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Abstract
We demonstrate the importance of radio selection in probing heavily obscured galaxy populations. We combine Evolutionary Map of
the Universe (EMU) Early Science data in the Galaxy and Mass Assembly (GAMA) G23 field with the GAMA data, providing optical
photometry and spectral line measurements, together withWide-field Infrared Survey Explorer (WISE) infrared (IR) photometry, providing
IR luminosities and colours. We investigate the degree of obscuration in star-forming galaxies, based on the Balmer decrement (BD), and
explore how this trend varies, over a redshift range of 0< z < 0.345. We demonstrate that the radio-detected population has on average
higher levels of obscuration than the parent optical sample, arising through missing the lowest BD and lowest mass galaxies, which are also
the lower star formation rate (SFR) and metallicity systems. We discuss possible explanations for this result, including speculation around
whether it might arise from steeper stellar initial mass functions in low mass, low SFR galaxies.
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1. Introduction

All galaxies with star formation contain dust, which has long
been recognised as a key element of a wide variety of astrophys-
ical processes (Draine 2003). The dust acts to obscure emission
preferentially at bluer wavelengths and can hamper analyses of
star formation rate (SFR) and other galaxy properties unless suit-
able corrections are applied (e.g., Calzetti et al. 2000; Calzetti
2001; Hopkins et al. 2001; Garn & Best 2010; Battisti, Calzetti, &
Chary 2016). Dust obscuration is one of the largest uncertainties
in measuring the SFR in galaxies, when using traditional optical
tracers such as the Hα emission line. One primary concern of
large galaxy surveys is to be able to make reliable corrections for
dust obscuration when estimating properties such as SFR, stellar
mass, or stellar population age (Kennicutt 1998a), and convention-
ally the emission line ratio Hα/Hβ , the Balmer decrement (BD,
Osterbrock 1989), a dust sensitive parameter, is used for making
such corrections.
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Many other approaches, however, are used in probing the dusty
universe, including surveys at infrared (IR) wavelengths (e.g.,
Wright et al. 2010; Nikutta et al. 2014) which are efficient at detect-
ing dusty galaxies that would be missed by blind optical surveys.
Surveys at radio wavelengths too, which are unaffected by dust
obscuration, have been used to explore star formation in galaxies
at high redshifts (e.g., Smail et al. 1999; Windhorst 2003; Barger,
Cowie, & Wang 2007; Seymour et al. 2008; Novak et al. 2017) and
have been shown to be sensitive to more heavily obscured galax-
ies than those sampled at optical wavelengths (e.g., Afonso et al.
2003; Strazzullo et al. 2010). This effect has been incorporated into
simulations developed for the SKA (e.g., Wilman et al. 2010).

Investigations of the faint radio source population (e.g.,
Windhorst et al. 1999; Kondapally et al. 2021) have clearly estab-
lished that very sensitive optical datasets are required in order
to identify counterparts for the vast bulk of the radio popula-
tion. This is a consequence of the fact that many faint radio
sources are either at very high redshift, or are heavily obscured,
or both (e.g., Smolčić et al. 2017; Whittam et al. 2022). It is natu-
ral that such work, in exploring the boundaries of the faint radio
population, has pushed to maximise the numbers of optical coun-
terparts from very deep complementary datasets. Despite these
results, there has not been much work investigating systemati-
cally how radio-selected samples differ from those selected at other
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wavelengths in terms of their sensitivity to the obscured galaxy
population.

Here, we are interested in understanding the impact of dust
on sample selection. We start, in contrast to earlier work, with a
magnitude-limited optically selected sample, and then investigate
the obscuration properties of their radio counterparts and how
they compare to the parent optical sample. As a result, rather than
investigating the sensitivity of a deep radio-selected population to
the obscured universe, our analysis looks at a somewhat different
question:What fraction of a given magnitude-limited optical sam-
ple has radio counterparts, and are their obscuration properties
similar or not?

Given the growth and variety of radio surveys being pursued
using the Square Kilometre Array (SKA) pathfinder telescopes
(Norris et al. 2013), it is timely to revisit the utility of radio-
selected samples in probing star-forming galaxy (SFG) popula-
tions and to explore in more detail their sensitivity to obscured
systems.We investigate this issue here by combining data from the
Galaxy And Mass Assembly (GAMA) survey (Driver et al. 2011;
Hopkins et al. 2013; Liske et al. 2015; Baldry et al. 2018; Driver
et al. 2022) with early science data taken using the Australian
SKA Pathfinder (ASKAP) telescope (Hotan et al. 2021) for the
Evolutionary Map of the Universe (EMU) survey (Norris et al.
2011).

ASKAP is capable of quickly surveying wide sky regions with
good resolution and sensitivity, exemplified by programmes such
as the Rapid ASKAP Continuum Survey (RACS; Mc-Connell et al.
2020), which is mapping the sky in three frequency bands (cover-
ing the full ASKAP range from 700–1 800MHz) with a σ ≈0.2–0.4
mJy beam−1 root-mean-square (rms) noise sensitivity. The EMU
survey (Norris et al. 2021) will provide a significantly deeper radio
view of the sky, with σ ≈ 0.02 mJy beam−1 at 943MHz. EMU early
science and pilot observations have covered a range of fields over
the sky, including the GAMA G23 field, covering an area of 82.7
deg2 centred around α = 23 h and δ = −32◦ with σ ≈ 0.038 mJy
beam−1, at 887.5 MHz (Leahy et al. 2019; Gürkan et al. 2022). We
use the latest EMU measurements of G23 (Gürkan et al. 2022) in
this work to investigate the dust obscuration properties of galaxies,
measured using the BD fromGAMAoptical spectra.We also com-
pare with the properties of counterparts identified fromWide-field
Infrared Survey Explorer (WISE, Wright et al. 2010) data. This
allows us to contrast the radio-detected subset with an IR detected
subset.

Early work (Hopkins et al. 2003b; Afonso et al. 2003) demon-
strated that BDs in SFGs detected at radio wavelengths are sys-
tematically higher than those in the respective optically selected
samples. With the combination of data from GAMA and EMU we
are able to explore this trend over a redshift range of 0< z < 0.345
and probe its origin.

The layout of this paper is as follows. We provide a brief intro-
duction to the EMU, GAMA and WISE surveys, and describe
the data and our sample selection in Section 2. In Section 3 we
present our findings, with details of the analysis of the obscura-
tion properties of three samples, a parent optically selected sample,
and two subsamples, detected at radio and IR wavelengths from
EMU and WISE. In Section 4, we summarise the key results
and explore the possible origins for the differences we find in
the radio-detected subsample, before presenting our conclusions
in Section 5. Throughout we assume cosmological parameters of
H0 = 70 km s−1 Mpc−1, �M = 0.3, �� = 0.7 and �k = 0.

