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

Physics  with first fb-1

at Large Hadron Collider 

Today:
 W,Z inclusive 

cross-section
 Asymmetry
 W+jets, Z + jets
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News from last week(s)N

 5.25 fb-1 pp 
collisions 
recorded by 
ATLAS 

 PbPb run of 
2011 started
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Bosons at LHC
 Well measured by previous 

experiments
 Inclusive cross sections, R(W+/W-), 

R(W/Z)
 Differential distributions, associated 

jet multiplicity, AFB, etc.

 Yet still educational at the LHC
 Cross sections at         =7TeV
 New pdf constraints possible 

 “Standard candles” for high-pT 
analyses
 Calibration, alignment
 Independent luminosity 

measurements

Just departure point for high-pT 
Beyond Standard Model analyses
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The Standard Model 
 SM measurements are the foundations of all 

searches (33 papers on measurements to date)
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Drell-Yan cross-section
 Keywords:

 factorisation F and renormalisation 
R scales

 universal parton distribution 
functions

 LO, NLO, NNLO matrix elements and 
DGLAP kernels

 All orders cross section has no dependence on F and R; a 
residual dependence remains (to order s

n+1) for a finite order 
(s

n) calculations.  
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DGLAP equations

 Parton distributions used in hard scattering 
calculations are solutions of DGLAP equations

 Splitting functions have perturbative expansions 
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W/Z production 
 Cross sections for on-shell W and Z 

production (in narrow width limit) given 

by 

 Where Vqq' is appropriate CKM matrix element and vq and 
aq are the vector and axial couplings of the Z to quarks

 At LO there is no s dependence; EW vertex only

 NLO contribution to the cross section is proportional 

    to s; NNLO to s
2; ...
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W/Z pT distributions

 Most of W/Z produced at low 
pT but can be produced at 
non-zero pT due to the 
diagrams  with emitted gluon

 Sum over colors and spins in  initial states and average over 
same in final states

 Transverse momentum distribution obtained by convoluting 
these matrix elements with pdf's in usual way 
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QCD resummation
 
 Resummation: reorganise  calculations in terms of large Logs 

L(Q2/pT
2);  regularised at low pT range; 

 Different schemes: CSS which includes also non-perturbative 
effects; Sudakov form factors;  exponentation; 
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Cross-section at LHC (7TeV)

 Test QCD (up to NNLO) in 
production
 Hard and soft gluon emission

 Sensitive to parton distribution 
functions

 Extract electroweak parameters
 sinW, mW, quark-boson couplings
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Monte Carlo simulations

 Base-line generators:
 Pythia, Herwig (LO), 
 MCatNLO  (NLO)
 POWHEG  (NLO)

 Used as components of for 
cross-checks
 FEWZ: complete NLO, NNLL
 ResBos: NNLL resumation 
 Horace: full 1-loop electroweak
 PHOTOS:final state QED 

(exponentiated) 
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Event selection 
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Event selection 
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Event selection 
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Missing transverse energy
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QCD background estimation
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Cross-section measurement
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Scale factor: tag-and-probe studies
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Systematic error
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W, Z inclusive 
measurements
 Inclusive in number of jets, allow to reach high accuracy 

in QCD predictions.
 Computation available at NNLO on the total cross-section, 

at NNLO error dominated by PDF's 

Fiducial 
cross-section.
Theory 
predictions 
including 
acceptance.
Sensitive to 
pdf's set.
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Theory comparison: total 
cross-section 
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Theory comparison: total 
cross-section ratios 
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Z boson pT measurement 
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W boson pT measurement
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W, Z boson pT reweighting
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Z differential
 Inclusive production as a 

function of the Z 
pseudorapidity.

 Lepton flavours combined 
together taking into account 
all correlations.

 Z rapidity reaches |y|<3.5 
with special electron 
reconstruction outside 
tracking volume (|y|<2.5)
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W+- asymmetry
 Asymmetry induced by the different flavours contributing 

to W+ and W- production and by asymmetry in flavour 
content of pp interaction 

 Measured as function of lepton
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Lepton universality

RW
PDG= 1.017± 0.019

RZ
PDG = 0.991±0.0024
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Incredible number of V+jets 
events at 7 TeV
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V+jets dynamics at 7 TeV
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W/Z + jets physics
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W/Z + jets

 Measure up to 4-5 jets and up 
to ET = 300 GeV
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W/Z+jets
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Rjets = ratio W+1jet/Z+1jet

 This is the first time 
this ratio is measured
 Sensitive to new physics
 Very small sensitivity to 

PDG
 CTEQ6.6: 0.5%
 MSTW2008: 0.3%



8 November 2011 E. Richter-Was 36

PDF uncertaintity on Rjets
 Very small uncertaintity on PDF's

      CTEQ6.6: 0.5%,              MSTW2008: 0.3%

CTEQ6.6 MSTW2008
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W/Z + b-jets: b-tagging
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W/Z+bjets: backgrounds
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W/Z+bjets: extraction of b-
jets fraction
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Z+b-jets: results



8 November 2011 E. Richter-Was 41

W+b-jets: results
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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  measurements in W/Z sector

 Extensive set o measurements also in W/Z+jets 
differential  cross-sections, also with b-tagging

 Overall impressive agreement with MC predictions
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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)
  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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ATLAS Detector
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ATLAS Inner Detector
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ATLAS Calorimeters
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