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Courtesy CERN 
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Courtesy NASA 
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Courtesy SOHO 
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CMS 

Courtesy CERN 
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ATLAS 

Courtesy CERN 
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> 7000 scientists 

85 countries 

Total project cost  
 $9 Billion 



…And A Sociological Marvel 
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Where Do We Come From?  
  What Are We?  
    Where Are We Going? 
       Paul Gauguin (1897) 
           Museum of Fine Arts, Boston  



The Atomic Hypothesis 



The Atomic Hypothesis… 
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The Atomic Hypothesis, circa 2011 



Bosons manifested as forces 



Prediction: A quark is surrounded by a cloud 
of color charge 
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A sufficiently violent impact can dislodge the 
quark from its cloud, and thus temporarily 

lower the quark’s effective charge  
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Experimental verification 
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…but, we must venture Beyond 

Harrison B. Prosper    22 



Harrison B. Prosper    23 



…of the things we don’t understand 
The Mass Puzzle 

Why do quarks and leptons have mass? 

The Identity Puzzle 
What makes an electron an electron, a top 

quark a top quark, etc.? 

The Matter Puzzle 
Why is there overwhelmingly more matter than 

antimatter? 



The Just-So Puzzle 
Do we need to explain the Standard Model 

parameters, e.g., the quark masses? 

The Dark Matter Puzzle 
What is dark matter?  

The Dark Energy Puzzle 
What is dark energy? 

…more things we don’t understand 



The Mass Puzzle 
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The Higgs hypothesis: particle masses arise from the 
interaction of (massless) particles with the Higgs field 
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The Just-So Puzzle 
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Do we need to explain this? 



“There must be more matter than stars......”  
     Jan H. Oort (1932) 

nine-tenths of Coma Cluster is  
made of dark matter 

   Fritz Zwicky (1933) 



Worlds in collision – the Bullet Cluster 
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D. Clowe et al., Astrophys. J. 648, 109 (2006) 
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LHCb 
ATLAS 

ALICE 
CMS 





What might we find?  

  Higgs boson   ***** 
  Dark matter   **** 
  Quark and lepton 

substructure   *** 
  The unexpected  ** 
  Black holes   * 
  Nothing! 
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Nothing new yet…but stay tuned! 
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EPS-HEP, 2011, Grenoble, France 



The End 

“I do not know what I may appear to the world; but to 
myself I seem to have been only like a boy, playing 
on the seashore, and diverting myself, in now and then 
finding a smoother pebble or a prettier shell than 
ordinary, while the great ocean of truth lay all 
undiscovered before me.” 

      Sir Isaac Newton 

Many thanks to the 
taxpayers of the World 


