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ABSTRACT

Giant radio haloes are diffuse synchrotron sources typically found in merging galaxy clusters, while smaller mini-haloes
occur in cool-core clusters. Both trace cosmic-ray electrons in the intracluster medium, though recent observations suggest
their distinction is not always clear. We present new 903-1655 MHz MeerKAT observations of Abell 1775 and Abell 1795,
both hosting cool cores and cold fronts. Combined with reprocessed 120-168 MHz LOFAR Two-metre Sky Survey data, we
perform imaging and spectral analyses of their radio emission. In both clusters, we detect radio haloes with distinct inner
and outer components. In Abell 1775, the halo appears diffuse at 1.3 GHz, while LOFAR images reveal steep-spectrum
filaments. In Abell 1795, the inner component corresponds to a previously reported mini-halo candidate, but the full
structure extends to ~1 Mpc with a spectral index of « = —1.08 & 0.06. The presence of such a large, flat-spectrum haloin a
dynamically relaxed cluster makes Abell 1795 an outlier relative to typical merging systems. This suggests that some relaxed
clusters may still retain sufficient turbulence to sustain particle re-acceleration, or that hadronic interactions producing
secondary electrons play a significant role. Together with other recent discoveries in cool-core systems, our results indicate
that some large radio haloes may have been overlooked in past studies due to limited dynamic range near bright central
AGN. Finally, we detect steep-spectrum emission south of Abell 1795’s central AGN, tracing a 45 kpc X-ray and optical
filament that terminates in an X-ray cavity, likely linked to a past AGN outburst.

Key words: radiation mechanisms: non-thermal - galaxies: active - galaxies: clusters: intracluster medium - X-rays:
galaxies: clusters.

1 INTRODUCTION

Radio observations have revealed large-scale diffuse synchrotron-
emitting sources in an increasing number of galaxy clusters (see
reviews by L. Feretti et al. 2012; R. J. Weeren et al. 2019). This ra-
dio emission indicates the presence of magnetic fields and highly
relativistic cosmic-ray electrons within the intracluster medium
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(ICM). Given the relatively short lifetimes of cosmic-ray electrons
due to synchrotron and inverse Compton (IC) losses, these elec-
trons must be produced in situ within the ICM (e.g. W. J. Jaffe
1977; G. Brunetti & T. W. Jones 2014). Generally, cluster diffuse
radio emission on scales of several hundred kiloparsec and larger
is classified into two broad categories, radio relics (also called
radio shocks) and radio haloes.

Here, we will focus on radio haloes. These are extended radio
sources that, to first order, are co-located with the thermal X-ray
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emission from the hot ICM (e.g. F. Govoni et al. 2001; M. Balboni
et al. 2024). Giant radio haloes, with sizes of about 1-2 Mpc are
typically found in unrelaxed merging galaxy clusters (R. Cassano
et al. 2010, 2023; V. Cuciti et al. 2023). The largest sample of radio
haloes so far has been compiled from the LOFAR Two-metre Sky
Survey (LoTSS; T. W. Shimwell et al. 2022) at a central frequency
of 144 MHz (A. Botteon et al. 2022b). It shows the presence of
giant radio haloes in about 30 £ 11 per cent of clusters. Giant
radio haloes have been explained by cosmic-ray electrons being
re-accelerated by merging-induced turbulence (G. Brunetti et al.
2001; V. Petrosian 2001; G. Brunetti & A. Lazarian 2007). This
requires the presence of seed (‘fossil’) cosmic rays in the ICM
(e.g. G. Brunetti et al. 2001; F. Vazza et al. 2023; F. Vazza & A.
Botteon 2024). In the turbulent re-acceleration model, there is
a close link between the occurrence of radio haloes and cluster
merger events (R. Cassano et al. 2010; V. Cuciti et al. 2021; R.
Cassano et al. 2023). The majority of radio haloes studied have
spectral indices (o, where S, o< v* with S, the flux density at fre-
quency v) of approximately —1.1 to —1.3. Moreover, radio haloes
with ultra-steep spectra (¢ < —1.5) are predicted to form in less
energetic mergers (G. Brunetti et al. 2008). In fact, the improved
sensitivity of modern interferometers has allowed the discovery
of a significant number of these haloes (e.g. A. Wilber et al. 2018;
G. Di Gennaro et al. 2021; K. Rajpurohit et al. 2023; T. Pasini et al.
2024; R. Santra et al. 2024; 1. S. Magolego et al. 2025).

An alternative hadronic/secondary origin for radio haloes has
also been proposed (e.g. B. Dennison 1980; P. Blasi & S. Co-
lafrancesco 1999; U. Keshet & A. Loeb 2010; U. Keshet 2024).
In this scenario, cosmic-ray electrons are produced as secondary
particles from collisions between cosmic-ray protons and the
thermal ICM. The observed properties of haloes and their con-
nection with cluster dynamics disfavour the hadronic scenario
(reviews: G. Brunetti & T. W. Jones 2014; R. J. Weeren et al.
2019). A remarkable prediction of the hadronic scenario is the
gamma-rays generated by the decay of the neutral pions in the
ICM. However, this emission has not been confirmed by Fermi-
LAT observations (e.g. M. Ackermann et al. 2014, 2016; R. Adam
et al. 2021; S. Li & F. Han 2025); in particular, the faintness of
the constraints on the gamma-ray signal has been used to argue
against a purely hadronic origin of the haloes in the Coma and
Abell 2256 clusters, once their spectral properties are taken into
account (G. Brunetti et al. 2012; G. Brunetti, S. Zimmer & F.
Zandanel 2017; R. Adam et al. 2021; E. Osinga et al. 2024)

Radio mini-haloes are found in the cores of relaxed (i.e. non-
merging) galaxy clusters (e.g. S. Giacintucci et al. 2017), with typ-
ical sizes of 200-400 kpc. The currently most favoured scenarios
are that they originate from the turbulent re-acceleration of cos-
mic ray electrons induced by sloshing motions in the cluster core
(M. Gitti, G. Brunetti & G. Setti 2002; J. A. ZuHone, M. Marke-
vitch & D. Lee 2011; J. A. ZuHone et al. 2013) or from secondary
electrons produced by hadronic collisions (e.g. C. Pfrommer & T.
A. Enf3lin 2004; U. Keshet & A. Loeb 2010). Recent observations
indicate that mini-haloes and giant radio haloes can coexist in
the same cluster (e.g. T. Venturi et al. 2017; F. Savini et al. 2018;
L. Bruno et al. 2023b; N. Biava et al. 2024; C. J. Riseley et al.
2024; R.J. Weeren et al. 2024). These cases may represent clusters
where the merger does not (fully) disrupt the core, but can inject
enough turbulence at intermediate/large radii to re-accelerate
cosmic rays and produce cluster wide diffuse emission. Being less
energetic, such mergers could produce an ultra-steep-spectrum
radio halo (e.g. F. Savini et al. 2018; N. Biava et al. 2024).
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Recently, N. Biava et al. (2024) conducted a systematic study of
cool-core clusters with LOFAR, finding that cluster-scale diffuse
radio emission is not present in all cool-core clusters. However,
its presence correlates with the existence of cold fronts. The de-
tected emission is often asymmetric and follows the X-ray surface
brightness distribution (see also C. J. Riseley et al. 2022). In some
cases, the radio emission beyond the cluster core appeared con-
fined to specific sectors, with the ‘outer’ (giant) halo components
visible only in certain regions. This may suggest that much of
the giant halo component remained below the detection limit.
Interestingly, S. Giacintucci et al. (2024) showed that for two
mini-halo hosting clusters, the emission beyond the cluster core
was confined by more distant outer cold fronts, indicating that
the entire diffuse emission appears to be related to large-scale
sloshing.

The above result raises the question of whether our view of
diffuse radio emission in cool-core clusters is complete. Sev-
eral factors may hinder the detection of very extended radio
emission in clusters with prominent cores. First, relaxed clus-
ters have sharply peaked gas density profiles, meaning that ra-
dio emission is expected to fade rapidly with radius, given the
known correlation between X-ray and radio surface brightness
(e.g. F. Govoni et al. 2001; A. Ignesti et al. 2020; K. Rajpuro-
hit et al. 2021b; M. Balboni et al. 2024; G. Lusetti et al. 2024).
Additionally, cool-core clusters often host bright central AGN,
making it challenging to detect faint diffuse emission - Perseus
being a prime example (R. J. Weeren et al. 2024). Another pos-
sibility is that giant radio halo components in relaxed clusters
have very steep spectra, making them harder to detect at high
frequencies.

In this work, we present MeerKAT (J. Jonas & MeerKAT Team
2016) radio observations of two clusters with well-defined cores
and confirmed cold fronts belonging to the larger Bobtes super-
cluster (M. Einasto et al. 1997, M. Chow-Martinez et al. 2014).
Both clusters benefit from the availability of LOFAR observa-
tions. The first cluster, Abell 1775 (z = 0.0720), is best known
for the prominent tailed radio galaxy B1339+4-266B (F. N. Owen
& M. J. Ledlow 1997; G. Giovannini & L. Feretti 2000; S. Giac-
intucci et al. 2007; B. Terni de Gregory et al. 2017). The cluster
core also hosts several steep-spectrum filaments, along with a
more diffuse halo component (A. Botteon et al. 2021; A. Bushi
et al. 2025). Its dynamical state remains somewhat ambiguous,
with A. Botteon et al. (2021) suggesting that the cluster is un-
dergoing a merger with a nonzero impact parameter, in which
the core has not yet been fully disrupted. The second cluster,
Abell 1795 (z = 0.0625), is a strong cool-core cluster (e.g. S. Et-
tori et al. 2002; C. S. Crawford, J. S. Sanders & A. C. Fabian
2005; S. Ehlert et al. 2015) that exhibits evidence of sloshing
motions (M. Markevitch, A. Vikhlinin & P. Mazzotta 2001). A
candidate mini-halo was reported by S. Giacintucci et al. (2014a),
but its presence could not be fully confirmed in GMRT, LOFAR,
or MeerKAT observations (G. Kokotanekov et al. 2018; A. Bot-
teon et al. 2022b; K. S. Trehaeven et al. 2023), with the central
radio galaxy 4C + 26.42 posing a significant challenge for a
detection.

