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Abstract

We present radio continuum observations of NGC 2082 using ASKAP, ATCA and Parkes telescopes from 888 MHz to
9000 MHz. Some 20 arcsec from the centre of this nearby spiral galaxy, we discovered a bright and compact radio source,
J054149.24-641813.7, of unknown origin. To constrain the nature of J054149.24-641813.7, we searched for transient events
with the Ultra-Wideband Low Parkes receiver, and compare its luminosity and spectral index to various nearby supernova
remnants (SNRs), and fast radio burst (FRB) local environments. Its radio spectral index is flat (¢ = 0.02 £ 0.09), which is
unlikely to be either an SNR or pulsar. No transient events were detected with the Parkes telescope over three days of obser-
vations, and our calculations show J054149.24-641813.7 is two orders of magnitude less luminous than the persistent radio
sources associated with FRB 121102 and 190520B. We find that the probability of finding such a source behind NGC 2082

is P = 1.2%, and conclude that the most likely origin for J054149.24-641813.7 is a background quasar or radio galaxy.
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1 Introduction

In the absence of an active galactic nucleus (AGN), a spiral
galaxy’s radio emission primarily derives from non-thermal
synchrotron radiation from supernova remnants (SNRs), and
thermal bremsstrahlung from HII regions (Condon 1992;
Filipovi¢ and Tothill 2021b,a). Thus, deep and wide radio
surveys from the new generation of radio telescopes such as
the Australian Square Kilometre Array Pathfinder (ASKAP)
and MeerKAT can shed important light on the processes by
which star formation shapes the interstellar medium (ISM).
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NGC2082 is a G-type spiral galaxy (of SB(r)b mor-
phology) in the Dorado constellation. It has an absolute
B-band magnitude of Mp = 12.79 (Lauberts and Valentijn
1989), a diameter of 10.16 kpc, and is located at a dis-
tance of 18.5 Mpc (Olivares E. et al. 2010) and redshift
7z =0.00395. Unlike some other galaxies in the Dorado con-
stellation (e.g. NGC 1566), NGC 2082 remains poorly stud-
ied, with its most notable feature being a type-II supernova,
SN1992ba (Evans and Phillips 1992).

Here, we study the radio properties of NGC 2082 us-
ing ASKAP, Australia Telescope Compact Array (ATCA)
and Parkes radio telescope observations. We will also draw
on Hubble Space Telescope (HST) observations. Section 2
presents our observations and data analysis of NGC 2082.
Section 3 gives our results and discussion, and conclusions
are presented in Sect. 4.

2 Observations and data

NGC2082 has been observed in the ASKAP-EMU 888-
MHz radio continuum survey of the Large Magellanic Cloud
(LMC; Pennock et al. 2021; Filipovié et al. 2022), as well
as in the ATCA 20-cm mosaic survey (Filipovi¢ et al. 2021).
We have also made new observations from Parkes radio tele-
scope, and obtained new and archival data from ATCA (pre-
CABB) and the HST.
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2.1 Australian telescope compact array
2.1.1 CABB

We observed NGC 2082 on November 30th 2019 using the
Australian Telescope Compact Array (ATCA) (project code
C3275 with 1.5C array configuration). The observations
were carried out in ‘snap-shot’ mode, with 1 hour of integra-
tion over a 12-hour period as a minimum. We used the Com-
pact Array Broadband Backend (CABB) (with 2048 MHz
bandwidth), centred at a) wavelengths of 3/6 cm (v =
4500-6500 and 8000-10 000 MHz), totalling 43.2 min-
utes of integration and, b) 13 cm (v = 2100 MHz), totalling
43.2 minutes of integration. The primary calibrator (flux)
was PKS B1934-638 and the secondary calibrator (phase)
was PKS B0530-727.

