Sint < Speak,

Sint, otherwise.

This correction ensured that all unresolved sources
in the catalogue were properly characterised. The
corrected catalogue is shown in Table 2, where inte-
grated flux densities have been adjusted.

Step 5: Local RMS Ratio Masking

To minimize contamination from high-noise re-
gions, we removed sources located in areas where the
local RMS values exceeded 2.5-sigma (65 µJy) of the
background RMS noise. This threshold was chosen
to balance the exclusion of sources affected by ele-
vated background noise while retaining genuine de-
tections. By applying this criterion, we ensured the
removal of point sources with unreliable flux mea-
surements due to high local noise levels.

Step 6: Visual Inspection and Validation

Following the masking steps, the remaining
sources were visually inspected to ensure the valid-
ity of the detections, similar to the methodologies
employed by Joseph et al. (2019) and Cotton et al.
(2024). This step helped identify and remove any
remaining artifacts, including those caused by bright
compact extended (BCE) sources that had been split
into multiple detections.

Step 7: Merging catalogues with different
frequencies

To validate the quality and reliability of our
ASKAP 944 MHz and 1367 MHz catalogues of the
SMC, we performed a comprehensive comparison
with the MeerKAT 1283 MHz catalogue (Cotton
et al. 2024) and the Milliquas catalogue (Flesch
2023). Using TOPCAT6 (Taylor 2005), we cross-
matched the sources in our ASKAP catalogues with
those in the MeerKAT catalogue within a 2′′ region,
ensuring accurate source alignment given the known
calibration issues (Cotton et al. 2024). In this merg-
ing process, we examined the positional offsets be-
tween our ASKAP catalogues and the MeerKAT cat-
alogue to identify any offsets or variations (see Sec-
tion 4.1). Additionally, we assessed the flux densities
of the matched sources to verify the consistency and
reliability of the measurements across different in-
struments and frequencies (see Section 4.2). These
multi-frequency flux comparisons also enabled the es-
timation of spectral indices, providing insight into
the emission properties of radio sources across the
SMC field (see Section 4.3). To assess the reliability
of the spectral index fits, we computed reduced chi-
squared (χ2

ν) values for each source (see Section A.3).

6http://www.starlink.ac.uk/topcat/

Step 8: Cross-matching with SIMBAD

As a final step, our catalogue was cross-matched
with the SIMBAD database using the CDS X-Match
service (Boch et al. 2012) within a 2′′ region to iden-
tify known source types. This procedure yielded 800
matched sources. The distribution of these sources
by object type is shown in Fig. 3. The dominant
populations are galaxies (G; 22.6%), radio sources
(Rad; 14.1%), AGN candidates (AG?; 12.1%), and
confirmed AGNs (10.5%). Additional notable classes
include radio galaxies (rG), radio binaries (RB?),
and X-ray sources (X), each contributing between
5–6% of the total. The remaining categories are less
frequent types such as PNe, candidate YSOs (Y*?),
and pulsars (Psr). All remaining classifications with
individual contributions below 1% are grouped un-
der “Others” in the figure. This category includes
a wide range of less common radio sources, includ-
ing quasi-stellar objects (QSOs), emission-line galax-
ies (Em*), Seyfert galaxies (Sy1, Sy2, SyG), H ii re-
gions (H ii), stellar clusters (Cl*), Supernovas (SNs),
white dwarf candidates (WD?), and several classes
of variable and evolved stars (e.g., LP*, RR*, dS*,
and Mi*). This cross-matching step gives a valuable
overview of the contents of the catalogue in terms of
the different populations of the SMC, including PNe,
SNRs, radio stars, and background sources. Approx-
imately 59% of the 800 matched sources correspond
to extragalactic sources located within the field of
the SMC region but lying beyond the SMC itself.

4. RESULTS

Following the catalogue generation methodology
outlined in Section 3, the original 944 MHz cata-
logue of 97,877 sources was filtered to 36,571 reliable
sources distributed across the field. Most excluded
sources were located at the field edges or in regions
with BCE sources, as shown in Fig. 4.