The outline of this paper is as follows. The observations and
data reduction are described in Section 2. In Section 3, the results
are presented. We end the paper with a discussion and conclu-
sions in Sections 4 and 5. We assume a lambda cold dark matter
(ACDM) cosmology with Hy = 70km s~ Mpc™!, Q,,0 = 0.3,and
Q A0 — 07
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Table 1. MeerKAT observations.

Cluster Observing On-source project-ID
dates time (h)

Abell 1775 2022 Nov 22 3.7 SCI-20220822-RV-01

Abell 1795 2019 Jun 16 2.0 SCI-20190418-KA-01

Abell 1795 2019 Jun 17 2.0 SCI-20190418-KA-01

Abell 1795 2021 Oct 16 1.4 SCI-20210212-CR-01

2 OBSERVATIONS AND DATA REDUCTION

2.1 Observations

For this work, we analyse MeerKAT observations of Abell 1775
taken for project SCI-20220822-RV-01 (PI: van Weeren) and
archival observations for Abell 1795. Two of these observations
were already presented in K. S. Trehaeven et al. (2023), but strong
artefacts around the central radio source in the cluster limited
the image quality, preventing the detection of diffuse emission.
All observations were taken with the L-band receivers using the
default 4k correlator mode, covering a digitized frequency range
from 856 to 1712 MHz, with 4096 frequency channels (208.984
kHz per channel). The visibility integration time was set to 8 sec.
Table 1 presents an overview of the observations.

To complement the MeerKAT observations, we also include
LOFAR 120-168 MHz data from the LOFAR Two-Metre Sky Sur-
vey (LoTSS Data Release 2; T. W. Shimwell et al. 2022). These
observations were previously presented in A. Botteon et al. (2021)
and A. Botteon et al. (2022b). For Abell 1795, the LOFAR image
quality was too low to confirm the presence of diffuse radio emis-
sion. In the case of Abell 1775, although a high-quality image
was obtained, the cluster’s central region still exhibited some
residual calibration artifacts. To improve the image quality for
both targets, we reprocessed these observations with an improved
calibration scheme and updated software (see Section 2.2).

2.2 Data reduction

2.2.1 MeerKAT

For the MeerKAT data reduction, we started with the prod-
ucts from the SARAO Science Data Processor (SDP) continuum
pipeline that were available in the archive. Here, we used the
‘default calibrated’ option provided by the archive. This pipeline
performs a standard calibration, including delay, bandpass, gain,
and flux-scale calibration, as well as a conservative amount of
flagging. When downloading, a factor of two averaging in fre-
quency was performed. The target field data was subsequently
split off with CASA (J. P. McMullin et al. 2007; CASA Team et al.
2022). For the older Abell 1795 observations taken in 2019, no cal-
ibration was performed, and we bootstrapped the bandpass shape
and flux scale from observations taken in 2021. Here, we used
the full target field model derived from the 2021 observations.
In addition, for the 2019 observations, two poorly performing
antennas with low gain values were manually flagged.

The rest of the data reduction was done with facetselfcal
(R.J. Weeren et al. 2021), originally developed for self-calibrating
LOFAR observations. facetselfcal is built upon the Default
Pre-Processing Pipeline (DP3; G. Diepen, T. J. Dijkema & A.
Offringa 2018) and WSClean for imaging (A. R. Offringa et al.
2014; A. R. Offringa & O. Smirnov 2017), incorporating additional
functionalities to further automate and improve self-calibration.

MeerKAT observations of Abell 1775 and 1795 3

Recent developments have also introduced features that enhance
reproducibility in the updated versions of facetselfcal (J. M.
G. H. J. Jong et al. 2025). It provides a flexible environment to
perform self-calibration cycles with a range of user-optimized pa-
rameters, improving interoperability by allowing self-calibration
of data from instruments other than LOFAR. A first demon-
stration of applying facetselfcal to MeerKAT data was pre-
sented by A. Botteon et al. (2024).

The visibility data were compressed with Dysco (A. R. Of-
fringa 2016). Radio frequency interference (RFI) was flagged with
AOFlagger (A. R. Offringa 2010; A. R. Offringa et al. 2010),
employing a specialized Stokes Q, U, and V flagging strategy,
which effectively removes RFI that is left in the SDP continuum
pipeline data products. This strategy was updated from the one
used in A. Botteon et al. (2024), which only did flagging based on
Stokes V. After flagging, noisy frequency channels near the edge
of the band were removed due to the bandpass roll-off. The output
consists of data between 903 and 1655 MHz with 1800 equally
spaced frequency channels.

The calibration process consisted of two main steps: direction-
independent and direction-dependent (DD) calibration. For the
direction-independent (DI) calibration, DP3 ‘scalarphase’ (single
common phase solution for both polarizations) self-calibration
was performed on a full 3.3° field of view, using a solution interval
of 1 minute and a frequency smoothness kernel of 100 MHz. At
this stage, we did not apply amplitude self-calibration, as it gen-
erally did not lead to significant improvements in image quality.
This is consistent with the findings of T. Mauch et al. (2020),
indicating that most amplitude errors are due to DD effects. For
all imaging, we used WSClean with automatic clean masking.
This was supplemented by a mask derived using breizorro
(A. J. Ramaila, O. Smirnov & I. Heywood 2023), which avoids
cleaning artifacts near bright sources. We employed multiscale
cleaning (A. R. Offringa & O. Smirnov 2017) and multifrequency
synthesis with 12 frequency blocks. Following the initial full-
field calibration, we performed an extraction step (R. J. Weeren et
al. 2021), where we subtracted sources outside a square region.!
centred on the cluster. The size of this square was chosen to
ensure that any sources causing remaining DD calibration arti-
facts affecting the cluster region were included. This subtraction
was done by predicting the model visibilities of the sources and
removing them from the visibility data.

In the final step, we performed DD calibration. The calibration
directions were selected manually based on bright sources, with
six directions for Abell 1775 and nine for Abell 1795. This faceted
DD calibration was carried out in two stages: first, a ‘scalarphase’
calibration with a 1 min solution interval, followed by a ‘scalar-
complexgain’ (single common complexgain solution for both po-
larizations) calibration with a 30 min solution interval, both using
a frequency smoothness kernel of 100 MHz.

For Abell 1795, the bright central source 4C+26.42, associated
with the brightest cluster galaxy (BCG), exhibited residual cali-
bration artifacts. To address this, we refined the DD calibration
solutions by reducing the ‘scalarphase’ calibration solution inter-
val to 16 s for this direction. This approach leverages the new DP3
functionality, which allows each direction to have a unique so-
lution interval. Additionally, we introduced a third ‘scalarcom-
plexgain’ solution for this direction with a 10 min calibration
solution interval and a frequency smoothness kernel of 10 MHz.

12.5° and 1.7° for Abell 1775 and 1795, respectively

MNRAS 546, 1-22 (2026)
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Table 2. Image properties.

Image name Resolution, r.m.s noise Figure
position angle’
(arcsecxarcsec, °)  (Jybeam™!)
L-band A1775 9.6 x 4.7,177 6.7 1
L-band A1775 25 kpc 19.0 x 18.5,6 9.4 2
L-band A1775 50 kpc 36.8 x 36.4, 140 20.0 2,C1
L-band A1775 100 kpc 73.0 x 70.9, 128 47.5 2,C1
HBA A1775 9.1 x 5.0, 88 96.6 1
L-band A1795 10.4 x 4.3,179 5.5 4
L-band A1795 25 kpc 22.0 x 21.0,167 9.7 7
L-band A1795 50 kpc 42.4 x 41.3,135 22.3 6, Cl
L-band A1795 100 kpc 84.7 x 80.3,128 60.7 6, Cl
HBA A1795 9.4 x 5.2,89 106 4
HBA A1795 25 kpc 28.9 x 24.6,19 254 7

Note." measured counter-clockwise from North toward East

This strategy effectively mitigated the calibration issues caused by
4C+26.42, which had previously complicated the analysis in K.
S. Trehaeven et al. (2023). Furthermore, our results demonstrate
that these challenges were not due to polarization leakage effects
or the absence of secondary gain calibrations, as suspected by K.
S. Trehaeven et al. (2023). Instead, they could be resolved using
scalar (polarization-independent) DD corrections.

Our resulting images are primary beam corrected using the
model parameters described in T. Mauch et al. (2020) and a cen-
tral frequency of 1279 MHz. An overview of the image properties
is given in Table 2.

2.2.2 LOFAR

he extracted LoTSS observations were calibrated using facet -
selfcal. These data sets, originally presented in A. Botteon et
al. (2022b), cover square regions of 33’ and 52" for Abell 1775
and Abell 1795, respectively. For the calibration, we followed the
general strategy of A. Botteon et al., but employed an updated ver-
sion of facetselfcal, which included several improvements—
such as enhanced clean masking and the use of the wgridder
algorithm in WSClean (P. Arras et al. 2021; H. Ye et al. 2022). In
addition, we increased the number of self-calibration cycles to 30,
which led to noticeable further improvements in image quality
compared to the 10 cycles normally carried out. This slow self-
calibration convergence is partly due to LOFAR’s relatively poor
outer uv-coverage outside the central LOFAR core. We also added
a round of flagging with AOflagger, using the same strategy as
for the MeerKAT data. For Abell 1795, this led to a significant
reduction of artifacts around the bright central source 4C + 26.42.

For both clusters, the ionospheric conditions were quite severe,
with Abell 1795 being the most affected. These bad ionospheric
conditions result in spoke-like patterns around bright sources. To
mitigate these effects, we applied an additional DD calibration
step to the output data from the direction-independent facet -
selfcal step described above. This involved calibrating in five
directions for Abell 1795 and three for Abell 1775. Each facet
typically contained at least one source with a peak flux of 0.1 Jy.
For Abell 1795, the final image shows a significant improvement
over the data presented in A. Botteon et al. (2022b). For Abell
1775, the improvements are more modest, as the original image
artefacts were less severe (see A. Botteon et al. 2021, 2022b). A
comparison of these improvements with previously published
images is presented in Appendix A.