The MIRIAD! (Sault et al. 1995) and KARMA? (Gooch
1995) software packages were used for reduction and analy-
sis. Imaging was completed using the multi-frequency syn-
thesis INVERT task with natural Briggs weighting (robust=0
for all images), and a beam size of 4.5 x 4.1 arcsec,
1.9 x 1.8 arcsec and 1.3 x 1.0 arcsec for 2100, 5500
and 9000 MHz images, respectively. The MFCLEAN and
RESTOR algorithms were used to deconvolve the images,
with primary-beam correction applied using the LINMOS
task. We follow the same process with Stokes Q and U pa-
rameters to produce polarisation maps, except with a beam
size of 5 x 5 arcsec (see Sect. 3.2 below).

2.1.2 Pre-CABB

We analysed archival®> ATCA data (project code C466 with
6A array configuration) from 16th November 1995. The
observations used a pre-CABB receiver (with 128 MHz
bandwidth), centred at wavelengths of 3/6 cm (4800 and
8640 MHz) totalling 48 minutes of integration. The primary
calibrator (flux) was PKS B1934-638 and the secondary cal-
ibrator (phase) was PKS B0355-483.

2.2 Australian square kilometre array pathfinder

NGC 2082 was observed serendipitously in the ASKAP-
EMU radio continuum survey of the Large Magellanic
Cloud (Pennock et al. 2021), at the edge of the 120-deg”

Thttp://www.atnf.csiro.au/computing/software/miriad/
Zhttp://www.atnf.csiro.au/computing/software/karma/

3 Australia Telescope Online Archive (ATOA), hosted by the Australia
Telescope National Facility (ATNF): https://atoa.atnf.csiro.au
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field. This survey was performed at 888 MHz with a 288-
MHz bandwidth and a 13.9 x 12.1 arcsec beam size.

2.3 Parkes radio telescope

We observed NGC2082 on June 14th, 15th and 18th
2021 with the Parkes radio telescope (project code PX075)
using the Ultra-Wideband-Low (UWL) receiver (Hobbs
et al. 2020), which delivers radio-frequency coverage from
704 MHz to 4032 MHz. All observations were pointed
at J054149.24-641813.7 and executed using the transient
search mode where data are recorded with 2-bit sampling
every 64 us in each of the 0.125-MHz wide frequency chan-
nels (26 624 channels across the whole band).

The full UWL band was split into multiple 512-MHz sub-
bands for the search of bursts. The search was performed
using the pulsar-searching software package PRESTO (Ran-
som 2001). Radio-frequency interferences (RFI) were iden-
tified and marked using the PRESTO routine RFIFIND
with a 1-s integration time. To determine the optimal dis-
persion measure (DM) steps of the search, we used the
DDPLAN.PY routine of PRESTO for a DM range of 200
to 3000 cm 3 pc. Data were then dedispersed at each of the
trial DMs using the PREPDATA routine with RFI removal
based on the mask file produced by RFIFIND.

Single-pulse candidates with a signal-to-noise ratio larger
than seven were identified using the SINGLE_PULSE_
SEARCH.PY routine for each dedispersed time series and
for different boxcar filtering parameters (from 1 to 300 sam-
ples). Burst candidates were manually examined.

2.4 Hubble space telescope

NGC 2082 was first imaged by the Hubble Space Telescope
in 1997, following the type-II supernova SN1992ba (Evans
and Phillips 1992), revealing a bright, face-on spiral galaxy
(Fig. 1). Figure 1 is a 3-colour image created with APLpy
(Robitaille and Bressert 2012), using archival HST data*
(Carollo et al. 2002), where the red channel uses I-band data
(F814W filter), the blue channel uses B-band data (F435W
filter), and the green channel is pseudo-green that has been
constructed by stacking the red and blue channels (B+I-
band). No detection of SN1992ba is reported; it cannot be
seen in any of these images.

