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A B S T R A C T 

Shock waves generated during cluster mergers offer a powerful probe of how large-scale structure grows and ev olv es in 

the Universe. As part of the MeerKAT-South Pole Telescope (SPT) surv ey, w e report the discovery of a single arc-like radio 

relic in the galaxy cluster Abell 4067 ( z = 0 . 099 ), one of the lowest-mass clusters known to host such a structure. MeerKAT 

UHF-band (0.58–1.09 GHz) observations reveal a relic with a largest linear size of ∼ 1 . 48 ± 0 . 02 Mpc, located at a projected 

distance of 0.95 Mpc from the cluster centre. XMM–Newton X-ray data show that the relic’s position and orientation relative 
to the intracluster medium (ICM) elongation are consistent with a merger-driven shock- w ave scenario. The relic has an 

estimat ed radio pow er of 3 . 10 ± 0 . 03 × 10 

24 W Hz −1 at 150 MHz. When placed in the P 150 MHz –M 500 scaling relation, the 
Abell 4067 relic appears less luminous compared to relics in more massive clusters, suggesting an association with weak 

merger shocks. This finding supports the idea that relics in low-mass clusters may form through less energetic merger 
ev ents, leading t o w eak merger shocks. The latt er is support ed by the absence of a det ectable centr al r adio halo in Abell 
4067, which r einfor ces the idea that luminous radio haloes are not a universal outcome of cluster mergers and highlights 
the role of cluster mass, merger energetics, and evolutionary stage in shaping diffuse radio emission in the ICM. 

Key wor ds: g alaxies: clusters: general – radio continuum: general – X-rays: galaxies – X-rays: galaxies: clusters. 
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 INTRODUCTION  

alaxy clusters undergoing mergers often exhibit large-scale, dif- 
use radio emission in the form of radio haloes and radio relics
see R. J. Weeren et al. 2019 for a review). Radio relics are elon-
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Table 1. Properties of Abell 4067. X-ray properties are adopted from G. 
Chon & H. Böhringer ( 2015 ). 

RA J2000 ( h : m : s ) 23:58:49.9
Dec. J2000 ( ◦ : ′ : ′′ ) −60:37:25 
Redshift ( z) 0.0994 
M 500 c (10 14 M �) 2.0 ± 0.25
R 500 (kpc) 800 
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 ated synchr otr on-emitting structur es found at the peripheries
f galaxy clust ers, oft en appearing as striking single or double
r cs (e.g . J . Bagchi et al. 2006 ; L. F eretti et al. 2012 ; R. J . Weeren
t al. 2019 ). Unlike radio haloes, which are thought to be asso-
iated with turbulence in the intracluster medium (ICM), relics
re linked to merger-driven shock waves pr opag ating thr ough the
CM (G. A. Ogrean et al. 2013 ; C. L. Sarazin, A. Finoguenov &
. R. Wik 2013 ; A. Botteon et al. 2016a , b ). These shocks play a

rucial role in accelerating cosmic ray electrons (CRe), leading to
he observed synchr otr on emission (K. R oet tiger, J . O . Burns & J .

. Stone 1999 ; M. Hoeft & M. Brüggen 2007 ). 
A defining char acteristic of r adio relics is their steep radio

pectra ( α > 1, where S v ∝ v −α), which typically steepen in the
ir ection towar ds the cluster centr e, consistent with the energy

osses of relativistic electrons (e.g. R. J. Weeren et al. 2019 ). Ad-
itionally, radio relics exhibit high levels of polarization, with
ractions of 20–30 per cent at 1.4 GHz and up to ∼ 70 per cent
t 5 GHz, indicative of or der ed magnetic fields aligned with the
hock front (R. J. Weeren et al. 2010 ; M. Kierdorf et al. 2017 ; F.
oi et al. 2017 ). The detection of X-ray brightness discontinuities
t the location of several relics further supports their association
ith merger shock waves (H. Akamatsu & H. Kaw ahar a 2013 ; A.
otteon, F. Gastaldello & G. Brunetti 2018 ). 
The standard framework for explaining radio relics in vok es

iffusive shock acceleration (DSA; A. R. Bell 1978 ; F. C. Jones &
. C. Ellison 1991 ; T. Ensslin et al. 1998 ), wherein electrons are
ccelerated at shock fronts via a first-order Fermi process. How-
ver, observations suggest that the weak shocks typically found
n clusters (Mach numbers M ∼ 2) may not efficiently accelerate
hermal electrons to relativistic energies (M. Markevitch 2010 ; A.
otteon et al. 2020 ; D. Wittor et al. 2021 ; J. Whittingham et al.
026 ). Additionally, these shocks should also accelerate protons,
hich would produce γ -ray emission through interactions with

he ICM, yet no such emission has been det ect ed (M. Ackermann
t al. 2016 ), placing stringent limits on the acceleration efficiency
f protons (F. Vazza et al. 2016 ). 

