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ABSTRACT

Radio observations offer a dust-independent probe of star formation and active galactic nucleus (AGN) activity, but
sufficiently deep data are required to access the cross-over luminosity between these processes at high redshift (z > 4.5).
We present three spectroscopically confirmed high-redshift radio sources (HzRSs) detected at 1.3 GHz at z = 4.9-5.6, with
radio luminosities spanning L 3 gu; &~ 2-5 x 10%*' W Hz~!. These sources were first identified as high-redshift candidates
through spectral energy distribution (SED) fitting of archival Hubble, James Webb Space Telescope (JWST) NIRCam + MIRI,
and ground-based photometry, and then spectroscopically confirmed via the H « emission line using wide-field slitless
spectroscopy from JWST COSMOS-3D. The star formation rates (SFRs) measured from SED fitting, the H « flux, and the
1.3 GHz luminosity, span ~ 100-1800 M, yr—!, demonstrating broad agreement between these SFR tracers. We find that
these three sources lie either on or 0.5-1.0 dex above the star-forming main sequence at z = 4-6 and have undergone a
recent burst of star formation. The sources have extended rest-ultraviolet (UV)/optical morphologies with no evidence for
a dominant point source component, indicating that an AGN is unlikely to dominate their rest-UV and optical emission.
Two of the sources have complex, multicomponent rest-frame UV/optical morphologies, suggesting that their starbursts
may be triggered by merging activity. These HzRSs open up a new window towards probing radio emission powered by
star formation alone at z > 4.5, representing a remarkable opportunity to begin tracing star formation, independent of
dust, in the early Universe.
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means HzRSs are ideal laboratories for studying the physical

1 INTROD TI
NTRODUCTION mechanisms governing the growth and eventual quenching of

High-redshift (z > 4.5) radio sources (HzRSs) provide an unpar-
alleled dust-free window into the physics of galaxies in the early
Universe. Their radio activity originates from synchrotron radia-
tion produced either by the release of energy by accreting super-
massive black holes (SMBHs) in active galactic nuclei (AGNs), or
by short-lived massive stars that emit cosmic rays when turning
supernova, providing a tracer of the star-formation rate. This
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high-redshift galaxies, such as gas accretion, black hole growth,
and feedback processes impacting the interstellar medium. Pow-
erful HzRSs are also often seen at the centres of massive proto-
clusters, with a number of star-forming galaxies with strong Ly«
and H « emission seen in their environments (e.g. B. P. Venemans
et al. 2007; G. Miley & C. De Breuck 2008; S. I. Muldrew, N. A.
Hatch & E. A. Cooke 2015; R. A. Overzier 2016). Most HzRSs dis-
covered to date are classified as ‘radio-loud’ AGNs with radio flux
densities only achieved by luminous jets and lobes produced by
the accretion of material onto a central SMBH (C. G. Bornancini
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etal. 2007;J.J. Bryant et al. 2009; M. J. Jarvis et al. 2009; A. Saxena
et al. 2018b; A. Capetti et al. 2025). However, below a luminosity
of roughly L; 36, ~ 10** W Hz™!, the radio emission can arise
either from AGN jets with lower powers than those in previous
studies, or by intense star formation (SF; e.g. J. J. Condon 1992;
E. M. Sadler et al. 2002; T. Mauch & E. M. Sadler 2007; M. Novak
et al. 2017; N. J. Thykkathu et al. 2026). This regime is largely
unexplored by searches for HzRSs, due to the depth of the radio
continuum data that is required to detect such sources at high
redshift. Both of these classes of HzRSs are interesting and can
provide vital insights into rare sources at these redshifts; we are ei-
ther detecting the most extreme starbursts at high redshifts (SFR
~ 102-103 My, yr~ 1) if all the radio emission is due to SF (e.g. H.
S. B. Algera et al. 2020; J. A. Zavala et al. 2023), or a population of
lower-powered radio jets which have not previously been studied
at these redshifts, which could be responsible for shutting down
SF at such early epochs (e.g. Y. Dubois et al. 2013). In the former
case, the radio detections of these extreme starbursts will allow us
to measure their SFRs unbiased by dust obscuration. Moreover,
radio observations provide an efficient method of identifying
these rare objects due to the combination of areal coverage and
depth, compared to Atacama Large Millimeter Array (ALMA)
which is limited to narrow fields (e.g. M. Franco et al. 2018),
and far-infrared observations (e.g. Submillimetre Common-User
Bolometer Array (SCUBA); Herschel, I. Smail et al. 2002; A. Lapi
et al. 2011) which are heavily confusion limited.

Previous searches for HzRSs have been conducted by selecting
relatively bright (> 1 mJy) ultrasteep spectrum (USS,« > 1, S, «
v~?) radio sources in shallow surveys covering several thousand
square degrees (e.g. S. Rawlings et al. 1996; C. De Breuck et al.
2000; M. J. Jarvis et al. 2001a; A. Saxena et al. 2018a; A. Capetti
et al. 2025; L. Ighina et al. 2025), limiting the source discovery
space to luminous radio-loud AGNs and quasars, to the extent
that very few would be expected (M. J. Jarvis & S. Rawlings 2000;
M. J. Jarvis et al. 2001b; M. H. Brookes et al. 2008; L. M. Ker et al.
2012). M. J. Jarvis et al. (2009) dropped the USS requirement,
instead cross-matching radio sources which are very faint or
not detected in Spitzer/Infrared Array Camera (IRAC) or K-band
imaging, ensuring sources lie at 7z > 2, leading to the discovery of
a radio galaxy at z = 4.88. More recently, R. Endsley et al. (2022)
discovered a radio-loud AGN at z = 6.8 by cross-matching deep
Very Large Array (VLA) imaging with a sample of Lyman-break
galaxy (LBG) candidates, which was later confirmed with ALMA
(R. Endsley et al. 2023), demonstrating the strength of cross-
matching optical + near-infrared (NIR)-selected high-redshift
galaxies with deep radio observations. E. Lambrides et al. (2024)
have presented a candidate radio-loud AGN at z = 7.7, but this
source still requires spectroscopic confirmation.