The 1367 MHz catalogue was generated using
the same methodology as the 944 MHz catalogue,
from an initial 123,435 detected sources; this process
yielded a filtered catalogue of 15,227 reliable sources.

4.1. Positional Offsets

Accurate positional measurements are critical for
reliable source identification and multi-wavelength
cross-matching in radio astronomy (Turtle et al.
1998). By comparing the positions of sources in
our ASKAP catalogues with those in the MeerKAT
1283 MHz catalogue (Cotton et al. 2024) and the
Milliquas catalogue (Flesch 2023), we assess the as-
trometric precision of our data. Small positional
offsets ensure that our catalogues can be effec-
tively used for astrophysical studies, improving upon
the positional accuracy of earlier ASKAP surveys
(Joseph et al. 2019).

The positional comparison of ASKAP 944 MHz
vs. MeerKAT 1283 MHz shows mean ∆RA =−0.′′33
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Table 2: Example of the ASKAP 944 MHz and 1367 MHz point source catalogue of 45,886 objects in the directions
of the SMC with their positions, peak and integrated flux densities. The columns provided are as follows: (1) Source
name; (2 and 3) source position; (4 and 5) source peak and integrated flux density at 944 MHz with associated
uncertainty; (6 and 7) source peak and integrated flux density at 1367 MHz with associated uncertainty; (8) spectral
index (α) fitted using all available frequency measurements (ASKAP 944/1367 MHz and up to 12 MeerKAT sub-
bands) with the associated error; (9) number of flux-density measurements used in the spectral index fit. The full
catalogue is provided through the VizieR service and as supplementary material.

Name RA (J2000) Dec (J2000) Speak 944MHz Sint 944MHz Speak 1367MHz Sint 1367MHz α± ∆α n
(mJy beam−1) (mJy) (mJy beam−1) (mJy)

J003334–703819 00:33:34 –70:38:19 0.168±0.008 0.168±0.008 0.171±0.009 0.176±0.009 –0.36±0.46 7
J002906–745338 00:29:06 –74:53:38 0.537±0.027 0.537±0.027 0.420±0.021 0.420±0.021 –0.98±0.089 14
J004938–741929 00:49:38 –74:19:29 0.260±0.013 0.354±0.018 0.135±0.007 0.135±0.007 –1.68±0.31 12
J005535–722836 00:55:35 –72:28:36 0.733±0.037 0.747±0.037 0.437±0.022 0.565±0.028 –0.90±0.11 14
J005701–715359 00:57:01 –71:53:59 0.494±0.025 0.509±0.025 0.297±0.015 0.390±0.020 –0.87±0.14 14
J005833–723212 00:58:33 –72:32:12 0.617±0.031 0.617±0.031 0.683±0.034 0.733±0.037 0.17±0.08 14
J005617–704541 00:56:17 –70:45:41 0.278±0.014 0.317±0.016 0.297±0.015 0.297±0.015 –0.45±0.18 12
J011031–715711 01:10:31 –71:57:11 0.234±0.012 0.234±0.012 0.146±0.007 0.159±0.008 –0.84±0.21 12
J013559–713914 01:35:59 –71:39:14 0.339±0.017 0.339±0.017 0.206±0.010 0.212±0.011 –0.86±0.26 13
J004538–734546 00:45:38 –73:45:46 0.189±0.009 0.189±0.009 0.205±0.010 0.205±0.010 –0.30±0.22 11
J002716–695752 00:27:16 –69:57:52 0.443±0.022 0.452±0.023 0.393±0.020 0.426±0.021 –0.81±0.24 14
J013215–740949 01:32:15 –74:09:49 0.200±0.010 0.200±0.010 0.134±0.007 0.134±0.007 –0.87±0.36 12
J013629–703303 01:36:29 –70:33:03 1.093±0.055 1.138±0.057 0.644±0.032 0.756±0.038 –0.48±0.11 14
J013121–711130 01:31:21 –71:11:30 2.362±0.118 2.472±0.124 1.961±0.098 2.083±0.104 –0.41±0.049 14
J011312–711956 01:13:12 –71:19:56 0.153±0.008 0.172±0.009 0.161±0.008 0.189±0.009 –0.57±0.33 12

(STDEV = 0.77) and ∆DEC = 0.′′23 (STDEV = 0.72)
(see Fig. 5).