To address these challenges, alt ernativ e mechanisms hav e been
roposed. One possibility is that shocks re-accelerate a pre-
xisting population of mildly relativistic electrons rather than ac-
elerating thermal particles (M. Markevitch et al. 2005 ; A. Pinzke,
. P. Oh & C. Pfrommer 2013 ; H. Kang & D. Ryu 2015 ). These
eed electrons could originate from previous active galactic nu-
leus (AGN) activity (A. Bonafede et al. 2014 ; R. J. Weeren et al.
017 ; C. Stuardi et al. 2019 ) or past merger events, making re-
cceleration a more efficient process. Another proposed solution
s shock drift acceleration (SDA), a pre-heating mechanism in
hich particles gain energy by drifting along the shock front

n the presence of magnetic field gradients and the motional
lectric field, thereby increasing the efficiency of subsequent
SA (S. Matsukiyo et al. 2011 ; X. Guo, L. Sironi & R. Nar ay an
014 ). 

Despite these theoretical adv ancements, sever al open ques-
ions remain regarding the injection and acceleration of elec-
r ons, the r ole of magnetic fields, and the overall energy budget
 equir ed to sustain radio relics (G. Brunetti & T. W. Jones 2014 ).
dditionally, the observed scaling relation between relic radio
ower and host cluster mass (F. Gasperin et al. 2014 ; R. Kale
t al. 2017 ; A. Jones et al. 2023 ) hints at a deeper connection
etw een clust er mergers and relic formation, though the scatt er

n single-relic systems suggests that additional factors influence
heir occurr ence. A compr ehensive analysis of a larger sample
f relics is necessary to further our understanding of these enig-
NRAS 548, 1–8 (2026) 

m  
atic structures and their connection to large-scale structure
ormation. 

Only a small ( ∼10 per cent) fraction of clusters are expected
o host radio relics (e.g. R. Kale et al. 2015 ; Y. Zhou et al. 2022 ;
. Jones et al. 2023 ; W. Lee et al. 2024 ), despite theoretical ex-
ectations and cosmological simulations that predict many more.
o our knowledge, only ∼ 4 single-radio-relic systems have been
eported in low mass clusters ( M 500 � 3 × 10 14 M �; R. Kale et al.
017 ; S. Paul et al. 2020 , 2021 ). This scarcity highlights the impor-
ance of deep, high-sensitivity observations capable of detecting
ow-surface-brightness relic emission in less e xtr eme envir on-

ents. Futur e high-sensitivity, wide-fr equency surveys with uni-
orm uv -coverage and improved detection of low-surface bright-
ess, steep - spectrum emission will thus be essential to build a

ar larger, statistically meaningful relic sample spanning a broad
ange of cluster masses and redshifts. 

In this Lett er, w e report the discov ery of a nearby radio relic,
et ect ed in MeerKAT UHF-band observations of the galaxy clus-
er RXCJ2359.3 −6042 (Abell 4067), as part of the MeerKAT-SPT
urv ey. This clust er, list ed in the R OS AT-ESO Flux-Limited X-ra y
REFLEX II) cluster sample (H. Böhringer et al. 2013 ; Xu, Weiwei
t al. 2022 ), is at a redshift of z = 0 . 0994 ± 0 . 0050 (Xu, Weiwei
t al. 2022 ) and has a mass of M 500 = 2 . 0 ± 0 . 25 × 10 14 M � (G.
hon & H. Böhringer 2015 ), consistent within uncertainties with

he Sun yaev - Zel’dovich (SZ)-derived value from the Planck SZ
atalogue, M 500 = 2 . 32 × 10 14 M � (P. Tarrío, J.-B. Melin & M.
rnaud 2018 ). The basic properties of the cluster are listed in
able 1 . The Letter is structured as follows: Section 2 outlines
he observations and data processing, Section 3 presents the re-
ults, Section 4 discusses the results, and Section 5 offers our
onclusions. We adopt a Lambda cold dark matter ( �CDM) flat
osmology with H 0 = 70 km s −1 Mpc −1 , �m 

= 0 . 3 , and �� = 0 . 7 .
t the redshift of Abell 4067 ( z = 0 . 0994 ), 1 ar csec corr esponds to
.83 kpc. 

