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Magnetic fields & 
relativistic electrons
—> synchrotron emission 
(radio)  
only in some clusters

Hot gas 
T ~107-108 K
n ~1e-3 cm-3

—> bremsstrahlung 
(soft X-rays)

~100 Galaxies in 9 Mpc3

Galaxy clusters

500 kpc
Dark Matter~80%  
of the cluster mass
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    Tracing co-evolution of non-thermal component with cluster dynamics

Radio 
X-ray (gas)

Radio relics 
 Bonafede et al. (2014)

Radio halos 
Ogrean et al. (2015)

Radio 
X-ray (gas)

1 Mpc
Mini halos 

Gitti et al. (2012)

Radio contours 
X-ray (gas) colours

1 Mpc

Virialized systems
Merging systems
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What’s new?

• Fine structure in diffuse sources


• Bridges


• Intermediate objects


• High redshift
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The Coma cluster
LOTSS pointing, pipeline calibration, 


6” resolution - inner UVcut (0.1 Km) —> suppression of diffuse emission

Hints of 
filamentary emission 
 in the halo 

Connection 
relic- WAT 
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The Coma cluster
LOTSS pointing, pipeline calibration, 


20” resolution - inner UVcut (0.1 Km) —> suppression of diffuse emission

Filamentary emission 
 in the halo 

Connection 
relic- WAT 
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Halo

Halo front

LOTSS pointing, Sources subtracted 
DDF/KillMS imaging & calibration

The Coma cluster

Relic
Bridge

Connection with WAT

Counter- relic?
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A closer look: the halo front
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A closer look: filaments in the halo
Filaments - no apparent 

connection with AGN

radio 
“loop”

20” resolution -  inner UVcut

30” resolution -  sources subtracted
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Primordial magnetic field B0=0.1nG at z=30

cluster “Coma-like” M ~1015 Msun


Dedner formulation MHD 2563 cells + 8 levels 

Vazza et al. (2018)

Simulation

data

Good match with RM  
observations

Filaments in the halo - simulations
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1.36 7.5 8.42 8.96 9.34 9.64 9.88 10.1 10.3 10.4 10.6

500 kpc

Turbulent energy flux 

(compressive component)


1.36 7.91 8.88 9.46 9.87 10.2 10.4 10.7 10.9 11 11.2

500 kpc

Turbulent energy flux

 (solenoidal component)

Filaments in the halo - simulations

Et ∝ ρ
σ3

vc

l
×

B2

(B2 + B2
CMB)

Et ∝ ρ
σ3

vs

l
×

B2

(B2 + B2
CMB)

—> Origin of the observed 
filaments?

Brunetti et al (2006)
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A closer look: The relic region

20” resolution -  inner UVcut

30” resolution -  sources subtracted

WAT feeding the relic?

Bridge connecting halo and relic

- shock re-acceleration?

- Turbulence? (Brunetti & Vazza in prep.)


Preliminary estimate α ~-1.5
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A closer look: The relic region

20” resolution -  inner UVcut

Polarisation?

No consistent detection above 8 σ 

in both LOTSS pointings
Credits: Stuardi, O’Sullivan  
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The interacting pair A399- A401
Clusters at 3 Mpc distance

Double radio halo discovered with VLA

 (Murgia et al 2010)

Pre-merging system at z ~0.07


M ~ 9.3e14 Msun

M ~ 5.7e14 Msun

XMM-Newton colours VLA 1.4 GHz contours
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Isothermal filament 

weak plasma

Weak shock (M~2)

detected by Suzaku

LOFAR cycle 2  observations 
10h in HBA dual mode

Credit: Planck collaboration

The interacting pair A399- A401
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80” resolution 
rms noise 1 mJy/beam

Weak shock (M~2)

Accepted!
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Accepted!
Origin of the radio emission: 

shock re-acceleration of fossil electrons?
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Pre-merging cluster

Botteon et al (in prep)
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Radio vs X-rays

Botteon et al (in prep)
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Minihalos may not be so mini.
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Candidate Mini-halo (50 kpc scale)

[Giacintucci et al 2017]

Cuciti et al 2015

 F. Savini et al. (2019)

c

Intermediate halo

Steep spectrum on large scale α <-1.7
Possible flatter spectrum in the core α ~ 1.3
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X-ray cold fronts

RXJ1720.1+2638 PSZ1G139.61+24.20 

Giacintucci+ 2014

Gas sloshing & minor mergers 
Saviniet al. (subm

.)
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Occurrence of halo & mini-halo emission 
8 more clusters observed - LOFAR cycle 10 observations

Selection criteria:

- dense and cool core

- minor merger signatures (from X-ray morphological analysis)

N. Biava PhD project

-0.0001 0.0004 0.0014 0.0034 0.0073 0.015 0.031 0.062 0.13 0.25 0.5

250 kpc

Preliminary results

mini halo in RBS797 no diffuse emission 

MS0735.6 +7421

-0.0001 0.0039 0.012 0.028 0.059 0.12 0.25 0.5 1 2 4

250 kpc

-0.0001 0.0014 0.0043 0.01 0.022 0.046 0.093 0.19 0.38 0.75 1.5

250 kpc

mini halo (?)

RXCJ1720.2
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Radio halos @ z=0.616

Cassano et al (in prep)
On P1.4 − M500 correlation           magnetic field strength similar to low-z clusters of same mass
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What’s new?

• Fine structure in diffuse sources


• Bridges


• Intermediate objects


• High redshift
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Many more interesting results from LOTSS

Cassano et alBotteon et al

Wilber et al (2019,a) Wilber et al (2019,b)

Hoang et al (2017)

Bonafede et al (2018)
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