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Abstract 
     Through the Sunyaev-Zeldovich (SZ) effect, the Planck mission has provided 

a representative sample of clusters of galaxies.  Using extensive Chandra X-
ray observations of the large sample of 165 Planck ESZ clusters at z<0.35, we 
can characterize each cluster in terms of its X-ray luminosity, gas mass, gas 
temperature, entropy, central cooling time, presence of active AGN, and cluster 
morphology.  We determine the fraction of Planck-detected clusters with 
different cluster morphological types, ranging from cool core clusters to 
disturbed major mergers.  Examples of clusters with different morphologies are 
presented. We compare the fractions of clusters with relaxed and disturbed 
morphologies and the fraction with cool cores in the Planck selected cluster 
sample with clusters from X-ray and optically selected samples.  X-ray and SZ 
selected clusters, observed at the same X-ray angular resolution show no 
differences in merger rates.  However, X-ray selected samples show a larger 
fraction of cool core systems. 
 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 

  
 
 
 
 
 
 
 
                 
 

 

We identify cavities in 10 Planck ESZ clusters and possible cavities in 10 
more Planck ESZ clusters.  Two examples of clusters with cavities are 
shown above.     
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Morphology of Planck  ESZ clusters compared 
to optical and X-ray cluster samples  
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 We compare the cluster morphology from the Planck-detected ESZ 
cluster sample with optically selected clusters from the Einstein 
survey (optically selected clusters z<0.2, Jones & Forman 1999) and 
the X-ray selected HIFLUGS (Reiprich & Bohringer 2002) cluster 
sample (75 clusters). 
 
                 Planck Cluster Sample    X-ray HIFLUGS         Abell  
                        (Chandra 1”)                (XMM 15”)         (Einstein 1’) 
Relaxed        44%  (73 clusters)       66%  (41 clusters)   61% (127)   
 
Disturbed      56%  (92 clusters)       34%  (21 clusters)   39% (81) 
 
For the Planck sample, about 40% of clusters classified as disturbed 
with Chandra angular resolution, would appear relaxed at XMM 
angular resolution. 
 

The apparently different fractions of relaxed and disturbed 
clusters in the SZ, X-ray and optical samples can be explained 
by the difference in the angular resolution of the X-ray 
observations.  
 

  

  

     

      

Clusters of galaxies  form at the intersections of large scale filaments with total 
masses that can exceed 1015 solar masses.  Massive clusters are composed 
primarily of dark matter (~80-85% of their total mass), with the hot gas 
contributing ~15% of the total mass and the galaxies ~3%.  As the most 
massive well-defined dark matter halos, galaxy clusters are  fundamental 
probes of the evolution of large-scale structure in the Cosmos. Clusters of 
galaxies provide significant constraints on cosmological parameters as well as 
providing laboratories to investigate galaxy formation and evolution and the 
heating and enrichment of the hot intracluster medium. 
 
Through a Chandra XVP project, as well as the Chandra archive, we  are 
analyzing 165 Planck SZ detected clusters of galaxies with z<0.35 from the 
ESZ catalog.  At present 160 clusters have been observed. We have 
measured their X-ray luminosities, gas masses and temperatures, central 
cooling times, presence of AGN and X-ray cavities and have characterized 
their structure and morphology.  
 
   
 

Examples of “Relaxed” Planck-selected Clusters  

Examples of “Relaxed” Planck-selected Clusters with X-ray Cavities  

Ongoing mergers in the Planck ESZ Clusters   
 We classify a cluster as undergoing a significant merger if at least two 
substructures are identified or if the cluster core is offset from the larger cluster 
structure.  Examples are shown below. We find that 56% of Planck ESZ clusters 
are experiencing mergers.   

 Examples of Double Clusters in the Planck ESZ Sample  

G033.46-48.43 

Examples of Complex  Merging Clusters in the Planck ESZ Sample  
G008.93-81.23 

Examples of Merging Clusters in the Planck ESZ Sample  

Examples of Post Core-crossing Clusters in the Planck ESZ Sample  

X-ray luminosities for clusters of 
different morphological types as a 
function of cluster redshift. While  
there is a very broad range of X-ray 
luminosity at a given redshift, most 
of the highest luminosity clusters at 
each redshift are undergoing 
mergers.  
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We also compare the fraction of cool core clusters in the Planck ESZ 
clusters and the HIFLUGS and B55 X-ray samples. 
60% (of 75 clusters) in HIFLUGCS and B55 have cool cores (Birzan et 
al. 2011).  30% of Planck ESZ clusters have cool cores. 
 
Comparing Planck and X-ray cluster samples, we find only small 
differences in overall cluster morphology, but a significant  
difference in the presence of cool cores.         
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