2. Data

We use early science data taken with the ASKAP telescope (Hotan
et al. 2021) for the EMU survey (Norris et al. 2011, 2021) in the
GAMA G23 field (Leahy et al. 2019; Gürkan et al. 2022). We
choose this region due to the wealth of complementary pho-
tometric and spectroscopic data. We start with the combined
photometry from GAMA, the Kilo-Degree survey (KiDs; de Jong
et al. 2015) and the VISTAa Kilo-degree INfrared Galaxy survey
(VIKING; Sutherland 2012) datasets referred to as the GAMA-
KiDS-VIKING catalogue (GKV; Bellstedt et al. 2020). We cross-
matched this with the radio catalogue from Gürkan et al. (2022)
and the WISE catalogue constructed for the GAMA G23 sources
by Yao et al. (2020). Our main emphasis is to explore the degree
of obscuration in SFGs, based on the BD, and to investigate any
differences in the radio and IR detected sub-populations.

2.1 Optical data: GAMA

GAMA is a multiwavelength photometric and spectroscopic sur-
vey, which covers an area of 286 deg2 with 300 000 galaxy spectra
(Driver et al. 2022; Bellstedt et al. 2020; Driver et al. 2011) across
five sky regions (G02, G09, G12, G15, and G23), with a limit-
ing magnitude of r = 19.8 for most of these fields (Baldry et al.
2010; Robotham et al. 2010; Driver et al. 2011; Hopkins et al. 2013;
Liske et al. 2015; Baldry et al. 2018). The selection limit for G23
was i< 19.2 (Liske et al. 2015). The latest summary and final data
release for GAMA are presented in Driver et al. (2022).

We take photometry from the gkvScience-v02 (GKV) cat-
alogue, which is now the standard UV-to-IR photometery
for GAMA DR4, and use the precomputed photometry-to-
spectroscopy matches in that table. We also require accurate
emission line measurements to select our SFGs. We use the optical
line fluxes from ‘GaussFitComplexv05’ within the ‘SpecLineSFR’
data management unit (DMU; Gordon et al. 2017). This DMU
provides the line flux and equivalent width measurements, and
the redshifts from ‘SpecAllv27’ within the SpecCat DMU (Liske
et al. 2015). We could have chosen to use the measurements from
GaussFitSimplev05, and our initial work based on these measure-
ments gives qualitatively similar results to what we present here.
We chose to use the measurements from GaussFitComplexv05,
which calculates line fluxes using several Gaussian components in
order to improve the fits, using the Bayesian information crite-
rion (BIC) to identify the optimal component number required, as
described in Gordon et al. (2017). This is because the [NII] lines
are blended with Hα in the GAMA spectra, and the joint fit to
these lines gives a more robust estimate of Hα. This is desirable
in order to have the most accurate BD measurements. The full
GAMA sample includes 295 853 spectra of main survey targets,
of which 259 720 galaxies have robustly measured redshifts, quan-
tified through the redshift quality nQ ≥ 3 (Liske et al. 2015). We
link this with the photometry from the GKV catalogue and restrict
the sample to the G23 field, giving us a ‘parent sample’ for the pur-
poses of this current analysis of 47 735 galaxies, of which 45 020
galaxies have nQ ≥ 3 (Table 1). Next, we cross-match this parent
sample against radio and IR samples, giving the numbers shown
in Table 1. Following these steps, we further limit each of our sam-
ples to those labelled as ‘gold’ in Table 1 by imposing quality limits

aVisible Infrared Survey Telescope for Astronomy.
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Table 1. The number of galaxies in G23 from cross-
matched optical parent, radio and WISE samples.

Cross-matched samples Number of galaxies

GKV 47 735

GKV (nQ≥ 3) 45 020

GKV (gold) 3038

GKV–Radio 8303

GKV–Radio (nQ≥ 3) 7 999

GKV–Radio (gold) 1207

GKV–WISE 40 774

GKV–WISE (nQ≥ 3) 38 581

GKV–WISE (gold) 2 533

GKV–Radio–WISE 7 336

GKV–Radio–WISE (nQ≥ 3) 7 059

GKV–Radio–WISE (gold) 1 047

Radio–WISE 7 583

on the redshifts and emission lines. These correspond to the red-
shift quality nQ ≥ 3, signal-to-noise limits on the Balmer lines,
S/N (Hα)≥ 5, and S/N (Hβ)≥ 5, positive detections of the [OIII]
and [NII] emission lines, and line fitting flags NPEG= 0 for both
the Hα and Hβ lines, indicating that none of the fitting parame-
ters were ‘pegged’ at their extreme parameter range during the fits.
This last step ensures that our sample only includes galaxies with
the most reliably measured spectral lines.

2.2 Radio data: EMU

EMU is an ongoing deep radio continuum sky survey with ASKAP,
covering the Southern Hemisphere up to δ < +30◦ and with reso-
lution of ∼15" FWHM, which is expected to generate a catalogue
of about 40 million galaxies at 943MHz (Norris et al. 2021). The
characteristics of EMU are similar to earlier generations of sub-
mJy surveys like the Phoenix Deep Field (PDF; Hopkins et al.
1998, 2003a), and the Australia Telescope Large Area Survey
(ATLAS; Norris et al. 2006; Franzen et al. 2015; Hales et al. 2014).
ATLAS covered about 7 deg2 (Mao et al. 2012) of the sky with the
aim of producing the widest deep (10–15 μJy rms) radio survey
at the time, whereas EMU is aiming to ultimately observe three-
quarters of the sky (30 000 deg2), with similar sensitivity (20μJy)
and resolution (15”). Even with just the data observed in early sci-
ence and pilot phases for EMU, we have covered more than 300
deg2 (Norris et al. 2021).

One challenge for EMU is that optical spectroscopy will not
be available for the whole survey area, only selected patches,
and typically only for relatively low redshifts (e.g., z� 0.5 for
GAMA), or z� 1 in smaller regions from deeper surveys like the
Deep Extragalactic Visible Legacy Survey (DEVILS, Davies et al.
2018) and having some overlap with northern projects includ-
ing the Dark Energy Spectroscopic Instrument (DESI, Dey et al.
2019; Duncan 2022) and WEAVE-LOFAR (Smith et al. 2016).
Photometric redshifts will also be available in selected areas, such
as from KiDs, covering wider areas from programmes such as
the Dark Energy Survey (DES, Abbott et al. 2018). Additional
spectroscopic redshifts will become available with the advent of
the 4MOST surveys, including ORCHIDSS (Duncan et al. 2023)
andWAVES (Driver et al. 2019).