The positional comparison of ASKAP 1367 MHz
vs. MeerKAT 1283 MHz shows mean ∆RA =−0.′′27
(STDEV = 0.63) and ∆DEC = 0.′′14 (STDEV = 0.64)
(see Fig. 5).

To further assess the positional accuracy of our
ASKAP catalogues, we compared them to the lat-
est version of the Milliquas catalogue (Flesch 2023),
using a 2′′ crossmatching radius, consistent with the
ASKAP comparison. This comparison included both
the ASKAP 944 MHz and 1367 MHz catalogues, as
well as the MeerKAT 1283 MHz catalogue, to deter-
mine which telescope provides better positional ac-
curacy relative to Milliquas.

The positional comparison of ASKAP
944 MHz vs. Milliquas shows mean ∆RA = –0.′′37
(STDEV = 0.67) and ∆DEC = 0.′′24 (STDEV = 0.7)
(see Fig. 5).

The positional comparison of ASKAP
1367 MHz vs. Milliquas shows mean ∆RA = –0.′′28
(STDEV = 0.6) and ∆DEC = 0.′′35 (STDEV = 0.6)
(see Fig. 5).

4.2. Flux Densities Comparison

To validate the flux calibration of our catalogue,
we compared integrated flux densities of ASKAP
1367 MHz with the MeerKAT 1283 MHz catalogue
(Cotton et al. 2024). These two surveys have closely
matched central frequencies, enabling direct and
meaningful comparisons.

We matched sources between the two catalogues
and examined their flux density correlations across
multiple signal-to-noise (S/N) thresholds see Fig. 6).
A total of 27,480, 20,524, 9,300, 4,289, and 1,777
sources were identified with detection significances

above 3σ, 5σ, 10σ, 20σ, and 50σ, respectively. The
flux densities of these subsets were compared using
a linear regression model, yielding consistent slopes:
1.037 at 3σ, 1.048 at 5σ, and 1.050 at 50σ, indicating
strong agreement across different S/N regimes (see
Fig. 7).

4.3. Spectral Index

The spectral index (α) is a key diagnostic pa-
rameter in radio astronomy. We use the defini-
tion Sν ∝ να, where Sν is the flux density at fre-
quency ν. It plays a central role in classifying radio
sources and identifying their dominant radiation pro-
cesses (Whittam et al. 2013).

For instance, synchrotron-dominated sources
such as AGN jets and SNRs typically display
steep spectral indices (α < −0.3), while thermal
bremsstrahlung from Hii regions tends to produce
flatter or even positive spectral indices (Joseph et al.
2019). The details about spectral index calculations
and fitting methods are shown in the Section A.1.

In this study, spectral indices are derived using
at least three distinct frequencies across flux density
measurements from ASKAP (944 MHz, 1367 MHz)
and MeerKAT’s L-band (14 sub-bands, with bands
8 and 9 typically flagged due to RFI) spanning 908 to
1656 MHz, enabling a robust evaluation of the astro-
physical consistency and reliability of our catalogues.

In total, we obtained spectral index estimates for
21,442 sources (see Fig. 8). Among these, 16,172
sources have α < −0.3, while 2,895 have α > −0.3.
A subset of 2,726 sources, each with flux density mea-
surements at all 14 frequencies, Sν > 1 mJy, spec-
tral index uncertainty ∆α < 0.2, and reduced chi-
squared χ2

ν < 1, was used for the detailed spectral
index versus flux analysis shown in Fig. 8, as these
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Fig. 4: Overview of ASKAP 944 MHz analysis results. Top Left: Peak flux as a function of RMS for ASKAP
944 MHz on a logarithmic scale. The grey line indicates the threshold at 65 µJy beam−1. Retained sources are
in blue and discarded sources in green. Top Right: Major Axis Ratio distribution for ASKAP 944 MHz sources.
Retained sources are in blue, and discarded sources are in green. Bottom Left: Minor Axis Ratio distribution
for ASKAP 944 MHz sources. Retained sources are in blue, and discarded sources are in green. Bottom Right:
ASKAP 944 MHz image with green circles representing the masked sources, predominantly located at the edges of
the image and in regions with BCE sources.

criteria ensure the robustness of the fitted spectral
indices. An example of a good spectral index model
fit is shown in Fig. 9.

