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Abstract: Cluster mergers are known to drive strong shocks into the intracluster medium and generate turbulence. These shocks and turbulence accelerate 

relativistic particles, compress magnetic fields and heat the intracluster medium. At the same time, the cluster merger results in a transient boost of the cluster X-ray 

luminosity and SZ effect. A clear observational connection exists between mergers and the presence of large regions of diffuse synchrotron emission leading to the 

potential use of these radio signatures as a merger signpost. Unfortunately, we still do not understand the details of the particle acceleration mechanism(s).

In order to better understand the processes at work, we have undertaken a detailed radio and X-ray study of the well known merging cluster Abell 2256. The radio 

maps reveal a wealth of total intensity and polarization structure within this system including highly polarized Mpc scale radio relics, a Mpc scale radio halo and 

numerous steep spectrum synchrotron filaments with lengths of order 200 kpc. Spectral index maps reveal spectral gradients across the relics and suggest the 

presence of a shock near the north-west boundary of the relics. XMM-Newton pressure maps show a low pressure core co-incident with the radio halo emission, 
while temperature maps reveal two cold fronts with similar directions of motion.
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Abell 2256

XMM-Newton image of Abell 2256 
with VLA 1.4 GHz radio contours. 
The X-ray emission shows three 
peaks corresponding to the main 
cluster, NW subcluster, and SE 
subcluster. The radio emission 
traces the Mpc scale radio halo 
centered on the main cluster and 
the Mpc scale relics to the NW.

The center image is a VLA 325 MHz image of the entire cluster region and is dominated 
by the steep spectrum diffuse sources. The insets show a gallery of the unusual steep 
spectrum radio sources which are seen associated with Abell 2256.

Temperature map of the ICM in Abell 
2256 showing two cold fronts 
embedded in a cool core. The ICM 
temperature is consistent with 
previous findings. These data clearly 
show that the SE X-ray edge seen in 
earlier Chandra data is a cold front. The 
morphology of this cold front suggests 
that is may be driven by internal 
circulation. 

Top image shows the relics 
are composed of 
synchrotron filaments 
which are highly polarized 
(bottom image).

Discussion
Abell 2256 reveals a remarkable complexity of radio and X-ray 
emission characteristic of a merging cluster. The high polarization 
of the radio relic is consistent with adiabatic compression of 
frozen-in fields in fossil radio plasma that has been impacted by 
the merger shock. The presence of a large population of steep 
spectrum radio sources surrounding the cluster suggests that the 
upcoming generation of sensitive, high-resolution instruments 
such as the EVLA Low Band system and LOFAR will detect a wealth 
of new structures associated with galaxy clusters.

XMM-Newton temperature maps reveal that the X-ray edge 
previous detected by Chandra is actually a second cold-front with 
similar direction of motion to the larger merging subcluster. The 
entropy and temperature maps show an apparent trail behind the 
head of the SE cold-front, suggesting that it may be driven by 
internal circulation.  

The pressure ratio maps show fluctuations in the cluster core of 
the order of 10 – 20% and may be associated with turbulence 
from the ongoing merger events. 

Analysis of the radio spectral index maps reveals that the NW 
edge of the relic is flat (-0.85) and the spectral index steepens to 
the SE. If the relics are driven by a merger shock, standard 
Rankine-Hugoinot jump conditions predict a Mach 2.6 shock at 
the NW relic edge if the shock is in the plane of the sky.

Wavelet-filtered 0.5 – 2.0 keV XMM-
Newton image of Abell 2256.  Image was 
constructed by combining 9 separate 
observations. The surface brightness 
image shows significant deviations from 
spherical symmetry as was previously 
detected by ROSAT and Chandra.
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