MNRAS 546, 1-22 (2026)

2.3 Compact source subtraction

To better highlight the diffuse radio emission, we produced low-
resolution images with compact sources subtracted. First, we
created a high-resolution image using only baselines that probe
physical scales smaller than 100 kpc at the cluster’s redshift. This
was achieved by applying a minimum wuv-cut during imaging
with WSClean. The corresponding visibilities for this compact
source model were then predicted and subtracted from the vis-
ibility data. Finally, we imaged the residual visibility data at a
lower resolution, applying a Gaussian uv-taper corresponding to
physical scales of 25, 50, and 100 kpc to improve the detectability
of extended emission.

2.4 Spectral index maps

We created a 144-1279 MHz spectral index map by combining
the MeerKAT L-band data with LOFAR HBA images. Both im-
ages were convolved to the same resolution and placed on the
same pixel grid utilizing CASA before computing the spectral
index maps. For both LOFAR and MeerKAT, the imaging was
performed with a common inner uv-range cut of 80A. The un-
certainty on the spectral index map was computed by adding
the r.m.s. map noise and the absolute flux scale uncertainty in
quadrature. For the absolute flux scale uncertainty, we adopt val-
ues of 10 and 5 per cent for LOFAR and MeerKAT, respectively
(F. Gasperin et al. 2022; C. J. Riseley et al. 2022; T. W. Shimwell
et al. 2022). For the LOFAR images, we verified the flux scale
alignment as described in K. Rajpurohit et al. (2022), and found
that for both clusters the required correction factors were smaller
than the 10 per cent LOFAR flux-scale uncertainty. Therefore, no
flux scale corrections were applied om the final images.

3 RESULTS

In the two subsections below, we will discuss the results of the
two clusters, with a focus on the analysis of the diffuse radio
emission associated with these systems.

3.1 Abell 1775, PSZ2 G031.93+78.71

The MeerKAT and LOFAR images of Abell 1775 are shown in
Fig. 1. The radio emission in the cluster is dominated by the
prominent tailed radio source B1339+4-266B, which is associated
with the eastern giant elliptical galaxy of the cluster. The radio
tail of B1339+266B extends toward the northeast. Just west of
B1339+4-266B’s nucleus lies the more compact, bright radio source
B1339+266A, which is associated with a second giant elliptical
cluster galaxy.

The MeerKAT image also reveals diffuse emission surround-
ing the cluster’s core, enveloping the nuclei of B1339+266B and
B1339+266A. This emission has a relatively smooth but asym-
metric morphology, fading more slowly in the eastern direc-
tion. In the lower-resolution compact-source-subtracted image
smoothed to 25 kpc displayed in Fig. 2, the asymmetric brightness
distribution becomes even more apparent. An overlay with the
Chandra image taken from A. Botteon et al. (2021) reveals a strik-
ing correspondence between the diffuse radio and X-ray emission.
We therefore classify the diffuse emission as a radio halo. Notably,
the radio surface brightness drops at the location of the western
‘leading edge’ cold front of the cluster’s core identified by A. Bot-
teon et al. (2021). On the eastern side, the radio emission follows
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Figure 1. MeerKAT L-band (left; at a resolution of 9.6 arcsec x 4.7 arcsec) and LOFAR HBA (right; at a resolution of 9.1 arcsec x 5.0 arcsec) images of
Abell 1775 at central frequencies of 1279 MHz and 144 MHz, respectively. Images were made using Briggs weighting with a robust value of —0.5. Various
features are labelled in the LOFAR image. The beam sizes are shown at the bottom left corners. The noise levels are reported in Table 2.
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Figure 2. Left panel: MeerKAT L-band image of Abell 1775 tapered to a resolution of 25 kpc at the cluster’s redshift. The emission from compact sources
was removed. The dashed circle indicates 0.5 x Rsgo (Planck Collaboration XXVII 2016). Right panel: Chandra 0.5-2.0 keV X-ray image of Abell 1775.
MeerKAT 2-band contours, with emission from compact sources subtracted, are overlaid. The two lowest contour levels come from images tapered at
100 kpc resolution (blue) and 50 kpc resolution (green), see also Fig. C1. These are drawn at a level of 5x the r.m.s. map noise (oyms). The white contours
come from the 25 kpc resolution image shown in the left panel and are drawn at levels of [1, 2, 4, ...] X 50rms. The noise levels and beam sizes of the
radio images are reported in Table 2.

the overall X-ray morphology, which appears to trace material
stripped from the cluster core. In the 50 and 100 kpc resolution
images (Fig. C1), more extended radio emission is observed, ex-

tending beyond the ‘leading edge’ cold front. This large-scale
emission is also somewhat elongated in the east-west direction,
mirroring the broader X-ray structure (Fig. 2 right panel). The
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6 R. J. van Weeren et al.

total extent of the diffuse radio emission, excluding the contri-
bution from the tailed source B1339+266B, is approximately 500
kpc. This larger-scale diffuse emission can be identified as the
faint radio halo component previously reported by A. Botteon et
al. (2021).

We extracted an azimuthally averaged radial radio surface
brightness profile, centred on B1339+266B, to investigate the
brightness distribution of the radio halo. For this, we used the 25
kpc resolution MeerKAT image with the emission from compact
sources subtracted. In addition, we masked regions (indicated
in Fig. C1) where the subtraction failed to remove the emission
from unrelated extended sources, the most relevant one being
the tail of B1339 + 266B, including the ‘inner tail’ part (see A.
Botteon et al. 2021). The resulting radial profile is shown in Fig. 3
(left panel). The profile displays two components, a steep inner
component and a shallow, fainter outer component. Based on this
profile, we fit a double exponential model to the data points (M.
Murgia et al. 2009; J. M. Boxelaar, R. J. van Weeren & A. Botteon
2021; R. J. Weeren et al. 2024) of the form

Iv (r) = v,O,innereir/re‘irmer + Iv.(),outereir/re’omer' (1)

The model fits the observed data well, with the best fitting model
parameters being reported in Table 3. We do not find evidence for
a shallower outer component at large radii, which can sometimes
arise from the incomplete subtraction of compact sources (K.
Rajpurohit et al. 2025). We tested different masking strategies,
but these did not lead to any significant changes in the derived
profile.

From the fit, we obtain an integrated flux density of 15.8 2.5
mlJy for the entire two-component radio halo, integrating out to
r = oo at 1279 MHz. Taking the commonly adopted 80 per cent
of this value (corresponding to integrating to r = 3r, in case of
a single exponential model), we obtain P, 4 gu, = (1.45 &+ 0.23) X
102 W Hz ™!, scaling with a typical radio halo spectral index of
a = —1.3 (e.g. R. J. Weeren et al. 2019). The characteristic radius
of the outer component, re ouer = (131 & 42) kpc, falls within the
range observed for giant radio haloes (e.g. A. Botteon et al. 2022b),
although it lies toward the smaller end of the distribution.

The LOFAR 144 MHz image of the cluster is shown in Fig.
1 (right panel). It reveals a dramatically different picture in the
cluster core compared to MeerKAT, with the emission dominated
by a complex web of filaments. These ultra-steep spectrum fila-
ments were first detected by (A. Botteon et al. 2021) and studied
in more detail by A. Bushi et al. (2025). We point out the presence
of an additional narrow thin filament extending east (also visible
in the image presented A. Botteon et al. 2021), with a length of
~100 arcsec, corresponding to ~140 kpc. We label this feature F3.

In Fig. 3 (right panel), we present the cluster’s 144-1279 MHz
spectral index map at 10”resolution. The eastern parts of F1 and
F2 exhibit an ultra-steep spectrum with « = —3.0 + 0.1. Since
the diffuse radio halo component dominates at L-band, the actual
spectral index of F1 and F2 in these regions is likely even steeper.
In the easternmost part of the filament complex, where no spec-
tral index could be determined due to the absence of detectable
emission in the MeerKAT image, we derive a 1o upper limit on
the spectral index of about —1.5. In the cluster core, surrounding
the nuclei of B1339+266A + B, the spectral index flattens to
a = —1.5+ 0.1. The spectral index of the diffuse halo emission
seen in the MeerKAT image is difficult to determine because the
steep-spectrum filaments, which dominate at low frequencies,
contaminate the measurement.
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3.2 Abell 1795, PSZ2 G033.81+77.18

The MeerKAT and LOFAR images of Abell 1795 are shown in
Fig. 4. In contrast to Abell 1775, both images reveal the same
general features. The compact powerful radio source 4C+26.42
is associated with the dominant BCG (W. Breugel, T. Heckman
& G. Miley 1984; J. P. Ge & F. N. Owen 1993; G. Kokotanekov
et al. 2018). The images also show the tailed radio galaxy
FIRST J134859.3+263334 to the southeast of the cluster core,
with the tail pointing away from the cluster towards the southeast
(F.N. Owen, R. A. White & J. Ge 1993; F. N. Owen & M. J. Ledlow
1997; B. Terni de Gregory et al. 2017). To the west of the cluster’s
core, source S2 is located, where we follow the naming of S.
Giacintucci et al. (2014a). Extended tail-like emission is detected
from S2 towards the east in the MeerKAT image. Given that S2
is associated with a distant background galaxy, as mentioned in
S. Giacintucci et al., it seems likely that this tail is not associated
with Abell 1795 itself.