4Based on observations made with the NASA/ESA Hubble Space
Telescope, and obtained from the Hubble Legacy Archive, which
is a collaboration between the Space Telescope Science Institute
(STScI/NASA), the Space Telescope European Coordinating Fa-
cility (ST-ECF/ESA) and the Canadian Astronomy Data Centre
(CADC/NRC/CSA).
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Fig. 1 3-colour HST image of NGC 2082 overlaid with ASKAP and
ATCA contours. The blue contours are ASKAP 888 MHz (0.3, 0.5,
0.7,0.9, 1.3, 1.4 and 2.1 mJy beam™!), and the light-blue, orange and
red contours are ATCA 2100 MHz (0.4, 1.0 and 1.5 mJy beam™!),
5500 MHz (0.5, 1.0 and 1.5 mJy beam™"), and 9000 MHz (0.4346,
1.5198, 3.0 and 3.4 mJy beam™!), respectively. The inset image in the

3 Results and discussion

A striking feature in all our radio images of NGC 2082
is a strong point radio source (J054149.24-641813.7) po-
sitioned 20 arcsec from the galaxy centre, as seen in the
bottom-left image of Fig. 1 by the ATCA contours. We
also note no detection of SN1992ba in any of our images.
The 9000-MHz ATCA observations, with our highest reso-
lution, shows an unresolved point radio source, regardless

515 48s 455
RA (j2000)

bottom-left provides a zoom-in of J054149.24-641813.7, showing the
absence of any optical counterpart. The subplot in the top-right pro-
vides a zoom-in of a 888-MHz flux density peak of 1.3 mJy beam™',
almost directly opposite J054149.24-641813.7. The magenta triangle
denotes the position of SN1992ba

of the parameters used in the data reduction. The top-right
subplot in Fig. 1 provides a better look at an 888-MHz
emission peak flux density of 0.0013 Jy beam~! opposing
J054149.24-641813.7, and also away from the centre of the
galaxy. It is unlikely that the two radio sources are related.
Finally, we note HST observations with F435W and F814W
filters show no optical counterparts to either source, and
there are no counterparts at other wavelengths.

@ Springer



61 Page4of8

J.CF.Balzan et al.

Table 1 The radio flux densities

of NGC 2082’s extended radio Freq. & Telescope SnGe20s2 Spoint source

emission and radio point source (MHz) (mly) (mly)

7054149.24-641813.7 (point

source). A‘—" represents a 888 & ASKAP 134+13 35404

non-detection 2100 & ATCA CABB 2411 27403
4800 & ATCA Pre-CABB — 40404
5500 & ATCA CABB — 40404
8640 & ATCA Pre-CABB — 3.0+03
9000 & ATCA CABB — 3.6+0.4
a+ A —0.15+0.23 +0.02 £ 0.09

0.01

5%1077
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Fig.2 The spectral index of J054149.24-641813.7 (o« = 0.02 £ 0.09)
with assumed 10% error bars, based on the measured flux densities
from Table 1

3.1 Spectral index

In Table 1 we show the flux densities of J054149.24—
641813.7, measured using CARTAS and treated as a point
source. We assume that the flux-density errors are
<10 per cent. We estimate a flat radio spectral index of
o = 40.02 £ 0.09, suggesting that the emission is pre-
dominantly of thermal origin if the source is located in
NGC 2082 (Fig. 2). Such a flat spectral index would be very
unusual among SNRs and radio pulsar sources (UroSevic¢
2014; Bates et al. 2013; Dai et al. 2015) unless this source
is an unresolved pulsar wind nebulae (PWN). However, a
background galaxy (quasar) could explain this radio spec-
trum (see Sect. 3.5).