 DA  T  A  P RO C E S S I N G  AND  PRODUCT  

.1 Radio data 

he 100 deg 2 MeerKAT-South Pole Telescope Survey (Proposal
D:SCI-20220822-JV-02 and SCI-20230907-JV-01) was carried out
n the UHF band and is centred on α = 23h 30m , δ = −55 ◦. The
urvey comprises 78 pointings, each with a primary beam full
idth at half-maximum (FWHM) of ∼1.6 ◦ at 816 MHz and a
rocessed bandwidth of 435 MHz. Each pointing was observed
or ∼1 h, achieving a per-pointing depth of 10 μJy beam 

−1 

nd brightness temperature sensitivity of ∼258 mK, for Briggs-
 eight ed ( r obus t = −0.5) images. The combined mosaic has
 sensitivity of 14 μJy beam 

−1 when smoothed after imaging
o a common resolution of 10.2 arcsec. The t otal surv ey ob-
erv ation time w as 116 h and used an 8-s integration time in
he 32 k correlator mode set-up, resulting in 32 768 channels,
ach 16.602 kHz wide. The combined data volume is appr o xi-
ately ∼250 TB. Out of 64 MeerKAT antennas, 60 were typi-
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1 R 500 r epr esents the radius within which the average density of the galaxy 
cluster is 500 times the critical density of the universe at the redshift of 
ally available for each pointing. The sources J0408–6545 (pri- 
ary calibrator) and J2329–4730 (secondary calibrat or) w ere 

sed for absolute flux density, bandpass, phase, and comple x g ain
alibration. 

The MeerKAT data were calibrated and imaged using the same 
r ocedur es as outlined in I. S. Mag oleg o et al. ( 2026 ). In brief, the
alibr ation w as performed using the oxkat pipeline (I. Heywood 

020 ), a set of python -based scripts that semi-automatically 
rocess Stokes I MeerKAT data. This pipeline performs both 

irection-independent and direction-dependent calibration, the 
atter being essential for our observations given MeerKAT’s large 
eld-of-view, high sensitivity, and � 1 GHz observing frequency. 
he workflow further includes point-source modelling and sub- 

raction, followed by imaging with wsclean , with imaging pa- 
amet ers select ed t o optimize for recov ering diffuse, low-surface-
rightness emission. We direct the reader to I. S. Mag oleg o
t al. ( 2026 ) for full details of the data reduction and imaging
ipeline. 
We identified the diffuse source in Abell 4067 through a sys-

ematic manual search for extended radio emission in galaxy 
lusters within the MeerKAT-SPT 100 deg 2 field. The search en- 
ompassed > 200 galaxy clusters drawn from tw o SPT clust er cata-
ogues (N. Huang et al. 2020 ; K. Kornoelje et al. 2025 ) overlapping
he field. Although the source lies within the survey footprint, the
ost cluster is not part of the SPT cluster catalogues, but is instead

dentified in the X-ra y -select ed REFLEX II clust er catalogue (H.
öhringer et al. 2013 ; Xu, Weiwei et al. 2022 ). The cluster lies
lose to the edge of the SPT-SZ 100 deg 2 survey footprint, which
esults in lower reduced data quality towards the outskirts of the
eld. 

.2 X-ray data 

he X-ray image of Abell 4067 was produced from archival XMM–
 ewton E ur opean Photon Imaging Camera - Metal Oxide Semi-

onductor (EPIC-MOS) observations (Obs.ID 0677180601, PI: 
hon), with a total effective e xposur e time of 11 ks. We used
ata in the 0.5–2 keV band, which maximizes signal-to-noise for 
hermal intracluster medium (ICM) emission while minimizing 
ack gr ound contamination. 

Standar d XMM–N ewton data r eduction was performed using 
he Science Analysis System (SAS), following recommended pro- 
edures for flare screening, event filtering, and back gr ound sub-
raction (see G. Chon & H. Böhringer 2015 , for more details). Soft-
r oton flar es wer e r emoved using the high-energy light-curve
ltering, and only good events were retained (PATTERN � 12 for
OS; FLAG = = 0). Exposure maps were generated to correct 

or instrumental variations and vignetting. The final image was 
daptively smoothed (12 arcsec) to enhance low-surface bright- 
ess features, allowing a clearer comparison between the ICM 

orphology and the radio emission. 

 R E S U LT S  

he MeerKAT 816 MHz image is shown in Fig. 1 , alongside an
verlay on the Dark Energy Spectroscopic Instrument (DESI) 
egacy Imaging Survey (A. Dey et al. 2019 ) grz -band image (Fig.
 ). No central diffuse radio emission is found in our MeerKAT
16 MHz image. How ev er, the field of Abell 4067 contains several
iscr ete sour ces and a pr ominent elong ated radio structur e. The
asic properties of the cluster are presented in Table 1 and the
t

adio properties of the latter sources are detailed in the following
ections. 

.1 Discr ete sour ces 

he discrete radio sources in the central region of the Abell 4067
eld are designated S1–S10 (within the R 500 

1 region) as depicted 

n Fig. 1 , while those near the large elongated radio source are
abelled A, B, C, and FRII. All sources in the S1–S10 group (in-
luding A–C and FRII) are resolved at 816 MHz and have optical
ounterparts in the DESI Legacy Imaging Survey Data (DR8; A. 
ey et al. 2019 ; K. J. Duncan 2022 ). Their properties are detailed

n Table 2 . Based on photometric r edshifts, sour ces S1, S2, and
6 are identified as cluster members of Abell 4067, whereas S3,
4, S5, S7, S8, S9, and S10 are background galaxies. Source S1
s a possible head-tail radio galaxy located towards the cluster 
entre, identified as 6dFGS gJ235827.3 −603311 ( z = 0 . 0978 ; P.
. Teague, D. Carter & P. M. Gray 1990 ). Sources A, B, and the
RII radio galaxy (e.g. B. L. Fanaroff & J. M. Riley 1974 ) are
lso back gr ound g alaxies, sour ce C, is identified as a for egr ound
alaxy. How ev er, source C has a photometric redshift consistent
ithin the uncertainties to that of the cluster, suggesting it may
e associated with Abell 4067. 

