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Outline

• Motivations

• LHC Machine

• Phenomenology of p-p collisions

• Overview of detectors & trigger
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LHC Motivation
• The last 20 years has seen a remarkable synthesis. The 

“Standard Model” has triumphed in explaining a host of 
data.

• This very success enables more fundamental questions to 
be posed and better defines them:
Mass

What is the origin of the mass of the particles? Is it the 
Higgs Boson? Why are they so mall compared to 
Planck Mass?

Unification
Why are they 4 interactions? Can they be unified?

Flavour
Why are there so many quarks and leptons? Why are 
flavour mixed?
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LHC Motivation
• The Standard Model is probably a low-energy 

approximation of a more general theory

• There are a host of theoretical ideas (Supersymmetry, 
extra-dimensions, composite quarks, etc.) 

one might even be right ...

• Many theories predict new physics at the TeV scale

• The case for the LHC is even stronger now than when the 
LHC was first suggested 20 years ago.
We need its Experimental discoveries to progress

• Power of LHC is its enormous mass reach relative to 
current facilities..
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LHC parameters
Limiting factor for √s:

bending power needed to fit ring in 27 km  LEP tunnel
p(TeV)  =  0.3 B(T) R(km)

7 TeV 4.3 km → B = 8.4 T
~1300 superconducting dipoles working at 1.9 K

largest cryogenic system in the world
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LHC status 
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LHC Operation
• Single Beam operation – Spring/Summer 2007
• Collisions – Fall 2007

followed by shutdown 6 months?
• Operation in “low luminosity mode” for 3 years at  

~2×1033 cm−2sec−1 (ramping-up?)
• 1 month per year of heavy ion running.
• Full luminosity in  2010, 1034 cm−2sec−1

multiple interactions per crossing cause some degradation 
in performance e.g. b-tagging

• Serious planning for a further factor of 10 in 
luminosity is underway: physics studies are being 
carried out.
Higher energy very difficult ⇔ dipoles magnet
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LHC experiments

ALICE

ATLAS

CMS

LHCb
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ATLAS detector 

~45m

~24m
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ATLAS detector 
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Not just science fiction ...
First Cosmic rays observed by the
ATLAS Tile calorimeter in the 
underground cavern in mid-June
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Phenomenology of p-p collisions
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Phenomenology of p-p collisions
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Looking for Interesting EventsLooking for Interesting EventsLooking for Interesting Events

Higgs → ZZ → 2e+2µHiggs → ZZ → 2e+2µ 23 min bias events23 min bias events
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Detector requirements
Reconstruct, measure energy, identify

– electrons
– muons
– taus
– photons
– Jets (+ tag b quark jets)
– neutrinos via pTmiss

In pseudorapidity region [-5,5.]
In ET range ~ 20 GeV to ~ 4 TeV
(down to pT of ~ 0.5 GeV for tracks)
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How to discover a signal?

Significance > 5 → Discovery
Probability for background to fluctuate 

by more than 5σ : 10-7

• energy resolution
S ≈ 1/√ NB ≈ 1/√ σm

better resolution, better discovery 
potential

• particle identification
Efficiency for signal (ε)
background rejection (R)
S ≈ ε ; S ≈ 1/√ R or S ≈ 1/√ R2

maximize ε and R
but, usually trade-off between ε and R

pp →γ γ
pp →γjet
pp →jetjet

B

S

N
N

S =
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JETS
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The Problem of Jet Measurement

Different detector sections have different
particle response (e,pi) , dead material, cracks & gaps. 

Experimental goal:
Jet energy scale: 1.0 %
Jet resolution: 50%/√E ⊕ 2%

♦ Jets are complicated objects
- initiated by quark and gluon that spray
in a jet of hadrons

♦ Jets cannot be defined in isolation to the event.
in addition to hard scattering

Underlying events + 23 interactions in a crossing

Difficult!!
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Electrons
&

Photons
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Physics motivations w.r.t performance requirements

energy resolutionenergy resolution
σE /E = 10%/√E ⊕ 25%/E ⊕ 0.7%
linearity better than 0.5% up to 300 GeV

electron identification electron identification 
isolated electrons – e/jet separation
Rjet ~105 in the range pT>20 GeV (εe~80%)  
Rjet ~106 for a pure electron inclusive sample 

(εe~70%) 
soft electron identification – e/π separation
B physics studies (J/ψ) 
soft electron b-tagging (WH, ttH)
photon identificationphoton identification
γ/jet separation 
main reducible background to H→γγ 

comes from jet-jet and is ∼2x106 more 
important than signal 

Rjet ~5000 in the range ET >25 GeV
R (isolated high pT π0 ) ~3 (εγ~80%) 
conversion identification

LHC
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γπ0

EM sampling 2EM sampling 2 : : different transverse develop-
ment of electromagnetic and hadronic showers.  

- shower shapes in η and ϕ
- shower width in η direction 

EM sampling 1EM sampling 1 : : only jets with a little hadronic
activity survive. Fine segmentation of the strips : 

- look for substructures in strips
- shower width in η

Basics of e/jet and γ/jet separation

Leakage in Hadronic calorimeter
Identification of electromagnetic object (same for e/γ):

Use of the Inner Detector:
Photon identification :
- track veto
- shower isolation
- identification of conversions

Electron identification :
- track matching (∆η, ∆φ), E/p 
- use of transition radiation 
- identification of conversions

Use of the Inner Detector:


