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Velocities of galaxies within a cluster are too high  

gravitational mass is 10
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there is more mass in a cluster than we can see 
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constituents of mass in clusters 

galaxies                               < 10 % 

X-ray intra-cluster gas      10 − 25 % 

dark matter                    70 − 90 % 
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What is the dark matter? 

Unlikely to be baryonic… 

Appeal to exotic particles:  

– massive neutrinos  

– stable weakly-interacting massive particles  
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Clusters of galaxies are often strongly elongated 

– dominant galaxy tends to be aligned with … 

– …the cluster principal axis which aligns with… 

– …the orientation of the local supercluster structure 
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Millenium Simulation: Springel et al  
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