A notable feature detected in the LOFAR image is located just
south of 4C 4-26.42, labelled S3 in the right panel of Fig. 4. This
feature, which lies along the extension of the known southern
4C+26.42 lobe, has not been reported in previous studies, includ-
ing the early LOFAR analysis by L. Birzan et al. (2020), and is not
discernible in the MeerKAT image. We measure a spectral index
of —1.63 £ 0.05 for S3 between 1279 and 144 MHz. However, the
actual spectral index is likely steeper, as the MeerKAT emission in
this region appears to be entirely dominated by surrounding dif-
fuse emission, with no clear contribution from S3. Fig. 5 displays
a fractional residual X-ray image of the cluster centre, showing
a known X-ray filament or tail that extends to the south (A. C.
Fabian et al. 2001). This filament traces cooler gas and displays a
hook-like structure at its southern end (C. S. Crawford et al. 2005;
G. Kokotanekov et al. 2018). A small X-ray depression or ‘hole’
is located between the end of the filament and the hook. This
feature was previously identified and discussed by C. S. Crawford
et al. (2005), S. A. Walker, A. C. Fabian & P. Kosec (2014), and G.
Kokotanekov et al. (2018). The LOFAR image shows that S3 traces
radio emission that extends southwards from 4C+26.42, skirting
the western edge of the X-ray filament and leading into the small-
scale X-ray hole. We discuss the implications of this discovery for
the origin of the X-ray filament and the associated depression in
Section 4.1.

Surrounding 4C+26.42, we find diffuse radio emission. Hints
of this emission were seen by S. Giacintucci et al. (2014a) and
K. S. Trehaeven et al. (2023) but could not be confirmed as a
mini-halo. The diffuse emission shows a remarkable spiral-like
pattern, with a trail of emission extending to the tailed galaxy
FIRST J134859.3+-263334. On the southern side of the cluster’s
core, the radio surface brightness emission drops sharply. This
drop coincides with the location of the cold front identified by M.
Markevitch et al. (2001). However, the halo emission is not con-
fined by this cold front, with lower surface brightness emission
found south of the cold front. The low-resolution MeerKAT and
LOFAR images with emission from compact sources subtracted
(see Fig. 7) also show a slight elongation of the halo emission
towards the north-west, marked as ‘NW elongation’. The NW
elongation does not coincide with the cavity reported by S. A.
Walker et al. (2014), which is located at a smaller cluster-centric
distance compared to where the radio elongation becomes appar-
ent.

In the LOFAR image, we detect a faint ‘patch’ of emission
located 9.5arcmin (680 kpc) north-east of the cluster centre,
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Abell 1775 radio halo radial profile
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Figure 3. Left panel: Radial radio surface brightness profile for Abell 1775 extracted from the MeerKAT 25 kpc resolution image. The solid blue line
shows the best fitting double exponential model (equation 1). The dashed lines show the two individual exponential components. Right panel: Spectral

index map at 10 arcsec resolution between 144 and 1279 MHz for Abell 1775. Contours are from the 144 MHz LOFAR image and are drawn at levels of

[1,2,4,...] X 30tms, With oyms = 119 pJy beam~!. The corresponding spectral index uncertainty map is shown in Fig. B1.

Table 3. Radio halo profile modelling. The integrated flux densities (Sinner, Souter» and Stota1) are
calculated by integrating to r = co. The radio powers (Ppnner, Pouters Piotal) are calculated based on
taking 80 per cent of these integrated flux density values, corresponding with integrating to r = 3re.
The uncertainties on the flux densities and radio powers reported in the table include the absolute flux
scale uncertainty, which was added in quadrature to the uncertainties from the profile fitting. The profile
fitting accounted for the statistical uncertainties due to image noise.

Abell 1775-1279 MHz

Abell 1795-1279 MHz Abell 1795-144 MHz

IO.inner (HJY al’CSCC72 ) 1.32+£0.16
Io,outer (1Jy arcsec™2) 0.20 +0.09
e inner (kPC) 322443
Te,outer (KPC) 131 + 42

Sinner (mJY) 45+1.1

Souter (mJY) 11.24+2.0
Stotal (mJy) 15.8+2.5

Pinner (W Hz™ ! )
Pouter (W Hz™")
Pyotar (W HZ?I)

(4.24+1.0) x 102
(1.03 £0.19) x 10
(1.45 +£0.23) x 103

5.8+£0.3 75£8
0.60 £ 0.07 39+1.5
38.6 £0.8 38.5+0.9

135+ 7 157 £ 35
38.1£2.5 490 £ 62
48.6 £3.1 426 £ 65
86.7 4.7 916 £+ 109

(2.6 +£0.2) x 105
(3.340.2) x 10?3
(5.840.3) x 10?3

(3.5+0.4) x 10**
(3.0£0.5) x 10**
(6.5+0.8) x 10**

labelled ‘NE patch’ in Fig. 7 (right panel). No obvious counter-
part to this source is identified. This ‘NE patch’ has an extent of
1.8 arcmin (corresponding to ~130 kpc at the redshift of Abell
1795) and is not detected in the MeerKAT image. In the LOFAR
image, smoothed to 25 kpc resolution, we measure an integrated
flux density of Sj44 = 10.7 £ 1.4 mJy. The non-detection in the
MeerKAT images implies a steep spectral index, with a 1o upper
limit of « < —2.1, calculated by summing the flux in this region
from the 25 kpc resolution MeerKAT image and using that as the
upper limit on the source’s flux density. This approach provides
a more conservative constraint than using the r.m.s. noise level
of the map, scaled by the square root of the number of beams
covered by the source? Given its steep spectrum and relatively
compact size, the source could represent remnant AGN plasma.
However, the absence of a clear optical counterpart renders this
interpretation somewhat speculative. One difficulty is that the

2this would result in @ < —2.5

parent object may have moved significantly across the sky, com-
plicating identification. The possibility that the feature is a buoy-
ant bubble of old AGN plasma that has risen up through the ICM
seems less likely, as its elongation is in the wrong direction.

The Chandra X-ray image of the cluster from R. Timmerman
et al. (2022), overlaid with MeerKAT radio contours, is shown in
Fig. 6. This image reveals that the radio halo has a total extent
of approximately 1 Mpc (see also Fig. C1). Similar to Abell 1775,
we extract a radial radio surface brightness profile for the cluster,
with the profile centred on the BCG. This profile is displayed
in Fig. 8, with the masked areas shown in Fig. C1. Both the
MeerKAT and LOFAR radio profiles reveal the presence of two
distinct components. Fitting equation (1), we find that the data
are well described by a two-component exponential model. From
the best-fitting model parameters (see Table 3), we obtain inte-
grated flux densities of S144 = 916 + 109 mJy and S1»79 = 86.7 &+
4.7 mJy (integrating the model to r = 00). Taking these values, we
compute an integrated spectral index of @« = —1.08 + 0.06. For
the total radio power, taking 80 per cent of the integrated flux den-
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Abell 1795 MeerKAT L-band
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Figure 4. MeerKAT L-band (left; at a resolution of 10.4 arcsec x 4.3 arcsec) and LOFAR HBA (right; at a resolution of 9.4 arcsec x 5.2 arcsec) images
of Abell 1795 at central frequencies of 1279 MHz and 144 MHz, respectively. Images were made using Briggs weighting with a robust value of —0.5.

The arrows on the MeerKAT image indicate the location of the cold front (M. Markevitch et al. 2001). Various radio features are labelled on the LOFAR

image. The beam sizes are shown at the bottom left corners. The noise levels are reported in Table 2.

Abell 1795 X-ray fractional residuals

26°36'00"

35'40"

20"

Dec (J2000)

00"

Fractional brightness difference

13h48m54s 525
RA (]2000)

Figure 5. Chandra 0.5-2.0 keV fractional residual X-ray image. The im-
age was created by subtracting a radially averaged profile from the original
X-ray image and dividing the result by the original. LOFAR radio contours
at 144 MHz are overlaid in red. These contours are from a high-resolution
image with a Briggs robust parameter of —1.25, yielding a beam size of
5.3 arcsec x 3.5arcsec with a position angle of 97°(shown in the bottom
left corner). Solid contours are at levels of [1, 2, 4, 8] x 250yms; dashed
contours are at [0.2, 1, 5] x 1030yms, With oyms = 139 pJy beam ™1,

sity values, we derive Py iz = (6.5 4 0.8) x 10%¥WHz ! and
P4z = (5.8 4+0.3) x 102 WHz™!, where we scale with o =
—1.08.

Using the radio surface brightness profiles, we derived a spec-
tral index profile to examine its variation as a function of cluster-
centric distance, see Fig. 8. The profile remains relatively flat to
approximately 400 kpc within uncertainties, with typical values
of @ = —1.1 4+ 0.1. This result is consistent with the radial radio
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surface brightness fits, which yielded similar e-folding radii for
both the inner and outer halo components in the LOFAR and
MeerKAT images, within the uncertainties®. The relatively con-
stant distribution of the spectral index without clear trends is also
apparent in the spectral index map shown in Fig. 6 (right panel).

4 DISCUSSION

4.1 AGN feedback in Abell 1795: A ghost cavity filled with
low-frequency radio emission

X-ray observations reveal a ~45 kpc filament of cooler gas ex-
tending southward from Abell 1795’s central BCG (A. C. Fabian
et al. 2001). This structure coincides with a luminous optical line-
emitting filament first identified by L. L. Cowie et al. (1983). Near
the southern end of the filament lies a small X-ray cavity, approx-
imately 18 kpc in diameter*, which was previously interpreted
as a possible ‘ghost cavity’ of AGN origin. However, this inter-
pretation was considered unlikely due to the cavity’s small size
and the absence of associated low-frequency radio emission (C.
S. Crawford et al. 2005; S. A. Walker et al. 2014; G. Kokotanekov
et al. 2018).

3The fact that the independently derived profiles from LOFAR and
MeerKAT yield consistent e-folding radii within the uncertainties - de-
spite the large difference in the number of compact sources removed —
combined with the observation that the transition in these profiles occurs
above the background noise level, provides evidence that the profile slope
change is not caused by residual compact-source contamination (K. Ra-
jpurohit et al. 2025).

