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The Forces result  from ‘Gauge Symmetries’:

SU(3)C x SU(2)L x U(1)Y
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EVIDENCE FOR DARK MATTER
• We are living through a golden age 

in cosmology.

• There is now overwhelming 
evidence that normal (atomic) 
matter is not all the matter in the 
Universe:

Dark Matter: 23% ± 4%
Dark Energy: 73% ± 4%
Normal Matter: 4% ± 0.4%
Neutrinos: 0.2% (�m�/0.1eV) 

• To date, all evidence is from dark 
matter’s gravitational effects.  We 
would like to detect it in other ways 
to learn more about it.1 Jun 09
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The Hierarchy Problem
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Science Timeline:  The Tools
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Big
Bang
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Symmetry between

Fermions � Bosons
(matter) (force carrier)
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The Hierarchy Problem:  Supersymmetry
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PARTICLE DARK MATTER 
CANDIDATES
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THE WIMP MIRACLE

�
: 

�� �� f f

(2) Universe cools:

�� � f f

(3) �s “freeze out”:

�� f f



• The amount of dark matter 
left over is inversely 
proportional to the 
annihilation cross section:


DM ~ <�Av>��

• The mass & couplings  of 
the Lightest SUSY Particle 
(LSP) naturally lead to the 
right amount of DM!  

• LSP is likely a mixture of  
photino, Zino & Higgsino



45

�� �

� ��

�



46



LHC Supersymmetry Discovery Reach
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