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A  Simple  Scale-­‐‑Up?  
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Clusters  as  Sources  of  UHECRs
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Cosmic  Ray  Acceleration  
Keshet,	
  Waxman,	
  Loeb+	
  2003	
  
Inoue	
  &	
  Aharonian	
  2005	
  
Murase,	
  Inoue	
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  Nagataki	
  2008	
  
Kotera,	
  Allard,	
  Murase+	
  2009	
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Cosmic  Ray  Diffusion  in  Cluster  B  Fields  
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Turbulent  Magnetic  Field  in  Massive  Clusters
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Interaction  with  ICM  Baryons
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Particle  Trajectory  -­‐‑  100  EeV  
Bc = 10µG,M = 1014 M�
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Particle  Trajectory  -­‐‑  10  EeV  
Bc = 10µG,M = 1014 M�
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Particle  Trajectory  -­‐‑  1  EeV  
Bc = 10µG,M = 1014 M�
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Cosmic  Ray  Flux  from  Single  Cluster

Bc = 40µG,M = 1015 M�
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Neutrino  Flux  from  Single  Cluster

Bc = 40µG,M = 1015 M�
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Cluster  Mass  Function
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The  Integrated  Cosmic  Ray  Flux  from  Clusters



17

The  Integrated  Neutrino  Flux  from  Clusters
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Consistency  with  Gamma-­‐‑ray  Limits
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Conclusions
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Particle  Trajectory  -­‐‑  1  PeV  
Bc = 10µG,M = 1014 M�

Kotera & Lemoine  0706.1891


