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Radio observations over the last two decades have providddrese that diffuse synchrotron
emission in the form of megaparsec-scale radio halos irkgalsters is likely tracing regions
of the intracluster medium where relativistic particles accelerated during cluster mergers. In
this paper we present results of a survey of 14 galaxy ceistamried out with the 7-element
Karoo Array Telescope at 1.86 GHz, aimed to extend the ctustedies of radio halo occurance
to systems with lower masses &y > 4 x 1014 M,). We found upper limits at the.6— 1.9 x
1074 Watt Hz 1 level for ~ 50% of the sample, confirming that bright radio halos in lesssive
galaxy clusters are statistically rare.
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1. Introduction

Giant Radio Halos (RHs) are Mpc-scale, diffuse radio sauvdgéh low surface brightness that
are present in the central region of a certain number of galasters. Great progress has happened
over the last decade on both the theoretical (see Brunettr&s 2014 for a recent review) and
observational (see Feretti et al. 2012 for a recent reviawgysof the nature and formation of giant
RHs, indicating that they are the product of turbulent reederation of particles in the intracluster
medium due to cluster mergers. This picture, recently supddiy the discovery of a bimodal
distribution of clusters in thes2 — Msggt plane (Basu et al. 2012, Cassano et al. 2013, Cuciti et all.
2015), is, however, essentially supported by observatibmsassive clusters by > 6 x 104M_,
and the re-acceleration model predicts that giant RHs dhmedome rarer in less massive systems.
Observations of less massive galaxy clusters are therefo@al to test the predictions of RH
formation models.

In this paper we summarize the results of a pilot observatistudy aimed to populate the faint
end of the R4—Msqg correlation with the newly commissioned 7—element KarompTelescope
(KAT=7).

2. Observations and results

A sample of 18 nearby clusters was selected from the PlanckI8&er Catalogue (Planck
Collaboration, 2014) with the following criteria:

Msgo > 4 x 10 M, mass range;
0.05 < z < 0.11 redshift interval;
o< 0.

Radio observations were only available for four targetdiefdample and we eventually carried out
new observations for 14 clusters (see Table 1) with KAT-7TKAis an array of 7 12 m—diameter
antennas, distributed in a randomized configuration thainmaes theuv coverage in~ 4 hours.
Baselines span a range between 26 m to 185 m, giving an angslaution of~ 2.5 arcminutes
at the central frequency of 1.86 GHz. Data reduction wasezhout in a standard fashion and we
refer the reader to Bernardi et al. (2016) for the detailse @bhieved sensitivity ranges between
0.3 and 1 mJy beant depending upon the target.

Figure 1 presents an example of a cluster where no diffuseséoni was found down to the
sensitivity level of the KAT-7 observations. Out of the emtsample, upper limits to the presence
of a giant RH could be set for seven clusters which either dicshow any emission in the KAT—
7 data or for which radio emission could be attributed to caohsources and reliably subtracted
using higher angular resolution literature data. The targeown in Figure 2 and 3 are of particular
interest as they represent the clearest RH candidate inapuple. In the case of the Triangulum
Australis, we found emission extending overl5 arcmin, corresponding te 900 kpc, broadly

1p, 4 is the radio halo power at 1.4 GHz ands§j is the total cluster mass within the radiBsggg, defined as the
radius corresponding to a total density contrasi®08, wherepc(2) is the critical density of the Universe at the cluster
redshift.
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Table 1: The low—mass cluster sample. Clusters are listed in orddeofeasindvsgg values. The coordi-
nates are referred to the X—ray cluster centre. For Triamg#lustralis cluster we used KAT-7 archive data
at 1.33 GHz.

Cluster name z RH power and upper limits 54yl
(10M.)
Triangulum 0.051 23.73 7.91
A 3266 0.059 - 6.71
RCXJ1407.8-5100 0.097 - 6.52
A 3628 0.105 - 6.49
A 3827 0.098 - 5.93
RXCJ1358.9-4750 0.074 < 24.00 5.44
A 644 0.070 < 2395 4.70
A 3921 0.094 < 24.22 4.34
A3911 0.097 - 4.31
A550 0.099 < 24.27 4.23
PSZ1G 018.75+23.57 0.089 24.15 4.21
A 3158 0.059 <2379 4.20
A 3822 0.076 < 24.02 418
A 3695 0.089 - 4.06
A 1650 0.085 <2412 4.00

consistent with what reported by Scaife et al. (2015), aigfothe comparison with the SUMSS
data indicates that there may be some contribution from emtrgources. Figure 3 shows the case
of PSZ1G 018.75+23.57, where diffuse radio emission estenell beyond the contours of the
two compact sources present in the NVSS image. Even afténasting the NVSS sources, diffuse
radio emission is still present over a 8-10 arcmin angulalesc

For six clusters of the sample we detected emission from ectn@adio sources and the KAT—
7 limited angular resolution prevented a clear assessnfghe@resence of diffuse radio power
potentially attributable to a RH.

