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Theoretical Prediction of 
W/Z Production Cross-Sections

ATLAS Central values from QCD NNLO ATLAS Central values from QCD NNLO 

calculations by FEWZ with ~5% calculations by FEWZ with ~5% 

systematic uncertainty (based on 90% systematic uncertainty (based on 90% 

CL, including PDF and αCL, including PDF and αSS uncertainties)uncertainties)

SeeSee alsoalso SS.. AlekhinAlekhin etet alal::

httphttp:://arxiv//arxiv..org/pdf/org/pdf/10111011..62596259vv11

PDFPDF uncertaintiesuncertainties:: uncertaintiesuncertainties ofof NLONLO

andand NNLONNLO calculationscalculations fromfrom 6868%% CLCL

errorerror setssets varyvary betweenbetween±±((11..66 −− 22..00))%%

FoundFound toto bebe aboutabout aa factorfactor ofof twotwo

largerlarger usingusing 9090%%CLCL errorerror sets,sets,

suggestingsuggesting nonnon--GaussianGaussian

distributionsdistributions ofof thethe crosscross sectionsection

variationsvariations..

ααss valuevalue andand itsits uncertaintiesuncertainties

usingusing MSTWMSTW20082008 fitsfits whichwhich includeinclude PDFPDF

setssets withwith ααss valuesvalues correspondingcorresponding toto±±11σσ

6868%% CLCL leadsleads toto 11..11%%,, 9090%% leadsleads toto

22..66%% relativerelative uncertaintyuncertainty

ElectroweakElectroweak RadiativeRadiative CorrectionsCorrections assumedassumed

toto bebe negligiblenegligible
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Methodology

TheThe productionproduction crosscross sectionssections forfor

thethe WW andand ZZ bosonsbosons timestimes thethe

branchingbranching ratiosratios forfor decaysdecays intointo

leptonsleptons cancan bebe expressedexpressed asas

NNsigsig denote the numbers of denote the numbers of 

backgroundbackground--subtracted signal subtracted signal 

events passing the selection events passing the selection 

criteria of the analyses in the W criteria of the analyses in the W 

and Z channelsand Z channels

AAWW andand AAZZ denotedenote thethe acceptancesacceptances

forfor thethe WW andand ZZ--bosonboson decaysdecays



A 
N

in Fiducial Region

Generated

N
Generated

All

CCWW andand CCZZ denotedenote thethe ratiosratios

betweenbetween thethe totaltotal numbernumber ofof

generatedgenerated eventsevents whichwhich passpass thethe

finalfinal selectionselection onon recoreco.. levellevel andand

thethe numbernumber ofof generatedgenerated eventsevents

withinwithin thethe fiducialfiducial acceptanceacceptance

RemarksRemarks

AcceptanceAcceptance FactorFactor AA andand detectordetector

effecteffect correctioncorrection factorsfactors CC cancan bebe

treatedtreated asas independentindependent factorsfactors

TheoreticalTheoretical uncertaintiesuncertainties affectaffect

dominantlydominantly thethe factorfactor AA
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W Boson Selection

ElectronElectron SelectionSelection

EETT >> 2020 GeVGeV

“tight”“tight” identificationidentification

eventsevents containingcontaining anan additionaladditional electronelectron areare

vetoedvetoed

MuonMuon SelectionSelection

ppTT >> 2020 GeVGeV

CombinedCombined MuonMuon

TrackTrack IsolationIsolation:: ∑p∑pIDID/p/pTT<<00..22

MissingMissing transversetransverse energyenergy

EEtt
missmiss>>2525 GeVGeV;;

TransverseTransverse massmass ofof thethe leptonlepton--EEtt
missmiss

systemsystem

mmTT >> 4040 GeVGeV;;
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W-Boson Background Estimation

OverallOverall backgroundbackground contributioncontribution

ElectronElectron ChannelChannel:: 55..77%%

MuonMuon ChannelChannel:: 88..66%%

DataData--DrivenDriven QCDQCD backgroundbackground estimationsestimations forfor

bothboth channelschannels

RelativeRelative systematicsystematic uncertaintyuncertainty ~~11%%

ElectroweakElectroweak backgroundbackground estimatedestimated byby MonteMonte CarloCarlo

simulationssimulations
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Z/γ* Boson Selection

AA pairpair ofof oppositelyoppositely--chargedcharged leptonsleptons ofof thethe samesame

flavourflavour

ElectronElectron

“Medium”“Medium” identification,identification, ppTT >> 2020 GeVGeV

VetoVeto onon eventsevents withwith >>22 “medium”“medium” electronselectrons

MuonMuon

CombinedCombined track,track, ppTT >> 2020 GeVGeV

TrackTrack IsolationIsolation:: ∑p∑pIDID/p/pTT<<00..22

InvariantInvariant massmass windowwindow ofof leptonlepton pairpair

6666 << mmllll << 116116 GeVGeV

DataData--DrivenDriven QCDQCD backgroundbackground estimateestimate forfor

electronelectron channel,channel, MCMC predictionprediction forfor channelchannel

