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A B S T R A C T 

The cool-core galaxy cluster RXJ1720.1 + 2638 hosts extended radio emission near the cluster core, known as a minihalo. The 
origin of this emission is still debated and one piece of the puzzle has been the question of whether the supermassive black 

hole in the brightest central galaxy is actively powering jets. Here, we present high-resolution e-MERLIN observations clearly 

indicating the presence of sub-kpc jets; this may have implications for the proposed origin of the minihalo emission, providing 

an ongoing source of relativistic electrons rather than a single burst sometime in the past, as previously assumed in simulations 
attempting to reproduce observational characteristics of minihalo-hosting systems. 

Key words: radiation mechanisms: non-thermal – galaxies: active – galaxies: clusters: individual: RXJ1720.1 + 2638 – galaxies: 
jets – radio continuum: galaxies. 
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 I N T RO D U C T I O N  

XJ1720.1 + 2638 is a cool-core cluster of galaxies with a pair of
old fronts detected in X-ray suggesting a ‘sloshing’ motion has 
een induced by a minor merger (Mazzotta et al. 2001 ), likely with
he smaller subcluster detected via gravitational lensing (Okabe et al. 
010 ) and galaxy density mapping (Owers, Nulsen & Couch 2011 ).
he core of the cluster also hosts a radio minihalo (Mazzotta &
iacintucci 2008 , Giacintucci et al. 2014 ), diffuse synchrotron 

mission at the cluster core, which appears to be confined by the
old fronts. 

There are two mechanisms generally considered to be possible 
or the production of minihalo emission at the cores of galaxy 
lusters. First, the ‘re-acceleration’ mechanism (Gitti, Brunetti & 

etti 2002 ): old relativistic electrons from past outbursts of the 
ctive galactic nucleus (AGN) in the brightest central galaxy (BCG) 
re re-accelerated to energy levels sufficient to produce observable 
ynchrotron radiation by turbulence induced by the minor merger or 
ther mechanisms. Secondly, the ‘hadronic’ or ‘secondary’ mecha- 
ism: thermal protons throughout the cluster volume are accelerated 
o relativistic energies by supernovae, AGN, and intracluster medium 

ICM) shocks; these cosmic ray protons undergo interactions with 
he thermal proton population, producing pions which decay into a 
eries of products including relativistic electrons (e.g. Pfrommer & 

nßlin 2004 ). 
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Several features of the minihalo emission in RXJ1720.1 + 2638 
eem to support the re-acceleration mechanism. The confinement of 
he minihalo emission by the cold fronts is supported by simulations
ssuming that aged electrons from a single, past injection of rela-
ivistic particles are distributed by sloshing turbulence (ZuHone et al. 
013 ), and the steepening spectral index of the ‘tail’ of the minihalo
xtending to the south is expected if the re-accelerated electrons lose
nergy as the y trav el further from the initial pool of aged electrons
t the centre. On the other hand, Perrott et al. ( 2021 ) showed that
he spectrum of the central minihalo followed a constant power-law 

f approximately S ν ∝ ν−1.0 o v er a large range of frequencies from
17 MHz up to at least 18 GHz. The spectrum is both slightly flatter
han predicted by the ZuHone et al. ( 2013 ) simulations and does
ot show the spectral break expected in the re-acceleration scenario. 
errott et al. ( 2021 ) also found that the minihalo was larger than
xpected at high frequency, and potentially extended out past the 
old fronts. These observations could point to better agreement with 
he hadronic mechanism, as demonstrated in simulations by ZuHone 
t al. (2015 ). 

A complicating factor, ho we ver, was the lack of knowledge of the
tate of the BCG supermassive black hole. The ZuHone et al. ( 2013 )
imulations assumed a single AGN outburst in the past; the relativistic 
lectrons were then allowed to age for some time before being re-
ccelerated by the turbulence induced by the minor merger. If the
CG, in fact, has an AGN which is actively accreting and producing

ets, the continuous injection of ne w relati vistic electrons could
xplain the lack of spectral steepening and slightly flatter spectral 
ndex while still requiring the turbulence to spread the electrons from
is is an Open Access article distributed under the terms of the Creative 
h permits unrestricted reuse, distribution, and reproduction in any medium, 
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Figure 1. e-MERLIN image of the RXJ1720.1 + 2638 BCG at three different 
resolutions. The background colour-scale shows the 800 k λ-tapered version, 
showing the details of the jet structure; the black contours show the untapered 
image, showing the central source and the beginning of the western jet; 
the white contours show the 500 k λ-tapered version, showing that there 
is a significant detection of the jets on both sides. The five contours are 
logarithmically spaced from 3 σ = 60.8 (96.6) μJy beam 