Figure 1. The number of cross-matched GKV–Radio objects against the GKV sample
as a function of different cross-matching radii. Our selection of a 5′′ matching radius
corresponds to the distance at which the curve flattens.

Here we combine the optical spectroscopy from GAMA with
early science data taken for EMU in GAMA’s G23 region (Gürkan
et al. 2022). We use the most recent radio observations of G23
(Gürkan et al. 2022), which supersede earlier data taken with
ASKAP (Leahy et al. 2019). These EMU early science observations
of G23 cover an area of 82.7 deg2 centred around α = 23 h and
δ = −32◦ with σ ≈ 0.038 mJy beam−1, at 887.5 MHz. There are
55 247 radio sources catalogued of which 39 812 have S/N≥ 5
detections (Gürkan et al. 2022).

Our radio-detected subset (GKV–Radio) consists of radio
sources from that catalogue cross-matched against the optical par-
ent sample using a matching radius of 5 arcsec. Fig. 1 shows
the differential number of cross-matched galaxies as a function
of cross-matching radii. We record the number of cross-matches
found at each radius in order to identify the appropriate cross-
matching radius to adopt. The flattening at a separation of 5 arcsec,
our adopted matching radius, is associated with the point at which
no new genuine counterparts are being added, only spurious cross-
matches are contributing. Where multiple potential counterparts
are identified within this matching radius, we adopt the closest
as the preferred counterpart, which has been shown in earlier
EMU analyses to be the most reliable approach (e.g., Norris et al.
2021). We estimate our spurious cross-match contamination level
following Galvin et al. (2020), suggesting that our total contamina-
tion rate is∼2.5%. This results in a catalogue of 8 303 GKV–Radio
galaxies, of which 7 999 galaxies have nQ ≥ 3. The sample of 1
207 galaxies defined as GKV–Radio (gold) are those meeting the
more stringent spectroscopic quality requirements described in
Section 2.1. These samples are summarised in Table 1.

2.3 Infrared data: WISE

We adopt the IR counterparts to the GKV parent sample coming
from the ALLWISE catalogue (Cutri & et al. 2012) as detailed by
Yao et al. (2020). WISE mapped the whole sky achieving 5σ point
source sensitivities of 0.08, 0.11, 1, and 6 mJy in four IR bandsW1,
W2, W3, and W4 centred at 3.4, 4.6, 12, and 22 μm, respectively
(Wright et al. 2010; Jarrett et al. 2011, 2017). Positional cross-
matching was used to identify WISE counterparts to the parent
sample, using a 3 arcsec matching radius (Cluver et al. 2014, 2020;
Jarrett et al. 2017, 2019).
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Figure 2. Distribution of Mr with redshift, illustrating the four volume limited samples
with all the optical parent GKV galaxies (blue), GKV–Radio detections (red), and those
with GKV–WISE detections (yellow).

Our GKV-WISE sample has 40 774 galaxies, of which 38 581
galaxies have nQ ≥ 3 (Table 1). This sample is also matched to
the GKV-Radio sample through the common optical counter-
parts producing a catalogue of 7 336 GKV-Radio-WISE galaxies,
of which 7 059 galaxies have nQ ≥ 3. A separate catalogue of 7
583 Radio-WISE galaxies is produced by cross-matching theWISE
galaxies directly against the radio catalogue independent of the
GKV parent sample, again adopting a 5 arcsec matching radius
(Table 1).

2.4 Sample selection

Fig. 2 shows the distribution of r-band absolute magnitude, Mr ,
with redshift for the GKV catalogue (blue), radio counterparts
(red), and WISE counterparts (yellow) which form the basis of
our subsequent analysis. The upper redshift limit for the GAMA
sample corresponds to the redshift at which Hα is shifted to wave-
lengths beyond the spectral limit of the AAOmega camera used
in the GAMA observations (Driver et al. 2011). We construct four
independent volume limited samples in four redshift bins, illus-
trated in Fig. 2 as the black boundary lines. The redshift and
magnitude limits are given in Table 2 along with, for each red-
shift bin, the numbers of galaxies after each of a sequence of cuts.
This excludes the 4 917 galaxies (having nQ≥ 3) with redshifts
z > 0.345. We show the total number of galaxies, N, passing our
redshift quality requirement (nQ≥ 3), the number of those galax-
ies brighter than the Mr threshold, and the number brighter than
theMr threshold after imposing the spectroscopic quality require-
ments, including S/N (Hα) ≥ 5 and S/N (Hβ) ≥ 5, detailed in
Section 2.1.

Our galaxy sample will include both SF and active galactic
nuclei (AGN) systems, and radio-detected galaxies will certainly
include an AGN population. As we are interested in measuring
the obscuration properties in SFGs here, we need to distinguish
between these and exclude the AGN dominated systems, which
we do using the standard diagnostic diagram of Baldwin, Phillips
and Terlevich (Baldwin, Phillips, & Terlevich 1981; Veilleux &
Osterbrock 1987; Kewley et al. 2001), shown in Fig. 3 and referred
to hereafter as the BPT diagram. The separation lines shown are
from Kewley et al. (2001) (solid), and Kauffmann et al. (2003)
(dashed). This figure distinguishes between SFGs (below the
dashed line) from those where the ionisation arises from an AGN

Table 2. The number of galaxies in the optical parent sample brighter thanMr in
four different redshift bins.

z range Mr N N≤Mr N≤Mr (gold)

< z≤ 0.1 −19 6 481 4 541 529

0.1< z≤ 0.2 −20.2 13 446 9 947 615

0.2< z≤ 0.3 −21.3 15 627 9 410 492

0.3< z≤ 0.345 −21.6 4 549 3 746 186

Figure 3. Spectral diagnostic diagram illustrating the selection of star-forming galaxies
(SFGs) using the criteria given by Kewley et al. (2001) (solid) andKauffmannet al. (2003)
(dashed) which presents the GKV sample, showing the parent sample (blue) and the
GKV–Radio sample (red).

(above the solid line). Galaxies between these separators are com-
monly interpreted as composite systems, with some contribution
from both SF and AGN.We include these in our analysis, but they
are small in number and excluding them does not qualitatively
change our results.

