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OUTLINE 
>  Part 1 – Motivation: Why the LHC?  

>  Part 2 – Realisation: How the LHC?  
  The accelerator. 

  The experiments ALICE, LHCb, TOTEM and LHCf. 

  ATLAS and CMS. 

>  Intermezzo: Basics of pp physics 

>  Part 3 – Results: What at the LHC (and the Tevatron)? 
  ATLAS and CMS: Commissioning and performance 

  LHC: The rediscovery of the Standard Model. 

  Higgs boson searches at Tevatron and LHC.  

  Searches for Supersymmetry and other BSM physics at Tevatron and LHC. 



PART 3 
Results: What at the LHC? 
Standard Model 
Searches – Higgs, SUSY, etc. 



SM HIGGS 
(will not discuss non-SM – largely similar techniques,  
and weaker conclusions) 



SM HIGGS PHYSICS 
>  Higgs has several tasks in the SM 

  Gives masses to bosons (via  
spontaneous broken symmetry)  
and to fermions (Yukawa coupl.). 

  Prevents divergencies of SM  
cross sections at around 1 TeV. 

>  Present situation: Long searched  
for at many maschines. Last to  
search: LEP and Tevatron! Nothing  
found  limits on Higgs mass! 

>  EW precision fits to LEP and other 
data 
 indirect constraints on Higgs 
     mass; indicating low mass, in 
     fact lower than limit from direct 
     searches! 

>  Nothing from LHC yet, discuss Tevatron ! 



SM HIGGS AT TEVATRON 
>  Numerous channels – typically divided between high and low higgs 

mass.  



SM HIGGS PRODUCTION AT TEVATRON 



HIGGS: ANALYSIS FLOW 
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HIGGS: FINAL TEVATRON COMBINATION 



HIGGS: ANALYSIS FLOW 



SUSY 
(not discussing all the rest … no time and too much detail …)  



SUSY - INTRODUCTION 
>  SUSY provides solution for a number of questions to the SM 

  Hierarchy and fine-tuning, dark matter candidate, connection to gravity, unification of 
forces and masses 

>  Tevatron experiments currenlty have about 8 fb-1 on tape and analysed 
about 5.3fb-1; data taking continues for at least one more year.  

>  SUSY is extremely broad field –  
can only cover certain channels;  
typically results lead to limits on  
certain parameters under certain  
assumptions – plots like this one: 

>  Important parameters: tanβ, sign(µ),  
A, m0, m1/2. 

>  At LHC, competetive with Tevatron 
already in 2010 / 2011 in certain  
regions of parameter space. 



SUSY – SPARTICLE SPECTRA 



SUSY – SPARTICLE SPECTRA 



EXAMPLE ANALYSIS: SBOTTOM 
>  Sbottom squark b1 could be lightest  

coloured SUSY particle.  

>  Signatures: 2 b jets, missing ET,  
since sbottom decays 100% to b 
and LSP ( MET).  

>  Selection:   
  Large angle between b jets and MET  

direction. 

  Symmetric MET and HT  

  Cut on ()pT1+PT2/HT against top BG. 

>  Typically good agreement between  
data and SM expectation 
  Derive limit on sbottom mass! 
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>  Similarly for stop etc. 



EXAMPLE : SQUARKS / GLUINOS 
>  Pair production of squarks and gluinos 

>  Decay to jets and missing ET (from the 
LSP – typically  neutralino). 

>  Optimise precise cuts according to  
scenario, number of jets, etc. 

>  For 2fb-1: data and SM agree. 
  Limit at 95% CL at 300 GeV for gluinos and 

380 GeV for squarks. 



EXAMPLE : CHARGINOS / NEUTRALINOS 
>  So-called golden channel with 

three leptons and missing ET 
in the final state (two neutralino) 

>  Low cross section and branching  
fraction, but clean signature,  
very little background. 

>  Mass limits at around 160 GeV 
  For the specific mSUGRA case 

of tanbeta=3, A0=0, sign(mu)=+1 



CONCLUSIONS: TEVATRON 



… AND AT LHC … 
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EXAMPLE : CHARGINOS / NEUTRALINOS 
>  So- 
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Searches for excited quarks:  q* jj Full data sample analysed 

Looked for di-jet resonance in the measured M(jj) distribution 
 spectrum compatible with a smooth monotonic function  no bumps 

  Experimental systematic uncertainties included: luminosity, JES (dominant), background fit, .. 
  Impact of different PDF sets studied  with CTEQ6L1: 0.4 < M (q*) < 1.18 TeV   

0.4 < M (q*) < 1.29 TeV excluded at 95% C.L.   Latest published limit: 
CDF: 260 < M (q*) < 870 GeV 

q* model simulated  
with Geant4 

1.29 TeV 


