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The Greatest Equations Ever? 



Tied for 1st place: 



Top Finishers 



Quantum Mechanics & Relativity 

Dirac’s Equation (1927) 



Antiparticles 



Quantum Electrodynamics 



Great Success of Quantum Electrodynamics 
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Causes charge screening 



Causes color charge anti-screening 





Gross, Wilczek, Politzer 

    Nobel Prize, 2004 

Asymptotic freedom 



 

 

 

 

Englert, Higgs 

Nobel Prize, 2013 
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With SUSY, Quadratic Divergence Cancels 



SM Particles SUSY Partners 

Spin = 1/2 Spin = 0 

Spin = 0 Spin = 1/2 

Spin = 1 Spin = 1/2 

  



Richman (CMS) , SUSY 2013 Limits on SUSY Particle Searches 

















More Hints in favor of GUTs  







Standard Model 

SO(10) 

Structure of Matter Multiplets  









Baryon asymmetry of the universe 
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Sakai, Yanagida (1982)  

Weinberg (1982) 



(Dimopoulos-Wilczek mechanism) 

Proton Decay in Supersymmetric SO(10) 
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Gauge coupling evolution in explicit SO(10) model 



Correlation between two modes of proton decay  



Proton lifetime expectations 



Neutrino Masses Probe the Scale of 

Unification of all Forces 



Global Fit to 3-Neutrino Oscilaltions 





Minkowski  (1977) 

Yanagida (1979) 

Gell-Mann, Ramond, Slansky (1979) 

Mohapatra, Senjanovic (1980) 



Leptons 

Quarks 

Disparity a challenge for Quark-Lepton unified theories. 

Neutrino mixing versus quark mixing 



Finding order in fermion mass spectrum  



Model has only 11 real parameters plus 7 phases 

Minimal SO(10) Model 
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Fukuyama, Ilakovac, Kikuchi, Meljanac, Okada (2004) 

Aulakh et al (2004) 

Bertolini, Frigerio, Malinsky (2004) 

Babu, Macesanu (2005) 

Bertolini, Malinsky, Schwetz (2006) 

Dutta, Mimura, Mohapatra (2007) 

Bajc, Dorsner, Nemevsek  (2009) 



Fit Input at GUT scale 

Output: Type II Seesaw 

Babu, Macesanu (2005) 

Specific Example for Quark & Lepton masses 



Theta(13) in Minimal SO(10) 



Summary and Conclusions  
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