Fig. 3 shows only the G23 sample, with the parent sample in
blue and the radio sample in red, illustrating an indication of some
differences in the radio-detected subsample, which we explore fur-
ther below (see Section 3.3). Table 3 shows the number of galaxies
in each volume limited sample after classification as SF or AGN.
We exclude the AGN from further analysis in this work in the
interests of simplicity, although they will be an important element
of future work with EMU. It is worth noting that there may still be
low luminosity radio AGN present in some small fraction of our
sample, which appear in the SF region of the BPT diagram. We
do not attempt to exclude these, as they will not bias our analysis.
Since the Balmer lines used to measure BD are those leading to
an SF classification in the BPT diagram, they must originate from
regions of the galaxy dominated by SF and will provide robust
BD estimates for our analysis. Radio luminosities for such systems
may not be accurate estimators of SFR, but this is not the focus of
the current analysis anyway.

The samples we use for the bulk of our analysis are these four
volume limited samples, selected from those labelled ‘gold’, and
defined by meeting the following criteria:

1. Reliable redshift estimates, defined by nQ≥ 3, well-fit
emission lines defined by NPEG= 0 for Hα and Hβ ,
signal-to-noise ratio S/N≥ 5 for Hα and Hβ , as well as
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Table 3. The number of SF galaxies and AGNs in the
gold sample for the four different redshift bins.

z range SFG AGN

0< z≤ 0.1 522 7

0.1< z≤ 0.2 605 10

0.2< z≤ 0.3 466 26

0.3< z≤ 0.345 172 14

detection of the [NII] and [OIII] lines to accurately classify
the galaxies as star-forming or AGN.

2. Redshifts between 0< z ≤ 0.345. The upper redshift limit
is due to the maximum detectable redshift of Hα.

3. Having absolute r-band magnitude brighter than the Mr
threshold as shown in Table 2.

4. Excluding AGN based on the BPT diagram (Fig. 3).

3. Results and analysis

We are aiming to understand the obscuration properties of radio-
detected SFGs and have constructed samples defined by selection
from an optical parent sample. This is somewhat different from
earlier work (e.g., Afonso et al. 2003), which demonstrates that
radio selection of galaxy samples is effective at detecting objects
that are too obscured to enter into optical samples. Here, by con-
trast, we are looking to compare the obscuration properties from
the same optically selected parent sample between those galax-
ies that are radio-detected and those that are not. This approach
removes the difference in sample selection, allowing us to explore
whether there is any intrinsic difference, for a given population, in
the obscuration of those galaxies that are radio-detected.

For the purpose of this investigation we use the BD as the
obscuration-sensitive parameter. This is not the same as a param-
eter (such as IR luminosity or spectral shape) that is representative
of the total dust mass. We are interested, however, in understand-
ing the impact of dust on sample selection, and as the BD is a direct
tracer of the effect of dust on that fraction of emission that escapes
a galaxy, this is the appropriate parameter to use. We note that the
nominal Case B value of BD= 2.86 (Brocklehurst 1971) indicates
no obscuration. Many measurements, though, give values lower
than this due to measurement uncertainties or physical proper-
ties (including temperature and metallicity) that differ from the
assumed Case B values (e.g., López-Sánchez et al. 2015). We do
not exclude any galaxies on the basis of their BD value, although
we show the nominal BD= 2.86 for reference in our figures as
appropriate.

We explore the relationship between BD andMr in Section 3.1,
and the relation between BD and stellar mass in Section 3.2 com-
paring the radio-detected subset against the parent optical and the
WISE-detected samples. We investigate how radio-detected galax-
ies populate the spectral diagnostics in Section 3.3. In Section 3.4
we introduce the galaxy ‘main sequence’ to assess the potential
impact of our radio sensitivity limit. In each of the analyses here
we restrict ourselves to the GKV (gold), GKV–Radio (gold), and
GKV–Radio–WISE (gold) samples, unless noted otherwise.

3.1 BD–Mr relation

In order to measure the BD for our galaxies, we not only require
the Hα and Hβ emission lines, but also need to correct their flux

measurements for the effect of stellar absorption (e.g., Hopkins
et al. 2003a; Brinchmann et al. 2004; López- Sánchez & Esteban
2009; Groves, Brinchmann, & Walcher 2012). As with many anal-
yses using GAMA data, we adopt a simple correction to the
Balmer emission line equivalent widths of EWc = 2.5 Å (follow-
ing Gunawardhana et al. 2013; Hopkins et al. 2013) to correct the
Hα and Hβ fluxes, using Equation 4 from Hopkins et al. (2003a).

The distributions of BD and Mr are shown in Fig. 4 directly
comparing our four redshift bins. The distributions of BD (Fig. 4a)
are largely similar between all four redshift bins. Fig. 4b illus-
trates the distribution of optical luminosity range spanned for four
volume limited samples. The vertical dashed line represents our
magnitude limits for each redshift bin. The lowest redshift bin
limit of Mr = −19 corresponds to the right edge of the figure. As
is typical for flux-limited datasets, the sample in the lowest red-
shift bin spans the broadest absolute magnitude distribution, with
narrower and brighter magnitude ranges accessible in each higher
redshift bin, and with the highest luminosities only probed in the
higher redshift bins.

The distributions in BD and Mr comparing the radio (GKV–
radio gold) and WISE (GKV–WISE gold) subsets with the parent
sample (GKV gold), for the four volume-limited samples, are
presented in Fig. 5.

Fig. 5 shows the distribution inMr . In what will be evident as a
recurring theme throughout this analysis, the WISE subset closely
follows the distribution of the parent optical sample, but the radio-
detected population shows some differences. Here the differences
are visible as the radio subset favouring the brighter optical galax-
ies, with proportionally fewer of the fainter optical systems being
radio-detected.

Fig. 5 also shows the distribution in both obscuration andmag-
nitude. Again, the WISE subset closely follows the parent sample,
while the radio subset shows some differences. First it is clear that
radio counterparts are detected spanning all absolute optical mag-
nitudes in each bin. While fewer radio sources are detected at the
faintest magnitudes (seen most easily in panels a and b), reflecting
the result in the distribution in magnitude, they are still detected
down to and below the magnitude limits of each volume-limited
sample. Where radio sources appear to be missing is at the low BD
end of the faint population. This is, again, most apparent in panels
a and b, the two lowest redshift bins, probing the fainter galaxies.
So the radio-detected subset appears to be lacking in low obscura-
tion galaxies. Radio counterparts do exist for objects at our faint
magnitude limits, so it is not just a magnitude effect that causes
them to be missing. We explore this result further below.

Histograms of the BD are presented in Fig. 5, demonstrating
explicitly the lack of the lowest BD systems in the radio sub-
set inferred from the distribution of BD and magnitude. In our
analysis throughout, the highest redshift bin is typically less sig-
nificant due to the limited number of targets but retained for
completeness. While the WISE subset again reliably traces the
parent population, the radio-detected systems tend to have pro-
portionally fewer of the lower value BD galaxies. Said another way,
the least obscured systems are preferentially not radio-detected.
The radio-detected population seems to trace the high BD end of
the parent population, while under-sampling the least obscured
systems.