4S. A. Walker et al. (2014) report a radius of 3.5 kpc, but G. Kokotanekov et
al. (2018) identify a continuation of the depression extending northward.
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Figure 6. Left panel: Chandra 0.5-2.0 keV X-ray image of Abell 1795. MeerKAT L-band contours, with emission from compact sources subtracted,
are overlaid. The lowest two contour levels come from images tapered at 100 kpc (blue) resolution and 50 kpc resolution (green), see also Fig. C1.
These are drawn at a level of 5x the r.m.s. map noise (oms). The white contours come from the 25 kpc resolution image and are drawn at levels of
[1,2,4,...] x 50rms. The noise levels and beam sizes of the radio images are reported in Table 2. Right panel: Spectral index map at 12 arcsecresolution
between 144 and 1279 MHz for Abell 1795. Contours are from the 144 MHz LOFAR image and are drawn at levels of [1, 2, 4, . . .] X 30yms, With oyms = 153
wJy beam~!. The corresponding spectral index uncertainty map is shown in Fig. B1.
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Figure 7. MeerKAT (left) and LOFAR (right) images of Abell 1795 with the emission from compact sources subtracted. Both images are tapered to a
resolution of 25 kpc at the cluster’s redshift. The blanked area on the right side of the LOFAR image corresponds to the extraction boundary from the
LoTSS pointings. Various features are labelled on the LOFAR image. The dashed circle in the left panel indicates 0.5 x Rsgo (Planck Collaboration et al.
2016). The noise levels and beam sizes of the radio images are reported in Table 2.

Our discovery of steep-spectrum radio emission at the cav-
ity’s location - emission that is physically connected to the
central radio source 4C+26.42 - provides strong evidence that
this feature is indeed a ghost cavity filled with aged, low-

frequency radio plasma originating from the central AGN. In
addition, G. Kokotanekov et al. (2018) showed that the X-
ray depression extends farther north. The LOFAR image re-
veals that the radio emission traces this extended depression

MNRAS 546, 1-22 (2026)

920z Aienige4 £z uo Jasn 0aualy,p oledslolglg BwalsIS - eubojog Ip BlsisAlun Aq 0SEETY8/yS0BRIS/Z/97S/a101e/seluW/Wwod dno olwapeoae)/:sdiy Wol) papEojuMO(]



10 R. J. van Weeren et al.

Abell 1795 radio halo radial profile
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Figure 8. Top panel: Radial radio surface brightness profiles for Abell
1795 extracted from the MeerKAT (blue) and LOFAR (green) 25 kpc res-
olution images. The solid lines show the best-fitting double exponential
models (equation 1). The dashed lines show the two individual exponen-
tial components. Bottom panel: The 144-1279 MHz spectral index profile
computed from the data points shown in the top panel.

and continues northward, linking it directly to 4C+26.42 (see
Fig. 5).

As discussed by G. Kokotanekov et al. (2018), several scenarios
have been proposed to explain the origin of the 45 kpc X-ray
filament. One possibility is that it formed through gas cooling in
the gravitational wake of the central galaxy as it oscillates within
the cluster core (A. C. Fabian et al. 2001). A direct connection
with AGN activity has generally been considered unlikely (C. S.
Crawford et al. 2005; G. Kokotanekov et al. 2018), given the ab-
sence of clear AGN-related features - such as clear X-ray cavities
or radio emission — along the full length of the filament. Our
results challenge that interpretation. The observed radio emission
extends along the full length of the X-ray filament, suggesting a
close physical link between the filament and AGN activity. This
alignment favours a scenario in which AGN-driven outflows up-
lift low-entropy gas from the cluster centre to larger radii (e.g.
W. Forman et al. 2017). Once uplifted, this gas then condenses
into cold filaments through thermal instabilities (e.g. M. McCourt
et al. 2012; B. R. McNamara et al. 2016; G. M. Voit et al. 2017).

4.2 Radio haloes at low frequencies and contamination
from ultra-steep spectrum emission

The MeerKAT and LOFAR observations of Abell 1775 reveal
strikingly different views of the cluster over a decade in fre-
quency. In the 144 MHz LOFAR image, the emission in the clus-
ter’s core is dominated by extended ultra-steep spectrum fila-
ments F1 and F2. In contrast, in the 1279 MHz MeerKAT im-
age, the radio halo is the dominant smoother extended emission
feature, with the filaments almost invisible. This finding is con-
sistent with uGMRT Band 3 and 4 observations presented by A.
Bushi et al. (2025) of the cluster, where the filaments are still
clearly visible in the 400 MHz (Band 3) image, but nearly absent
in the 650 MHz (Band 4) image.

Filaments F1 and F2 are likely of AGN origin, possibly in-
volving the re-energization or revival of aged AGN plasma (T.
A. Enfilin & M. Briiggen 2002; F. Gasperin et al. 2017; R. I.
Weeren et al. 2017; L. Rudnick et al. 2022). This interpretation
is supported by their high surface brightness, comparable to that
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of the large-tailed AGN B1339+4-266B, and by the apparent mor-
phological connection between F1 and this AGN, as well as the
presence of fainter filaments linking F2 back to F1. Nevertheless,
we cannot rule out the possibility that some of the fainter, steep-
spectrum filaments may be associated with the radio halo. In fact,
turbulence in the ICM is expected to be inhomogeneous, which
can naturally generate filamentary structures (see e.g. fig. 8 in
A. Bonafede et al. 2021), and high-resolution radio halo images
have revealed that these sources are not entirely smooth (e.g. A.
Botteon et al. 2023; R. J. Weeren et al. 2024).

The example of Abell 1775 highlights the need for caution
when deriving integrated radio spectra of haloes in the absence
of high-fidelity images and spectral index maps. If ultra-steep-
spectrum emission associated with AGN activity is not properly
identified, the resulting radio halo spectrum may appear artifi-
cially steep. This issue is particularly relevant for LOFAR Low
Band Antenna (LBA) observations, given their lower observing
frequencies and coarser spatial resolution which makes source
subtraction more challenging T. Pasini et al. (2024). Moreover,
recent studies (C. Groeneveld et al. 2024, 2025) indicate that fila-
mentary ultra-steep-spectrum emission may become increasingly
prevalent at very low frequencies. Consequently, robust studies of
radio haloes in the LBA band require deep, high-quality, multi-
frequency data to properly assess and mitigate such contamina-
tion.

4.3 Radio (mini-)halo edges and multiple component
haloes

Recent deep observations have revealed that the emission from
haloes and mini-haloes is not fully smooth but shows con-
siderable substructure, including filaments and edges (e.g. M.
Gendron-Marsolais et al. 2017; A. Botteon et al. 2022a, 2023; R.
J. Weeren et al. 2024; A. Botteon et al. 2025), with some of these
being co-located with X-ray surface brightness discontinuities,
indicating a close link between the dynamics of the thermal and
non-thermal components of the ICM. The presence of double-
component radio haloes in clusters with well-defined cores and
cold fronts, either sloshing or merger-induced, also seems a more
general feature, with the number of examples increasing (e.g. F.
Savini et al. 2018, 2019; N. Biava et al. 2021; C. J. Riseley et al.
2022; N. Biava et al. 2024; S. Giacintucci et al. 2024; G. Lusetti
et al. 2024; C. J. Riseley et al. 2024; R. J. Weeren et al. 2024; D. N.
Hoang et al. 2025).

In the case of Abell 1775, we observe an asymmetric radio
halo brightness distribution in the cluster core with the radio
emission following the drop in X-ray surface brightness at the
‘leading edge’ cold front. This situation is similar to, for example,
that observed in the Bullet Cluster, where the radio emission
also drops at the ‘bullet cold front’ as noted by A. Botteon et al.
(2023). As for the Bullet Cluster, the cold front in Abell 1775 is
thought to be associated with a remnant core originating from
a merger event (A. Botteon et al. 2021). For Abell 1795, we find
that the radio emission traces the X-ray surface brightness decline
at the cold front south of the cluster centre M. Markevitch et al.
(2001). These cold fronts in relaxed cool-core clusters have been
explained by the sloshing of gas from a minor merger event (Y.
Ascasibar & M. Markevitch 2006). In some cases, the morphology
of mini-haloes follows these spiral-like patterns observed in the
ICM (e.g. P. Mazzotta & S. Giacintucci 2008; S. Giacintucci et al.
2014b; S. K. Kadam et al. 2024).
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For both Abell 1775 and Abell 1795, the radio halo emission
is not fully confined within the cold fronts but extends beyond
them. However, the surface brightness declines sharply across the
fronts, making this extended emission more difficult to detect.
Similar cases have been reported in other studies (e.g. C. J. Riseley
et al. 2022), suggesting that the apparent confinement of radio
emission by cold fronts in some clusters may be partly due to
observational limitations, with the caveat of unknown projection
effects. Simulations of mini-haloes generated by core sloshing
also predict faint radio emission extending beyond the cold fronts
(J. A. ZuHone et al. 2013, 2015). More recently, S. Giacintucci
et al. (2024) found that the radio emission can also be bounded
by more distant, outer cold fronts rather than just the inner ones,
indicating that the diffuse emission may be shaped by large-scale
sloshing throughout the cluster core.

A striking feature in the radio image of Abell 1795 is a spiral-
like structure that extends beyond the cluster core (see the la-
bels on the right panel of Fig. 7), although no corresponding
large-scale sloshing spiral is evident in the X-rays. Interestingly,
this radio feature appears connected to the tailed radio galaxy
FIRST J134859.34+-263334. A similar connection has been ob-
served in the Perseus cluster, where the radio halo seems linked
to the tailed radio source IC310 (R. J. Weeren et al. 2024). One
possibility is that remnant fossil plasma from the tail is being re-
accelerated by ICM turbulence. However, for this scenario to be
viable, the galaxy must not be on its first infall into the cluster.
Otherwise, the orientation of the spiral-like radio feature relative
to the AGN tail would be difficult to explain, as the tail points
away from the cluster centre. Another cluster showing a spiral-
like radio morphology is RXC J0232.2—4420 (R. Kale et al. 2022;
K. Knowles et al. 2022), suggesting that such patterns may be
quite common.

Interestingly, simulations by J. A. ZuHone et al. (2021) reveal
several cases of cosmic-ray spiral-like patterns (see their fig. 10)
on a similar large scale as observed in Abell 1795. These struc-
tures arise from relativistic electrons originating from the cen-
tral AGN, which are then transported by gas-sloshing motions
triggered by an off-axis minor merger. Such motions can advect
cosmic-ray bubbles to large radii over several gigayears. If these
cosmic rays serve as seed particles for turbulent re-acceleration,
they could generate features similar to those seen in Abell
1795.