−1 to 90 per cent of 
the peak flux density, where peak flux density = 926 (1008) μJy beam 

−1 in the 
untapered (500 k λ-tapered) case. Synthesized beams are shown in the bottom 

left-hand corner. 
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he jets out to the observed extent of the minihalo. Previous radio
bservations had only been able to put an upper limit on the size
f an y prospectiv e jets ( < 1.4 kpc; Giacintucci et al. 2014 ), although
arious optical indicators suggested AGN activity (e.g. Liu, Mao &
eng 2012 , Green et al. 2016 ). 
In this letter, we present high-resolution observations from the

xtended Multi-Element Radio Linked Interferometer Network (e-
ERLIN; Garrington et al. 2004 ) which demonstrate unequivocally

he presence of jets extending at least 0.8 pc from the BCG centre.
his continuous injection of relativistic electrons must be taken

nto account when interpreting the observations in fa v our of either
cceleration mechanism. 

Throughout the letter, we use J2000.0 coordinates and use the
onvention that radio flux density S depends on frequency ν as
 ∝ ν−α with spectral index α. Unless stated, otherwise we
se � CDM cosmology with �m 

= 0.3, �� 

= 0.7, and H 0 =
0 km s −1 Mpc −1 . With this cosmology, at the redshift of the cluster
 z = 0.160; Owers et al. 2011 ) 1 arcsec corresponds to 2.76 kpc. We
se the ‘cubehelix’ colour scheme defined by Green ( 2011 ) for radio
stronomical images. 

 OBSERVATIONS  

he cluster centre was observed as a single pointing with e-MERLIN
n 2020 August 13–14 and 2022 June 22–24 for a total of ≈ 28 h
n-source under project code CY10222. The frequency band was
.5–5 GHz with a central frequency of 4.76 GHz. All antennas were
resent except the Lovell telescope; in the 2020 August observation,
he Knockin antenna and most of the Mark II antenna data were
agged due to an instrumental error. 
The shortest baseline present in the combined observations is
35 k λ, corresponding to a largest angular scale of ≈ 6 arcsec. The
inihalo, which has an angular size of at least 30 arcsec, is therefore

ompletely resolved out in these observations allowing us to isolate
he core and jet/lobe emission. The longest baseline is ≈ 3.6 M λ,
nd with a Briggs robust weighting of 0.5 we achieve a synthesized
eam size of 0.06 × 0.04 arcsec 2 , corresponding to a physical size
f 165 × 110 pc 2 . 

 C A L I B R AT I O N  A N D  IMAG ING  

e use 3C 286 as the primary flux calibration source, using the Per-
ey & Butler ( 2017 ) scale to set the flux density. We use the standard
-MERLIN pipeline reduction, 1 using interleaved observations of a
earby point-like calibrator, 1722 + 2815, to apply phase calibration
o the science field. We also added an extra bandpass calibration
sing the interleaved calibrator to remove some residual amplitude
rrors. 

The calibrated data were imaged using the tclean task in CASA . 2 

e used Briggs weighting with a robust parameter of 0.5, which
ave the best trade-off between beam size and sensitivity. To further
ncrease the sensitivity to the larger-scale structures of the jets, we
lso imaged with uv -tapers of 800 and 500 k λ. 

 RESULTS  A N D  ANALYSIS  

he resulting image is shown in Fig. 1 , with the colour-scale showing
he 800 k λ-tapered image and contours showing the untapered and
NRASL 520, L1–L4 (2023) 

 https:// github.com/e-merlin/ eMERLIN CASA pipeline 
 https:// casa.nrao.edu/ 

f  

v  

B  

l  
00 k λ-tapered images. There is a clear detection of a central,
ompact object plus resolved jets extending to the east and west.
he jets extend roughly 0.3 arcsec (corresponding to 0.8 kpc) from

he centre in both the east and west directions. The eastern jet may
end abruptly to the north-west; ho we ver, this feature only appears
t ≈ 2 σ significance. In contrast, the minihalo emission extends to
t least 80 kpc from the cluster centre, so these jets are around three
rders of magnitude smaller. 
We fitted a Gaussian to the central point-like object in the untapered