To summarise briefly, then, the radio-detected subset traces the
brighter galaxies but begins tomiss galaxies at progressively fainter
magnitudes. Of the fainter galaxies that are missed, it is preferen-
tially the low obscuration systems that are excluded, leading to an
overall lack of low BD systems in the radio-detected population.
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Figure 4. (a) Distribution of Balmer decrement in four redshift bins for the full G23 sample. The vertical dotted line represents the nominal Case B value of BD=2.86 (Brocklehurst
1971). (b) Distribution ofMr for the four independent volume limited samples. The vertical dashed lines represent ourMr limits for each redshift bin.

Figure 5. Comparison ofMr -BD distribution between the gold samples of GKV (blue), GKV–WISE (yellow), and GKV–Radio (red). The samples shown here extend below the volume-
limited sample magnitude limits for illustrative purposes and to demonstrate the impact of our selection limits. The vertical dotted lines represent the Mr limits for each redshift
bin, and the horizontal dotted lines represent the nominal Case B value of BD=2.86. The histograms are shown as normalised counts to aid visual comparison of the shapes of the
distributions for each subsample, with the same colour-coding, except that GKV–WISE, is presented in black to improve visibility.

Together these results demonstrate that the radio-detected subset
is missing the lowest obscuration systems compared to the parent
population. This is true in each of our four independent volume
limited samples, although most visually apparent in the two or
three lowest redshift bins.

We quantify the difference in the BD distribution of the parent
(GKV gold) and radio-detected subset (GKV–radio gold), in each
of the four volume-limited samples, using a Kolmogorov–Smirnov
(KS) two sample test. For the three lowest redshift volume limited
samples, the p-value is essentially zero, statistically rejecting the
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Figure 6. Fractions of the (gold) radio (GKV–radio, in red), and WISE (GKV–WISE, in black) subsets over the parent sample (GKV) as a function of BD. This shows that the radio-
detected subset is lacking the lowest BD galaxies, compared to the parent sample. The error bars are estimated using the method of Cameron (2011), which correspond to 1σ
binomial uncertainties. The shaded regions indicate these uncertainties.

null hypothesis that both samples are drawn from the same popu-
lation. The highest redshift bin has p= 0.3, implying no statistical
difference between the distributions there, although this bin is also
limited to the highest luminosity systems only, and with the fewest
measurements. By contrast, the KS test comparison between the
WISE subset and the parent sample shows p-values close to unity
for each redshift bin, implying the strong probability that this sub-
set is drawn from the same underlying population as the parent
sample. This confirms that the radio sample is statistically different
from the optical parent population in terms of its BD distribution.
We explore in more detail below the origin of this discrepancy.

First, to quantify this effect in a more visual fashion, we show
in Fig. 6 the BD distribution in terms of the fraction of radio or
WISE detected sources compared to the parent sample. As before,
the WISE population closely traces the parent sample, reflected
in the largely constant fraction with BD. By contrast, the frac-
tion of galaxies with radio counterparts increases with increasing
BD in each redshift bin, including the highest, although again
that bin has the largest variations and degree of uncertainty. The
uncertainties in Fig. 6 are obtained by computing the confidence
interval at c= 0.68 for a beta distribution using the method of
Cameron (2011), which corresponds to 1σ binomial uncertainties.
The radio-detected galaxies are predominantly associated with the
parent galaxies having high values of BD and have progressively
lower fractions of counterparts at the low BD end. This again
emphasises that the radio sources preferentially favour the high
BD end compared to the parent sample. The clear consequence

of this result is that the average or median BD for the radio-
detected subset is higher than that of the parent sample, leading
to our claim that radio-detected galaxies are more obscured than
optically selected galaxies.

3.2 Stellar Mass—BD dependences

The stellar masses used here are taken from the analysis of Taylor
et al. (2011), derived using a Bayesian analysis drawing on the pop-
ulation synthesis models of Bruzual & Charlot (2003), assuming
a Chabrier stellar initial mass function (IMF) (Chabrier 2003),
exponentially-declining star formation histories, and the dust
obscuration law from Calzetti et al. (2000). Fig. 7 shows the stellar
mass of our samples as a function of redshift. Fig. 7a presents the
stellar mass distribution as a function of redshift of the full GKV
sample (blue), radio counterparts (GKV–Radio, in red), andWISE
counterparts (GKV–WISE, in yellow). The mass range spanned by
the radio-detected subset is much narrower than the parent and
WISE samples, reflecting the same trend inMr . Fig. 7b shows these
same results restricted to our volume limited samples, reinforc-
ing our magnitude limit choices that correspond to ensuring radio
detectability at the lowest luminosity, or mass, limits. Fig. 8 shows
BD as a function of mass, demonstrating that the range of obscu-
ration values measured spans the full range of BDs at the highest
masses, but at the lowest mass end, the radio detections preferen-
tially favour the higher BD systems. The WISE detected galaxies,
again, tend to have similar properties to the parent sample.
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Figure 7. (a) Stellar mass as a function of redshift for the parent sample (GKV, in blue), the radio-detected subset (GKV–radio, in red), and the WISE subset (GKV–WISE, in yellow).
(b) The samemeasurements restricted to the data in our volume limited samples.

Figure 8. Balmer decrement as a function of stellar mass for the GKV parent sam-
ple (blue), radio-detected subset (GKV–radio, in red), and WISE subset (GKV–WISE, in
yellow). The horizontal dashed line represents the nominal value of BD=2.86.

Fig. 9 presents comparisons between BD and stellar mass for
the four volume-limited samples. The radio-detected population
favours the higher mass end compared to the parent and WISE
samples. In each of the volume limited samples, the radio-detected
galaxies are still sensitive to the full mass range, but exclude the
low BD systems at the low mass end, leading to undersampling
of the lowest mass galaxies. This illustration emphasises most
strongly the lack of lowmass, low BD systems in the radio-detected
subset, most visible by eye in the lowest two redshift bins. In
general terms, with an increase in stellar mass galaxies tend to
show higher levels of obscuration, and this is clearly seen in all
four redshift bins, although the range of obscuration at any given
mass may still be large. Again, the WISE detected subset closely
follows the parent sample distribution, but it is clear that the
radio-detected subset misses more of the lower mass systems with
the lowest values of BD. Therefore, the radio-detected galaxies
are preferentially associated with the higher mass and higher BD
parent galaxies. This result is not just a sensitivity effect, since
we have carefully defined our volume-limited samples to ensure
that the radio detection limits are sensitive to the lowest optical
luminosity systems. The implication then is that the low mass and

low BD systems without radio counterparts must have radio lumi-
nosities, if any, below our detection threshold, and consequently
significantly lower than their higher BD counterparts.

