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Standard Model Symmetries
 ->  U(1) × SU(2)L × SU(3) U(1)QED × SU(3)C

•  represents Electroweak symmetry 
— 4 degrees of freedom -> electroweak symmetry breaking -> 3 leftover 
— Goldstone bosons -> physical bosons 
— Higgs ‘eats’ a degree of freedom


•  represent Quantum Chromo Dynamics (QCD, aka strong force) 
— No symmetry breaking 
— Decoupled from Electroweak sector

U(1) × SU(2)L

SU(3)



Lorentz Group

• Set of all Lorentz transformations 
— Invariant physics in 4-dimensional spacetime 
— 3 degrees of freedom for rotations 
— 3 degrees of freedom for translations (boosts) 
— 3+3=6 generators of group


• SO(4): Special Ordinary Group of Rank 4  
— Happens to have 6 generators  
— Turns out SO(4)=SU(2)xSU(2) -> Left/Right-Handed 
— Useful since respects Lorentz Invariance, and lines up with evidence of 
     ‘handed-ness’ of physics (see Wu and Goldhaber experiments in 1950’s)



Writing Down a Lagrangian

• For each Gauge-Symmetry -> Field Tensor  
— SU(3) ->   (x8)  
— SU(2) ->  (x3) 
— U(1) ->  (x1)


• Total derivative involves all field tensors


• Introduce chiral (handed) fermions 
— LH: Doublets; RH: Singlets (Y==0)
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Lagrangian of the Standard Model

No mass terms!! Everything is massless!!!!

Higgs Sector -> Leads to effective mass terms (Yukawa)



The Higgs Potential

• Where we start:                                         =>                        three generators 

• Higgs potential:  

• Minimum defines Vacuum Expectation Value  
 

• Choose representation of scalar field as



Electroweak Symmetry Breaking
Expanding the Total Derivative

We can measure VEV 
v=246 GeV



Lagrangian of the Standard Model

No mass terms!! Everything is massless!!!!

Higgs Sector -> Leads to effective mass terms (Yukawa)



Quantum Numbers of the Standard Model



Feynman Diagrams

Time

Vertices <=> couplings



Naturalness in the Standard Model
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Left Side: Measured at 125 GeV Right Side: (Bare Mass) + (User Defined Scale)



Beyond the Standard Model
Questions to Think About

• Is the Higgs really fundamental?


• Could there be new physics to help with quadratic divergence of Higgs mass?


• Why is gravity so weak? Can it be easily integrated into the SM?


• What about Dark Matter?


• Is lepton universality really true?


• Where did all the anti-matter go?


