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Observation of Corona Borealis supercluster with the LOFAR HBA
• 23 Core Stations and 14 Remote Stations
• total observation time: 10 hours
• PIs: M. Brüggen, G. Brunetti, the LOFAR Survey's KSP clusters WG
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z ~ 0.07

Corona Borealis supercluster



The Corona Borealis Supercluster field

z ~ 0.11

'Abell 2069'-supercluster



Corona Borealis supercluster field – there is a lot to discover 

LOFAR HBA @ 153 MHz
beam: 28'' × 24''

r.m.s. noise: 450 μJy/beam
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LOFAR HBA @ 153 MHz
beam: 6'' × 6''

r.m.s. noise: 110 μJy/beam

Corona Borealis supercluster field – there is a lot to discover 
at high resolution
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Corona Borealis supercluster field – there is a lot to discover 

LOFAR HBA @ 153 MHz
beam: 28'' × 24''

r.m.s. noise: 450 μJy/beam

4C +28.39
LOFAR HBA @ 153 MHz

VLA @ 1.4 GHz
de Ruiter+1986, Fanti+1987
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LOFAR HBA @ 153 MHz
beam: 28'' × 24''
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LOFAR HBA @ 153 MHz
beam: 28'' × 24''

r.m.s. noise: 450 μJy/beam
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A2065

Abell 2065

(Farnsworth+2013)greyscale: NVSS clipped at 1.35mJy/beam
blue: Rosat PSPC X-ray
red: GBT @ 1.4 GHz



A2069

A2061

black contours: LOFAR @ 153 MHz
colorscale: Chandra 0.5 – 7 keV

Abell 2065
radio halo structure recovered

(Drabent+ in prep.)



Abell 2065
at high resolution

LOFAR HBA @ 153 MHz
beam: 6'' × 6''

r.m.s. noise: 200 μJy/beam

head-tail
radio galaxy



black contours: LOFAR @ 153 MHz
colorscale: Chandra 0.5 – 7 keV

Abell 2065
radio halo structure recovered

cluster galaxiescluster galaxies
BCGsBCGs

LOFAR HBA @ 153 MHzLOFAR HBA @ 153 MHz
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Corona Borealis supercluster field – there is a lot to discover 



LOFAR HBA @ 153 MHz
beam: 28'' × 24''

r.m.s. noise: 450 μJy/beam

?

Corona Borealis supercluster field – there is a lot to discover 

A2069

A2061

A2065



Abell 2069 radio relic candidate:
nature uncertain

(Giacintucci+1999)

contours: WSRT @ 346 MHz

?

distance of the source to galaxy cluster center:  4.6 Mpc

contours: NVSS @ 1.4 GHz

?



Abell 2069 radio relic candidate:
southern lobe of a giant radio galaxy?

?

greyscale: SDSS r-band
contours: LOFAR @ 153 MHz

host?
A2069

LOFAR HBA @ 153 MHz
beam: 28'' × 24''

r.m.s. noise: 450 μJy/beam

A2065

A2061



A2069

LOFAR HBA @ 153 MHz
beam: 28'' × 24''

r.m.s. noise: 450 μJy/beam

A2065

A2061

Corona Borealis supercluster field – there is a lot to discover 



Abell 2069: diffuse emission in both components 
(Farnsworth+2013)

greyscale: NVSS clipped at 1.35mJy/beam
red: GBT, blue: Rosat PSPC X-ray)

AA

BB

cold front
(Owers et al., 2009)



Abell 2069: diffuse emission in both components 

radio halo
(25 … 39 mJy)

source of 
uncertain nature

(15 ± 2 mJy)

(Drabent+2015)

WSRT @ 346 MHz
colorscale: Chandra 0.5 – 7 keVcolorscale: Chandra 0.5 – 7 keV

cold front
(Owers et al., 2009)



Abell 2069: diffuse emission is ultra-steep 

BB

AA

ultra-steep spectrum (»-2.2)
low-mass environment

radio halo
(≲-1.4)

radio bridge?

LOFAR HBA @ 153 MHz
GMRT @ 610 MHz

colorscale: Chandra 0.5 – 7 keVcolorscale: Chandra 0.5 – 7 keV

(Drabent+ in prep.)



Abell 2069: diffuse emission in both components 
at high resolution

LOFAR HBA @ 153 MHz
beam: 6'' × 6''

r.m.s. noise: 110 μJy/beam

BB

AA



LOFAR HBA @ 153 MHz
beam: 6'' × 6''

r.m.s. noise: 110 μJy/beam

BB

AA

Abell 2069: diffuse emission in both components 
at high resolution



0.50.5 mJy (610610 MHz)

cluster memberscluster members
LOFAR HBA @ 153 MHzLOFAR HBA @ 153 MHz

GMRT @ 610 MHzGMRT @ 610 MHz
SDSS r-bandSDSS r-band

Abell 2069B: no powerful AGN present

“fossil” electron 
population?

(Drabent+ in prep.)



Abell 2069: low-surface brightness emission present

BB

AA
radio halo

extends to very low-
density environment

LOFAR HBA @ 153 MHz
colorscale: Chandra 0.5 – 7 keVcolorscale: Chandra 0.5 – 7 keV

(Drabent+ in prep.)



Abell 2069: hot gas is traced

BB

AA

LOFAR HBA @ 153 MHz
Chandra T-fit 0.5-9.8 keV

(Drabent+ in prep.)

kT [keV]



LOFAR HBA @ 153 MHz
beam: 28'' × 24''

r.m.s. noise: 450 μJy/beam

A2069

A2061

A2065

Corona Borealis supercluster field – there is a lot to discover 



Abell 2061 – Abell 2067 bridge?

A2069

A2061

A2065

(Farnsworth+2013)

greyscale: Rosat PSPC X-ray
red: GBT @ 1.4 GHz

‘



Abell 2061: very steep radio source in cluster center

radio relic

?

(van Weeren+2011)

radio relic

no radio halo

embedded 
sources

colorscale: Chandra 0.5 – 7 keV
contours: WSRT @ 346 MHz

contours: WSRT @ 1.4 GHz

(Drabent+ in prep.)



Abell 2061:
  radio halo + embedded ultra-steep spectrum source

at high resolution

radio relic

ultra-steep-spectrum 
source

LOFAR HBA @ 153 MHz
beam: 6'' × 6''

r.m.s. noise: 130 μJy/beam



Abell 2061:
  radio halo + embedded ultra-steep spectrum source

“fossil“ electron 
population?

“dead“ radio galaxy?

BCG

black contours: LOFAR @ 153 MHz
colorscale: Chandra 0.5 – 7 keV           

LOFAR @ 153 MHz
SDSS-III r-band



Corona Borealis supercluster field

A2069

A2061

A2065



Corona Borealis supercluster field

– radio relic more extended at low frequencies
– peculiar radio halo with embedded  
   ultra-steep spectrum source
– no signs of a filament

– halo emission beyond high-
   density ICM
– ultra-steep spectrum 
   fossil plasma in subcluster  

– radio halo structure 
   recovered for the first time

A2069

A2061

A2065



Corona Borealis supercluster field

– unveal presence of ultra-steep spectrum radio sources 
   in galaxy clusters
→ indicates the existence of “fossil“ electron population

 → potential soure of seeds for relativistic re-acceleration of electrons

How can turbulence be induced in low-
mass environments?



Radio
X-ray
Optical (SDSS)Optical (SDSS)
X-ray
Optical (SDSS)

Thank you forThank you for
your attention!your attention!

Abell 2069
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