A population of low-luminosity HzRSs may be relevant in the
broader context of recently identified ‘Little Red Dots’ (LRDs; J.
Matthee et al. 2024) discovered with James Webb Space Telescope
(JWST). LRDs are characterized by compact morphologies, dis-
tinctive “V-shaped’ spectral energy distributions, and show evi-
dence for AGN activity from broad rest-frame optical emission
lines (e.g. J. E. Greene et al. 2024), with the AGN potentially
enshrouded by a dense cocoon of gas (e.g. A. Graaff et al. 2025;
R. P. Naidu et al. 2025; W. Q. Sun et al. 2026). To date, how-
ever, no radio emission associated with accreting SMBHs has
been detected from LRDs, including in stacking analyses (H. B.
Akins et al. 2025; G. Mazzolari et al. 2025; E. A. Orozco et al.
2025; K. Perger et al. 2025). It therefore remains unclear whether
their apparent radio-quiet nature reflects intrinsically weak radio
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emission compounded by current sensitivity limits, or instead
points to alternative power sources, such as extremely compact
and dense star-forming regions (J. F. W. Baggen et al. 2024; C.
A. Guia, F. Pacucci & D. D. Kocevski 2024). Recent radio ob-
servations of a low-redshift (z = 0.17) analogue to an LRD with
the VLA suggest that at least some of these systems may host
radio emission consistent with radio-luminous supernovae (L. F.
Rodriguez & I. F. Mirabel 2025). Faint HzRSs could provide com-
plementary insight into high-redshift systems powered by either
low-luminosity AGN or intense SF, where the radio emission is
detectable (S. Fu et al. 2025).

By utilizing deep radio imaging from the MeerKAT Interna-
tional GHz Tiered Extragalactic Exploration survey Data Release
1 (MIGHTEE DR1; M. Jarvis et al. 2016; C. L. Hale et al. 2025)
at 1.3 GHz, together with excellent multiwavelength data, we
are able to extend the study of HzRSs to lower-radio powers and
larger areas for the first time.

This paper is structured as follows. In Section 2, we present the
multiwavelength data and methods used to select the HzRSs. We
present the three spectroscopically confirmed HzRSs in Section 3,
and compute their SF rates from rest-frame UV, optical, and radio
tracers. In Section 4, we explore whether these HzRSs are SF or
AGN-dominated, discuss their spectral indices, and compare to
expected numbers from the radio luminosity function. Finally, we
present our conclusions in Section 5.

All magnitudes reported in this paper are in the AB system (J.
B. Oke & J. E. Gunn 1983). We assume a standard cold dark matter
cosmology, Hy = 70km s~ Mpc~3, Q, = 0.3, Q5 = 0.7. We use
a P. Kroupa (2001) initial mass function (IMF) throughout. For
radio spectral indices «, we use the convention S, o« v™¢ for a
source with flux density S, at frequency v. Errors are reported
atlo.

2 DATA AND HZRS SELECTION

In this section we present the multiwavelength data and methods
used to select the HzRSs.

2.1 MIGHTEE radio data

The MIGHTEE survey is a MeerKAT (J. L. Jonas 2009) radio sur-
vey providing simultaneous continuum (I. Heywood et al. 2022;
C. L. Hale et al. 2025), spectral line (I. Heywood et al. 2024), and
polarization (A. R. Taylor et al. 2024) data. This work is based
on MIGHTEE Data Release 1 continuum data in the COSMOS
field at 1.3 GHz, outlined in C. L. Hale et al. (2025). The COS-
MOS data consist of 22 pointings, with a total on-target time of
139.6 h, covering 4.2 deg?. Two different versions of the imaging
and associated source catalogues are produced, one optimized for
sensitivity and one optimized for resolution (see C. L. Hale et
al. 2025, for details). In this work, we use the higher-resolution
image, which has a circular synthesized beam full width half-
maximum of 5.2 arcsec and the measured noise in the centre of
the image is 2.4 pJy beam 1.

An earlier version of the MIGHTEE radio data, consisting of
a single pointing in the COSMOS field (the MIGHTEE Early
Science data, see I. Heywood et al. 2022, for details), was cross-
matched with deep ground-based optical and NIR imaging (see
next section) in I. H. Whittam et al. (2024). We use this Early
Science (ES) cross-matched catalogue, together with the deeper
DR1 radio catalogue, as the starting point for this work as out-
lined in the following sections. Due to the wide bandwidth of the
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Figure 1. The radio luminosities of the spectroscopically confirmed
HzRSs presented in this work, shown by the large gold stars. We show
the parent sample which overlaps with COSMOS-3D, determined from
cross-matching MIGHTEE radio sources to sources with a photometric
redshift zypot > 4.5, by the smaller red stars. The blue upward-pointing
triangles and orange downward-pointing triangles represent AGNs and
SFGs, respectively, from the MIGHTEE Early Science data (MIGHTEE
ES; I. H. Whittam et al. 2022). The black circles represent samples from
the literature, compiled from C. G. Bornancini et al. (2007), J. J. Bryant
et al. (2009), M. I. Jarvis et al. (2009), and A. Saxena et al. (2018a), scaled
to 1.3 GHz assuming a spectral index of « = 0.7. The green square shows
the highest-redshift confirmed radio loud AGN discovered by R. Endsley
et al. (2022).

MeerKAT L-band receiver the effective frequency of the MIGH-
TEE DR1 data varies slightly across the image. We use the effec-
tive frequency map released with the DR1 data to scale the radio
flux density of each source to 1.3 GHz. Fig. 1 shows the redshift -
radio luminosity plane for the star-forming galaxies (SFGs) and
AGN from the MIGHTEE ES data (I. H. Whittam et al. 2022)
which extends to z ~ 4.5.

2.2 Ground-based data

We make use of rest-UV selected catalogues produced by N. J.
Adams et al. (2023) in the COSMOS field. The full selection
is summarized in their section 2. Deep optical data from the
Canada-France-Hawaii-Telescope Legacy Survey (CFHTLS; J.-
C. I. Cuillandre et al. 2012) and the Hyper-Suprime Cam Sub-
aru Strategic Program (HSC-SSP; H. Aihara et al. 2019) were
combined with NIR data from the UltraVISTA survey (H. J. Mc-
Cracken et al. 2012), covering around 1.5deg?. Sources in this
catalogue with K; < 25 were cross-matched to the MIGHTEE ES
catalogue using both the likelihood ratio method (K. McAlpine
et al. 2012) and visual inspection (I. H. Whittam et al. 2024).
Photometric redshifts were determined using both a template-
fitting method using LEPHARE (S. Arnouts et al. 1999; O. Ilbert
et al. 2006) and machine learning with GPz (I. A. Almosallam
etal. 2016a; I. A. Almosallam, M. J. Jarvis & S. J. Roberts 2016b; P.
W. Hatfield et al. 2020, 2022). Less than 5 per cent of sources have
a photometric redshift in significant disagreement with avail-
able spectroscopic redshifts. However, at z > 4, spectroscopic
redshifts become sparse, and a careful treatment of interloper
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sources is required. N. J. Adams et al. (2023) go on to select a
sample of LBGs at g >~ 3.5—5.5 by using LEPHARE to split the
catalogue into galaxies, AGNs and Milky Way stars, mitigating
contamination by, for example, ultracool dwarfs (with M, L, and
T-type templates from A. J. Burgasser 2014). We make use of their
z = 5 sample, which contains sources with 4.5 < Z,pot < 5.5. We
cross-match these LBGs to the host galaxy positions from the I.
H. Whittam et al. (2024) MIGHTEE ES cross-matched catalogue.