4.4 Surface brightness point-to-point correlation

In many radio haloes, the synchrotron emission closely follows
the morphology and extent of the X-ray emission, highlighting
a link between the thermal and non-thermal components of the
ICM. To explore this connection, we examine the point-to-point
correlation between the radio and X-ray surface brightness, fol-
lowing approaches used in previous studies (e.g. F. Govoni et al.
2001; K. Rajpurohit et al. 2021a; C. J. Riseley et al. 2022, 2023).

The slope of this correlation provides insight into the under-
lying physical processes. Assuming that CR protons are diffused
on cluster scales, in hadronic (secondary) models, a super-linear
slope is generally expected due to the centrally peaked distri-
bution of cosmic ray protons (CRp) and their scaling with the
thermal gas (see A. Ignesti et al. 2020). In contrast, turbulent re-
acceleration models can yield either sub-linear or super-linear
slopes, depending on the distribution and properties of the rel-
ativistic electrons (CRe) throughout the cluster volume.

MeerKAT observations of Abell 1775 and 1795 11

Table 4. Results of the point-to-point correlation analysis.

Abell 1795 Abell 1775
Slope k 1.08075:01 1.80079977
Intrinsic scatter 0.02073:90 0.0257 3906
Spearman coeff. rg 0.92 0.90
Pearson coeff. rp 0.95 0.90

We characterise this relationship by fitting a power-law in log-
log space of the form

log(Ir) = ¢ + klog(Ix), ©)

where the slope k describes how the non-thermal emission scales
with the thermal emission.

For each cluster, we performed the following steps. We
smoothed the Chandra X-ray maps to match the 25 kpc spa-
tial resolution of the MeerKAT data (corresponding to angular
resolutions of 22 arcsec for Abell 1795 and 20 arcsec for Abell
1775). Regions affected by discrete sources and contaminating
radio emission were masked in both the MeerKAT and Chandra
maps. We then covered the area of ‘significant’ X-ray emission—
approximately above the 3o level - with boxes at the same spatial
resolution.

We extracted flux density measurements for all selected regions
and used Linmix (B. C. Kelly 2007) to quantify the point-to-
point correlation. Linmix applies a Bayesian linear regression
approach that incorporates uncertainties in both variables, in-
trinsic scatter, and importantly, upper limits on the dependent
variable (Iz). We employed its MCMC implementation to derive
posterior distributions for the fit parameters. Uncertainties on the
slope and intrinsic scatter are quoted at the 1o level. The strength
of the correlation was further characterized by calculating the
Spearman (rs) and Pearson (rp) correlation coefficients. In our
analysis, regions where the radio surface brightness was below
20 were treated as 20 upper limits.

The resulting best-fit slope parameters (k) and intrinsic scatter
and the correlation coefficients are summarized in Table 4. The
point-to-point correlations themselves are shown in Fig. 9.

Overall, both clusters show strong, tight correlations between
the radio and X-ray surface brightness. Abell 1775 has a distinctly
super-linear slope, typical of a mini-halo® This is likely still con-
sistent with the slingshot scenario proposed by A. Botteon et al.
(2021) as the origin of the radio emission, since both slingshot and
sloshing—commonly invoked for mini-haloes-arise under similar
conditions. The main difference between a classical mini-halo
and a slingshot radio halo would then lie in the dynamics that
drive the gas motions in the ICM.

For Abell 1795, the slope is marginally super-linear (though
statistically significant). A notable aspect of these results is the
absence of any clear deviation from a single power-law slope in
the point-to-point (PTP) correlations, despite the radial radio pro-
files showing multiple distinct components. Similar hints were
reported for MS 1455.04-2232 by C. J. Riseley et al. (2022). The
measured slope of k =1.08 +0.01 is also noteworthy-steeper
than typical giant haloes in merging clusters, yet shallower than
most mini-haloes. Again in this respect, Abell 1795 is comparable
to MS 1455.0 + 2232, which exhibits one of the flattest slopes

>The outer component’s radio emission is very faint so we cannot deter-
mine the slope for this component separately.
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Figure 9. Point-to-point correlation between radio and X-ray surface brightness. The left panel shows the Ir-Ix relation for Abell 1775 based on the
MeerKAT and Chandra data, while the right panel displays the same analysis for Abell 1795. Regions where the radio surface brightness falls below
the 20 level are treated as 20 upper limits and are marked with blue arrows; the dashed blue line indicates the 1o threshold. The dashed green line
represents the best-fit power-law relation, and the shaded green area denotes the corresponding 1o uncertainty.

among known mini-haloes (A. Ignesti et al. 2020; C. J. Riseley
et al. 2022).

For Abell 1795, the tight correlation and slope close to unity
indicate that the radio emission closely follows the X-ray bright-
ness distribution. This is further supported by the nearly identical
shapes of the X-ray and radio radial profiles, see Fig. 10 (left
panel). Consequently, instead of the double-exponential model of
equation (1), a B-model - commonly used to describe X-ray sur-
face brightness profiles (A. Cavaliere & R. Fusco-Femiano 1976;
M. Arnaud 2009) - provides a more physically motivated fit. In-
deed, the B8-model offers an excellent description of both the radio
and X-ray profiles, as shown in Fig. 10.

The close correspondence between the radio and X-ray im-
ages motivates us to search for regions of excess non-thermal
radio emission relative to found point-to-point correlation with
the thermal component. To do this, we compute a radio-X-ray
residual (RXR) map defined as

RXR(X’ y) = IR(x’ y) - IOC : IX(xv y)kv (3)

where 10° is a normalization factor (see equation (2)). We adopt
k = 1.08 and c from the point-to-point fitting to produce the RXR
map. The resulting map is shown in the right panel of Fig. 10. The
RXR map reveals two interesting regions. First, there is an excess
of radio emission associated with the spiral-like trail extending
toward the tailed radio galaxy FIRST, J134859.3+263334. Second,
an excess of emission is observed extending northwest of the
cluster centre, corresponding to the ‘NW elongation’ marked in
Fig. 7.

We note that RXR maps provide an efficient way to identify
deviations from the point-to-point radio-X-ray correlation slope.
While previous studies have typically examined selected regions
individually to assess spatial variations in the correlation, RXR
maps offer a more systematic method for locating and analysing
such deviations. This approach might be preferable to selecting
regions based solely on features seen in the radio maps.

MNRAS 546, 1-22 (2026)

4.5 Origin of the Abell 1795 radio halo

The striking similarity between the Abell 1795 radio and X-ray
morphologies suggests a single underlying physical mechanism
for both the inner and outer radio components. The two radio
components appear to mirror structures already present in the
thermal ICM, implying that the entire radio structure could be
regarded as a single, large-scale radio halo. In this view, distin-
guishing between mini-halo and giant halo components may not
be meaningful.

For giant radio haloes in merging clusters, there is a well es-
tablished statistical correlation between cluster mass and radio
power, as well as with various mass proxies such as the X-ray lu-
minosity and the integrated Compton Y parameter (e.g. H. Liang
et al. 2000; R. Cassano et al. 2008; K. Basu 2012; R. Cassano et al.
2013; R. Kale et al. 2015). This correlation is thought to arise be-
cause a fraction of the gravitational energy released during cluster
mergers is converted into magnetic field amplification and the re-
acceleration of cosmic rays through turbulence in the ICM (e.g.
R. Cassano & G. Brunetti 2005; R. Cassano et al. 2023). Within
this framework, minor mergers may also generate radio haloes;
however, such cases are expected to be less common, and the
resulting haloes are statistically predicted to have steeper spectral
indices (e.g. R. Cassano, G. Brunetti & G. Setti 2006).

Recent studies have reported extended, cluster-scale radio
emission in some more relaxed clusters (e.g. T. Venturi et al. 2017;
F. Savini et al. 2018; L. Bruno et al. 2023b; N. Biava et al. 2024; C. J.
Riseley et al. 2024). In the case of the Perseus cluster, for example,
the radio power is consistent with the mass-power relation, and
turbulence generated by an off-axis merger has been proposed as
a sufficient mechanism to power the observed Mpc-scale radio
emission (R. J. Weeren et al. 2024).

In the turbulent re-acceleration scenario, a steeper spectral
index beyond the cool-core region is expected if the available
turbulent energy is lower than within the sloshing core (e.g.
R. Cassano & G. Brunetti 2005; G. Brunetti et al. 2008). For
predominantly relaxed clusters, the level of turbulence outside
the core is likely lower than in merging systems. Consequently,
giant radio haloes in cool-core clusters are expected to exhibit
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Figure 11. Left panel: Cluster mass (Msg) against 150 MHz radio power. Abell 1795 is plotted in magenta (both halo components) and pink (outer
component only) colours. The black data points are from A. Botteon et al. (2022b). The solid line shows the best-fitting correlation using the BCES
orthogonal method from R. Cassano et al. (2023). The blue points are from N. Biava et al. (2024), where the emission from the inner-halo component was
removed. The Perseus cluster halo is shown in green (R. J. Weeren et al. 2024). Right panel: Modelled radio halo synchrotron surface brightness profile
for Abell 1795 based on hadronic interactions. Data points at 1279 MHz from MeerKAT are shown in black. Profiles are computed for three values of the
central cluster magnetic field strength By and the scaling between cosmic ray energy density and thermal energy density a. For more details, see Section
4.5.1. The computed and observed profiles are normalized at a radial distance of 200 kpc.

steeper spectra than those in dynamically disturbed clusters. This
aligns with the observation that radio haloes discovered with
LOFAR are more frequently found in less disturbed systems (R.
Cassano et al. 2023), which would be expected if these haloes
have steeper spectra and are thus more easily detected at lower
frequencies.

