
  

LagrangianLagrangian



  

After symmetry breakingAfter symmetry breaking

Scalars:



  



  

Feynman rulesFeynman rules

 W e-W e-
neutrinoneutrino

 W u dW u d
 Z f fZ f f

 ZWWZWW

 γγ  γγ WW WW

 ZZWWZZWW



Free parameters
• SU(2) XU(1) only (17 parameters)

 

•

•

•

• Gauge bosons masses and couplings only depend 
on    g,g’,v   

• Most precisely measured input parameters

• These relations are modified by higher order 
corrections



  

Seulement trois paramèètres dans le secteur de jauge

Paramèètres  mesures
Avec precision



  

Experimental tests of  standard Experimental tests of  standard 
modelmodel

 Neutral currentsNeutral currents
 Z couplingsZ couplings
 Production of W and Z at CERNProduction of W and Z at CERN
 Top quark discovery at  FermilabTop quark discovery at  Fermilab
 Gauge structure in three vector Gauge structure in three vector 

boson interactions boson interactions 
 Higgs discoveryHiggs discovery



  

Collisionneur electron-Collisionneur electron-
positronpositron



  

Experiments at LEP1,LEP2Experiments at LEP1,LEP2



  

Production fermion pairProduction fermion pair



  

Measurement of Z mass 
and width



  

Observables at  Z peakObservables at  Z peak



  

Gauge structureGauge structure
 Evidence for ZWW  Evidence for ZWW  

coupling at LEP2  e+e- coupling at LEP2  e+e- 
collisions @200GeVcollisions @200GeV

 Trilinear coupling Trilinear coupling 
essential for high essential for high 
energy behaviourenergy behaviour

 Effect can be seen just Effect can be seen just 
a few GeV above a few GeV above 
thresholdthreshold



  

  Z and number of  neutrinosZ and number of  neutrinos
Starting from Feunman rules 



  

 Sum over final polarisations and Sum over final polarisations and 
average over initial polarisations  (1/3)average over initial polarisations  (1/3)



  

Partial widthsPartial widths

 The measured total width is    2.4952+/- .0023 The measured total width is    2.4952+/- .0023 
GeVGeV

 One neutrino contributes ~166MeVOne neutrino contributes ~166MeV
 The measuremetn of Z width is incompatible with The measuremetn of Z width is incompatible with 

a fourth neutrino generation.a fourth neutrino generation.



  

HiggsHiggs

 Mass not predictedMass not predicted

 LEP result favoured a LEP result favoured a 
light Higgs (from light Higgs (from 
higher order effect)higher order effect)

 Discovery in 2012 at Discovery in 2012 at 
CERN mh=125GeVCERN mh=125GeV



  

Higgs at LHCHiggs at LHC



  

 Severak decay Severak decay 
modes accessible modes accessible 
at 125GeVat 125GeV



  

Higgs couplingsHiggs couplings
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