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Clusters in the radio
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Diffuse Cluster Radio Emission

Faint (uly @ GHz)

Large (0.1 — 2+ Mpc)

Steep spectrum (S oc vi=-1)
Rare (maybe)
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Abell 2744 RX J1720.1+2638 mini-halo
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Both individual and statistical studie

van Weeren+2012

% Deep, multi-frequency/resolution observations of
individual, bright, resolved sources — test models in
‘poster child’ setting

% Statistical samples — radio power correlated with
cluster properties; helps to constrain theories behind
formation mechanisms on population basis
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Small portion of the statistical
phase space

Many open questions
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e The MeerKAT array configuration

National Research | South African Radio
Foundation | Astronomy Observatory

Dense core for sensitivity to large
scale emission
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%‘he MERGHERS survey

Knowles et al. 2016, POS, 30 . . .
MeerKAT Exploration of Relics, Giant Halos,

and Extragalactic Radio Sources
% Statistical studies over wide z, M ranges
o Diffuse cluster emission
o Cluster magnetic fields

Short track

%  Well-selected cluster sample: ACT-DR5 (~1-3 hr on source)
o 4000+ confirmed SZ clusters
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MERGHERS Pilot

Knowles et al. 2021, MNRAS, 504, 1749

13 cluster targets @ L-band
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MERGHERS Pilot

Knowles et al. 2021, MNRAS, 504, 1749

ACT—CL J0013.3-4306 (2=0.407)

ACT-CL J0019.6+0336 (2=0.266)
T T T

ACT—CL J0034.4+0225 (z=0.388)

o o
> @
4,-01x  (woaq/Ar)

°
IS

°
~

T T T M T T T
[ # " . " J1.15997 GHz | 115997 GHEY
300 kpc - 5 N oa 14
05' - y . ] : 4
Halos > At Pl A
B S » s 4 0.6 <«
‘. \ »
i e o8 " o .. 4 Bose ¢ JE W
4 This sample - 5 ‘.5 - 5T 8 - g 5 owf \, N
2 Liiew i s S 2 ’
s £ . g £ .\ 08§ H 4
<+ Cuciti et al. 2021 — i (Y 043 % » LA N
8 | . i 2 8 : E e
3 07 _~v < » ‘ _— 2 . | F{0.6 x 9 25 .
1 s 8 s & . h‘
1025 # . i . . 1 LR '
. 02 -
08' [~ » 7 p l A
- . 4 0.1 1102 2724 ‘
. ’
b ¢ I' ® : . 1 "N ]
—49%9' [¢ . . . * A o 0 \ . v
Le i By Tt L u i i u WA T P AN s B e YO
== — oo 3m32* 24* 20° 18° 12° o08* oo"19™m48® 42* 39 36 33* 30° 27° 00"34™34° 30° 28° 26° 24° 22° 20° 18°
—I‘ 42000 Right Ascension 42000 Right Ascension ICRS Right Ascension
+
:I"__‘ . ACT—CL J0046.4-3912 (2=0.592) ACT—CL J0159.0-3413 (2=0.413) ACT—CL J0245.5-5302 (2=0.298)
L ) T T T T 1] T T Y T 8T T T (Rl T T |
; —+— 500 kpc 1.15997 GHz 1.4 4500 kpc ‘ 1.2839 Gz, 1.4 -53°[ 300 kpcl S 1.2839 GHz
p— : ds ‘ . : Vo .
= —4= —~+ ol TR 8 R A 20 B
1.2 ’ ) 7 1.2 \ )
E H 7@ ’ i o1 ~ !
24 1o r
g 10 1 1 . 1 I
— A § g s 7 g § r
K] g & S
n 2 < s 32 .
Q # 2 088 £ I | Mosg £ I .,
T 3 53 13 g 3 . '
k= 8 086x 8 4 ¥ S Woex 8
8 5 8 S 8
coas 1S % SO
0.4 - 0.4
§ -+
,
0.2 1 02
T —39°14' 18
o —34°17' |- Q A 110
1 Il Il Il 1 1 L I Il I
oo"46™36* 30 27° 24° 21° 18 15° 12° 01"59™20* 10° 05° 00° 58Ms5* 50°  45° 02"5™aq® 36 320 28 24° 20° 18
1023 J2000 Right Ascension J2000 Right Ascension J2000 Right Ascension
ACT-CL J0248.1-0216 (2=0.238) ACT—CL J0528.8-3927 (2=0.284) ACT-CL J0638.7-5358 (2=0.226)
¥ T T » 4 25' T T ¥ T = s6' [F T T T T - |
4 x 1014 6 x 1014 101S 14 - _300 kpe * 1.2839 GHz 14 l 300 kpe ‘ .1.2539 oz | Wy, 30ipc_ g 1.2839 GHz
0 e . 0 L 4|
Mso0,5z (Mo) 12 2 11, ‘
» | L | 57'
1 ’ F ]
I 1O Ao f 0wl B b da Iy E=r. :
L] = = ’ . ’ v =
3 S 3 " 5 S
8 '- S ® 063 8 = -
. . H . 06x g8 [T : g x 8
8 s 8 L | S Q s P
s - L5 o 04 b 5
) 29' . oY = 4
. I t t t . . 02 . 4 o2 _seok. M 4
x dynannca state studies 0 ol @ ] ¥og ]
—2°19' » o d [ .
: H 219§ 1 1 1 1 I 1 1 AL, 1 1 I 1 I R WARTND & WL AT S
e . g "y I ay e a . 3 a a X I eS 3 3 02"4g™m21° 15°  12°  09° 08 03° 0s"29™04* 28Ms6° 52°  48° 44 40° 06"39™04®  38™s56° 48° 44° 40° 36° 32°