In Fig. 11, we plot the location of the Abell 1795 radio halo
(both components) on the Mspo—P150 mu, relation, using data from
A. Botteon et al. (2022b) and overlaying the best-fitting correla-
tion from V. Cuciti et al. (2023). We find that the radio halo in
Abell 1795 aligns well with this correlation. This conclusion holds
regardless of whether the inner component is included, as both
components contribute approximately equally to the total power,

placing the system comfortably within the correlation’s scatter.
In fact, removing the inner component shifts the halo even closer
to the correlation. Furthermore, the central surface brightness I,
and the 144 MHz characteristic radius 7. = 157 & 35 kpc of the
giant halo in Abell 1795 are consistent with those of the giant
radio haloes studied by A. Botteon et al. (2022b). Although r. is
below the sample mean of 194 kpc, it lies within the standard
deviation of 94 kpc reported in L. Bruno et al. (2023a). In terms of
its spectral index, the radio halo also resembles the properties of
known haloes in massive (merging) clusters (e.g. K. Rajpurohit
et al. 2021b; A. Bonafede et al. 2022). In this sense, the spectral,
size, and total power properties of the Abell 1795 halo are similar
to those of other known giant radio haloes.

MNRAS 546, 1-22 (2026)
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The properties of the Abell 1795 halo thus appear as an out-
lier among the population of haloes predicted by the turbulent
acceleration scenario. One would anticipate either a steeper spec-
trum or the absence of a giant radio halo at frequencies above a
gigahertz in a relaxed cluster with mass Msy = (4.47 £ 0.14) x
10 My, (Planck Collaboration XXVII 2016). Invoking a scenario
where the cluster is somehow significantly more dynamically
disturbed than other cool-core clusters is not supported by X-
ray observations. Abell 1795 is classified as a strong cool-core
cluster (e.g. D. S. Hudson et al. 2010). While the cluster is not
entirely relaxed - there is evidence of sloshing - such features
are common in systems that are not undergoing major mergers.
The presence of a single dominant BCG, a strong cool core, and
largely symmetric large-scale X-ray emission all indicate that this
cluster is not undergoing a major (off-axis) merger. The cluster’s
relaxed dynamical state is further supported by its X-ray con-
centration parameter (¢ = 0.4260 &+ 0.00177) and centroid shift
(w = 0.00867 + 0.00243), as reported by A. Botteon et al. (2022b).
These values place the cluster in the ‘relaxed quadrant’ according
to the classification scheme of R. Cassano et al. (2010).

Although unusual, the presence of a giant radio halo in
a relaxed cluster is not inconsistent with the turbulent re-
acceleration model, provided that such haloes occur predomi-
nantly during mergers, giving rise to the observed radio bimodal-
ity (e.g. G. Brunetti et al. 2007; R. Cassano et al. 2013, 2023; V.
Cuciti et al. 2023). Time-scales may also be important: a recent
injection of turbulence could yield a flatter spectral index even
if the total turbulent energy is low. Similarly, a minor merger
could produce a comparable turbulent energy density to a major
merger if the energy is deposited in a smaller volume. Thus, it is
interesting to note that the relatively small characteristic radius,
1., compared to the average giant halo population, suggests that
the Abell 1795 radio halo is roughly two times less voluminous
than a typical halo.

4.5.1 A hadronic origin?

It is remarkable that the radio brightness profile closely mir-
rors the X-ray profile, indicating that radial variations in radio
emission closely track those in the X-rays. This correspondence
may point to a significant contribution from secondary electrons
produced through hadronic collisions with thermal protons (e.g.
P. Blasi & S. Colafrancesco 1999; C. Pfrommer & T. A. Enf3lin
2004; U. Keshet 2024). In such a case, the radio-X-ray connection
would naturally arise from the radial distribution of the thermal
targets. A hadronic origin could also account for the relatively
flat integrated radio spectrum. However, the nearly linear slope
of k = 1.08 between radio and X-ray brightness is not straightfor-
ward to reproduce in hadronic models. It would require a rapid
increase of the ratio between the magnetic (or cosmic rays) to
thermal energy densities with distance (e.g. F. Govoni et al. 2001)

To explore these issues, we quantitatively model the radio halo
surface brightness profile of Abell 1795 under the assumption
that it originates from hadronic interactions between cosmic-ray
protons and thermal ions in the ICM, following the approach of
E. Osinga et al. (2024) and references therein. To describe the
non-thermal component, we assume that the cosmic ray proton
population follows a power-law distribution that traces the spatial
distribution of the thermal gas:

Nerp(Pp: R) = Cp [nn(RKT(R)]* py,°, “4
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where n,,(R) and T(R) are the thermal electron density and tem-
perature distribution as a function of radius R, respectively, and
k is the Boltzmann constant. The C;, is a normalization constant,
and p,~* represents a power-law momentum distribution of the
cosmic ray protons with index s. The parameter a governs the
scaling between the energy densities of cosmic ray protons and
the thermal plasma, with Wegp o< Wi,

Secondary electrons and positrons, as well as gamma rays, are
produced via the decay of neutral pions generated in collisions
between cosmic rays and thermal protons (e.g. P. Blasi & S. Co-
lafrancesco 1999). The spectrum of these secondary electrons is
computed following G. Brunetti et al. (2017). In galaxy clusters,
where cosmic ray protons remain confined over Gyr time-scales
and proton-proton collision time-scales exceed electron cooling
times, the secondary electron population is expected to reach a
steady-state balance between injection and radiative losses. Thus,
assuming a power-law distribution of cosmic ray protons given by
equation (4), the spectrum of the synchrotron emissivity can be
approximated with a power-law.

Projected onto the sky at a cluster-centric distance r, the syn-
chrotron emission is proportional to

Bl—oz (R)

Lon() /‘ RdR

r) o —n _—
e s VRE— 12 B*(R) + By
where we have dropped the normalization constants. Here,
we define F(R) = uv/xiilzg)' The spectral index is given by o =
(1 —s)/2, B is the ICM magnetic field strength, and Bcyp the
equivalent magnetic field strength of the cosmic microwave back-
ground. With the assumption of equation (4), where a governs
the scaling between the thermal plasma and cosmic ray proton
energy density, we can write

(RKT(R)F(R) N &)

F=Wan) . (6)

For Abell 1795, we adopt the ICM electron density ng,(R) and
temperature T(R) profiles derived by F. Andrade-Santos et al.
(2017) from Chandra X-ray observations. The electron density
profile is provided in analytic form, while the temperature profile
is derived via spline interpolation of the radial bin measurements
reported in that work. For the magnetic field strength B(R), we
assume it scales with the thermal energy density of the gas, fol-
lowing a commonly adopted form (e.g. A. Bonafede et al. 2010):

nn(R)\ "
B(R) = By ( t o n(R)?, @)
nu(0)
where B, denotes the central magnetic field strength. For the
radio halo spectral index, we use our measured @ = —1.08.

The values of B, and the parameter a (the scaling between
the cosmic ray and thermal energy densities) are not known a
priori. We therefore compute model radio synchrotron intensity
profiles Iy, (r) for three By and a values, and compare these to
the observed surface brightness profile. The results are shown in
Fig. 11 (right panel). From this comparison, we find that models
with a = 0 provide the best match to the observed radio profile,
requiring that the energy density in cosmic ray protons is constant
as a function of radius®. Models with By = 1 uG and By = 5 uG
both reproduce the data reasonably well, indicating that the pre-
ferred central magnetic field strength lies within this range since

This does not exclude local deviations, as the profile represents an az-
imuthal average.
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B, = 10 uG yields a profile that is too flat near the cluster centre
compared to observations.

It should be noted that our assumption of B(R)  ny(R)Y? af-
fects the derived value of a. If this B(R) « ny,(R)" scaling is flatter,
son < 0.5, ahigher value of a can reproduce the Abell 1795 radial
profile. We find that, to match the observed radio profile with
a = 0.50r a = 1, the model requires n ~ 0.25 or n ~ 0.0, respec-
tively, see Fig. D1. Interestingly, a recent polarization study of a
cluster sample by E. Osinga et al. (2025) found that values around
n ~ 0 provided a better match to the data than the canonical
n = 0.5. However, earlier studies have also reported that n 2 0.5
may be appropriate (e.g. V. Vacca et al. 2012; F. Govoni et al.
2017; C. Stuardi et al. 2021). Future studies of the magnetic field
properties of Abell 1795 will therefore be important for further
testing hadronic models. However, this will be challenging, as no
polarized sources have been reported in the cluster region by E.
Osinga et al. (2022, 2025).

On the modelling side, it would be valuable to further explore
the possible hadronic origins of the halo. In fact, the required
values of a and/or 5 close to zero represent a challenge because
the ratio between non-thermal (cosmic rays plus magnetic fields)
and thermal energy must remain within reasonable limits, and
the non-thermal components cannot account for an excessive
fraction of the total energy budget in the external regions. Hy-
brid scenarios-such as the turbulent re-acceleration of secondary
electrons (G. Brunetti & A. Lazarian 2011; G. Brunetti et al. 2017)-
and their impact on the resulting radio radial profiles and point-
to-point correlations provide therefore additional important av-
enues for future investigation to test the role of secondaries in
powering the Abell 1795 radio halo.

4.5.2 Observational biases against radio haloes in cool-core
systems

The discovery of a Mpc-scale radio halo in Abell 1795, despite the
existence of previous studies with the VLA, MeerKAT, GMRT,
and LOFAR, provides an example which implies the presence
of observational biases against detecting large radio haloes in
cool-core clusters, with the Perseus Cluster providing another key
example (R. J. Weeren et al. 2024). An interesting case in this
context is CL 18214643, where A. Bonafede et al. (2014) reported
the presence of a large radio halo in a cluster with a strong cool
core. R. Kale & V. Parekh (2016) measured an integrated spectral
index of —1.0 0.1, providing another example of a halo in a
cool-core cluster with a relatively flat spectrum. However, unlike
Abell 1795, observations suggest that CL 18214643 experienced
an off-axis merger event that left the cool core intact.

Future work is required to assess whether biases against de-
tecting large radio haloes in cool-core clusters significantly affect
the observed radio halo bimodality. This will require expanding
the sample of relaxed clusters observed with deep MeerKAT and
LOFAR data, while explicitly mitigating biases related to limited
dynamic range. In addition, more measurements of radio halo
spectral indices in cool-core clusters are essential, as the cur-
rent observational constraints remain sparse. The faint nature
of outer halo components demands observations with both high
sensitivity to diffuse, large-scale emission and sufficient angular
resolution to minimise contamination from compact sources.