2.3 JWST COSMOS-Web

Since the MIGHTEE catalogues are matched to ground-based
imaging, it is entirely possible that highly reddened and intrin-
sically faint sources will be missed, leading to no ground-based
counterpart. We therefore also crossmatch the MIGHTEE cat-
alogue to COSMOS2025 (M. Shuntov et al. 2025). Briefly, this
catalogue was constructed by running SEP (K. Barbary 2016), a
PYTHON implementation of SOURCE EXTRACTOR (E. Bertin &
S. Arnouts 1996), on a Xi stack of the JWST NIRCam F115W,
F150W, F277W, and F444W filters from the 0.54 deg? COSMOS-
Web survey (C. M. Casey et al. 2023). SOURCEXTRACTOR++ (E.
Bertin et al. 2020; M. Kiimmel et al. 2020, 2022) is then used
to perform multiband model-fitting photometry across all avail-
able ground- and space-based imaging. Hubble F814W imaging
(A. M. Koekemoer et al. 2007) is used to reject low-redshift in-
terlopers, while JWST Mid-Infrared Instrument (MIRI) F770W
data from COSMOS-Web provide improved stellar mass and dust
constraints (e.g. C. Papovich et al. 2023). MIRI imaging covers
0.2 deg?, such that only a sub-set of the 18 HzRS candidates (Sec-
tion 2.4) have MIRI coverage. Spectral energy distribution (SED)
fitting is then conducted with LEPHARE (S. Arnouts et al. 1999; O.
Ilbert et al. 2006), with the outlier fraction compared to spectro-
scopic samples not exceeding 10 per cent down to Mpasuw = 28.
We retain sources with Z,no > 4.5, with this threshold chosen to
extend beyond the MIGHTEE ES AGN/SFG separation carried
out by I. H. Whittam et al. (2022).

2.4 SED fitting

We use SED fitting to identify robust HzRS candidates and
remove low-redshift interlopers from the MIGHTEE-cross-
matched sample. Sources from the ground-based catalogue of
N. J. Adams et al. (2023) and from COSMOS2025 (M. Shuntov
et al. 2025) have already undergone SED fitting analysis using
LEPHARE (S. Arnouts et al. 1999; O. Ilbert et al. 2006), with an
outlier rate of less than 10 per cent across both studies, when
compared to spectroscopic samples. We cross-match the ground-
based candidates to the COSMOS2025 catalogue, obtaining con-
sistent model-based photometry from (M. Shuntov et al. 2025)
for all available photometry from JWST, Hubble, Visible and In-
frared Survey Telescope for Astronomy (VISTA), and Subaru Hy-
per Suprime-Cam (HSC). We use BAGPIPES (A. C. Carnall et al.
2018) to verify the photometric redshifts from LEPHARE. We use
the non-parametric star formation history (SFH) described by K.
G. Iyer et al. (2019) with six lookback time bins and a Dirichlet
prior on the lookback times. We place flat priors on the age of
the galaxy (100 Myr to the age of the Universe at the redshift),
stellar mass (10° to 103M,), dust attenuation (A, = 0-4 using
the D. Calzetti 1997 law), ionization parameter (logU = —4 to
—2), and redshift (z = 0-10). Candidate HzRSs are then taken
as sources which have agreeing photometric redshifts at z > 4.5
from both LEPHARE + BAGPIPES runs. We find no significant
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MGTDR1J100000.46+022256.2

MGTDR1J095940.32+022331.5

MGTDR1)100034.18+015733.8
5 kpc

Figure 2. RGB images of the HzRSs presented in this work. The images are 3 x 3 arcsec, and are generated using F444W (red), F277W (green), and
F150W (blue). A 5 kpc scale bar is shown for reference. We note that MGT J09594+4-02233 and MGT J10000+02225 are composed of multiple components,
whereas MGT J10003+-01573 shows a disc-like morphology with a possible bulge.

differences when the shallower ground-based data is excluded.
The SED fitting analysis yields 18 HzRS candidates which overlap
with the COSMOS-3D footprint (see Section 2.5). We show their
photometric redshifts as a function of their 1.3 GHz luminosities
in Fig. 1, alongside HzRSs discovered previously, highlighting
the very low radio luminosities we are probing with the new
MIGHTEE data compared to previous studies.

2.5 COSMOS-3D

COSMOS-3D is a JWST Cycle 3 Large Programme (268h; K.
Kakiichi et al. 2024) obtaining NIRCam wide-field slitless spec-
troscopy (WESS) in F444W, covering 0.33 deg®. The details of
the grism extraction are described in R. A. Meyer et al. (2025),
Feige et al. (in preparation). WFSS images, 1D and 2D spectra
are produced within GRIZLI (G. Brammer 2023). For this, the
NIRCam/WFSS data are reduced using GRIZLI' version 1.12.11
and JWST pipeline version 1.18, and Calibration References Data
System (CRDS) context pmap 1293. Sources from COSM0S2025
with mpgw < 27.5 (M. Shuntov et al. 2025) which overlap with
the COSMOS-3D footprint are extracted, with this threshold al-
lowing for the detection of faint objects with a single line and no
continuum at the sensitivity limit of the grism data. As outlined in
the previous section, we find 18 HzRS candidates at z > 4.5 which
lie in the COSMOS-3D footprint and have mpaqy < 27.5. We use
a script from the DAWN JWST Archive (DJA)? which measures
redshifts by forward-modelling the spectrum with GRIZLI. The
cross-dispersion profile was fit with a Gaussian. Continuum and
contamination were modelled and subtracted using a flexible 31-
knot spline. Emission lines were modelled with Gaussian line
profiles assuming a velocity dispersion of 150 km s~!. The fit
returned the best-fitting 2D model and redshift solution for H«
within the relevant spectral window. We measure the H « fluxes
from the 1D grism spectrum. The flux density is converted from
counts s~! to erg s~ A~! cm™2 using the provided flat-field re-
sponse. We identify the peak near the redshifted H o wavelength
and integrate over the line pixels. Uncertainties are derived from
Monte-Carlo resampling of the spectrum. We retain candidate
HzRSs with a signal-to-noise ratio S/N > 2.5 (integrated) for an

Lhttps://grizli.readthedocs.io/

2https://dawn-cph.github.io/dja/blog/2025/05/16/simplified_cutout_wfss/
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Ho emission line in agreement with the photometric redshift
Zphot Within 2o. While this S/N is low in isolation, these de-
tections are evaluated jointly with broad-band SED fitting. This
yields three robust HzRSs with the H« emission line at a red-
shift in agreement with the photometric redshift. The remaining
15 sources are undetected in the grism spectroscopy. The non-
detections are likely related to the SF time-scales probed by Ho
and the 1.3 GHz luminosity respectively. This is discussed further
in Section 4.1.