Furthermor e, sour ce S2 is identified with the galaxy 2MASX
23590416 −6036344 ( z = 0 . 100 ; P. F. Teague et al. 1990 ). Its op-
ical, radio, and X-ray positions agree to within ∼1 arcsec, con-
istent with the astrometric uncertainties, confirming that they 
orrespond to the same system. The X-ray feature is not emission
r om the g alaxy itself, but rather fr om the cool, dense g as of the
ompact subcluster to which S2 belongs. This gas is being ram-
r essur e stripped as the sub - clust er penetrat es the diffuse main
lust er, producing the south-w est-direct ed X-ray tail (see Fig. 2 ).
. Chon & H. Böhringer ( 2015 ) showed that Abell 4067 consists
f a merging pair: a small, cool-core component moving through 

 larger, low-density cluster, forming a bullet -lik e structur e (e.g .
. P. Sikhosana et al. 2022 ). The compact component corresponds
o the S2 system. 

.2 Radio relic 

e detect a diffuse, elongated radio source at a projected distance
f appr o ximately 954 kpc north of the X-ray centre of Abell 4067.
his source has no optical counterpart in the DESI DR8 images

A. Dey et al. 2019 ; K. J. Duncan 2022 ). We classify this structure
s a radio relic. The source’s position within the system, with its
ajor axis oriented perpendicular to the primary elongation of 

he ICM thermal emission (which typically signifies the merger 
xis; see Fig. 2 ), its brightness decr easing towar d the cluster cen-
re, and the lack of a distinct optical counterpart, all support this
lassification. 

Assuming the relic is at the cluster redshift, its largest linear
ize (LLS) is 1 . 48 ± 0 . 02 Mpc. The LLS was calculated as the
aximum separation between pixels identified as relic emission 

long the 5 σ contour, following A. Jones et al. ( 2023 ). The uncer-
ainty corresponds to one synthesized beam, which represents the
mallest angular scale over which the flux density distribution 

an be reliably measured. The relic width was estimated statis-
ically by drawing lines perpendicular to the LLS at each pixel
MNRAS 548, 1–8 (2026) 

he cluster. 
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M

Figure 1. Left: MeerKAT 816 MHz image of Abell 4067 at robust 0.0, with a resolution of 11.7 arcsec × 11.7 arcsec, position angle 0.0 ◦ and rms noise, 
σ = 6.20 μJy beam 

−1 . The labels S1–S10 indicate the compact sources within the R 500 cluster region (dashed circle) and those near the extended source 
labelled ‘Relic’ are A, B, C and FRII. The X-ray cluster centre is marked by ‘X’. The synthesized beam is shown in cyan in the lower-left corner. The 
residual calibration artefacts seen in the image stem from a complex southern source with a total flux density of ∼ 34 Jy at 816 MHz, which remain 
despit e ext ensiv e peeling and direction-dependent calibration att empts. Right: DESI Legacy Surv ey grz -image of the region of the labelled sources with 
the MeerKAT 816 MHz contours overlaid. Contour levels are drawn at [5, 9, 13, 17] × 1 σ , where σ= 6.20 μJy beam 

−1 . 

Table 2. The properties of the compact radio sources within and outside the R 500 cluster region of Abell 4067. 

ID RA (J2000) Dec. (J2000) z phot Flux density Notes 
( h : m : s ) ( ◦ : ′ : ′′ ) (mJy) 