Upcoming surveys with the Square Kilometre Array (SKA)
will represent a major step forward in this regard. The SKA will
provide excellent uv-coverage for high-dynamic-range imaging of
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bright compact sources, together with high sensitivity to extended
emission. At the lowest SKA-Low frequencies, angular resolution
may become a limiting factor; however, at frequencies of a few
hundred megahertz and above, detailed spatial characterization
of radio halo spectral indices out to large cluster-centric radii will
be possible. This will enable robust tests of the origin of radio
haloes in cool-core clusters.

5 CONCLUSIONS

In this paper, we presented MeerKAT L-band continuum obser-
vations of the galaxy clusters Abell 1775 and Abell 1795. Both
clusters exhibit cold fronts and structured cores in X-ray obser-
vations. To complement the MeerKAT data, we also incorporated
LOFAR HBA observations. We produced high-quality MeerKAT
and LOFAR images for both clusters using an improved version
of the facetselfcal procedure described in R. J. Weeren et al.
(2021), demonstrating its improved interoperability for using it
for instruments other than LOFAR. In the case of Abell 1795, this
led to a significant improvement in image quality compared to
previously published MeerKAT and LOFAR images based on the
same underlying data.
Below, we summarize our main scientific findings.

(i) We detect radio haloes in both Abell 1775 and Abell 1795.
In their radial surface brightness profiles, two distinct compo-
nents are present. An inner component, with a higher central
surface brightness and smaller characteristic radius, and an outer
component with a lower central surface brightness and larger
characteristic radius. The inner components can be associated
with X-ray cores and also show radio surface brightness declines
at the location of X-ray-detected cold fronts.

(ii) We confirm that the core of Abell 1775 is filled with fila-
mentary ultra-steep spectrum emission, with spectral index val-
ues reaching o = —3, consistent with the results of A. Botteon
et al. (2021); A. Bushi et al. (2025). This filamentary emission
dominates the LOFAR image but is nearly absent in the MeerKAT
L-band image. This case illustrates the coexistence of multiple
emission components within galaxy clusters and highlights the
challenges in accurately determining the spectral index distribu-
tion of radio haloes in the presence of ultra-steep-spectrum fila-
ments, which may either be AGN-related or physically connected
to the halo itself.

(iii) In Abell 1795, we detect steep-spectrum radio emission ex-
tending southward from the central radio source 4C+26.42. This
emission closely follows a 45 kpc X-ray filament of cooler gas,
which is also associated with an optical line-emitting filament.
The radio emission terminates at a previously identified X-ray
depression. These results indicate that both the X-ray filament
and the depression are connected to an outflow of plasma from
the central AGN, in contrast to earlier interpretations.

(iv) The radio halo in Abell 1795 displays a spiral-like morphol-
ogy, with a trail of emission extending to a tailed radio galaxy
FIRST J134859.3+263334, somewhat similar to what was found
for the Perseus cluster halo and the tailed source IC 310.

(v) We analysed the point-to-point correlation between the ra-
dio and X-ray surface brightness in Abell 1775 and Abell 1795.
Both clusters show strong, tight correlations. Abell 1775 displays
a distinctly super-linear slope (k = 1.80 4 0.08), typical of a mini-
halo, while Abell 1795 shows a marginally super-linear slope (k =
1.08 & 0.01), which is somewhat unusual for giant radio haloes
that generally exhibit sub-linear slopes and for mini-haloes that
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display super-linear slopes. Despite the presence of multiple com-
ponents in the radial radio profiles, the point-to-point correla-
tions are well described by a single power law. For Abell 1775,
however, the low number of data points and the large error bars
in the region beyond the cluster core mean that a slope change
could easily remain undetected. For Abell 1795, on the other
hand, the result is significant, and the single slope might hint at a
common underlying physical origin for the inner and outer halo
components.

(vi) The striking similarity between the radio and X-ray mor-
phologies of Abell 1795 suggests a single underlying physical
mechanism driving both the inner and outer radio components.
The two radio components appear to trace structures already
present in the thermal ICM, implying that the entire radio emis-
sion may be regarded as a single, large-scale halo. In this view, dis-
tinguishing between mini-halo and giant halo components may
not be physically meaningful. This interpretation is further sup-
ported by the nearly constant spectral index of @ = —1.08 4 0.06.

(vii) The radio halo in Abell 1795 exhibits properties typical of
giant radio haloes in merging clusters: a relatively flat radio spec-
trum (¢ = —1.08 + 0.06) and a radio power consistent with the
established mass—power relation. Such characteristics are gener-
ally unexpected in the context of the turbulent re-acceleration
model and the observed radio bimodality (e.g. G. Brunetti et al.
2009). This may indicate that sufficient turbulent energy can
occasionally persist to sustain particle re-acceleration even in
dynamically relaxed systems. However, such cases are likely rare,
as the turbulent re-acceleration model predicts that giant haloes
in relaxed clusters should be much less common than in major
mergers.

(viii) The properties of the Abell 1795 radio halo - particu-
larly its radio brightness profile closely matching the X-ray pro-
file - and the apparent relaxed dynamical status of the cluster,
are very tempting regarding a hypothesis in which the observed
emission is generated by secondary electrons. Motivated by this,
we modelled the observed radio surface brightness profile in the
context of secondary models. In this case the challenge is due to
the linear scaling of the radio to X-ray point-to-point brightness
which requires radially flat cosmic rays and/or magnetic field
energy densities. Specifically we find that assuming a magnetic
field scaling with gas density, the observed radio profile is well
reproduced by the model under the assumption of a constant
energy density of cosmic ray protons with radius and B~1—5 uG.
This challenge requires further exploration of the modelling of
a secondary origin of the halo, including the possibility where
secondary electrons are re-accelerated.

(ix) The discovery of a large radio halo in Abell 1795 may in-
dicate that previous studies were biased against detecting such
haloes in cool-core clusters hosting bright central AGN. Deeper,
high-dynamic-range radio observations are therefore warranted
to build a more complete picture of radio-halo bimodality and
its connection to cluster dynamics, in light of this unexpected
detection in Abell 1795.
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Figure A1l. Comparison of the image quality in this work using an updated calibration strategy and version of facetselfcal compared to previously
published work (A. Botteon et al. 2021, 2022b) which used the strategy presented in R. J. Weeren et al. (2021). The top and bottom panels show Abell
1775 and Abell 1795, respectively. The images on the right show the improvement obtained in this work. Images are displayed with identical brightness
scaling to aid a direct comparison.
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Abell 1775 spectral index uncertainty map Abell 1795 spectral index uncertainty map
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Figure B1. Spectral index uncertainty maps corresponding to Figs 3 and 6, respectively. The spectral index uncertainty includes the r.m.s map noise as
well as an absolute flux scale uncertainty of 5 per cent for MeerKAT and 10 per cent for LOFAR. The contours are from the 144 MHz LOFAR images and
are drawn at the same levels as in Figs 3 and 6.

APPENDIX B: SPECTRAL INDEX APPENDIX C: LOW-RESOLUTION MEERKAT
UNCERTAINTY MAPS IMAGES

In Fig. B1, we show the spectral index uncertainty maps corre- In Fig. C1, we show MeerKAT images of the clusters Abell 1775
sponding to Figs 3 and 6. (top panels) and Abell 1795 (bottom panels) tapered to a physical

resolution of 50 and 100 kpc. The emission from compact sources
was subtracted from the visibilities before making these images.
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Figure C1. MeerKAT 1279 MHz images at 50 and 100 kpc resolution of the diffuse emission in Abell 1775 (top panels) and Abell 1795 (bottom panels).
Emission from compact sources was subtracted from the visibilities, see Section 2.3. The black regions in the left panels show the areas that were masked
to obtain the radial surface brightness profiles displayed in Figs 3 and 8. The noise levels and beam sizes of the radio images are reported in Table 2.

APPENDIX D: HADRONIC RADIO PROFILES

FOR DIFFERENT 3»-VALUES

Fig.D1 shows modelled radio surface brightness profiles from
hadronic interactions for three values of », which parameterises

the scaling of the cluster magnetic field strength with the thermal
gas density (assumed to be n = 0.5 in equation (7)). The pro-
files are computed following the procedure described in Section
4.5.1.
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Abell 1795 radio halo hadronic model predictions: n=0.0
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Abell 1795 radio halo hadronic model predictions: n=0.25
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Abell 1795 radio halo hadronic model predictions: n=0.5
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Figure D1. Modelled synchrotron surface brightness profiles of the
radio halo in Abell 1795, based on hadronic interactions. The profiles
are shown for three values of 5, which parametrizes the magnetic field
scaling as B(R) o ng(R)": n = 0(top panel), n = 0.25 (middle panel), and
n = 0.5 (bottom panel). Black data points indicate measurements from
MeerKAT at 1279 MHz. For each panel, profiles are computed for four
central magnetic field strengths By and three values of the cosmic ray-to-
thermal energy density scaling parameter a. The profiles are normalized
at a radial distance of 200 kpc. For n = 0 (top panel), the profiles for
different values B, overlap. For further details, see Section 4.5.1.

This paper has been typeset from a TgX/ETEX file prepared by the author.

© The Author(s) 2026.
Published by Oxford University Press on behalf of Royal Astronomical Society. This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

MNRAS 546, 1-22 (2026)

920z Aienige4 £z uo Jasn 0aualy,p oledslolglg BwalsIS - eubojog Ip BlsisAlun Aq 0SEETY8/yS0BRIS/Z/97S/a101e/seluW/Wwod dno olwapeoae)/:sdiy Wol) papEojuMO(]


https://creativecommons.org/licenses/by/4.0/

	1 INTRODUCTION
	2 OBSERVATIONS AND DATA REDUCTION
	3 RESULTS
	4 DISCUSSION
	5 CONCLUSIONS
	ACKNOWLEDGEMENTS
	DATA AVAILABILITY
	REFERENCES
	A COMPARISON WITH PREVIOUSLY PUBLISHED LOFAR IMAGES
	B SPECTRAL INDEX UNCERTAINTY MAPS
	C LOW-RESOLUTION MEERKAT IMAGES
	D Hadronic radio profiles for different -values