3.3 Spectral diagnostics

Many authors have used the BPT diagram to explore the proper-
ties of SFGs (e.g., Brinchmann, Pettini, & Charlot 2008; Hopkins
et al. 2013; Sánchez et al. 2015; Masters, Faisst, & Capak 2016;
Zahid et al. 2017; Faisst et al. 2018), including investigating how
galaxies populate this diagnostic as a function of different physical
properties, such as mass, metallicity, obscuration, and SFR.

Similarly, we explore our sample properties using this diag-
nostic (Fig. 10). For clarity we note here that Fig. 10 shows the
AGN population as well as the SF systems, although they are not
included in our analysis or discussion, as the Balmer lines in these
systems may not be accurate tracers of the obscuration if they are
influenced by the AGN ionisation.

The distribution of BD is shown for our parent (GKV gold)
sample across the BPT diagram, in our four volume-limited red-
shift bins, in the right-hand panels of Fig. 10. It can be seen that
there is a tendency for the higher BD systems to populate the
upper locus and bottom right of the diagram, with a trend for
BD to be higher for galaxies with higher values of [NII]/Hα and
[OIII]/Hβ . This trend is likely to be reflective of higher metallic-
ity in the systems towards the bottom right, since, as described
by other authors (e.g., Hopkins et al. 2013; López-Sánchez et al.
2015), there is a known metallicity trend in the BPT diagram,
with metallicity increasing from the top left towards the bottom
right.

We compare the parent (GKV gold) and radio (GKV–radio
gold) populations in this diagnostic (left-hand panels of Fig. 10).
Here it is clear that the radio-detected sources preferentially pop-
ulate the upper locus and right hand side of the distribution
compared to the parent population, which extends much further
to the left and further from the Kauffmann line. The radio-
detected systems are clearly visible among the AGN population
and are well represented in the composite region. The majority of
the radio-detected SFGs are in that region corresponding to higher
metallicity host galaxies, and these will also correspond typically to
higher mass systems, because of the mass-metallicity relationship
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Figure 9. BD as a function of stellar mass in four different redshift bins for the parent sample (blue), radio-detected subset (red), and WISE subset (yellow). The horizontal dashed
line represents the nominal value of BD=2.86. The histograms are shown as normalised counts with the same colour coding, except that GKV–WISE, is presented in black to
improve visibility. Again the WISE subset closely follows the parent sample, while the radio-detected subset is restricted to the higher mass systems.

(e.g., Tremonti et al. 2004; Lara-López et al. 2013). The radio-
detected population is clearly coming preferentially from this
higher mass and higher metallicity region, corresponding as well
to higher BD.

3.4 SFR—Stellar Mass relation

Many studies use the scaling relation between SFR and galaxy stel-
lar mass as a key diagnostic to explore the role of star formation
in understanding galaxy formation (Brinchmann et al. 2004; Salim
et al. 2007; Daddi et al. 2007; Noeske et al. 2007a,b; Bauer et al.
2013; Schreiber et al. 2015; Davies et al. 2016). This well-known
relation, referred to as the ‘galaxy main sequence’ represents the
link between star formation and the mass growth of galaxies
(Rodighiero et al. 2011; Speagle et al. 2014). This relation between
SFR andM∗ in actively SFGs changes with increasing redshift and
has been extensively explored in approaches aiming to understand
models of galaxy evolution (e.g., Noeske et al. 2007a).

We use this SFR-M∗ relation for our sample in order to under-
stand whether our radio sensitivity limit is a significant contribu-
tor to the results identified above. To calculate Hα SFRs, we follow
Hopkins et al. (2003a) and Gunawardhana et al. (2011), to mea-
sure aperture-, obscuration-, and stellar-absorption-corrected Hα

luminosities:

LHα = (EWHα + EWc)× 10−0.4(Mr−34.10)

× 3× 1018

[6564.61(1+ z)]2
×
( FHα

FHβ

2.86

)2.36

(1)

where EWHα denotes the Hα equivalent width, EWc is the equiv-
alent width correction for stellar absorption, Mr is the r-band
absolute magnitude and FHα/FHβ denotes the BD used to cor-
rect for dust obscuration. From this luminosity, the Hα SFR is
determined from the Kennicutt (1998b) relation:

SFRHα[M
yr−1]= LHα

1.27× 1034
. (2)

We present the ‘main sequence’ with these SFRs as a function
ofM∗ in each of the four volume limited redshift bins of our GKV
gold sample (Fig. 11). In this Figure, the left-hand panels show
the parent sample (blue) overlaid with the radio-detected sample
(red). The right hand panels show the parent sample colour coded
by BD. From the right hand panels it is explicitly evident that the
low BD galaxies are also those with the lowest mass and SFR. At
the high mass end essentially all of the optical parent sample is
identified with radio counterparts. At the low mass and low SFR
end, though, we start losing radio counterparts, and these are also
those galaxies that have the lowest BD.
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Figure 10. The BPT diagram presented in each redshift bin. The left panels compare the parent sample (GKV gold) in blue with the radio subset (GKV–radio gold) in red. The
radio-detected systems preferentially populate the upper locus and lower right, corresponding to systems with higher BD, metallicity, and mass. The right panel presents the
same data for the parent (GKV gold) sample only, here colour coded by BD value. The BD can be seen to generally increase from the top left to the bottom right of the diagram.
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Figure 11. The main sequence of Hα SFR as a function of M∗ in galaxies (left panels), showing all the optical parent galaxies (GKV gold) in blue with the radio subset (GKV–radio
gold) in red. In the right hand panels, the data, for the parent sample only, are reproduced, and here colour coded by BD. The empirical thresholds in Hα SFR are marked by the
horizontal dashed lines in each redshift bin.
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It is apparent in Fig. 11 that there is an empirical threshold in
terms of SFRHα below which we are not identifying radio counter-
parts. In principle we could attempt to estimate such a threshold
quantitatively, based on the radio flux density detection limit, by
converting that to a radio-derived SFR and then to an Hα SFR.
In practice, though, this is impractical due to the large scatter
between these SFR estimators. In other words, the radio flux den-
sity threshold does not convert simply to a hardHα SFR threshold.
We demonstrate this in Fig. 12, which explicitly compares the
radio and Hα derived SFRs. The radio SFR calibration is adopted
from the Bell (2003) relation:

SFR1.4GHz[M
yr−1]= fL1.4GHz
1.81× 1021WHz−1 . (3)

where

f =

⎧⎪⎨
⎪⎩
1 L1.4GHz > Lc

(0.1+ 0.9(L1.4GHz/Lc)0.3)−1 L1.4GHz ≤ Lc,
(4)

and we assume a radio spectral indexb of α = −0.7 to convert
our 888MHz luminosities to equivalent 1.4 GHz luminosities. The
order-of-magnitude scatter between these quantities prevents a
simplistic linear-calibration conversion to scale from a radio flux
density limit to an equivalent SFR limit in Fig. 11. Despite this,
we can use the apparent empirical limit, which we mark with hor-
izontal dashed lines, to explore the effect of our radio sensitivity
limit. By excluding galaxies with SFRs below this threshold, we can
establish whether the result shown in Fig. 6 arises primarily from
the radio sensitivity limit or not. After excluding galaxies below
this empirical threshold, the revised histogram fractions, shown
in Fig. 13, demonstrate that the result is essentially unchanged,
and the lack of low BD galaxies with radio counterparts is not
a consequence of the radio sensitivity limit. Differences between
Figs. 6 and 13 are primarily visible in the lowest two redshift bins,
where more sources have been excluded, compared to the higher
two redshift bins. The uncertainty measurements are also slightly
larger in Fig. 13 due to the smaller numbers of objects in each bin.
Otherwise, there are very few differences.

Since this result is not a simple consequence of our radio
detection limits, those galaxies that are missing radio detections
must have radio luminosities lower than expected compared to
their radio-detected counterparts at a given mass, SFR, or optical
luminosity. The systems with the lowest BDs are also those with
the lowest SFRs (e.g., Gunawardhana et al. 2011; Phillipps et al.
2023), and hence the lowest radio luminosities (Condon 1992). To
explore this further, we look at the distribution of radio luminos-
ity with BD and stellar mass in Fig. 14. For those galaxies that are
radio-detected it is evident that, while there is a strong relation-
ship between radio luminosity and stellar mass, there is no clear or
strong trend between radio luminosity and the BD. This implies
that for a given stellar mass we might expect a more or less con-
stant radio luminosity, independent of the BD. This expectation
clearly breaks down at the lowest mass end.

4. Discussion

Hopkins et al. (2001) proposed an optical luminosity dependent
approach to correcting for obscuration in galaxies in the absence

bWe adopt the convention that spectral index, α, links flux density, S, and frequency, ν,
through S∝ να .

Figure 12. Comparison of Hα SFR and radio-SFR for the full optical parent sample (GKV
gold). As is well-known (e.g., Hopkins et al. 2003a; Davies et al. 2016), there is only a
general trend, rather than a tight correlation.

of more direct measurements of the obscuration itself, building
on earlier work (Wang & Heckman 1996), and later updated by
Garn et al. (2010) for galaxies at higher redshift. This approach
was refined by Afonso et al. (2003), using a radio-selected galaxy
sample and Hopkins et al. (2003b) using an optically selected sam-
ple. Hopkins et al. (2003b) suggested that the differences found
between the luminosity dependence on the obscuration was a con-
sequence of radio selection preferentially being more sensitive to
heavily obscured populations missing from the optically selected
samples.

Our approach here has been to begin with an optically selected
sample (GKV) and explore the obscuration properties of the
radio-detected population, to see whether, and if so how, they
differ. We do find a statistically significant difference in the obscu-
ration of the radio-detected population (Section 3.1), with these
galaxies being on average more obscured than the parent sample
(Figs. 5 and 6). We identify that the difference arises from the lack
of the lowest mass and least obscured (lowest BD) galaxies in the
radio-detected subset (Fig. 14).

To summarise our main results:

1. We analysed four volume-limited samples, defined to
ensure that galaxies should lie above our radio detection
limits (Fig. 2).

2. The radio-detected systems recover almost all of the galax-
ies at high optical luminosities, but lack the low optical
luminosity and low BD galaxies (Fig. 5).

3. The radio-detected subsets are lacking the least obscured
(lowest BD) galaxies at the lower mass end of the samples
(Fig. 9).

4. The distribution of SFGs in the BPT diagrams primar-
ily trace a sequence in metallicity. It is evident that the
radio-detected objects lack those towards the upper left in
Fig. 10, which correspond to low BD and low metallicity
systems.

5. Using the SFRHα—M∗ ‘main sequence’ relation we defined
an empirical SFR limit for our radio detections and used
this to demonstrate that the lack of low SFR, low BD
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Figure 13. An updated version of Fig. 6, again showing fractions of the (gold) radio (GKV–radio, in red), and WISE (GKV–WISE, in black) subsets over the parent sample (GKV),
but now excluding the galaxies below the Hα SFR threshold defined in Fig. 11. Excluding those galaxies that may fall below a nominal radio sensitivity limit does not change
the key result, that the radio-detected subset is lacking the lowest BD galaxies. The error bars and shaded error regions are estimated as in Fig. 6, corresponding to 1σ binomial
uncertainties, following Cameron (2011).

Figure 14. BD as a function of stellar mass colour coded by radio luminosity at 1.4 GHz (W Hz−1) calculated from the measured 888 MHz luminosities assuming a spectral index
α = −0.7 as detailed in Section 3.4 for the two lowest redshift bins. Showing radio luminosity at 888 MHz gives a largely identical result. Note the colour scales are different
between panels, to better emphasise the measured range. The horizontal dotted line represents the nominal value of BD=2.86. The strong relationship between radio luminosity
and stellar mass is evident, but no clear trend between radio luminosity and BD is present.
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galaxies with radio counterparts is not a consequence of
this sensitivity limit (Fig. 13).

Together these results indicate that the radio-detected subset is
missing those galaxies with the lowest mass, SFR, and obscuration.
Here we explore further why this might be the case.

The ‘staged galaxy formation’ model of Noeske et al. (2007a,b)
describes the evolution in galaxy star formation through a gradual
transition from high SFR in high mass galaxies at early times that
rapidly declines, while low mass galaxies start forming the bulk of
their stars later on average and with a longer timescale. This broad
scenario is also often referred to as ‘galaxy downsizing’ (Cowie
et al. 1996). The challenge of understanding the link between the
gas and the star formation that it fuels is explored by Hopkins,
McClure-Griffiths, & Gaensler (2008), establishing a need for gas
replenishment in galaxies to sustain ongoing star formation over
cosmic time. This broad picture establishes a difference in the
formation histories of the lowest mass galaxies compared to the
higher mass population, although it does not directly address why
their radio properties may differ in the way we see.