S1 23:58:27.36 −60:33:11.52 0.097737 61.2 ± 0.09 Cluster member 
S2 23:59:04.10 −60:36:34.14 0.100659 0.72 ± 0.02 Cluster member 
S3 23:59:23.05 −60:36:35.65 0.563 0.92 ± 0.02 Back gr ound g alaxy 
S4 23:58:12.57 −60:35:56.41 3.709 6.77 ± 0.02 Back gr ound g alaxy 
S5 23:58:12.52 −60:38:50.31 1.108 7.36 ± 0.03 Back gr ound g alaxy 
S6 23:58:33.64 −60:42:40.2 0.094 13.9 ± 0.03 Cluster member 
S7 23:58:58.05 −60:42:23.42 1.847 1.14 ± 0.02 Back gr ound g alaxy 
S8 23:59:05.45 −60:41:31.8 0.181069 0.26 ± 0.02 Back gr ound g alaxy 
S9 23:59:46.95 −60:38:09.21 2.392 0.44 ± 0.01 Back gr ound g alaxy 
S10 23:58:18.76 −60:35:27.32 0.734 0.71 ± 0.03 Back gr ound g alaxy 
A 23:58:02.73 −60:31:22.16 1.269 0.30 ± 0.01 Back gr ound g alaxy 
B 23:59:30.55 −60:28:59.28 0.181 1.50 ± 0.02 Back gr ound g alaxy 
C 23:59:47.61 −60:27:54.40 0.069188 0.74 ± 0.03 For egr ound g alaxy
FRII (core) 23:58:56.68 −60:25:06.28 0.434 0.15 ± 0.01 Back gr ound g alaxy 
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long its length and measuring the maximum separation between
 elic pix els along those dir ections. We adopt the median of these

easurements as the characteristic width ( 320 ± 21 kpc), with
he standard deviation as its uncertainty. Both the LLS and width
hould be r eg ar ded as lower limits, as the full extent of the relic
mission may fall below the detection threshold. These uncer-
ainties are compounded by limitations in the data: residuals from
mperfect subtraction of both point -lik e and extended sources, as
ell as the cr eation of low-r esolution images to enhance diffuse

mission, can affect the measured sizes. 
A dditionally, a str ong sour ce near the cluster centr e intr o-

uces significant direction-dependent effects (DDEs), which we
tt empt ed t o mitigat e through peeling. How ev er, residual calibra-
ion errors remain and vary across frequency. When the data are
ivided into sub-bands, the reduced signal-to-noise (SNR) ratio
nd more limited uv -coverage amplify these residual artefacts.
ince spectral index measurements rely on small relative flux
ensity differences between frequencies, even modest frequency-
NRAS 548, 1–8 (2026) 

e  
ependent calibration errors can introduce artefacts in the in-
and spectral index maps. In contrast, the int egrat ed flux density
easur ements ar e derived fr om the full-band image, wher e the

r oader bandwidth impr ov es SNR and stabilizes deconv olution.
r equency-dependent r esidual err ors partially average out acr oss

he band, and the flux density measurement depends primarily
n the overall amplitude calibration rather than relative sub-band
iffer ences. Ther efor e, while the calibration limitations prevent
eliable in-band spectral index estimates, their impact is less se-
ere in the full-bandwidth map. Together, these factors limit the
recision with which the relic structure can be characterized. 

.3 Association with merger shock waves 

he orientation of the radio relic and its projected distance ( ∼
.95 Mpc) from the cluster centre is consistent with the scenario
n which radio relics trace merger shock waves (e.g. T. Ensslin
t al. 1998 ). During cluster merg ers, larg e-scale shock fronts prop-
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S2

Figur e 2. Left: XMM–N ewton X-ray image of Abell 4067 (smoothed to 12 arcsec) in the 0.5–2.0 keV band. The orientation of the radio relic is 
perpendicular to the major axis of the X-ray emission from the ICM. The symbol ‘X’ mark the position of the cluster according to the XMM–Newton 
and the dashed circle indicate the R 500 radius. Right: Zoomed-in view of the region around the compact, bullet -lik e galaxy S2 (2MASX J23590416–
6036344) as it penetrates the low-density outer ICM (G. Chon & H. Böhringer 2015 ). Red contour levels show the X-ray emission from the 12 arcsec 
smoothed XMM–Newton image, while black cont our lev els show the radio emission from the MeerKAT 816 MHz full-resolution image (8.9 arcsec × 8.9 
ar csec, R obus t −0 . 5 ). 
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g ate thr ough the ICM, accelerating r elativistic electr ons and
mplifying magnetic fields, producing diffuse synchr otr on emis- 
ion observed as radio relics. Cosmological simulations show that 
hese merger-driven shocks typically occur in the outskirts of 
 alaxy clusters, wher e the shocks can r each higher Mach num-
ers and efficiently accelerate particles (e.g. F. Vazza et al. 2012 ;
. W. Skillman et al. 2013 ; W. Lee et al. 2024 ). The relic spans a
inear size of 1476 × 320 kpc at 816 MHz, with a measured flux
ensity of S 816 = 27.5 ± 0.28 mJy. This measurement excludes the
ux density contribution of Source A (Gaussian fit), which is the
nly point-source embedded within the relic. The flux densities 
nd their uncertainties were calculated using the radioflux 

2 

ool, which measures integrated fluxes by summing pixel values 
ithin user-defined source regions on the images. 

