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Subjects to discuss: 

Hadron collider basics 

Cross section formula and collider kinematics 

Higgs physics at the LHC 

o Review of SM and MSSM Higgs sector 

o Higgs boson production and decay 

o Signals at the LHC 

o Measurement of Higgs couplings 

o BSM effects and effective Lagrangians 

NLO effects 

Beyond fixed order perturbation theory: parton shower 

Merging of NLO and parton showers 
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Hadron collider basics 

p = h/λ 
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Tevatron and LHC 
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The LHC is housed about 100 m underground in a 27 km 

circumference tunnel straddling the French-Swiss border 
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Experiments at the LHC 

Collisions take place in four 

experiments 

ATLAS and CMS are general 

purpose detectors aiming at study 

of all hard interactions 

LHCb looks for B-mesons and 

baryons produced in the forward 

direction 

ALICE is a detector designed for 

the extremely high particle 

numbers produced in heavy ion 

collisions 
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What to look for at the LHC? 

Jet production = elastic parton-parton scattering 

Top Quarks 

Electroweak gauge bosons: W and Z 

Higgs production and decay 

Evidence for beyond the SM physics  

     -  Supersymmetry 

     -  non-standard electroweak interactions 

     -  extra gauge bosons 

     -  …..  the unexpected 
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Expected cross sections in pp collisions 
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Detecting hadrons, leptons and photons 
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Basic concept of a general purpose detector 
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For details see lectures by N.K.Mondal 
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Charge identification and momentum resolution 
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 Short lived and „invisible“ particles: 
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Cartoon of a general purpose detector 
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Layout of the CMS detector 
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Components of the ATLAS detector 
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       Cross sections for hadronic collisions 
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Parton distribution functions 
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PDF‘s continued 
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Uncertainties of pdfs 
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Hadron collider kinematics  

Rapidity, pseudorapidity and transverse momentum 

W and Z production 

Missing ET and transverse mass 

Transverse momentum distributions 
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Observed lepton pT distribution at the Tevatron 

Jacobian peak at mW/2 clearly visible, but smeared out 

by width effects and due to extra parton emission 
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Observed  

neutrino 

pT distribution  

at the LHC 
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Comparison of Z transverse momentum: 

theory vs. data 

Need resummation of gluon emission for  

correct description of Z transverse momentum distribution 

 

Modern tool: NLO QCD calculation combined with parton shower programs like  

PYTHIA or Herwig 


