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Physics  Program 
of the experiments at 

Large HadronCollider

Lecture 11
 Higgs boson

 Properties
 MSSM sector

LEP, Tevatron, LHC
*parts based on slides from K. Jakobs, 

CERN, Academic Training, 2010
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Is it a Higgs Boson?
 - can the LHC measure its parameters
 Mass
 Couplings to bosons and fermions
 Spin and CP
 Higgs self couplings

After the discovery of a “Higgs-like” resonance at the LHC one

 has to measure its parameters and consolidate the evidence

 for the Higgs boson.
 As many parameters as possible
 Discriminate between: SM like Higgs , MSSM like Higgs 

composite Higgs,....
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Measurement of the Higgs boson 
mass 
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LHC Higgs boson discovery 
potential
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Measurement of the Higgs boson 
mass
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Measurement of the Higgs boson 
mass
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Direct extraction of the Higgs 
boson width
 The decay width has strong 

dependence on the mH

 For mH< 200 GeV: no direct 
measurement
 Indirect measurement: global 

maximum likelihood fit to 
determine the couplings 
parameters in mas range 
110-190GeV  (ATLAS studies)

 For mH> 200 GeV: measured 
with 35% precision for 30fb-1 
(one experiment)
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Spin, CP , couplings
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Higgs boson couplings to fermions 
and bosons

 Measure ratio of couplings
 With more theoretical assumptions measure also absolute 

values
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Ratio of couplings
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Absolute coupling determination
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Summary of studies for SM
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Higgs boson self-coupling
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Summary: is it a Higgs boson?
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Alternative
 models



Lectures on LHC physics Elzbieta RichterWas 16

Supersymmetry
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Minimal Supersymmetric 
Standard Model
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MSSM: Higgs sector
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Neutral Higgses within MSSM
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MSSM Higgs mass
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Search for neutral MSSM 
Higgs boson at LEP
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Search for neutral MSSM 
Higgs boson at LEP
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Charged Higgs in B decays

 Look for sensitive and 
theoretically clean modes

 Results from B-factories: 
Babar, Belle
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MSSM Higgs boson searches 
at Tevatron and LHC
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Production of MSSM Higgs 
bosons
 Agreement between the four and five flavour 

scheme calculations
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Branching ratios of MSSM 
Higgs bosons
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Hadronic tau (had) identification
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Hadronic tau identification

 Identification usually 
optimised for each type of 
tau's. 

 Using multi-variate 
techniques (LL,NN,BDT) 
usually gives significant 
improvement
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Inclusive → h
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 b(b) → b(b)
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 b(b) → bbb(b)



Lectures on LHC physics Elzbieta RichterWas 32

Tevatron exclusions on MSSM 
Higgs bosons
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Z→  in CMS
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ATLAS analysis: invariant mass 
with collinear approximation



Lectures on LHC physics Elzbieta RichterWas 35

Atlas analysis (simulation)
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Projection for discovery  and exclusion 
potential with 7 TeV and Lint=1fb-1
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MSSM Higgs boson searches 
at LHC
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MSSM Higgs sector in supe-
LHC
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Next topics

   5.01   - SUSY
 12.01   - SUSY
 19.01   - Wrapping up on data 2010:

 SM physics: selected public results 
 Searches: new exclusion limits
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How to make predictions



Lectures on LHC physics Elzbieta RichterWas 45

Predictions for MW in SM and MSSM
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Predictions for MW in SM and MSSM
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Predictions for MW in SM and MSSM
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Predictions for MW in SM and MSSM
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