We also check the MIRI F1000W and F2100W imaging ob-
tained as part of COSMOS-3D. Out of the three HzRSs presented
in Section 3, one source is detected in both filters, one in just
F1000W, and the remaining source is not covered by the imag-
ing. We measure fluxes from these images with a flexible Kron
aperture using SEP (E. Bertin & S. Arnouts 1996; K. Barbary
2016). To measure the physical properties of the three confirmed
HzRSs, we repeat the SED fitting outlined in Section 2.4, but now
with a narrow prior of Zg,ec £ 0.05 on the redshift, as determined
from the COSMOS-3D WFSS. We present JWST RGB images of
the HzRSs in Fig. 2, and their COSMOS-3D spectra and SEDs
in Fig. 3. The data described here may be obtained from https:
//doi.org/10.17909/nd3g-1180.

3 RESULTS

We identify three low-luminosity HzRSs at z > 4.5. Spectro-
scopic confirmation has been provided by JWST WFSS from the
COSMOS-3D survey (K. Kakiichi et al. 2024). Due to the faint
nature of these sources, none have a rest-frame optical con-
tinuum detection in the grism data. We show the radio lumi-
nosities as a function of redshift in Fig. 1 for the parent sam-
ple of 18 HzRS candidates (photometric redshifts), and for the
three spectroscopically confirmed HzRSs. We show RGB images
of the HzRSs in Fig. 2. These sources have radio luminosities
Lisgu: S5 x 10 WHz ™! (see Fig. 1), lying at least two orders
of magnitude below previously identified HzRSs. This sample
represents the first time we are able to probe a regime where
the radio emission is potentially dominated by SF, rather than
AGN activity, at these redshifts for a sample selected in the ra-
dio band. In this section, we present each of the HzRSs, dis-
cuss potential low-redshift contamination, describe their mor-
phology and measure their SF rates. In Table 1, we present the
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Figure 3. SED fitting (top panels) and JWST grism spectroscopy (bottom panels) of the three HzRSs presented in this work. For each source, the top
panel shows the best-fitting SED from BAGPIPES when we fix the redshift to zspec. The black diamonds indicate the photometry from Hubble F814W,
JWST NIRCam, and JWST MIRI. The grey circles indicate the ground-based photometry from Subaru HSC and VISTA. Non-detections are replaced with
arrows indicating 2 o upper limits. Open blue circles indicate the model photometry. The inset panel shows the redshift probability distribution, P(z),
when we place a flat prior on the redshift instead of fixing it to Zspec. The purple dashed lines in the bottom panels indicate the position of detected
emission lines matching the photometric redshift. We also mark the corresponding spectroscopic redshift on the P(z) panel. We find excellent agreement
between the photometric redshifts derived from using flat priors and the spectroscopic redshifts measured from the grism spectra for all three sources.

Table 1. Observed spectroscopic, photometric, emission-line, and radio properties of the HzRSs presented in this work, ordered by decreasing spec-
troscopic redshift. Source IDs are from the MIGHTEE DRI catalogue. Zspec is determined from the H« line position in the NIRCam/WFSS data, while
Zphot 1 obtained from broad-band SED fitting. fi1 is the observed H « line flux density. S1 3 guz and S3 gu, represent the flux densities at 1.3 GHz from
MIGHTEE and 3 GHz from VLA-COSMOS (V. Smol¢i¢ et al. 2017) respectively. MGT J09594+02233 and MGT J10000+02225 are undetected in the V.
Smol¢i¢ et al. catalogue, the 3 GHz flux densities listed for these sources are extracted from the radio image. L, 3 gny is the rest-frame radio luminosity
computed using the measured spectral index «, while L‘fj%zlz assumes a fixed spectral index of & = 0.7, both using zZspec. Finally, aiggﬁz is the spectral
index, measured from S; 3 gz and S3gHz.

MIGHTEE DR1 ID Zspec Zphot fita S136Hz Sicnz Ly3%, Li3cHz o} S6h,
(1077 erg st cm™2) (1Jy) (1Jy) (10* WHz') (10* WHz™)

MGTDR1 J100000.46+022256.2 5.5447 5.50+19 1.03 £0.30 115435 26+22 2164067  13.6+18.4 1.68 £0.70

MGTDR1 J095940.324022331.5 5.2023 5217014 5.16 £ 0.20 201+4.6 87+21 3344077  536+411  0.96+0.40

MGTDR1 J100034.18+015733.8 4.8953 4647018 2,99 +1.13 340442 142£23 4954+0.61  829+353  0.99+0.23

remainder of the text. The full MIGHTEE DR1 IDs are listed in
Table 1.

redshifts and observable properties of the HzRSs such as their
Ha fluxes, radio flux densities and luminosities, and spectral
indices. In Table 2, we present their derived properties, such
as dust attenuation, stellar mass, Sérsic fit parameters, and SF
rates. Properties derived from SED fitting are measured by fixing
to the spectroscopic redshift with a small prior (Az = +0.05).
In Fig. 3, we show the SED fitting and grism spectroscopy of

3.1 MGTDR1J100000.46+022256.2

MGT J10000+4-02225 is selected from the COSMOS2025 catalogue
(M. Shuntov et al. 2025), and is not detected in the ground-

the HzRSs. In Fig. 4, we show JWST NIRCam postage stamp
cutouts of the HzRSs, overlaid with MIGHTEE radio contours.
For clarity, we use abridged source IDs (MGT J10000-+02225,
MGT J09594+02233, and MGT J10003+01573) throughout the

based HSC and VISTA data. SED fitting suggests this source is
a massive dusty galaxy with log,,(M/My) = 10.72752} and Ay =
2.667017 The redshift probability distribution has a broad peak,

—0.18"
with Zphot = 5.4073:%, driven by non-detections at A < 2 um. The
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Table 2. Derived physical properties of the HzRSs. Dust attenuation (Ay) and stellar mass are obtained from SED fitting with BAGPIPES . Effective
radius R and Sérsic index n are taken from Sérsic profile fits in the COSM0OS2025 catalogue (M. Shuntov et al. 2025). Star formation rates are inferred
independently from SED fitting (averaged over 10 and 100 Myr), dust-corrected H « emission, and radio luminosity at 1.3 GHz assuming a P. Kroupa
(2001) IMF. The SED fitting-derived properties are measured by fixing the redshift to the spectroscopic redshift, with a small prior (zspec £ 0.05).