To measure the flux densities of NGC 2082’s entire ex-
tended emission, we use the method described in Hurley-
Walker et al. (2019b) and Hurley-Walker et al. (2019a),
which includes careful region selection that also excludes
J054149.24-641813.7. We measure reliable NGC 2082 flux
densities at two frequencies (888 and 2100 MHz; Table 1),
which allows us to estimate the spectral index of o =
—0.15 £ 0.23. This flat radio spectral index is unusual for

Shttps://cartavis.org/
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spiral galaxies, Gioia et al. (1982), but consistent with ther-
mal emission from HII regions across NGC 2082. As the nu-
cleus of NGC 2082 does not show any radio compact source
or emission above 0.1 mJy beam™!, we suggest this might
account for the unusually flat radio spectral index.

3.2 Polarisation

We also investigate if any polarisation from J054149.24—
641813.7 or NGC 2082 can be detected in our ATCA im-
ages. The fractional linear polarisation (P) of NGC 2082
was calculated using the equation:

2 2
/Sy + 5

Sy

P = , (1)
where P is the mean fractional linear polarisation, Sg, Sy
and S; are integrated intensities for the Q, U and I Stokes
parameters, respectively. We calculate Pssoo Muz = 6 £ 2%
(see Fig. 3a) and Pyooo maz = 8 = 4% (see Fig. 3c). Their
associated polarisation intensity maps are seen in Figs. 3b
and 3d, respectively. This weak polarisation associated with
J054149.24-641813.7 is most likely explained if the source
is of background origin (see Sect. 3.5).

3.3 Luminosity of J054149.24-641813.7

Assuming a concordance cosmology with parameters pro-
vided by Planck Collaboration et al. (2016), the luminos-
ity distance of NGC 2082 is Dy = 17.5 Mpc. The radio
luminosity of J054149.24-641813.7 at 888 MHz is then
Lggg Mz = 1.29 x 102° W Hz~! (with @ = 0.0240.09). For
comparison, the luminosity of the LMC’s SN 1987A SNR
(SNR 1987A) at its peak flux density (S1000 Muz = 0.15 Jy;
(Turtle et al. 1987)) is Liooo muz = 4.74 x 10'¢ WHz ™!
(with @« = —0.74 £ 0.02 between 72 MHz and 8640 MHz
(Callingham et al. 2016)) — 4 orders of magnitude smaller
than J054149.24-641813.7. In addition to the very dif-
ferent radio spectral indexes of J054149.24-641813.7 and
SNR 1987A, which indicate different emission origins,
J054149.24-641813.7 is probably too bright to be an SNR
originating from NGC 2082.



A radio continuum study of NGC 2082

Page50f8 61

107

DEC (42000)
6x10™*  Bx

4x107*

2x107*

—64'1824" [ ‘

mn mn mn mn mn ' ' L
sP41™51%  50% 5000 49%  49%0 48!S 48'0 47’5

RA (32000)

(a) Fractional polarisation map of

J054149.24-641813.7 at 5500 MHz, where
average P55()() MHz — 6+2 %.
5"41"‘5‘1.‘5 51‘!u 50‘.'5 5u‘!u 45;.'5 45‘fu 45"5 45‘!0 u‘fs °
RA (32000)
(¢) Fractional polarisation map of
J054149.24-641813.7 at 9000 MHz, where

average Poooomu, = 8 4 %.

Fig. 3 Left: Fractional polarisation maps of the radio point source
J054149.24-641813.7, where the circle on the lower-left corner rep-
resents a synthesised beam of 5 x 5 arcsec and the blue line below the
circle represents 100 per cent polarisation. The bar on the right side

3.4 An FRB embedded in J054149.24-641813.7?

Fast radio bursts (FRBs) are extremely bright transient
events of unknown origin (Lorimer et al. 2007). While FRBs
can be associated with a variety of types of galaxies (e.g.
Bhandari et al. 2020), two of the most active repeating
FRBs 121102 (Chatterjee et al. 2017) and 190520B (Niu
et al. 2021) are associated with compact persistent radio
sources (PRSs). They also show large and variable DM and
rotation measure (Michilli et al. 2018; Dai et al. 2022), in-
dicating an extreme magneto-ionic local environment. The
compact nature of J054149.24-641813.7 and its location
at the outskirts of NGC2082 are reminiscent of those of
FRBs 121102 and 190520B.