For sources with χ2
ν < 1, the original flux den-

sity uncertainties from the catalogue were retained
(see Fig. 10). However, a significant fraction of fits
showed elevated reduced χ2

ν values, which can have
numerous causes. We found that these elevated val-
ues corresponded to sources with significantly un-
derestimated flux density uncertainties, a known is-
sue with the Aegean program (Hancock et al. 2018).
We therefore adopted a conservative error model for

sources with χ2
ν � 1, assuming a 5% flux density un-

certainty for sources with Sν > 1 mJy and 10% for
those with Sν < 1 mJy (see Fig. 11). We find that
this method improves the spectral index fits and re-
moves this fraction of elevated χ2

ν values, indicating
that the issue arose from underestimated uncertain-
ties rather than poor model behavior. This selective
adjustment provided a more realistic error estima-
tion and improved the statistical reliability of the
spectral index fit. These analyses build on previous
ASKAP surveys (Joseph et al. 2019) and provide a
robust foundation for studying radio source popula-
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Fig. 5: Positional differences between ASKAP and external catalogues, based on cross-matching at 2′′ radius. Each
panel displays local density-colour-coded hexbin maps and marginal histograms. The black dashed lines in the red
histograms represent the median values of the respective distributions. The points are colour-coded to indicate local
density, from yellow for high density to purple for low density.

tions in the SMC, including galaxies, active galactic
nuclei (AGN), and supernova remnants (SNRs). Re-
sults are presented in Section 4.

5. DISCUSSION

Compared to the earlier ASKAP-EMU observa-
tions of the SMC by Joseph et al. (2019), which
reported RMS noise levels of 186µJy beam−1 at
960 MHz and 165µJy beam−1 at 1320 MHz, de-
tecting 4,489 and 5,954 sources, respectively, our

ASKAP surveys achieved substantially lower RMS
noise levels of 26µJy beam−1 at 944 MHz (see Fig. 1)
and 28µJy beam−1 at 1367 MHz (see Fig. 2), with
significantly higher source counts of 36,571 and
15,227, respectively. These improvements highlight
the enhanced imaging sensitivity and refined calibra-
tion achieved in our observations of the SMC field.

The statistical analysis of positional offsets re-
veals minor systematic differences between the
ASKAP and MeerKAT catalogues, with mean
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Fig. 6: Flux density comparisons between ASKAP 1367 MHz and MeerKAT 1283 MHz under varying signal-to-noise
thresholds and visual encodings. The four panels correspond to catalogue matches for ≥ 5σ, ≥ 10σ, ≥ 20σ, and
≥ 50σ sources, respectively. Sources are colour-coded by local density, with yellow indicating high density regions
and purple indicating low density regions.

positional deviations remaining well within sub-
arcsecond precision, indicative of good astrometric
alignment. In contrast, Cotton et al. (2024) reported
∼1′′ offsets when comparing MeerKAT positions to
those from the earlier ASKAP-EMU survey (Joseph
et al. 2019), highlighting a clear improvement in as-
trometric accuracy in our current dataset. Further-
more, the comparison between ASKAP and Milli-
quas source positions exhibits similar consistency,
supporting a typical positional uncertainty of ∼0.′′3
in our ASKAP point source catalogue.

Our flux density comparison between ASKAP
1367 MHz and MeerKAT 1283 MHz confirms a

consistent linear relationship across varying S/N
regimes. The fitted slope remains stable at ∼1.05,
indicating a small but consistent offset in flux scale.
Marginal histograms confirm a narrowing of flux dis-
tribution at higher confidence levels, consistent with
reduced noise contamination. While the results show
excellent agreement for bright sources, a noticeable
increase in scatter emerges at lower flux densities
(Sν < 1.2 mJy), particularly at the 3σ and 5σ levels
(see Fig. 7). This divergence is likely driven by dif-
ferences in beam sizes, calibration uncertainties and
underestimated uncertainties in faint sources.
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Fig. 7: Flux density comparisons between ASKAP 1367 MHz and MeerKAT 1283 MHz across all sources from 3σ
to 50σ, colour-coded by signal-to-noise ratio (S/N), ranging from 3σ (red) to 50σ (cyan). The fitted slope remains
consistent across S/N bins, indicating robust flux agreement.

Compared to the earlier ASKAP–MeerKAT flux
comparison in Cotton et al. (2024), which found
agreement only at high S/N (>50σ), our analysis
reveals a tighter correlation and broader consistency
across lower thresholds. This improvement reflects
both deeper imaging and refined calibration in our
new ASKAP dataset.

The results of our spectral index analysis show
that the majority of sources in our catalogue exhibit
spectral indices within the range −1.7 < α < +1.5,
in line with expectations from earlier radio contin-
uum studies of the SMC. Previous analyses, such as

Cotton et al. (2024), reported typical spectral index
distributions falling within −2.5 < α < +1.5. The
distribution peaks around α ≈ −0.8, characteristic
of synchrotron-dominated emission from SNRs and
AGNs, while a substantial population with α > −0.3
likely corresponds to thermal emission from Hii re-
gions and planetary nebulae.

To ensure the reliability of the spectral index
measurements, we applied strict selection criteria,
including detections at 14 frequency-flux measure-
ments, uncertainties ∆α < 0.2, and reduced chi-
squared values χ2

ν < 1 (see Section A.3). This fil-
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Fig. 8: Distribution of spectral indices across 14 different frequencies from ASKAP and MeerKAT. Left: Stacked
histogram showing the point source spectral index distribution. The colours represent the number of channels used
in the spectral index fit. Right: Scatter plot showing the distribution of spectral indices per integrated flux density.
The colours represent the number of channels used in the spectral index fit. In both figures, light colours represent
small numbers, and dark colours represent high.

Fig. 9: Left: The distribution of spectral indices per integrated flux densities for 2,726 sources. The sources were
restricted to those with 14 frequency-flux measurements, flux density >1 mJy, spectral index error ∆α < 0.2, and
χ2
ν < 1. The colour bar represents the spectral index fit error. Right: Example of a spectral index distribution of

the source with mainID 28494 (χ2
ν = 1). Flux density is plotted as a function of frequency on a log–log scale. The

solid black line represents the orthogonal distance regression (ODR) fit in log space, from which the spectral index
(α) and reduced chi-squared (χ2

ν) were derived. Vertical error bars indicate the assumed flux density uncertainties.
All 14 available frequency measurements were used in both fits.

tering yielded 2,726 robust spectral index estimates
across the SMC field.

A direct comparison with the MeerKAT results
of Cotton et al. (2024) reveals excellent consistency:
our mean spectral index is α = −0.62± 0.35, closely
matching their reported α = −0.65 ± 0.37. This
alignment confirms the accuracy of our ASKAP flux
density measurements and underscores the coherence
between the ASKAP and MeerKAT datasets.

Overall, the consistency of our spectral index
measurements with previous studies highlights the
reliability of our dataset and enhances the under-
standing of the radio-emitting population in the
SMC. These results provide a strong foundation for
future multi-wavelength studies of the SMC’s radio
sources.

5.1. Spectral index mapping for merged im-
ages

To complement our point source spectral index
catalogue and provide spatial context for extended
and diffuse emission, we constructed a spectral in-
dex map of the SMC region using miriad7 (Sault
et al. 1995). This map was derived from the ASKAP
944 MHz and 1367 MHz images and the MeerKAT
1283 MHz image (Fig. 12), allowing pixel-wise char-
acterization of spectral behaviour across the field.

To ensure uniform resolution and astrometric
consistency, all input images were convolved to a
common beam size of 20′′ × 20′′ using convol, and

7http://www.atnf.csiro.au/computing/software/

miriad/
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Fig. 10: Left: Initial distribution of reduced chi-squared (χ2
ν) values for spectral index fits, computed using flux

density uncertainties directly extracted from the catalogue. Right: Updated distribution of reduced chi-squared
(χ2
ν) values for the same sources, recalculated after applying uniform flux density uncertainties: ±5% for sources with

Sν > 1 mJy and ±10% for sources with Sν < 1 mJy. Both distributions are shown on log–log scales to highlight the
improvement in the fit quality after addressing underestimated uncertainties.

Fig. 11: Left: Spectral index distribution of the source with mainID 2949 using real flux density errors from the
catalogue, with reduced chi-squared χ2

ν = 495.00. Right: Same source, but assuming a flat ±5% flux density error
for all points, with χ2

ν = 0.22. In both panels, flux density is plotted as a function of frequency on a log–log scale. The
solid black line represents the orthogonal distance regression (ODR) fit in log space, from which the spectral index
(α) and reduced chi-squared (χ2

ν) were derived. Vertical error bars indicate the assumed flux density uncertainties.
All 14 available frequency measurements were used in both fits.

regridded to a common pixel scale of 2′′×2′′ using re-
grid. The maths task was then used to compute the
spectral index values pixel by pixel. Although no for-
mal uncertainty map was computed, the image was
inspected to ensure that spectral indices were only
evaluated in regions with significant emission above
the local noise threshold at all three frequencies.

The spectral index map shows that the bulk of the
emission throughout the SMC displays steep spectral
indices, largely in regions of significant star-forming
complexes and SNRs. While full physical interpreta-
tion is outside the scope of this paper, the spectral
index map marks a valuable data image. It offers a
resolved tool for future studies to categorise extended
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Fig. 12: Spectral index image of the SMC region using ASKAP (944 MHz and 1346 MHz) and MeerKAT (1283 MHz)
images. All images have been convolved to the beam size of 20′′×20′′ and regridded to the largest pixel size of 2′′×2′′.
The colour bar is linearly scaled.

sources, distinguish thermal and non-thermal emis-
sion, and explore environmental variations in the ra-
dio spectral properties of the SMC.

6. CONCLUSION

We summarise our results as follows:

� Point source identification: The new
ASKAP surveys of the SMC field at 944 and
1367 MHz have identified a combined total of
36,571 and 15,227 point radio sources (Table 2).

� Astrometric precision: Positional offsets be-
tween the ASKAP and MeerKAT catalogues
are within sub-arcsecond precision, with typical
offsets of ∼0.′′3, indicating improved astromet-
ric alignment relative to earlier ASKAP cata-
logue (Joseph et al. 2019).

� Flux density measurements: Flux density
measurements show strong agreement between
ASKAP 1367 MHz and MeerKAT 1283 MHz,
with stable regression slopes near unity across
a wide range of signal-to-noise thresholds. This
confirms the consistency of flux calibration
across instruments and detection regimes.

� Spectral index distribution: The spectral
index distribution of sources is consistent with
previous studies (Cotton et al. 2024), with a
mean of α = −0.62 ± 0.35. The distribution
peak at α ≈ −0.8 reflects a predominance of
non-thermal emission sources.

Overall, these catalogues aid in advancing our
understanding of the SMC population. These cata-
logues can be used as a foundation for future studies
of the SMC and enable a better understanding of the
nature of the individual sources.

DATA AVAILABILITY

Catalogs of radio continuum sources observed at
944 MHz (36,571 sources) and 1367 MHz (15,227
sources) are available in machine-readable format at
http://saj.matf.bg.ac.rs/211/ASKAP.zip. The
same catalogues will also be available via the VizieR
service at CDS (https://cds.u-strasbg.fr/).
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A. Appendix

A.1. Fitting Method: Orthogonal Distance
Regression (ODR)

To determine the spectral index, we performed a
power-law fit using Orthogonal Distance Regression
(ODR), which accounts for uncertainties in both flux
density and frequency measurements. ODR is pre-
ferred over ordinary least squares (OLS) regression as
it minimises perpendicular residuals rather than ver-
tical ones, making it well-suited for cases where both
variables have associated errors (Boggs and Rogers
1990).

The spectral index was derived by fitting a power-
law function:

Sν = B0ν
α, (1)

where B0 is the normalisation factor (flux density at
a reference frequency), and α is the spectral index.