MIGHTEE DR1 ID Ay log,o(M/Mg) R. n SFR{{ vyr SFRH« SFRYE yr SFR!-3CHz
(mag) (kpc) (Mo yr™) (Mo yr™) (Mo yr™) (Mo yrh)
MGTDR1 J100000.46+022256.2 2.66701% 10.7275% 211+£012  1.0840.12 32215 137 £ 40 15475 226 423
MGTDR11J095940.32+022331.5 1.64%007 10.16%97) 1.36 £0.03 1.66 + 0.08 300130 273 +£32 75118 366 + 36
MGTDR1J100034.18+015733.8 3.72%00 10.787939 0.90 £ 0.01 1.41 £0.04 1820133} 817 £ 308 386759 569 £ 55
MGTDR1)100000.46+022256.2
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Figure 4. JWST NIRCam postage stamp cut-outs of the HzRSs presented in this work. For each source, the first four stamps are 3 x 3 arcsec. The final
postage stamp cut-out is 15 x 15 arcsec. In this final cut-out the MIGHTEE continuum contours are overlaid. Contours are drawn at the 90th, 95th,
97.5th, and 99th percentiles, and at the maximum, of the radio cut-out pixel values. The JWST images saturate at 2 o below and 8 o above the noise level.
We show a 5 kpc scale bar in the bottom left, and the JWST PSF FWHM and MIGHTEE beam size in the bottom right. Although the radio contours for
MGT J09594+02233 appear offset from the NIR position, the offset is 1 arcsec, which is within the uncertainty of the radio centroid at the signal-to-noise

ratio of the 1.3 GHz detection.

spectroscopic redshift of zgec = 5.5447, assuming the line is
H «, lies within the peak of the redshift probability distribution.
MGT J10000+4-02225 is detected in F1000W, but lies in a low
signal-to-noise region of the F2100W imaging, so is undetected
at 21 um. This source is also detected with SCUBA-2 at 850 um
(ID S2C0OS850 78; J. M. Simpson et al. 2019), with Sgsopum =
4.8 +1.0mJy. We use this flux to calculate the SFR from the
warm dust emission in Section 3.6.

3.2 MGTDR1 J095940.32+4-022331.5

MGT J09594+02233 is selected from the ground-based LBG sam-
ple (N. J. Adams et al. 2023). A deep ground-based optical non-
detection with HSC g (see Fig. 3) reveals a strong Lyman-break
in the original selection. SED fitting finds this source has a stel-
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lar mass log,,(M/My) = 10.16731} with moderate dust attenu-
ation, Ay = 1.647597. This source is detected across all avail-
able ground- and space-based filters redwards of 0.7 um, includ-
ing F1000W and F2100W, providing strong photometric con-
straints. The photometric redshift of zynoy = 5.21%937 is in excel-
lent agreement with the spectroscopic redshift of Zgpe. = 5.2023.
This source has the most robust detection of Hw at 25.8 ¢ inte-
grated across the line, and there is also a possible detection of
[S11] A 6716. On first inspection, the H « appears to be broad. We
fit a narrow single Gaussian, narrow + broad double Gaussian,
and Lorentzian profile to the emission line. At the depth of the
COSMOS-3D WFSS, we find no evidence for a preferred narrow +
broad profile. Instead, a Lorentzian is moderately preferred over
a single Gaussian profile (ABIC = 5.7, where BIC is the Bayesian

Information Criterion).



3.3 MGTDR1J100034.18+4-015733.8

MGT J10003+4-01573 is selected from the MIGHTEE ES sample,
with a photometric redshift zyn, > 4.5 determined with LEP-
HARE. SED fitting suggests this source has the largest dust at-
tenuation in the sample with Ay = 3.7272% and a large stellar
mass log,,(M/My) = 10.787345. The Ha spectroscopic redshift
of Zspec = 4.8953 lies within the peak of the redshift probability
distribution. This source is not covered by F1000W and F2100W

imaging from COSMOS-3D.

3.4 Low-redshift emission line contamination

MGT J100004-02225 and MGT J10003+01573 are highly red-
dened sources, which prevents robust constraints on the po-
sition of the Lyman break and results in non-detections in
most ground-based filters. Consequently, their photometric red-
shift probability distributions are broad and exhibit secondary
peaks at z < 4.5. Paschen-o (Paw) emitters at Cosmic Noon
(e.g. N. Seymour et al. 2026) are a potential source of contam-
ination. If the detected emission lines in MGT J100004-02225
and MGT J10003+01573 were Paa (Apeq = 1.875 um), the im-
plied redshifts would be zp,, = 1.29 and 1.04, respectively. How-
ever, there is negligible photometric redshift probability density
at z ~ 1-1.3 for either source, disfavouring this interpretation.
For MGT J10000+02225, the integrated probability below z = 4.5
is P(z < 4.5) = 0.016, while for MGT J10003+01573 it is P(z <
4.5) = 0.022. Other emission-lines (e.g. He1, O1, the CaT1I triplet,
or the [S111] doublet) are possible at z ~ 3-4, but these redshifts
contribute only a small fraction of the total P(z). We therefore
adopt the high-redshift solutions, identifying the detected lines
asHa.

3.5 Morphology

All three HzRSs presented in this work are fit with a Sérsic profile
in the NIRCam filters by M. Shuntov et al. (2025). Their effective
radii and Sérsic indices are presented in Table 2. All sources
have Sérsic indices consistent with a disk (n < 1.5). The effective
radii are consistent with size-mass relations at z >~ 5 (e.g. R. G.
Varadaraj et al. 2024; N. Allen et al. 2025). They therefore do
not have ultracompact morphologies in the rest-frame optical like
LRDs, which are generally unresolved (e.g. H. B. Akins et al.
2025). Instead, they are consistent with star-forming galaxies at
Z 2 5(e.g. I. S. Kartaltepe et al. 2023).

In addition to the RGB images of the HzRSs in Fig. 2, we also
show JWST NIRCam and MIRI F770W postage stamp cut-outs in
Fig. 4, along with an overlay of the radio continuum contours.
MGT J10000+02225 appears to have an irregular morphology in
F277W, comprised of three distinct clumps possibly surrounded
by diffuse emission. MGT J09594+-02233 also shows two clumps,
with one brighter than the other, in F115W and F150W, and
consistent with the full width at half-maximum (FWHM) of the
point spread function (PSF) in these filters. These could either be
due to unobscured AGN emission, or due to compact SF. Compact
rest-frame UV morphologies at high redshift can coincide with
strong high-ionization lines such as N1v] A 1486, suggesting ei-
ther strong compact starbursts or AGN activity (Y. Harikane et al.
2025). The multiple components may also be evidence for ongo-
ing mergers, but confirming this scenario is not possible with-
out follow-up observations which probe the kinematics of the
clumps. We discuss further whether these sources are powered
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by SF or AGN in Section 4.1, but we note that follow-up observa-
tions with JWST/NIRSpec of rest-frame UV emission lines would
provide valuable insight into the nature of these sources. We
also note that none of the HzRSs are resolved in the MIGHTEE
imaging (see Fig. 4, where the radio contours are consistent with
the beam size), which is expected at these redshifts for both SFGs
and AGN, and therefore cannot be used to distinguish between
the two.

