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Physics  with first fb-1

at Large Hadron Collider 

Today:
 Inelastic cross-

section 
 Soft QCD
 Hard QCD

 Jets
 Photons
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News from last week(s)N

 Close to 5fb-1 delivered by LHC
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Plan
 Amazing how much could have been done with only 

36pb-1 data accumulated in 2010: numbers of results 
are still in the pile-line but already theory is being 
tested quantitatively.... and is holding its own 
(unfortunately)

   19.10 Hard QCD

  9.11 W,Z inclusive, asymmetry, W/Z + heavy flavours

23.11 Top physics

30.11 Diboson production and TGS couplings

  7.12 B-physics and heavy ions

  4.01 Higgs boson... where we are?

18.01 What's new from New Physics searches?
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Typical pp collision 
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Inelastic pp collisions
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Total inelastic pp cross-section

 Using MBTS trigger miss only 
elastic (pp->pp) and low 
mass diffraction (pp->pX)

 Measure fiducial cross-section
 After 5-10% extrapolation 

obtain total inelastic cross-
section

Total syst error: 3.5%
Dominant syst. error: 
luminosity measurement 3.4%
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Soft QCD: Charged particles multiplicities

 Extremely precise data
 Also measured for diffraction enhanced/suppressed samples 
 Up to 200 tracks per event
 No MC fully describe data, tunes are in progress
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The underlying event
 Transverse region particularly 

sensitive to multiple (parton) int's.
 All commonly used MC models 

predict too little transverse activity 
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QCD hard scattering processes
 EW gauge bosons Di-jets       Direct photons 

 Measuring those processes test our understanding of:
 Partonic structure of protons
 QCD scattering  via calculations of N(NLO) 
 Hadronisation/underlying event
 What makes a good jet algorithm
 Data driven background estimates for rare processes  
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QCD factorisation and parton model

 Asymptotic freedom guarantees that as 
short distances (large transverse 
momenta) partons in the proton are 
almost free

 Sampled ”one at a time” in hard collisions
 QCD improved parton shower model
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Short-distance cross-section in 
perturbation theory

 Leading-log predictions only 
qualitative due to poor convergence 
of the expansion in s()

 Traditional estimate error bands by 
varying combined renormalisation 
and factorisation scales

               R = F = 

     from ½ to 2 times the typical scale
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Available predictions
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ATLAS Detector
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ATLAS Inner Detector
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ATLAS Calorimeters
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Jet reconstruction in ATLAS
 Jet finding: from 

partons/particles/energy 
deposits to jet
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Jet reconstruction in 
ATLAS

 Jet calibration:restore the jet energy scale 
(JES) starting from the EM energy scale
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Shower
50 GeV showers of 
electron (left) 
and pion (right) in iron
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Jet energy calibration
 Jet measurements require calibration of the jet energy scale

 Derives a calibration which restores average JES with (,E)-
dependent calibration constants from MC
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Jet energy calibration
 In-situ techniques used to validate JES and its uncertainty

 Use well calibrated objects as reference for jet pT

 Compare calibrated JES in data and Monte Carlo simulation
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Inclusive jet cross-section
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Inclusive jet cross-section
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Inclusive jet cross-section
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Dijet cross-section
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ATLAS high mass dijet event
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Multi jet cross-section
    Ratio (3-jet)/(2-jet) much 

smaller uncertainties Fundamental and direct 
test of QCD

 Main systematics: JES and 
“close-by jets” effect
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Studies of higher order QCD radiation

 Azimuthal decorrelations in dijet 
events and distribution of energy 
within jets sensitive to QCD 
radiation structures
 Probing higher order QCD 

radiation
 Main systematics: cluster energy 

scale (separate from JES) and 
unfolding 
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Azimuthal decorrelations
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Jet substructure
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Jet substructure
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Jet substructure
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b-jet cross-section
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b-jet cross-section
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Inclusive bb-jet cross-section
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Why measure prompt photons?
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Prompt and isolated photons
 Prompt:

 Direct from the hard 
scattering

 Parton fragmentation more 
important at low ET

 Isolated:
 Isolation criteria to reduce 

bgd from QCD jets
 Photons from neutral 

meson decay in jets
 Reduced fragmentation 

component:
 ~30% reduction at 15 GeV
 <10% above 35 GeV 



LHC physics with first fb-1 Elzbieta Richter-Was 37

Measuring photons with ATLAS
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Photon identification

 loose and tight 
selection

 optimised separately 
for unconverted and 
converted photons R

Eratio
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Photon isolation

 Define isolated photon 
comparable to theory

 Isolation corrected 
event-by-event for 
leakage, pile-up, 
underlying event. 
Average 450-550 MeV
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Photon identification efficiency

 From MC, corrected for Data/MC discrepancies
 Separately for converted and non-converted
 Combined inspectrum according toET spectrum 

and conversion composition
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Inclusive cross-section

 Measured in 4 
rapidity ranges 

 Here example for 
central barrel
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Diphoton cross-section
 Background estimated with two methods:

 ABCD method: extrapolate from the bgd enriched  
control regions 

 here shown example of 2D template fit
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ABCD method

 Signal purity > 90% for 
ET>50 GeV

 Main systematic 
uncertainties:
 MC inputs (corrections to 

isolation definition)
 Bgd control region 

definition
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Isolated di-photon cross-section 

 Measured with 2010 data 
(35pb-1) production cross-
section for isolated photons and 
isolated di-photons
 Isolation energy corrected event-

by-event for pileup and UE
 Data driven background 

subtraction 

 Results in good agreement with 
TH pQCD predictions, some 
differences observed
 Inclusive production at low ET 

(fragmentation, kT factorisation)

 Azimuth separation for diphoton 
production (resummation)
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Isolated di-photon cross-section
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Looking forward 2011 data
 More than 4fb-1 collected already

 Photon + (heavy flavour) jets

 Inclusive photons at very high ET

 Di-photons at high mass
 Double/triple differential cross-sections and ratios

ET
 = 960 GeV
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Summary

 The LHC era allowed us to verify QCD in new kinematic 
regimes, good testing ground for predictions

 Current understanding of detectors allows to do 
precision QCD measurements.

 Already now data allows to discriminate between 
different MC predictions (theoretical models) 
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Plan
 Amazing how much could have been done with only 

36pb-1 data accumulated in 2010: numbers of results 
are still in the pile-line but already theory is being 
tested quantitatively.... and is holding its own 
(unfortunately)

     
  9.11 W,Z inclusive, asymmetry, W/Z + heavy flavours

23.11 Top physics

30.11 Diboson production and TGS couplings

  7.12 B-physics and heavy ions

  4.01 Higgs boson... where we are?

18.01 What's new from searches?
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Minimum Bias Analysis
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Diffractive enchanced 
Minimum-Bias studies
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