.4 Absence of radio halo 

espite deep radio imaging ( ∼10 μJy beam 

–1 ) and the low red-
hift of the cluster, no central radio halo is det ect ed within the
lust er, down t o the sensitivity limits of our observations. The
entral region of the cluster, within R 500 = 800 kpc, shows no
vidence of diffuse Mpc-scale emission. The non-detection of a 
alo is notable given the cluster’s merging state, which has been 

onfirmed through X-ray morphological parameters (G. Chon & 

. Böhringer 2015 ). The cluster has an estimated total mass of 
 500 = 2 . 0 ± 0 . 25 × 10 14 M �, estimated from X-ray observations

nder the assumption of hydrostatic equilibrium and supported 

y temperature–mass scaling relations and galaxy velocity dis- 
ersion measurements, placing it among the lower-mass systems 
osting radio relic. We also produced point- source- subtracted 

nd uv -tapered images to enhance sensitivity to diffuse emission 

n larger angular scales. How ev er, because this field lies near the
dge of the mosaic and is affected by a bright southern source
 ∼ 34 Jy), residual calibration artefacts are even more prominent 
n the low-resolution maps. These tapered images do not reveal 
ny coherent central diffuse emission consistent with a radio halo 
nd are dominated by compact-source residuals. 
 ht tps://github.com/mhardcastle/r adioflux

G  

l
p
T

The absence of a central halo may be intrinsic, reflecting a
hysical ‘off-state’ in which the cluster simply lacks sufficient tur- 
ulent energy (see Section 4.4 ), or extrinsic, due to observational

imits such as sensitivity and short-baseline coverage (e.g. T. Ven- 
uri et al. 2007 ; A. Bonafede et al. 2017 ; L. T. George, R. Kale &
. Wadadekar 2021 ; V. Cuciti et al. 2021a ; L. Bruno et al. 2023 ). A

orthcoming study of upper limits for the SPT SZ-selected clusters 
ithin the survey (Mag oleg o et al., in pr eparation) will pr esent
 systematic analysis using the now industry-standard injection- 
ecov ery t echnique (L. Bruno et al. 2023 ). Applying this method
o this cluster yields an upper limit of ∼1 mJy, which is compa-
able to the mean limit obtained for other clusters in the sample
 ∼0.94 mJy). This remains the case despite the artefacts present in
he map, as the comparatively low redshift of the cluster implies
 larger expected angular size for diffuse emission. 

 DISCUSSION  

.1 Detection and morphology of the radio relic 

he MeerKAT UHF-band image reveals a radio relic in the out-
kirts of Abell 4067, with an LLS of 1 . 48 ± 0 . 02 Mpc at 816 MHz.
he r elic e xhibits an elong ated ar c-like morphology (see Fig . 1 ).

ts orientation is distinctly perpendicular to the major axis of the
-ray emission from the intracluster medium (ICM), as shown 

n Fig . 2 . N otably, this r elic is the only one det ect ed across the
00 deg 2 region of uniform MeerKAT sensitivity examined in 

ur survey. Within this ar ea, mor e than 200 SZ-selected galaxy
lusters are present, implying an observed relic occurrence rate 
f ∼0.5 per cent in this uniform-sensitivity radio survey. This 
raction is substantially lower than the relic incidence reported in 

arget ed clust er surv eys (e.g. 53 per cent; K. Knowles et al. 2022 ;
. K olok ythas et al. 2025 ), wher e systems ar e often pr e-select ed t o
e massive and dynamically disturbed. The low occurrence rate 
ound here suggests that radio relics become increasingly rare 
n the general cluster population below masses of 3 × 10 14 M �.
iv en the relativ ely low mass of the host cluster, this suggests that

ow-mass systems may indeed contribute significantly to the relic 
opulation, pr ovided one r eaches sufficient surface brightness. 
his interpretation is supported by the recent LOFAR Two-metre 
MNRAS 548, 1–8 (2026) 

https://github.com/mhardcastle/radioflux
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M

Figure 3. The P 150 MHz – M 500 scaling relation of radio relics, colour- 
coded by redshift. The solid line represents the best-fitting relation, based 
on the correlation reported by A. Jones et al. ( 2023 ). The darker shaded 
region indicates the ±1 σ intrinsic scatter (0.55 dex), while the lighter 
shaded r egion r epr esents the corr esponding ±2 σ intrinsic scatt er env e- 
lope. The radio relic in Abell 4067 is marked with a star and lies ∼ 2 . 8 σ
above the best-fitting relation. Low-mass single relic systems are high- 
lighted with blue diamonds. 
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ky Survey, Data Release 2, Planck SZ2 (LoTSS-DR2-PSZ2) study,
hich finds that only ∼10 per cent of Planck-selected clusters

 ∼194) host radio relics at 144 MHz, but also suggests that many
ow-power relics remain undet ect ed due to sensitivity limits (A.
ones et al. 2023 ). 

.2 Spectr al consider ations and r adio power estimation 

ue to residual calibration errors, we are unable to robustly esti-
at e the int egrat ed spectr al index of the r adio relic. We addition-

lly att empt ed t o construct a spectral index map using publicly
v ailable Austr alian Squar e Kilometr e Arra y Pathfinder E volu-
ionary Map of the Universe (ASKAP EMU) data (R. P. Norris et
l. 2011 ; A. W. Hotan et al. 2021 ), but the image is dominated by
rt efacts t o the ext ent that the relic is not det ectable, prev enting
 meaningful comparison. Ther efor e, we assume a typical radio
 elic spectral inde x of α = 1 . 0 (e.g . R. Kale et al. 2017 ; A. Botteon
t al. 2022 ). B y e xtrapolating the flux density from 816 to 150
Hz, w e estimat e a radio power of 3 . 10 ± 0 . 03 × 10 24 W Hz −1 

t 150 MHz. 

.3 Comparison with known radio relics 

e compare the estimated radio power of the Abell 4067 relic
o a sample of known radio relics ( z ∼ 0 . 07 –0.87; F. Gasperin
t al. 2014 ; N. T. Locatelli et al. 2020 ; A. Botteon et al. 2022 ; S.
hatterjee et al. 2022 ; A. Jones et al. 2023 ), including single relics
osted by low-mass clusters at z ∼ 0 . 1 (R. Kale et al. 2017 ; S. Paul
t al. 2020 , 2021 ). Abell 4067 is among the low est-mass syst ems
nown to host a radio relic. The best-fitting line and uncertainty

ndicated by shading shown in Fig. 3 is taken from the relic scal-
ng analysis of A. Jones et al. ( 2023 ). The sample analysed by A.
ones et al. ( 2023 ) is drawn from Planck SZ-select ed clust ers and
s ther efor e dominat ed by high-mass syst ems. Of the 35 clust ers
n their study, 23 lie at z ≥ 0 . 2 and typically have M 500 ∼ 5 −8 ×
0 14 M �. The lower-mass regime is represented primarily by the
2 clusters at z < 0 . 2 , which span M 500 ∼ 1 . 8 −4 . 3 × 10 14 M �,
NRAS 548, 1–8 (2026) 
ith a characteristic mass of ∼ 3 × 10 14 M �. Thus, while A. Jones
t al. ( 2023 ) pr ovide r obust constraints on relic occurrence in mas-
iv e clust ers, the statistics for low er-mass syst ems remain limit ed
nd largely confined to the nearby Universe. 

The only lower-mass system in that work is PSZ2
089.52 + 62.34 (A1904; R. J. Weeren et al. 2021 ; S. Paul et al.
021 ; A. Botteon et al. 2022 ), which hosts two relics on the
ame side of the cluster and does not show a central radio
alo. A ccor ding to simulations by S. E. Nuza et al. ( 2012 ), the
robability of detecting a radio relic in a cluster with mass

3 . 3 × 10 14 M � at z ∼ 0 . 2 is only a few per cent with current
adio facilities (F. Gasperin et al. 2014 ). In this context, the
etection of a relic in Abell 4067, with M 500 = 2 . 0 × 10 14 M �,
urther extends the known relic population towards the low-mass
egime. 

Fig. 3 also shows that Abell 4067 lies ∼ 2 . 8 σ above the BCES Y | X 
caling relation, formally placing it beyond the 95 per cent intrin-
ic scatter region. This indicates that the relic has comparatively
igh radio power for its mass, although it remains consistent with

he broad intrinsic dispersion observed in relic scaling relations.
ts position highlights that low-mass clusters can occasionally
ost relatively luminous relics, but its absolute radio power is still

ower than that of relics in more massive systems. 
Taken together, the position of Abell 4067 in the low-mass

egime and the significantly lower radio power of relics hosted
y low-mass clusters support a scenario in which merger shocks

n less massiv e clust ers are, on av erage, w eaker and less efficient
n accelerating relativistic particles (e.g. G. Schellenberger et al.
022 ). The colour-coded redshift distribution in Fig. 3 further
uggests that higher-r edshift r elics tend to be more luminous,
hich may partly reflect selection effects favouring the detection

f intrinsically bright relics at larger distances, and/or evolution-
ry trends in merger-driven radio emission. 

The discovery of a radio relic in such a low-mass system there-
or e pr ovides an important observ ational constr aint on relic for-

ation models. Future deep MeerKAT observations and spatially
esolved spectral studies, in concert with other major radio facil-
ties, will be essential for constraining the shock properties and
article-acceleration efficiency in low-mass mergers and for es-
ablishing the statistical behaviour of r elics acr oss a wider cluster

ass range. 

.4 The lack of a radio halo 

espite clear merger indicators and shock evidence (also implied
y the radio relic morphology), no diffuse central radio halo
righter than 1 mJy is observed, based on the injection-recovery
echnique. This absence is notable in light of the established
orrelation between cluster mergers and halo occurrence (e.g. G.
runetti & T. W. Jones 2014 ; V. Cuciti et al. 2015 ). Several factors

ikely contribute: 

(i) Low cluster mass: With M 500 = 2 . 0 × 10 14 M �, this cluster
ies below the empirical threshold M 500 ∼ 6 × 10 14 M � above
hich radio haloes are more frequently det ect ed (V. Cuciti et

l. 2015 ). This supports the idea that lower-mass systems may
ack the turbulent energy r equir ed to r e-accelerate r elativistic
lectr ons acr oss cluster cor es (R. Cassano et al. 2013 ; V. Cuciti
t al. 2021b ; R. Cassano et al. 2023 ). 