M. Shuntov et al. (2025) also fit bulge + disc profiles to
the sources. This fitting is less reliable for MGT J10000+4-02225
and MGTJ09594+4-02233 due to their irregular, multicompo-
nent morphologies. However, we note that in Fig. 2, it appears
that MGT J10003+01573 hosts a bluer bulge and a redder disc.
MGT J10003+01573 has a bulge-to-total ratio of 0.15 in F277W
and 0.22 in F444W. The bulge has a magnitude mpsuw = 24.8,
compared to Mpauw = 23.4 for the disc. MGT J10003+01573
therefore hosts a faint bulge component, which does not domi-
nate over the total flux, but may host an AGN that contributes
some fraction to the total flux. Similarly, we note that neither
of MGT J10000+02225 or MGT J09594+02233 are dominated by
a point-source component in Fig. 2. We therefore cannot rule
out the contribution of an AGN to the appearance of these
HzRSs (even for the compact rest-UV morphologies seen for
MGT J09594+4-02233), but conclude that they do not dominate the
rest-frame UV and optical emission.

3.6 Star formation tracers

We compute star formation rates (SFRs) based on the radio and
H o luminosities, and from SED fitting. We assume that the radio
flux is powered entirely by SF. The radio SFR is computed fol-
lowing J. Delhaize et al. (2017), who provide a redshift-dependent
calibration

SFR[Mg yr '] = fiupl0~2#109mREOL, , cn, [WHz 1)

where fiyr = 1.063 for a Kroupa IMF (P. Madau & M. Dickinson
2014), Ly 46y, is the radio luminosity at 1.4 GHz, and grr is
the infrared-to-1.4 GHz radio luminosity ratio, which was found
to evolve with redshift as grir(z) = (2.88 4 0.03)(1 4 z)~019+001,
We assume a spectral index « = 0.7 and correspondingly scale
the 1.3 GHz luminosities to 1.4 GHz. We note that whilst we have
spectral index measurements for these sources (see Section 3.7),
these have very large errors, leading to large errors on the radio
luminosity (see Table 1). We therefore fix the spectral index to
a = 0.7 to provide a direct comparison to other studies which
follow the same methodology.

We compute the Ha-inferred SFRs following C.-N. Hao et al.
(2011), E. J. Murphy et al. (2011), and R. C. Kennicutt & N. J.
Evans (2012), which is given by

log,,(SFR/Mg yr™ 1) = log,,(Lua/ergs™) — 41.27 )

where Ly, is the Ho luminosity. In order to derive a dust-
corrected Ho luminosity, we assume that Ay sars = Av,gas, 1.€.
both the stars and emission lines lie within stellar birth clouds,
which has been shown to be a reasonable assumption at high
redshift (I. Shivaei et al. 2015; R. Smit et al. 2016). We take Ay
as measured from the SED fitting. Follow-up observations with
JWST/NIRSpec would provide measurements of H 8, allowing
for a dust correction that does not rely on SED fitting.

Finally, the SED-inferred SFR comes from SED fitting with
BAGPIPES , as described in Section 2.4, using a non-parametric
SF history. We compute SFRs averaged over 10 and 100 Myr
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Figure 5. A comparison of the SFRs and stellar masses of the sources
presented in this work against the star-forming main sequence at z ~
4 — 6, compiled from Y. Khusanova et al. (2021), L. Clarke et al. (2024),
and C. Di Cesare et al. (2025) and shown by the dashed, solid, and dotted
lines, respectively. The shaded regions indicate the intrinsic scatter. SFRs
derived from the Ho flux, SED fitting, and 1.3 GHz radio continuum
(assuming Chabrier and Salpeter IMFs) are shown as red circles, blue
squares, purple upward triangles, and yellow downward triangles, respec-
tively. Each source is labelled by its abridged ID.

(SFRIGY,, and SFRIGH ). This is done to provide two SFR es-
timates which probe SF time-scales comparable to Ha (~ 10
Myr) and 1.3 GHz luminosity (~ 100 Myr; R. C. Kennicutt &
N. J. Evans 2012) We present the SFRs in Table 2. In Fig. 5, we
show the positions of the different SF tracers relative to the SF
main sequence at z > 4-6. We find that SFRi{y, . is in excess of
SFRGyyy: for all sources, caused by a recent starburst in the SFH.
The SFRs measured from Ho and the 1.3 GHz luminosity are
either consistent with, or lie between, the SFRSEP values. Overall,
the SFR values lie on, or up to 1 dex above, the SF main sequence,
consistent with star-forming galaxies and starbursts.

We also convert the SCUBA-2 detection at 850 um for
MGT J10000+4-02225 into a sub-mm derived SFR, following equa-
tion (2) from C. L. Carilli & M. S. Yun (1999). This detec-
tion probes emission at 130 um in the rest frame at z = 5.5447,
tracing the warm dust. Assuming a sub-mm spectral index
Olsub—mm = 3.5, we find SFR3OHM — 330 4+ 69 M, yr~!, consis-
tent with SFRijy,, and SFR'*°"*. We note that observations
with ALMA would also provide measurements of the warm dust.
Correspondingly, we crossmatch the HzRSs presented in this
work with A*COSMOS, which is a compilation of public ALMA
continuum data in the COSMOS field in bands 3-9 (with large
variance in area covered between bands; S. Adscheid et al. 2024).
However, we find no counterparts to our HzRSs due to a lack of
coverage.

3.7 Radio spectral indices

In Table 1, we present the radio spectral indices of the HzRSs
between 1.3 and 3 GHz. MGT J10003+4-01573 is detected in the
V. Smol¢i¢ et al. (2017) VLA 3 GHz data and has a radio spec-
tral index o3 &%, = 0.99 & 0.23, indicating that it has a steep

spectral shape. The other two sources are undetected in the
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V. Smolci¢ et al. catalogue, but we measure their 3-GHz flux
densities by extracting pixel values from the radio image. We
find MGT J09594+02233 has a radio spectral index o % =
0.96 & 0.40 and MGT J10000+02225 has o3 $87 = 1.68 £ 0.70.
Although the resulting spectral index estimates have large un-
certainties, it is clear that both sources also have steep spectral
shapes. The V. Smolci¢ et al. (2017) observations lack sensitivity
on short baselines meaning that some extended emission may be
resolved out, causing an underestimation of the 3-GHz flux den-
sities relative to the measured MIGHTEE flux densities (see C. L.
Hale et al. 2023). However, as the three sources in question are all
compact, we do not expect this to be contributing to the measured
steep spectral shapes. The radio spectral shapes of these sources
are discussed further in Section 4.2.

4 DISCUSSION

In this section, we discuss whether the radio emission is pow-
ered by SF or AGN activity. We then discuss the impact inverse-
Compton scattering may have on our interpretation, and the ex-
pected number of radio sources based on the radio luminosity
function.

