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How	
  to	
  accelerate	
  parHcles	
  to	
  1020	
  eV	
  ?	
  

1020	
  eV	
  =	
  16	
  Joule!!	
  
Compare:	
  
Tennis	
  ball	
  with	
  100	
  km/h:	
  44	
  J	
  





Plausible	
  source	
  of	
  ultra-­‐high	
  cosmic	
  
rays	
  (UHECRs)	
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E.	
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Shock	
  acceleraHon	
  describes	
  spectrum	
  from	
  galacHc	
  sources	
  





1965:	
  Entdeckung	
  der	
  kosmischen	
  
Hintergundstrahlung	
  durch	
  Penzias	
  und	
  Wilson	
  



(CMB)	
  



Today:	
  Measurement	
  of	
  anisotropy	
  of	
  
the	
  CMB	
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The	
  cosmic	
  ray	
  spectrum	
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2011:	
  Evidence	
  for	
  GZK	
  cut-­‐off	
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