mage using the CASA task imfit , finding a peak flux density of
61 ± 23 μJy beam 

−1 , with no indication of extension. Measuring
he integrated flux density of the point-like + extended emission
own to the 2 σ contour on the 500 k λ-taper image gave 1.76 ± 0.08
Jy in total (where the error is calculated by multiplying the rms

oise by 
√ 

N beams , N beams being the number of beams co v ered by
he source). Subtracting the point-like from the total flux density we

easure 801 ± 90 μJy for the jets. 
We can assess whether we have recovered all the extended flux

rom the jets by comparing our flux density measurement to the
re vious, lo wer-resolution flux density measurements that did not
esolve the jets, as illustrated in Fig. 2 . Using the flux densities
iven in Giacintucci et al. ( 2014 ) to fit a power-law spectrum, we
btain a flux density of S = 2.34 ± 0.10 mJy at the e-MERLIN
entral frequency of 4.76 GHz. Subtracting the measured core, we
ould therefore expect a jet flux density of 2.34 − 0.961 = 1.38 mJy

nd are reco v ering ≈ 60 per cent of the jet flux in this e-MERLIN
bservation. This indicates that the jets may have a larger extent than
his observation detects. The unresolved core is a significant fraction
f the total, ≈ 40 per cent. 
Hogan ( 2014 ) measure a VLBA flux of 680 ± 60 μJy beam 

−1 

rom a 2013 observation for the unresolved core. This would imply
ariability of the core of ∼40 per cent o v er 8 yr as is common for
CGs (Rose et al. 2022 ). From fig. 7 in Rose et al. 2022 , at this

e vel of v ariability more than half of the sources sho w v ariation

https://github.com/e-merlin/eMERLIN_CASA_pipeline
https://casa.nrao.edu/
art/slac160_f1.eps
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Figure 2. Spectra for the various components of the BCG system. Large 
orange points and lines show the minihalo; the data points are measurements 
from Giacintucci et al. ( 2014 ) (and references therein), the dashed lines show 

the high frequency 1 σ constraints from Perrott et al. ( 2021 ) and the solid line 
is a power-law fit to the lower-frequency data points. Light blue small points 
show the integrated central BCG component and are also from Giacintucci 
et al. ( 2014 ) and references therein. The green star and triangle show the 
core and jet measurements from these e-MERLIN observations respectively, 
where the triangle is displaced horizontally for clarity. The dashed-green and 
dotted-green lines show spectra of the core and jet components normalized 
to the e-MERLIN measurements (assuming the jets are partially resolved out 
by e-MERLIN so that full jet + core flux density adds up to the integrated 
measurement) and assuming representative spectral indices αcore = 0.2 and 
αjet = 1.0. The solid-green line is the sum of these components and agrees 
fairly well with the integrated measurements over the whole frequency range; 
it is not fitted to the integrated measurements. The purple diamond shows the 
VLBA core measurement, indicating some variability in comparison to the 
e-MERLIN measurement. 
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Figure 3. HST image of the BCG (colour-scale) with contours from the 
800 k λ-tapered e-MERLIN image o v erlaid. The fiv e contours are logarith- 
mically spaced from 3 σ = 73.1 μJy beam 

−1 to 90 per cent of the peak flux, 
where peak flux = 912 μJy beam 

−1 . The synthesized beam is shown in the 
bottom left-hand corner as the filled white ellipse. 
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n > 8 yr time-scales. On the other hand, the majority of these
ources would show only variability of 20 per cent or less on the 2 yr
ime-scale between our e-MERLIN observations, consistent with the 
atch in measured peak flux densities in 2020 and 2022 (955 ± 40

nd 924 ± 59 μJy beam 

−1 in 2020 and 2022, respectively; errors
re thermal noise only). This variability impacts on our estimate 
f the fraction of the jet flux density reco v ered in our e-MERLIN
bservation; if the core flux density were 60 per cent higher when
he integrated flux density measurement was made (in 1985) than at 
he e-MERLIN measurement epoch, the jet flux density measured 
rom the e-MERLIN observation would account for the total jet flux 
ensity. 
At frequencies lower than 2 GHz, where the integrated flux 

ensity measurement is dominated by the jet/lobe component, the 
easurements from 1985 to 2009 show no significant variation. 