To linearise the fitting process, we rewrite this
equation in logarithmic form:

logSν = logB0 + α log ν. (2)

This transformation allows for a linear regression
approach while maintaining the power-law depen-
dence.

We chose to use a simple power-law model (linear
in log-log space) rather than higher-order polynomial
fits. One of the primary reasons for this choice is to
maintain consistency with MeerKAT surveys, which
use the same power-law fitting method for spectral
index estimation. Using the same approach ensures
a direct and fair comparison between ASKAP and
MeerKAT data without introducing methodologi-
cal biases. Additionally, given the typical spectral
behaviour of synchrotron-emitting sources, a single
power-law is sufficient for most cases and avoids over-
fitting the data.

A.2. Implementation of the ODR Fit

Flux densities and uncertainties were extracted
from the catalogue for each available frequency, and
an ODR power-law model was applied using the
Python library Scipy9 (Virtanen et al. 2020).

The fitting process was implemented as follows:

1. A power-law model was defined:

f(ν) = B0ν
α, (3)

where f(ν) represents the modelled flux density
as a function of frequency ν, B0 is the normalisa-
tion constant corresponding to the flux density
at a reference frequency, and α is the spectral
index. This function serves as the mathemati-
cal model that approximates the observed flux
densities Sν .

9Scipy ODR Documentation
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2. ODR fitting was performed using
scipy.odr.ODR:

α = ODR fit slope, B0 = ODR fit intercept .
(4)

3. The best-fit parameters (α,B0) and uncertain-
ties were extracted.

A.3. Assessment of Fit Quality

To ensure reliability, we evaluated the fit quality
using the reduced chi-squared statistic:

χ2
ν =

1

N − p
∑ (Sν,obs − Sν,model)

2

σ2
, (5)

where, N is the number of flux density measurements
for a given source, p is the number of free parame-
ters in the model (here, p = 2 for α and B0), Sν,obs
is the observed flux density, Sν,model is the flux den-
sity predicted by the power-law fit and σ is the flux
density uncertainty(Bevington 1969).

The distribution of reduced chi-squared values
(χ2
ν) for all fitted sources is shown in Fig. 10.

To exclude poorly constrained fits, we applied the
following selection criteria:

� Only sources with flux density measurements at
all 14 available frequencies were included.

� Only sources with flux density greater than 1
mJy were considered.

� Spectral indices with uncertainty ∆α < 0.2 were
considered reliable.

� Sources with reduced chi-squared χ2
ν < 1 were

selected to ensure a good fit.

The final selection of sources after applying these
quality filters is visualised in the left panel of Fig. 9.
This scatter plot shows the distribution of spectral
indices as a function of integrated flux density. The
data points are colour-coded based on their spectral
index uncertainty (∆α), illustrating the level of fit
reliability across different flux levels. The selection
criteria ensure that the retained sources have well-
constrained spectral indices and statistically signifi-
cant fits.
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Originalni nauqni rad

Predstavǉamo dva nova radio-kontinuum
pregleda u okviru ASKAP POSSUM istra-
�ivaǌa u pravcu Malog Magelanovog Obla-
ka (MMO). Nove dve liste radio izvora ko-
je su proizvedene iz ovih pregleda sadr�e
36,571 radio-kontinuum izvora posmatranih
na 944MHz i 15,227 izvora na 1367MHz, sa
veliqinama snopa od 14.′′5×12.′′2 i 8.′′7×8.′′2. Za
kreiraǌe ovih kataloga taqkastih izvora ko-
ristili smo softver Aegean, a zajedno sa
pretnodno objavǉenim MeerKAT katalogom

taqkastih izvora, procenili smo spektral-
ne indekse za celu populaciju zajedniqkih
radio taqkastih izvora. Upore�ivaǌem na-
xih ASKAP kataloga sa MeerKAT katalogom,
naxli smo 21,442 i 12,654 taqkastih radio
izvora zajedniqkih za preglede na 944MHz i
1367MHz a u okviru 2′′ tolerancije. Ovaj ka-
talog taqkastih radio izvora sa radio teles-
kopa nove generacije kao xto su ASKAP, pomo-
�i�e da boǉe izuqimo razliqite populacije
radio izvora.
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