
4.  ASPECTS OF EW SSB
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 Gauge Self-Interactions

 Longitudinal W± and Z

 Goldstone Dynamics

 Effective Higgs Potential

 Fermion Flavour 
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Massive Spin-1 Boson:     3  Polarizations
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 Limit  M → 0 singular:          Only  2  polarizations  for  M =0     

 Longitudinal polarization grows with energy:
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The WWZ coupling restores a good high-energy behaviour
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Bose  Symmetry:     (L=1)
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2( ) 0L Lvv Z ZT → =
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Longitudinal  

W+ W− Scattering
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Invariant under global SU(2)L ⊗ SU(2)C ⊃ SU(2)L ⊗ U(1)Y

† , (2)C X XL U SU→ ∈⋅ ⋅UΣ UΣ

CUSTODIAL   SYMMETRY
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Polar  decomposition:

Heavy Higgs
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Same Lagrangian than  QCD pions: 

Chiral Goldstone Bosons:       SU(2)L ⊗ SU(2)C → SU(2)L+C
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The SU(2) ⊗ SU(2) → SU(2)  Symmetry Determines  the Interaction
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 Goldstone interactions vanish at zero momenta

 Non-linear representation:   ( ) exp
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Ellis et al
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Mλ δΛ = + Λ

41
4

V Hλ≈

 MH → ∞ :     λ non perturbative

 MH → 0 :     λ < 0 possible unstable vacuum

Effective Higgs Potential (2-loop  RGE)



Quarks Leptons Bosons

photon

gluon

Higgs

up down electron neutrino  e

charm strange muon neutrino  µ

top beauty tau neutrino τ
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Z0 W ±
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Fermion  Masses  are
New Free Parameters
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DIAGONALIZATION  OF  MASS  MATRICES
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QUARK  MIXING  MATRIX:

 Unitary Matrix: parametersG GN N× 2
GN

 arbitrary phases:G2 1N −
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NG = 3 : 3  angles,  1  phase (CKM)
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Standard  Model Parameters
QCD: ( )S ZMα 1

EW  Gauge   /   Scalar  Sector: 4
2 , , ,, , , , , , F ZW H HWg g h M M MM Gµ α θ α⇔⇔′

13Yukawa  Sector:

1 2 3

, ,

, ,
, ,
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m m m

m m m
m m m

µ τ

θ θ θ δ

18  Free  Parameters (+  Neutrino  Masses / Mixings ?)

TOO    MANY  !
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THE    STANDARD   THEORY   OF 
FUNDAMENTAL   INTERACTIONS ( ) ( ) ( )C L YSU 3 SU 2 U 1⊗ ⊗

Electroweak    +    Strong  Forces

- 15  Additional Parameters
- Why 3 Families ?
- Why Left ≠ Right ?
- Why ?
- Does the Higgs Exist ?
- Flavour Mixing
-  Violation
- Neutrino Masses / Oscillations

Ztm M>
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 Gauge  Symmetry Dynamics

 3  Gauge  Parameters:

 All Known Experimental  Facts Explained

 Problem with Mass Scales SSB,  Higgs,  Yukawas,  Mixings

( )2 , ,Z Ws Mα α θ
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Backup  Slides
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Effective EW Goldstone Lagrangian
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PDG 2010
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Hard 
corrections

2
tm

Log(MH)
corrections

Custodial
Symmetry

Non-Decoupling
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