(ii) Merg er stag e: The absence of a halo might reflect a late-
tag e merg er. If turbulence has already dissipat ed, it w ould no
onger power a central halo (e.g. G. Brunetti et al. 2009 ; A.
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onafede et al. 2017 ). Turbulent energy in the ICM typically dis-
ipates on time-scales of ∼0.5–1 Gyr (J. Donnert et al. 2013 ; G.
runetti & T. W. Jones 2014 ; R. J. Weeren et al. 2019 ), after which

he relativistic electrons cool and the halo fades. The presence of 
 surviving radio relic supports this timing, as relics may outlive 
alo emission due to their localized, shock-induced nature. 
(iii) Shock versus turbulence: While shocks can efficiently re- 

ccelerate fossil plasma to produce relics and phoenices, the lack 

f sustained, volume-filling turbulence could prevent the forma- 
ion of a halo (e.g. R. Cassano , G . Brunetti & G. Setti 2006 ; R. Cas-
ano et al. 2009 ; G. Brunetti & A. Lazarian 2011 ; E. J. Hallman &
. E. Jeltema 2011 ). 

Altogether, Abell 4067 highlights the importance of study- 
ng mergers in the low-mass r egime, wher e r elic-no-halo sys-
ems may be more common than curr ently appr eciated (e.g . A.
onafede et al. 2017 ; S. Paul et al. 2021 ; R. J. Weeren et al. 2021 ;
. Botteon et al. 2022 ; A. Jones et al. 2023 ). Expanding the num-
er of w ell-charact erized clust ers below M 500 � 3 × 10 14 M � (L.
. Bleem et al. 2024 ; K. Kornoelje et al. 2025 ) is essential for
stablishing how merger energetics, shock strength, and turbu- 
ence generation scale with mass. In this context, the growing 

eerKAT-SPT survey designed to systematically probe low- and 

nt ermediat e-mass clust ers with high radio sensitivity will pro-
ide the larger statistical samples needed to clarify the conditions 
nder which relics can form in the absence of radio haloes and

o refine models of particle re-acceleration in the intracluster 
edium. 

 CONCLUSION  

n this Lett er, w e report the discov ery of a single arc-like radio
elic in the galaxy cluster Abell 4067, one of the lowest-mass clus-
 ers known t o host a single arc-like relic. The MeerKAT 816 MHz
mage reveals a relic with a largest linear size of ∼ 1 . 48 ± 0 . 02

pc, located at a projected distance of ∼0.95 Mpc from the clus-
er centr e. XMM–N ewton X-r ay observ ations show that both the
ocation and orientation of the relic relative to the elongation of 
he ICM are consistent with a scenario in which the relic traces
 merger-driven shock pr opag ating in the cluster outskirts. We 
easure the radio power of the relic to be 3 . 10 ± 0 . 03 × 10 24 W
z −1 at 150 MHz, assuming a spectral index α = 1 . 
When compared with the population of known radio relics, 

bell 4067 occupies the e xtr eme low-mass regime of relic-hosting
lusters. Its relic lies relatively high in radio power for its mass,
.8 σ above the BCES Y | X scaling relation, yet its absolute radio 
ow er remains low er than that typically observ ed in more mas-
iv e syst ems. This highlights that low-mass clust ers can occasion-
lly host comparatively luminous relics, but the large intrinsic 
catter in the P 150 MHz –M 500 relation prevents drawing strong con- 
lusions about mass dependence from a single system. 

Taken together, the low cluster mass of Abell 4067 and the
ignificantly low er radio-pow er distribution of relics in low-mass 
yst ems are consist ent with a scenario in which merger shocks
n less massive clusters are, on a verage, weak er and less effi-
ient at accelerating r elativistic particles, r esulting in r educed 

ynchr otr on luminosity. 
The absence of a detectable radio halo in Abell 4067, despite

lear evidence for an ong oing merg er, could point to a depen-
ence of radio halo formation on cluster mass, merger energetics 
nd evolutionary stage. This system ther efor e pr ovides a valuable
estbed for models of particle re-acceleration and turbulence in 
he intracluster medium, and r einfor ces the view that radio halos
re not a universal outcome of cluster mergers. 

Future deeper MeerKAT observations and spatially resolved 

pectral studies will enable tighter constraints on the shock prop- 
rties and particle-acceleration efficiency in this relic, and will 
lace Abell 4067 in a broader statistical context as the sample of 

ow-mass relic-hosting clusters continues to grow. 
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