FRB 121102’s PRS (QRS 121102) has a flat spectrum,
with a spectral index of o = 0.07 & 0.03 (Resmi et al.
2021), and its luminosity at 1600 MHz is Lieoo MHz, =
2.8 x 10>2 WHz! (Law et al. 2021) — two orders of mag-
nitude greater than the luminosity of J054149.24-641813.7,
L1600 MHz ~ Lggg Muz = 1.29 x 102 WHz~!. Chen et al.
(2022) suggested that QRS121102 is too luminous to be an

1.5x107*

DEC (J2000)

—64'1824" |-

RA (42000)
(b)  Polarisation  intensity = map  of
J054149.24-641813.7 at 5500 MHz, with
contours of 0.0003 and 0.002 Jy beam™*
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(d)  Polarisation intensity map  of
J054149.24-641813.7 at 9000 MHz, with
contours of 0.0002 and 0.002 Jy beam !

represents the grey-scale gradients for the ATCA image in Jy beam™!.
Right: Polarisation intensity maps of J054149.24-641813.7, where the
bar on the right represents the colour-scale gradients for the ATCA im-
age in Jy beam ™!

SNR, consistent with our findings for J054149.24-641813.7
in Sect. 3.3.

190520B’s PRS (henceforth “QRS 190520B”) has a
luminosity L3pooMHz = 3 X 1022 WHz™! and a spec-
tral index of @« = —0.41 4+ 0.04 (Niu et al. 2021). Simi-
larly, this is 2 orders of magnitude greater than the lumi-
nosity of J054149.24-641813.7, L3p00 MHz ~ Lg§88 MHz =
1.29 x 10*° W Hz~!. Unlike QRS 121102 and J054149.24—
641813.7, QRS 190520B’s spectral index is steep and nega-
tive — suggesting non-thermal emission as its origin.

Our Parkes observations (see Sect. 2.3) over 3 days de-
tected no transient events. Despite this, considering both
FRB 121102 and 190520B show sporadic outbursts (Ra-
jwade et al. 2020; Dai et al. 2022), it is plausible that
J054149.24-641813.7 could host a repeating FRB and we
observed during a quiescent period.

3.5 J054149.24-641813.7 as a background object?

If intrinsic sources associated with J054149.24-641813.7
are implausible, the most likely remaining possibility is an

@ Springer
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extragalactic background source, such as a quasar, radio
galaxy or AGN. If so, we may expect to see some HI absorp-
tion; however, there is currently no high-resolution Hi data
for NGC 2082. The flat spectral index together with some-
what weak polarisation at 5500- and 9000-MHz images ar-
gue in favour of J054149.24-641813.7 background origin.

Our observations (Table 1) show that the flux density at
5000 MHz is ~4.0 mJy. From Wall (1994), we find that for
observations at 5000 MHz there are ~15 sources/deg® at
>4.0 mJy. The probability of finding a source of such bright-
ness behind NGC 2082 is then,

P=Ax15 sources/degz,

where A is NGC 2082’s area on the sky in deg?. We cal-
culate P = 1.2%, given the radius of NGC2082 is r =
0.016 deg (de Vaucouleurs et al. 1991).

4 Conclusions

Nearby spiral galaxy NGC 2082 was found to contain a
bright, compact radio source, J054149.24-641813.7 (Fig. 1),
which is most likely of background origin. The flux densi-
ties reveal J054149.24-641813.7 has a flat spectral index,
indicating its source may be of thermal origin. We compare
the luminosity of J054149.24-641813.7 to SNR 1987A,
QRS 121102, and QRS 190520B, finding that J054149.24—
641813.7 is likely too bright and flat to be a supernova, and
is probably not bright enough to be a persistent radio source
with an embedded FRB progenitor.
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