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Galaxy clusters

● Largest, gravitationally bound systems in our universe, with typical masses of the order 

1015M
⊙☉

● Form through:

○ Accretion 

○ Hierarchical merging 

● Composition of galaxy clusters:

○ ~85% dark matter

○ ~15% ICM

○ ~5% baryonic matter
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MERGING CLUSTERS
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During a cluster merger, large amounts of 
gravitational energy is released.

When relativistic electrons spiral in magnetic field 
they release large-scale synchrotron radiation, 
observed as diffuse radio emission.

This in turn re-accelerates electrons 
and protons to relativistic speeds.

This also drives shock fronts that 
propagate through the ICM causing 
turbulence.
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Composite image of A3376. Reddish- MeerKAT at 1.28 GHz. Light blue-X-ray. 
Background-optical. Chibueze et. al 2021



CLUSTER RADIO EMISSION

4Full resolution MeerKAT 1.3 GHz image of the Bullet cluster. Sikhosana et. al 2022

Diffuse radio emission can be classified in several ways 
including:

● Radio relics
● Radio halos

○ Mini halos
○ Giant halos
○ Possible intermediate classes.

Among others.



CLUSTER RADIO EMISSION RELICS
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Red represents- radio while Blue represents -X-ray. 
Bullet cluster: van Weeren et al. 2016. A1612 : van Weeren et al. 2011b; Kierdorf et al. 2017. 
A3411-3412 : van Weeren et al. 2017b. A168 : (Dwarakanath et al. 2018

Radio relics

● Located in the outskirts of  the cluster region

● Size is in the order of hundreds of Kpc to Mpc

● Characterised by an elongated shape

● Often in a wide range in size of clusters 



CLUSTER RADIO EMISSION HALOS
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Radio halos

● Located in the center regions of the cluster.

● Size is in the order of Mpc

● Characterised by a smooth and regular morphology

● Often found in dynamically disturbed and massive 

clusters.

Red represents- radio while Blue represents -X-ray. 
MACS J0717.5+3745 : van Weeren et al. 2017a. Bullet cluster : Shimwell et al. 2015; Andrade-Santos et al. 
2017. 
Coma cluster: Brown & Rudnick 2011. A2744 :  Pearce et al. 2017). 



SPECTRAL PROPERTIES
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Spectral properties of radio halos and relics:

● Provide insight on the origin of the emission itself.

● Informs us on the possible formation mechanisms involved.

● Tells us the behaviour of the electron energy distribution.

○ Where a flat spectrum indicates recent or ongoing acceleration

○ And a steep spectrum indicates aging or loss due to synchrotron and 

inverse compton scattering 

● This in turn helps constrain existing formation models in relation to relics and halos.

○ Diffuse shock acceleration for radio relics 

○ Turbulent re-acceleration for radio halos



SPECTRAL PROPERTIES RELICS
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Show a spectral gradient across its width.
This steepens towards the center and 
flattens away from the center.

1Spectral index values for relics 
range between −1.0 to −1.5.
Some have reported - 0.8

2
The steepening is thought to be 
caused by synchrotron and Inverse 
Compton losses.3

Spectral index distribution across the northern cluster radio shock in CIZA J2242.8+5301 
between 0.15 and 3.0 GHz at 500 resolution

Spectral index map for the double radio shock in PSZ1 G108.18–11.53 between 323 and 1380 MHz 
from de Gasperin et al. (2015a)



SPECTRAL PROPERTIES Halos
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Spectral index map of the radio halo in Abell 2744 between 1.5 and 3.0 GHz obtained with the VLA (Pearce et al. 2017) (Left). 
Spectral index map of the radio halo in the Toothbrush cluster between 150 MHz and 1.5 GHz using LOFAR and the VLA (Rajpurohit et al. 2018) (Right).

Spectral index values for halos 
range between −1.4 < α < −1.11 2 There exist ultra-steep spectra at 

~ -2(USSRH)



Scan for full paper
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MERGHERS PROJECT

● Aims to study a statistically large, homogenous sample of 

merging galaxy clusters.

● Selected clusters using the Sunyaev-Zel’dovich (SZ) 

effected from Atacama Cosmology Telescope (ACT) DR5 

catalogue.

● These are mass-selected, mid-intermediate redshift ( 0.4 > 

z <0.6) clusters.

● Pilot study observed 13 clusters using the MeerKAT at 1.28 

GHz.

○ Two systems host a relic and giant halo

○ Five systems host halos

○ Two host candidate halos.

Knowles et. al 2021



G-MERGHERS About
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● Observation of MERGHERS sources using the upgraded 

Giant Metrewave Radio Telescope (uGMRT).

● Selected a sub-sample of the MEGHERS observed in Band 

4 at 550-850 MHz range with a redshift range of 0.41 < z  < 

0.56.

● A total of eight selected clusters.

● There already exists MeerKAT L-band observation data 

under the MERGHERS Tier 1.

● There was a total of 32 hours for all eight clusters.



G-MERGHERS Data reduction
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● Data calibrated using Source Peeling and Atmospheric Modelling (SPAM)* 

pipeline developed by Huib Intema 2014.

○ For high resolution, low frequency interferometric data.

○ Can handle both narrow band and wide bandwidth GMRT data

● Calibration in done is three steps

○ Provide the raw data file for pipeline which is split into chunks(normally 

6-8 subbands.

○ Followed by pre-calibration

■ This involves transfer of flagging and calibration information to all 

sources in the visibilities(for each subband)

○ Main pipeline takes the pre-calibrated visibilities in each subband 

produces images with increasing flagging and calibration.

○ Image using WSClean
*https://www.intema.nl/doku.php?id=huibintema:spam:start



G-MERGHERS RESULTS
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Resolution : 6.0’’ , Rms :10 μ Jy/beam

Resolution : 17’’ , Rms :43 μ Jy/beam, contours at levels of 3, 5 and 10 levels

The cluster hosts two relics, west 
and north with a halo at the centre.



G-MERGHERS RESULTS
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Resolution : 4.9’’ , rms :17 μ Jy/beam

Resolution : 43.3’’, rms :60 Jy/beam, contours levels of  : 3, 5 and 10 levels

This cluster hosts a halo at 
the central region



WHAT’S NEXT?
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Perform

● Astrometry checks 

● Flux density checks

● Spectral index maps

For my eight cluster fields.
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