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Experimental Tests of the Standard Model (4)Experimental Tests of the Standard Model (4)

 Measurements of the Weinberg angle
 W± and Z0 discovery
 Precision measurements of the Z0

 Precision measurements of the W
 Discovery/measurements of the top
 Discovery of the Higgs
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Experimental constraints on Experimental constraints on MM
HiggsHiggs

  



Experimental Subnuclear Physics 3

Theoretical constraints on the Higgs mass Theoretical constraints on the Higgs mass 

 Upper limits on the Higgs mass
 One considers the scattering process: WW → WW 





There is a strong cancellation summing up all the graphs, an essential role is given by the graphs 
with the Higgs bosons. The remaining amplitude depends on the Higgs mass. 
Using the unitarity limit constraint one obtains the following condition:  

M H   82

3 GF

1
2  ≈ 1TeV
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 Trepassing this limit  the weak interaction will become not more weak but strong.  
In other words the scattering at high energy of the weak interacting bosons are no more correctly 
described by the perturbative theory.   
The Higgs mass can exceed this limit, but in this case its properties cannot be obtained from the 
pertubative theory 

Theoretical constraints on the Higgs mass Theoretical constraints on the Higgs mass 
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Higgs couplingHiggs coupling
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Higgs branching ratios Higgs branching ratios 
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Higgs width Higgs width 
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Higgs production at LEPHiggs production at LEP
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Higgs production at hadron collidersHiggs production at hadron colliders
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gluon-gluon fusiongluon-gluon fusion

Γ
LO
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Vector Boson fusionVector Boson fusion
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Vector Boson fusion : kinematicsVector Boson fusion : kinematics
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Higgs-strahlungHiggs-strahlung
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Associated  productionAssociated  production
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Comparison between the processesComparison between the processes
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Higgs production cross section @ 7 TeVHiggs production cross section @ 7 TeV
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Higgs production cross section @ 8 TeVHiggs production cross section @ 8 TeV
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Higgs production cross section @ 14 TeVHiggs production cross section @ 14 TeV
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Effect of the increasing of the energyEffect of the increasing of the energy
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Cross section at TEVATRONCross section at TEVATRON
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Higgs Boson Production: a Rare Process Higgs Boson Production: a Rare Process 
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Higgs Boson Decay Higgs Boson Decay 
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The ATLAS detector The ATLAS detector 
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The CMS detector The CMS detector 
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How do we find the Higgs Boson?  How do we find the Higgs Boson?  
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H H →→  
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H H →→  
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Higgs sons with higher Higgs sons with higher pp
TT
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Higgs sons with lower Higgs sons with lower pp
TT
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Irriducible backgroundIrriducible background
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inclusive H inclusive H →→  
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H H →→  
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How sure are we ?  How sure are we ?  
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How sure are we ?  How sure are we ?  



Experimental Subnuclear Physics 36

H H →→ZZZZ* * →→44ll
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H H →→ZZZZ* * →→44ll
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H H →→ZZZZ* * →→44ll
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Higgs Boson Properties Higgs Boson Properties 
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Mass Measurement  Mass Measurement  
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ATLAS + CMS Mass Measurement (Run 1)  ATLAS + CMS Mass Measurement (Run 1)  
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But is it But is it THETHE Higgs Boson ?   Higgs Boson ?  
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Why Spin 0 ?  Why Spin 0 ?  
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Spin and CP   Spin and CP   
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Spin and CP   Spin and CP   
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But is it But is it THETHE Higgs Boson ?   Higgs Boson ?  
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The The  Framework    Framework   

(σ⋅BR)(i→H→ j )  =  
σ i
SM

κ i
2
⋅Γ f

SM
κ f

2

ΓH
SM

κ H
2  →  μ i

f  =  
σ⋅BR

σ SM⋅BR SM
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κ i
2
κ f

2

κ H
2
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Production and decay Modes  Production and decay Modes  
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Production and decay Modes  Production and decay Modes  

signal strength
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Coupling to Fermions and Bosons  Coupling to Fermions and Bosons  
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Mass ~ Coupling Strength ?  Mass ~ Coupling Strength ?  
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LHC Run 2   LHC Run 2   
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H H → + → +   H H →→ZZZZ* * →→44ll
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ATLAS + CMS Mass Measurement  ATLAS + CMS Mass Measurement  

0.2% precision !

0.22% precision !

0.14% precision !
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CombinationCombination
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CombinationCombination
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