% full-field source catalogues

o o
> o
401X (woaq/Ar)

°
IS

o
™

401X (woeq/Ar)

o
>



Cataloguing and source science

Courtesy: Brenda Homera
% Student-driven work to catalogue the radio sources (2024 MSc,
in the pilot fields paper in prep.)
o Reprocessed 5 targets and created radio source catalogues
o Completeness, flux density, astrometry checks

* All catalogues 80% complete above ~ 0.15 mJy
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ataloguing and source science

Initial star formation rate study
shows similar trends in terms of
clusters with vs without diffuse
cluster emission

X-matched w/ DECaLS

10245.5-5302 (Mzg = 14.30 110 M)

Courtesy: Brenda Homera
(2024 MSc,

paper in prep.)
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MERGHERS Tier 1

Focus on building a
statistical sample
in the mid- to high-redshift
range
o Published ACT DR5
o DES region
o 04<z<0.06
@)

My sy > 5.5 % 10

+ ACT DRS5 (13,211 deg?)
+  SPT-SZ (2500 deg?)

+  SPT-ECS (2770 deg?)

+  SPTpol (94 deg?)

+ PSZ2 (all sky)

Mgg(llc (1014 MO)
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Extracting the extended emission

Declination

ACT-CL J0553-3342 ACT-CL J0553-3342 PSSUB ACT-CL J0553-3342 PSSUB-LR
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(possibly maps too) .
*  Split BW into two

* Match uv-range

% Match resolution > 25"




Final post-processing mostly complete

;_LI};;;CtL S, ez (MJY) LLS (Mpc) « (in-band) Type

J0553 9.8 1.18 -1.32 Halo

J0243 0.5 0.60 -1.36 AGN?

J0234 8.6 0.55 Halo / MH?
J0259 — — — Non-detection
J0203 3.9 0.82 Halo (elongated)
J2131 2.4 0.67 -1.46 Uncertain

J2116 — — — Non-detection

+



Multiwavelength information

% DES/DECaLS - Optical imaging + photo-z’s
* — spec-z’s (but difficult to get!)
% XMM-Newton | Chandra — X-ray imaging




* DES — optical density maps
o Centre shift

CS — \/(mm - :EO)Q T (ym - y0)2 x 0.2

o Asymmetry parameter

2 My —dy)f
Y ="Sen)

Courtesy: Denisha Pillay (MSc Thesis 2021)




Dynamical state

* XMM-Newton — morphological

parameters
o Concentration

8§ < (100 kpe)
S < (500 kpe)

CsB

o Centroid shift
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MERGHERS Tier 2

%* Complete the T1 sample and

i iti+21 |
extend it to lower mass Cuciti+21 sample

- -
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to come




Some puzzles being found
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MERGHERS: Next steps

% Radio analysis of T1 and T2 clusters

*

* Ot

*

o Complete intensity + spix analysis 9
o Calibrate + image in Stokes Q & U

Dynamical state analysis
o eRosita IEC
o DES data
o  SALT spectroscopy

Spectral studies of diffuse emission using G
newly obtained GMRT band 4 data -

Individual follow-ups of interesting systems gag&}

Studying field radio galaxies

Developing mock catalogues for machine learning

&RadioClusters project with EPFL)

+ ACT DR5
« PSZ2

S 10'F

Msgoc (10 M




Summary;L

MeerKAT is providing excellent
data for a wide range of science

B MERGHERS is the first homogeneous
| cluster study with z > 0.4 above 150 MHz

10245.5-5302 (M09 = 14.30 10* M)

Several new diffuse emission
detections, with analysis still ongoing
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