 DISCUSSION  

.1 Host galaxy 

 comparison to the optical image of the galaxy from the Hubble
pace Telescope ( HST ), shown in Fig. 3 , shows that in the current
bservation the jets appear to be inside the host galaxy rather than
xtending out into the ICM. The AGN may ho we ver have been more
ctive in the past, with jets and lobes extending into the ICM, and
ow be in a quiescent phase of the feedback c ycle. Lower-frequenc y,
igh-resolution observations may also reveal older, steep-spectrum 

mission from extended lobes further out in the ICM that is too faint
o be seen at the relatively high frequency of these observations. 
ased on the length of the jets shown in the current observations
nd assuming particles in the jets mo v e at speeds < c , we can infer a
ifetime of this phase in the AGN’s duty cycle of as little as ∼3000 yr.

.2 Correlations with minihalo power 

ichard-Laferri ̀ere et al. ( 2020 ) analysed correlations between the
uminosity of radio minihaloes and the BCG luminosity, dividing 
he latter into the core component representing on-going accretion 
nd the jet/lobe component representing past activity. They used the 
echnique and data from Hogan et al. ( 2015 ), spectrally separating
he emission by fitting (where appropriate) a double power law 

nd identifying the flatter component as the core and the steeper
omponent as the non-core. Ho we ver, as noted in Hogan et al.
 2015 ), the ‘non-core’ component may also contain a contribution
rom a minihalo if present. We also note that, in general, the division
etween minihalo and jet/lobe may not be clear-cut if the minihalo is
omposed of electrons from the jet/lobe, which has been redistributed 
y turbulence. 
With the current observation, we are now able to spatially 

ecompose the RXJ1720.1 + 2638 BCG emission into core and jet
omponent, as well as robustly exclude the minihalo component. 
ith these data in hand, we show the updated position of the
CG in the Richard-Laferri ̀ere et al. ( 2020 ) correlation plots in
ig. 4 , assuming their average spectral indices of αcore = 0.2 and
steep = 1.0 to extrapolate our measurements to the appropriate 

requency and calculate luminosity as we do not have spectral index
easurements for the components given the narrow e-MERLIN 

requency band. The errorbars on the e-MERLIN measurements 
ncorporate uncertainty on the spectral index of 	α = 0 . 2 (Hogan
t al. 2015 ) and assume a 60 per cent uncertainty on the core flux
ensity due to its variability (they are dominated by the latter). For
implicity here, we use the slightly different cosmological parameters 
sed by Richard-Laferri ̀ere et al. ( 2020 ), but the difference in the
alculated luminosities is not significant ( < 2 per cent). 
MNRASL 520, L1–L4 (2023) 
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M

Figure 4. Updated correlations from Richard-Laferri ̀ere et al. ( 2020 ) between steep and core radio powers of the BCG and minihalo power. The large blue 
circle in each plot shows the previous data point for RXJ1720.1 + 2638, relying on spectral separation of the components, and the blue star shows our updated 
data point using the spatially separated estimates. 
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The updated data points for RXJ1720.1 + 2638 in both cases depart
ignificantly from the correlation reported by Richard-Laferri ̀ere
t al. ( 2020 ). This hints that the correlation may not be robust if
ther data points are similarly affected; we note that Riseley et al.
 2022 ) also found a similarly discrepant flux density measurement for

S 1455.0 + 2232, another cool-core cluster with a minihalo. With
egard to the jet/lobe component, we also note that the argument that
his represents an older population of electrons does not necessarily
pply in this case since the jet is very close to the origin, implying
hat this emission is also young. 

 C O N C L U S I O N S  

(i) We have confirmed the presence of sub-kpc scale radio jets
eing produced by the AGN in the BCG of the cool-core cluster
XJ1720.1 + 2638. 
(ii) Based on the comparison with the integrated flux density
easured at lower resolution, we estimate that we have recovered
60 per cent of the flux of the jets in our high-resolution observation

nd they may therefore extend out further than the measured length
f ≈ 0.8 kpc from the core. 
(iii) Our spatially separated measurements may indicate that the

ignificance of correlations between BCG radio luminosity and
inihalo luminosity have been overestimated in previous work. 
(iv) The presence of active jets may explain the relatively flat radio

pectral index of the RXJ1720.1 + 2638 minihalo; further simulations
re required to confirm this. 
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