4.1 AGN or star formation?

Asshown in Fig. 1, the HzRSs presented in this work straddle a ra-
dio luminosity range on the boundary between SFGs and AGNs,
as determined by I. H. Whittam et al. (2022). A natural question to
ask is whether we can determine whether these sources populate
the high-SFR end of the high-redshift galaxy population, or if
they are instead powered by low-luminosity AGNs. This requires
use of both the rest-frame UV/optical morphology and SED fitting
of these sources. In Section 3.5, we found that these sources are
likely not dominated by AGNs in the rest-frame UV and optical,
based on bulge + disc fitting and their extended, clumpy nature.
Instead, we suggested that two of these sources may be undergo-
ing mergers, evidenced by complex multi-component morpholo-
gies.

We can also use the results of SED fitting conducted by
M. Shuntov et al. (2025), who fit both AGN and galaxy tem-
plates to sources in the COSMOS2025 catalogue with LEP-
HARE. MGTJ10003+4-01573 has a marginally preferred galaxy
template, with Ax2(AGN — galaxy) = 1.5. MGT J10000+02225
and MGTJ09594+02233 both have a preferred AGN tem-
plate, with A x%(galaxy — AGN) = 3.5 and 5.3, respectively. Only
MGT J09594+02233 shows moderate preference for an AGN tem-
plate at 2.3 o, while the other two show no significant differences.
‘We note that distinguishing between these templates is limited by
a lack of photometry. However, we can again conclude that the
SEDs of these sources are not dominated by an AGN.

In Fig. 3, a possible detection of [SII] can be seen for
MGTJ09594+02233. Assuming the [S1I] doublet is blended,
we estimate log,,([S 11]/Ha) ~ —1.05, but we note that
the detection of [Sir] is marginal, fism = (4.5+6.6)x
1078 ergs~!cm™2. This value is consistent with both SFGs
and AGNs at high redshift (e.g. J. Scholtz et al. 2025), but without
measurements of the [O 111]/H g ratio it is not possible to study
this source further with J. A. Baldwin, M. M. Phillips & R.
Terlevich (1981; BPT) diagnostics, used to identify ionisation
mechanisms within galaxies and to distinguish SFGs from
AGNSs.



Next we can compare the SF tracers discussed in Section 3.6.
For the purpose of this, we assume that the radio emission is
driven entirely by SF when measuring SFR*¢Hz, Additionally,
we note that BAGPIPES does not account for AGN emission. We
find broad agreement between all SFR tracers, shown in Fig. 5
against the star-forming main sequence at z = 4-6. For each
source, SFR{jy,, is higher than SFR3j7,,,. suggesting that these
galaxies are undergoing starbursts which are driving the Ho
emission. We note that there is large scatter in the measured
SFRs. However, the errors shown in Fig. 5 and reported in Ta-
ble 2 are only the statistical errors which do not account for
systematics. Both MGT J10000+-02225 and MGT J10003+01573
have limited ground-based photometry, limiting the robustness
of SED fitting-derived properties. Their dusty nature results in
poor constraints on the SFR from UV tracers, probing time-scales
of 100 Myr. Additionally, different assumed SFHs can lead to
scatter in the resulting SFR by ~ 1 dex (e.g. S. Tacchella et al.
2022; C. T. Donnan et al. 2026). Our dust correction of the Ha
flux is also based on SED fitting, rather than a more reliable
Balmer decrement. A related caveat to the lack of a measured
Balmer decrement is provided by D. Ismail et al. (2026), who show
that H «-derived SFRs are susceptible to scatter from variations
in the optical depth of dust along the line of sight. Our results
therefore point broadly to consistent SFRs across the three trac-
ers, with these HzRSs lying on or up to 1 dex above the star-
forming main sequence, identifying them as dusty star-forming
galaxies. Combining this, the morphology of the sources, and the
fact that SFR}Gy,,, is higher than SFR3jg),,, suggests that these
galaxies are undergoing a starburst, allowing for the detection of
the Ho emission line. The morphology of MGT J09594+-02233
and MGT J10000+02225 suggests they are merger-induced star-
bursts. An AGN contribution cannot be ruled out, but is not likely
to dominate over emission from SF.

The interpretation of radio emission from starbursts may also
explain the detection rate of H «. In Section 2.5, we found 18 pho-
tometric HzRS candidates which overlapped with the COSMOS-
3D footprint, of which three are detected in He. Since Ha is
sensitive to recent SF on ~ 10 Myr time-scales, whereas GHz
radio emission traces SF averaged over ~ 100 Myr, then if the
radio emission is SF-driven, only ~ 10 per cent of radio-selected
sources are expected to exhibit Ho emission at a given epoch
(ignoring dust attenuation and selection effects). This is consis-
tent with our detection rate of 0.177):?, with binomial errors
determined from E. Cameron (2011).

4.2 Radio spectral shapes and inverse-Compton scattering

In Section 3.7, we measured the radio spectral indices of the
HzRSs by combining VLA data at 3 GHz (V. Smol¢i¢ et al. 2017)
with MIGHTEE data at 1.3 GHz. Although the uncertainties on
the individual measurements are large as two of the sources
are undetected in the 3-GHz catalogue, all three sources exhibit
steep (a 2 0.7) radio spectral shapes. The correlation between
radio spectral steepness and redshift has been known for several
decades (e.g. A. G. G. M. Tielens, G. K. Miley & A. G. Willis 1979)
and has motivated the use of ultrasteep-spectrum (USS, « 2 1)
selection to identify HzRSs (S. Rawlings et al. 1996; C. De Breuck
et al. 2000; M. J. Jarvis et al. 2001a; A. Saxena et al. 2018a; A.
Capetti et al. 2025; L. Ighina et al. 2025). Some early interpre-
tations attributed this trend to the dense environments of high-
redshift radio galaxies, which may reduce fluid velocities and
enhance radiative ageing, leading to steeper synchrotron spectra
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(e.g. L. I. Klamer et al. 2006). A more comprehensive overview of
these scenarios is given by G. Miley & C. De Breuck (2008). How-
ever, the main physical mechanism expected to drive steep radio
spectra at high redshift is energy loss of relativistic electrons via
inverse-Compton (IC) scattering against cosmic microwave back-
ground (CMB) photons. While negligible in the local Universe, IC
losses become increasingly important at high redshift because the
CMB energy density scales as (1 + z)*, and are expected to dom-
inate synchrotron losses at z = 3 (E. J. Murphy 2009). Observa-
tional evidence for this effect was provided by I. H. Whittam et al.
(2025), who stacked MIGHTEE observations of ~ 2 x 10° star-
forming Lyman-break galaxies at z = 3-5 and showed that, at
fixed rest-frame UV magnitude, the flux density and luminosity at
1.4 GHz decline with redshift in agreement with predictions from
E. J. Murphy (2009). The steep (« 2 0.7) radio spectra observed
for the HzRSs presented in this work can therefore be explained
by cooling of relativistic electrons via IC scattering against the
CMB, with any potential environmental effects playing a sec-
ondary role. If IC losses are affecting the radio emission from
these sources, then this would cause the SFRs estimated from
the radio emission in this work to be underestimates. Using the
estimated qrir ~ 2.4 at z = 5 found by I. H. Whittam et al. (2025)
instead of the redshift-dependent J. Delhaize et al. (2017) g
relation given in Section 3.6 increases the radio SFRs by a factor
of ~ 2. For MGT J100004-02225 and MGT J10003+01573, this
would still provide agreement between SFR'*"* and SFR3fY, .-
While SFRGT,, probes the SFR on a similar time-scale to the
1.3 GHz luminosity, due to the scatter on the inferred SFRs from
SED fitting, we can still conclude that there is no significant ra-
dio excess when IC losses are accounted for. MGT J09594-+02233
would have SFR!3 2 roughly a factor of 2 higher than its largest
other SFR measurement, namely SFngl'\),[yr. While this could be
interpreted as a radio excess, it is also consistent with a dusty
starburst, which may not be well-constrained due to a lack of
measurements of the warm dust emission, which reprocesses the
UV light. Follow-up observations with ALMA to measure the
dust emission would break this degeneracy. Additionally, deeper
high-frequency radio data would reduce the uncertainties on the
spectral indices and thus confirm this steepening, and this link
to IC losses. We also note that determining the relationship be-
tween SFR and radio continuum luminosity based on full-SED
modelling may also provide slightly lower SFRs than we find
using the J. Delhaize et al. (2017) relation. As demonstrated by
N. J. Thykkathu et al. (2026), adopting the more recent relation
between SFR and radio luminosity from R. H. W. Cook et al.
(2024) results in better agreement between the radio-derived
and the combined UV + FIR measurements of the cosmic SFR
density.

