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Outline for these lectures
 Hadron colliders 

 A bit of history, physics programme and 
experimental challenges  (Lect 1)

 Selected experimental results from Tevatron and LHC
 SM physics:  QCD jets, W and Z bosons  (Lecture 2)
 SM physics:  top, photons (Lecture  3)
 The SM and MSSM Higgs  (Lecture 4)
 Sypersymmetry and Exotic scenarios (Lecture 4)

Disclaimer: 
I will show results based on 2010-2011 data for LHC 

leaving 2012 news to topical lectures of the next week.
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Hadron Collider Physics 

Lecture  1
 Physics goals
 A bit of history, 

physics
 Accelerator
 Detectors
 Kinematics
 Experimental 

challenges 
 LHC: first 3 years of 

operation

2009 - 
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A big bang in the labolatory?

We are probing these 
conditions
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4.07.2012: observation of 
excess announced at CERN 
            see lecture M. Kado
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A brief historical overview:   
(toward LHC)
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A brief historical overview: 
(toward LHC)

2011: LHC: collected about 5fb-1/exp.

2012: LHC: sqrt(s) = 8 TeV, collected 

          till  today about 7fb-1/exp.
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Hadron colliders (last  decade)

 Run 1992-2007
 Accumulated:

 ~ 200pb-1 in e-p 
 ~ 300pb-1 in e+p

 RunII 2002-2011
 Delivered ~12fb-1/

exp.

 Run phase I at 
sqrt(s)= 7 TeV  
started in 2010

 In 2012 with  
sqrt(s)=8 TeV

RHIC  (BNL) is also joining with polarised pp program  
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The Tevatron

 1.96 TeV p-anti p  collider
 Run II,  2002 - 2011
 Had delivered ~ 12 fb-1 per 

experiment
 Last 2 years is a special moment 

with large dataset both from LHC 
and Tevatron being analysed and 
published

1983-2011

2003 2005 2008 2010
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The Fermilab Tevatron: RUN II
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LHC at CERN laboratory

 CERN: the world’s largest particle physics laboratory 
 International organisation created in 1953/1954, initial 

membership: 12 countries 
 About 10000 active physicists, computing scientists, 

engineers

Situated between

Jura mountains

and Geneva 

(France/Swiss)

 http://public.web.cern.ch

http://public.web.cern.ch/
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The full LHC accelerator complex 

LHC ring is divided 
into 8 sectors

> 50 years of CERN 
history still alive and 
operational

Linac

Booster

PS

SPS

LHC
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Descent of the last dipole magnet, 26 April 2007

30’000 km underground transports     at a speed 
of 2 km/h!
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25 ns

  In the experiments: In the experiments: 
  101099 pp interactions per second pp interactions per second
  ~ 1500 particles (p,n, ~ 1500 particles (p,n, ππ) produced in the) produced in the
  detectors at each bunch-crossingdetectors at each bunch-crossing  

NOMINAL PARMETERS
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Luminosity
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General Purpose Detectors
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General Principle



HASCO12: Hadron Collider Physics Elzbieta Richter-Was, IF UJ 23

Particle identification

pp
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The Tevatron at FERMILAB
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Construction phase
Year 2003   
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TRT+SCT barrel travelled to the pit, 24th Aug 2006

Through the parking area
A tight fit between BT and EC Calorimeter

From the trolley to the support rails Inside cryostat
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ATLAS Detector
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The ATLAS Detector
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Energy and momentum 
resolution

TrackingCalorimetry:
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Kinematical constraints
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Some kinematical variables
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Some kinematical variables
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Typical pp collision 
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Every event is complicated

Even >30 with present 
operation conditions
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Particle identication
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Example of performance 
requirements
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Example of performance 
requirements
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e+

e-

γ conversion point
R ~ 30 cm (1st SCT layer)   

pT (e+) = 1.75 GeV, 11 TRT high-threshold hits
pT (e-) = 0.79 GeV, 3 TRT high-threshold hits

  γ→ e+e- conversions
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Retracing history of particle 
physics

(?)
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Retracing history of particle 
physics
 With up to  1pb-1  

(public results) we 
made it up to 80's 

 Results at  sumer 
conferences 2010

 Onia( J/Psi, Y,...) 
+ first hundreds of 
W,Z in the leptonic 
channels
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ATLAS data collected in 2011
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ATLAS reconstruction: impact of 
pileup
 Do not expect a significant 

impact on tracking, nor 
muons, nor even electrons 
and photons

 But sizable impact on jets 
(+ET

miss) and 's
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ATLAS data collected in 2012
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A big challenge of 2012

 The price to pay for the high luminosity 
is high pile-up
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Luminosity delivered to ATLAS 
since the beginning
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