3. Discussion

Upper limits to the flux density of a possible giant RH werdwt using the injection methods
(Venturi et al. 2008, Kale et al. 2013) for the seven targ&arty void of emission. They are
reported in Figure 4 that includes the most updated conmmilaif RH measurements and upper
limits and the best fit to theiR — Msgg correlation (from Bernardi et al. 2016).

The KAT-7 data offer the first statistical information abolutster RHs in the M> 4 x 10 M,
range and confirm the lack of bright RHs in such systems, #titig that RHs more powerful than
expected from the correlation must be rare which is in linthwle predictions of the turbulent
re-acceleration model (Cassano & Brunetti 2005). Undeasiseimption that the;R — Mg holds
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Figurel: 1.86 GHz KAT-7 radio contours of the A 550 cluster overlaidiom X—rayXMM—-Newtorimages

as an example of target that does not show any diffuse radissem corresponding to the cluster centre
(from Bernardi et al. 2016). Radio contours are drawn at,-2.5, 10 and 40 mJy bearhwith positive
(negative) contours drawn using solid (dashed) lines. Wege is not corrected by the primary beam. The
vertical white bar indicates a 800 kpc size.

for smaller systems too, our results indicate that thisetation has a steep slope, of the form
P14 O Mgoo, with B8 > 3. Further observations at higher angular resolution angilsensitivity
will be key to probe the low end of the,R— M5qg correlation and provide more stringent tests of
the RH formation models.
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Triangulum Australis

Figure2: 1.86 GHz KAT-7 radio contours (white) of the Triangulum Auadis on theXMM—-Newtorimage
(from Bernardi et al. 2016). Contours are drawaa2.5, 5, 10 mJy bearmt and SUMSS contours (black)
are drawn at- 2, 4, 8 mJy beam'. The vertical white bar indicates a 800 kpc size.
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PSZ1G 018.75+23.57

Figure 3: 1.86 GHz KAT-7 radio contours (white) of the PSZ1G 018.75%ZXluster overlaid on the
XMM-Newtonimage (from Bernardi et al. 2016). Contours are draws:&.5, 10, 40, 160 mJy bearh
and NVSS contours (black) are drawntat..5, 6, 24 mJy bearnt. The vertical white bar indicates a 800 kpc

size.

[6] Cuciti, V., Cassano, R., Brunetti, Dallacasa, D., G.|&K&®., Venturi, T. & Ettori, S., 2015, A&A,
580, 97

[7] Feretti, L., Giovannini, G., Govoni, F., etal., 2012, ARv, 20, 54

[8] Kale, R., Venturi, T., Giacintucci, S., et al., 2013, A&B57, 99

[9] Kale, R., Venturi, T., Giacintucci, S., et al., 2015, A&8ubmitted
[2011] Macario, G., Markevitch, M., Giacintucci, S., et, @011, ApJ, 728, 82
[10] Planck Collaboration, Ade, P. A. R., Aghanim, N., et2014, A&A, 571, AA29
[11] Scaife, A.M.M., Oozeer N., de Gasperin, F., et al., 2IMBIRAS, 451, 4021
[12] Venturi, T., Giacintucci, S., Brunetti, G., et al., ZQA&A, 463, 937

[13] Venturi, T., Giacintucci, S., Dallacasa, D., et al. 080A&A, 484, 327



A KAT-7 view a low-mass sample of galaxy clusters

G. Bernardi

1026 T T T T T T

EGRHS clusters
KATY7 clusters
USSRH
literature RH

LI B B

1025 —

P,, [Watt/Hz]

0

77,

o775

1034 —

L7777,

.

14
%

%

%
e

%

4

S

T
D

10283

Figure4: Distribution of clusters in the £, — Mg diagram (from Bernardi et al. 2016). Different symbols

indicate RHs belonging to the Extended GMRT radio halo su(#sRHS, blue dots, Venturi et al. 2007,

2008, Kale et al. 2013, 2015), RHs from the literature (bldoks), ultra steep spectrum RHs (USSRH,

green asterisks); upper limits from the EGRHS (blue arrcavg) upper limits from KAT-7 observations
(red arrows). Red, filled circles report the measured RH flemsities for the Triangulum Australis (re-

analysis of the Scaife et al., 2015, data) and A 754 (Macdra. 2011) respectively. A 754 was observed

with KAT-7 as its RH is already know from theliterature. Th82.G 018.75+23.57 flux density of the

candidate RH (this work) after point sources were subtdaitereported as red, open circle. The best-fit

relation to giant RHs only (black line) and its 95% confideregion (shadowed region) are shown.