4.3 Expected sources from the radio luminosity function

We are able to determine whether the radio sources we find at
these high redshifts are consistent with the current best-fitting
radio luminosity function models from deep field data. The two
most appropriate luminosity function evolution models at these
faint flux densities come from the VLA-3GHz survey of V. Smolci¢
et al. (2017) and the MIGHTEE survey itself. M. Novak et al.
(2017) modelled the evolution in the star-forming galaxy pop-
ulation based on the VLA-3GHz data, constraining the bright-
end (L4 > 10**>WHz™!) of the luminosity function at z ~ 5,
although it is worth noting that they do not attempt to remove
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all AGNs from their sample. Using the evolving luminosity func-
tion from M. Novak et al. (2017) we expect to find ~ 20 SFGs in
the redshift range 4.85 < z < 5.55 and at Ly 4gu, > 10* WHz L.
Similarly, we can use the recent measurement of evolving ra-
dio luminosity function from N. J. Thykkathu et al. (2026), who
modelled the total radio luminosity function, including contri-
butions from both the AGN and SFG populations, via a statistical
approach similar to K. McAlpine, M. J. Jarvis & D. G. Bonfield
(2013). From this we can estimate the number of SFGs and AGNs
in the area covered by the COSMOS-3D data. Using this, we find
that the expected number of SFGs is ~ 12 and the number of
AGNs is ~ 2. There are significant uncertainties on these values,
due to the fact that most optically invisible sources are either
omitted (M. Novak et al. 2017) in measuring the luminosity func-
tion, or have to be accounted for statistically (N. J. Thykkathu
etal. 2026), and these are likely to be at the higher redshifts (z > 3;
e.g. F. Gentile et al. 2025). However, they provide a reasonable
estimate of the likely relative numbers of SFGs and AGNSs. Thus,
we would expect to detect far more SFGs than AGNs in these
data, and this is consistent with the SFRs determined from both
the radio continuum luminosity and other measurements of the
SFRs.

5 CONCLUSIONS

In this work, we present three high-redshift radio sources spectro-
scopically confirmed at z = 4.9-5.6 detected in MIGHTEE radio
continuum imaging at 1.3 GHz (C. L. Hale et al. 2025). These
sources were identified by cross-matching the MIGHTEE DR1
continuum data to ground-based LBG catalogues at z > 4 (N. .
Adams et al. 2023) and the COSM0S2025 catalogue (M. Shuntov
et al. 2025). These sources were identified as high-redshift can-
didates through SED fitting of Hubble F814W, JWST NIRCam +
MIRI, and ground-based UltraVISTA + Subaru HSC photometry
taken from COSMOS2025. The photometric redshifts of these
sources were confirmed through a detection of the H o emission
line in JWST COSMOS-3D wide field slitless spectroscopy. The
radio luminosities of these sources are at least two orders of mag-
nitude below previously identified HzRSs, with L, 36, ~ 2-5 X
10** W Hz™'. They have steep spectral indices, o3 $6%, ~ 0.96-
1.68, determined using VLA 3 GHz data (V. Smol¢i¢ et al. 2017).

These HzRSs have Sérsic indices and effective radii consistent
with the size-mass relations of star-forming galaxies at z >~ 5 (R.
G. Varadaraj et al. 2024; N. Allen et al. 2025). None of the sources
have a dominant point-source component (as expected for LRDs),
indicating that AGNs do not dominate their rest-frame UV and
optical flux. Two of the sources, MGTDR1 J100000.46+022256.2
and MGTDRI1J095940.32+022331.5, show complex multicom-
ponent morphologies, which may suggest that they are undergo-
ing mergers. The third source, MGTDR1 J100034.184-015733.8,
shows a bulge + disc morphology where the bulge contributes
no more than 20 per cent to the total flux.

We compute the SFRs based on SED fitting, He, and the 1.3
GHz luminosity, assuming that all of these tracers are powered
by SF. The SFRs span &~ 100-1800 Mg yr~!. When averaging the
SED-derived SFRs over 10 and 100 Myr, we find that SFR{gy,, is
larger than SFR?&?MW, caused by a recent starburst in the SFH.
The SFRs from Ho and the 1.3 GHz luminosity are consistent
with, or lie between, SFRI{y, . and SFRIGH, . and lie either on or
0.5-1.0 dex above the star-forming main sequence at z = 4-6.
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The expected number of radio-loud SFGs and AGNs based on
the evolving radio luminosity function aligns with the three spec-
troscopically confirmed sources we find. Additionally, we detect
H o emission from three out of 18 HzRS photometric candidates
which overlap with the COSMOS-3D footprint. This detection
rate is broadly consistent with the time-scales probed by Ha
(~ 10 Myr) and the 1.3 GHz luminosity (~ 100 Myr).

We interpret these HzRSs as radio sources which are under-
going starbursts, allowing for the detection of the H« emission
line. The two HzRSs with complex morphologies may represent
merger-triggered starbursts.

The observations presented in this work represent the first de-
tections of SF-powered sources selected via their radio emission
atz > 4.5, demonstrating the power of combining ultradeep radio
continuum surveys in well-studied extragalactic fields with deep
ground- and space-based imaging and spectroscopic data sets.
Constraining the SF, independent of dust, in some of the earliest
galaxies that formed in the Universe is paramount to studying
the assembly of the first structures after the big bang, and these
observations lay the foundations for future work towards this
goal.
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