It is well known that for low luminosity (or low mass, or low
metallicity) galaxies the relationship between radio luminosity and
SFR changes (Bell 2003; Brown et al. 2017), and probably arises
through the greater tendency for cosmic ray electrons to escape
such low mass systems, as shown in samples of nearby dwarf
galaxies (e.g., Hindson et al. 2018; Heesen et al. 2022). This may
be related to the effect we see in Fig. 9 but because this ‘leaky
box’ description is explicitly mass dependent, by itself it does not
explain why we see a difference with BD at a common mass.
Strazzullo et al. (2010), using the ratio between radio and ultra-
violet luminosities as a proxy for obscuration, find that there is a
galaxy type dependence on the obscuration. They show that qui-
escent galaxies seem to have higher levels of obscuration for a
given radio luminosity than SFGs. We may be seeing this effect
here at the lowest mass end of our population, and this would
be consistent with the implication that the systems we are miss-
ing are similar to the ‘slowest forming galaxies’ of Brough et al.
(2011). With more sensitive radio data, we would be more likely
to detect these otherwise missing systems and could quantitatively
explore such relations between radio luminosity and BD for low
mass galaxies.

It is also true that there is a broad range of SFR for any cho-
sen galaxy mass, given the finite width in the SFRHα—M∗ ‘main
sequence’ relation (e.g., Gürkan et al. 2018). In particular, the low
mass, low SF systems with shallow potential wells experience SF in
a very bursty mode (Lee et al. 2007, 2009; Brough et al. 2011; Bauer
et al. 2013). Such stochastic SF, for any value of SFR, may in prin-
ciple lead to a time-delay between the radio emission (arising from
supernova remnants) compared to the Hα emission from an active
burst of star formation. This in turn may result in some low mass
galaxies with measurable Hα having no radio detection, because
they are serendipitously caught at a point before significant radio
emission has been generated. This effect may also contribute to the
scatter seen in the SFR comparison (Fig. 12) at the low SFR end.
It is worth noting, though, that the low mass galaxies considered
here have masses in the range of 8.5� log (M∗)� 9.5, which is
larger by an order or magnitude or more than those in the studies
referenced above.

With that in mind, one tentative explanation for an increase
in the scatter seen in the lowest mass galaxies (e.g., Lee et al.
2007, 2009; Meurer et al. 2009) relates to possible variations in the

stellar IMF. We can speculatively draw on those results to con-
sider whether differences in the IMF may also contribute to our
result. Recall that the radio luminosity from star formation is asso-
ciated with high mass stellar populations (Condon 1992). It is the
high mass stars that produce the supernovae, whose ejecta accel-
erate the cosmic ray electron population to the relativistic speeds
needed to produce synchrotron emission at radio wavelengths.
The highest mass stars are also associated with increased levels
of obscuration (Dwek 1998). Now, if there are fewer high mass
stars present than expected, the radio luminosity will be lower than
expected. So our result could be a consequence of low mass, low
obscuration galaxies having IMFs that are poorer in high mass
stars compared to their higher BD counterparts. In other words,
they would have a steeper high mass IMF slope, as also suggested
by Brough et al. (2011).

This speculation is qualitatively consistent with other analyses
looking at IMF variations in SFGs. For example, Gunawardhana
et al. (2011) find a tendency for low SFR or low specific SFR galax-
ies (which are also low mass systems) to have IMFs preferentially
lacking in high mass stars (steeper high mass IMF slopes) com-
pared to their high SFR counterparts. Similar results, although
quantitatively different, are found by Nanayakkara et al. (2017),
Meurer et al. (2009), Lee et al. (2009), and Boselli et al. (2009) (and
see Hopkins 2018, for a detailed review).

Two directions for further exploration make themselves appar-
ent here. The first is related to understanding the impact of obscu-
ration on radio or optically selected samples. This requires us to
invert the approach and begin with a complete radio-selected sam-
ple, with well-defined obscuration measures for all radio sources,
to explore how the obscuration properties differ as a function of
optical magnitude or survey sensitivity. The second is a deeper
exploration into whether there may be any measurable IMF effect,
associated with the underlying star formation, and potentially its
physical distribution throughout a galaxy.

A wider range of radio measurements from the main sur-
vey data of the EMU (Norris et al. 2011, 2021) will support the
expansion of this type of analysis to a much wider set of galaxies
with available optical spectra, including spatially resolved spec-
troscopy. The technique of Gunawardhana et al. (2011) can be
directly applied to large samples of radio galaxies from the EMU
main survey in order to directly explore IMF variations. Such an
analysis may be expanded by explicitly looking at any dependence
on the spatial distribution of SF throughout a galaxy, through the
current and newer generations of integral field spectroscopy sur-
vey projects, such as SAMI (Croom et al. 2012), CALIFA (Sánchez
et al. 2012), MANGA (Bundy et al. 2015), andMAGPI (Foster
et al. 2021). This approach, requiring Hα line measurements, is
of necessity limited with optical spectroscopic datasets to the low
redshift Universe. Alternative IMF-sensitive metrics, especially
those accessible at high redshifts, would be valuable to establish
in order to further extend this work.

5. Conclusion

The motivation for this analysis originated in part from the early
work of Hopkins et al. (2003b) and Afonso et al. (2003) showing
that one consequence of increased dust obscuration in higher SFR
systems is that radio selection is sensitive tomore heavily obscured
galaxies that may potentially be excluded from optically selected
samples. To extend these early analyses, we explore the obscu-
ration properties of radio-detected galaxies in the local universe,
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using a sample of SFGs from the GAMAGKV catalogue combined
with EMU early science data. Our aim is to explore the properties
of obscuration in galaxies using the BD and examine how they dif-
fer between a radio-detected sample and its parent optical sample.

We find that while the majority of high mass galaxies have
radio counterparts, in the low mass galaxy population only the
highest obscuration systems appear to. This leads to a statistically
significant difference in the obscuration properties for the radio-
detected subset. The low obscuration, low mass galaxies do not
show radio emission, although it would be detectable if present at
the same proportional level as their higher obscuration counter-
parts. We have demonstrated that this result is robust and not a
consequence of the sensitivity limit of the radio data.

We discuss possible causes of the lower than expected radio
luminosity in the low mass, low BD population. This may be
due in part to the suggestion of a galaxy type dependence with
BD (Strazzullo et al. 2010), as well the possibility that the radio
detections are impacted by the bursty nature of star formation in
low mass galaxies (e.g., Brough et al. 2011; Bauer et al. 2013). We
also speculate that these systems may have steeper high mass IMF
slopes, leading to relatively fewer highmass stars and consequently
to lower radio luminosities than their higher BD counterparts at
the same stellar mass.
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