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Intra-cluster medium
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* electrons, protons, helium... St <AV e g o
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Central diffuse radio emission vs. cluster dynamical states

Relaxed Disturbed | Relaxed Hoang et al. 2021
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Morphological parameters:

are often found in clusters of galaxies. & EaEETE e

w: centroid shift
are typically observed in galaxy clusters.

P/ Py: Power ratio



Radial surface brightness profile

. Radial SB of mini-halo and halos known to follow :

I(r) = I[yexp(—r/r,)

MH
IO

. Peak brightness: >> Ig (up to 2 orders of magnitude)

. Emissivity: (J,,) >> (J);y) (up to 3 orders of magnitude)

Table 3. Radio information of halos and mini halos taken from the literature and reanalyzed in this work with the exponential model fit. Distance from the cluster center (arcsec) Distance from the cluster center (arcsec)
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Cluster Type Reference . kpe/”  FWHM Iy re , (J) )(%{ED
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Gitti et al. (2007) 04510  5.74 18 260707 93 51T gHT 10N (2
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Column 2: type of diffuse emission contained (H = halo, MH = mini halo); Col. 6: FWHM of the circular Gaussian beam; Col. 10: average radio
Distance from the cluster center (kpc)

emissivity over the volume of a sphere of radius 3r,, k-corrected with @ = 1.




Double-component diffuse emission: Halo - Mini-halo
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van Weeren+2024
.

- LOFAR observations of the Perseus cluster indicate double-component (mini-halo + halo) diffuse

radio emission (van Weeren+24).

- Also a few other cases reported in Savini+19, Lusetti+23, Biava+24.



Double-component diffuse emission: Halo + Mega-halo

/WCl 0634.1+4750

Gas density (computer simulation)

Megahalo, radius = 1,400 kpc

Classical halo, radius = 352 kpc

Surface brightness
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Right ascension (J2000)

- 4 mega-halos in galaxy clusters known to host regular radio halos (Cuciti+22).
- Filling volume: ~30 times larger (than halos)

- Emissivity: ~20 times dimmer

. Steep spectrum in the mega-halos: a < — 1.3 (low stat.)



Double-component diffuse emission: Halo -+ Mega-halo (cont.)

Spectral index
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The target: RX J1547.51145

MUSTANG SZ (green+red)

Op'CG| HST Mass density (contours)

Mason+10

The most luminous X-ray galaxy cluster:
L, = (6.2 = 0.6) x 10%erg s—! (Schindler+9s)

Redshift z = 0.45

(Ueda+18)

1517
Massive galaxy cluster: 10°°M -

ICM temperature: 10 keV (Allen+o02, Gitti+o4)
SE region: 20keV (Kitayama-+o4, Ota+08, Ueda+18)

Cool-core in the cluster centre

ALMA SZ 92 GHz image

Chandra X-ray contours X-ray residual image



The target: RX J1547.51145 (cont.)

. Mini-halo in the cluster
centre (LLS 640 kpc)

© GMRT 614 MHz ima% VLA 1.4 GHz
O \MUSTANG $@ (green)sontours

- Spectral index:

allAMHz — _ () 98 + (.05




MeerKAT L-band observations

500 kpc + MeerKAT 890 — 1668 MHz
- Duration: 8.3 hours
. Noise: 10 uJy/beam
- Detection:

v Central diffuse emission with LLS of 840 kpc

v Excess radio emission in the SE region

v Extended emission to all directions, not just
along the merger axis SW — NE



Radial surface brightness profile

MeerKAT 1.28 GHz [— CheerkaT LBand
- Fitting radial surface _ ettt line

brightness profile to § —:- Radio mini-halo
' —=- Radio halo
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+IO, outer €Xp(— I"/I”e, outer)

13"47m365

Radio SB (mJy beam™1)

. Peak brightness:

1(1)\4 "'~ 20 X 1(? | o A\ MeerKAT 1.28 GHz

Ioyu (mJybeam™) 6.2 +0.8
re,mH (KpC) 43 + 5
Ip g (mJy beam™) 03+0.2
100 200 300 400 ' FeH (kpe) 204 + 58
Distance (kpc) X 0.5

» LLS of mini-halo: ~500 kpc

. LLS of halo: ~1 Mpc




Radio - X-ray correlation

X-ray Surface Brightness (cts s™t cm~2 arcmin™?2)

0.6 0.8 1.0

0.4

O

0 LU

O

NERNES=NI
ASAEERT T oD

EENSSANAELUN
Nowge NN HNEYEE s

NEBAR NI ANS
PEVRZANS®Y A 4 i I N
qﬂﬁllmwn(\(\msmmg!sm
A ZENENENRECHEN A
NPEaEZeE e

T 4
T T TV o

L\

O &

ANV -1 Q5
FTELT LT e<.2
853 OO 2 2 A ) Vi Y
IS ENARER AN N E AN
AR =S 0 AN
ARNE A =SS L NN
ANENPSZ==aNNK

A 1A EVHNAZSRNIEKNYRE P L P IoT
qEE MR _Zré&vv' AREESNREN

TNV v

Chandra

ZHN 00L
ZHO8C'1

0 X9pul |edydads

L0
<

uoneuldaq

ARNER

A ENYDD!

o

13h47M36°

-5

Right Ascension

_2]

cm

T
=
O
| -
©
—
_
n
n
d
O
—
=
~~
o
—
(@)]
O

Right Ascension

. Different spectral index trends in the core (mini-halo) and the outer (halo) regions.
The powering mechanisms are different for these regions.

the core is energised by the gas sloshing. The outer region is consistent with turbulent re-acceleration.



Radio - X-ray SB correlation (core)

X-ray Surface Brightness (cts s™! cm™2 arcmin=?)
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- Dipolar pattern in the residual X-ray image —> Gas sloshing in the core

- Similar radio emission in the radio images with uv-minimum cutoff —> connection between mini-

halo emission and gas sloshing




Summary

+ Multi-wavelength observations of RXJ1347
with MeerKAT + uGMRT

- Multi-components diffuse radio emission:
mini-halo + halo

- Different particle acceleration
mechanisms in the core and outer regions
of the cluster

- Deep observations with sensitive
telescopes (LOFAR, MeerKAT, SKAP, SKA)
detect many more multi-component
systems —> the properties of their host
clusters

500 kpc