BackgroundBackground electronelectron channelchannel:: ~~11..55%%

BackgroundBackground muonmuon channelchannel:: ~~00..22%%
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Experimental Uncertainties

Current experimental Current experimental 

uncertainties uncertainties 

dominated by lepton dominated by lepton 

identificationidentification

Given the small Given the small 

statistics which was statistics which was 

used for this used for this 

measurement the measurement the 

current numbers are current numbers are 

already impressively already impressively 

smallsmall

Expect large Expect large 

improvements for improvements for 

reprocessed data and reprocessed data and 

full statisticsfull statistics
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Theoretical Uncertainties

Acceptance correction Acceptance correction 

factors extrapolate factors extrapolate 

fiducial crossfiducial cross--sections sections 

to full crossto full cross--sections sections 

Predicted by Monte Predicted by Monte 

Carlo event generatorsCarlo event generators

Negligible impact on Negligible impact on 

experimental factors Cexperimental factors CWW

and Cand CZZ

Theoretical uncertainty Theoretical uncertainty 

within on PDFwithin on PDF--Set (here Set (here 

CTEQ 6.6) CTEQ 6.6) in in 

combination with the combination with the 

MC@NLO acceptance MC@NLO acceptance 

calculationcalculation

±±1.0% for W1.0% for W++

±±1.8% for W1.8% for W−−

±±1.6% for Z/γ1.6% for Z/γ∗∗

Differences between Differences between 

different PDFdifferent PDF--Sets Sets 

((MRST LO*, CTEQ 6.6 MRST LO*, CTEQ 6.6 

and HERAPDFand HERAPDF))

±±2.7% for W+2.7% for W+

±±0.9% for W−0.9% for W−

±±2.0% for Z/γ2.0% for Z/γ∗∗

Uncertainties due to the Uncertainties due to the 

modelling of W and Z modelling of W and Z 

production by production by 

comparing PYTHIA and comparing PYTHIA and 

MC@NLO with same MC@NLO with same 

PDFPDF--SetSet

±±0.4% for W+0.4% for W+

±±1.4% for W−1.4% for W−

±±2.3% for Z/γ2.3% for Z/γ∗∗
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Final Results for 300nb-1

MeasuredMeasured WW andand Z/γZ/γ** productionproduction

crosscross--sectionssections agreeagree withwith

theoreticaltheoretical predictionspredictions

WhyWhy 300300nbnb--11??

AlreadyAlready dominateddominated byby uncertaintyuncertainty onon

luminosityluminosity

Measurement of individual crossMeasurement of individual cross--

sections is only from minor sections is only from minor 

physical importance when physical importance when 

luminosity uncertainty is larger than luminosity uncertainty is larger than 

22--3% (see following discussion)3% (see following discussion)

Near Future: Focus on Near Future: Focus on 

measurement of crossmeasurement of cross--section ratios section ratios 

and differential crossand differential cross--sectionssections
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Expected Statistics in 2011 and consequences

Assuming an integrated luminosity Assuming an integrated luminosity 

of ~1fbof ~1fb--11 in 2011 at 7TeVin 2011 at 7TeV

~300k reconstructed Z Boson ~300k reconstructed Z Boson 

candidates per lepton channelcandidates per lepton channel

~3.000k reconstructed W Boson ~3.000k reconstructed W Boson 

EventsEvents

This means 1kThis means 1k--10k Z/W Boson 10k Z/W Boson 

events per day which might enable events per day which might enable 

to have an luminosity estimate on a to have an luminosity estimate on a 

daily basesdaily bases

Not sensitive to pileNot sensitive to pile--upup

Statistical precision <0.2% for the Statistical precision <0.2% for the 

Z/γZ/γ** Boson channelBoson channel

No statistical advantage of No statistical advantage of 

measuring the W Boson crossmeasuring the W Boson cross--

section section 

Further Experimental Advantages Further Experimental Advantages 

of Z/of Z/γ* crosscross--section measurementsection measurement

No dependence on missing No dependence on missing 

energyenergy

Lepton reconstruction Lepton reconstruction 

performance can be determined in performance can be determined in 

signal samplesignal sample

Rather Clean Signal selection Rather Clean Signal selection 

even in forward region even in forward region 

see discussion of theoretical see discussion of theoretical 

uncertaintiesuncertainties

Two identical leptons in the Two identical leptons in the 

selection allows reduction of selection allows reduction of 

experimental uncertaintiesexperimental uncertainties

Does not help for ratio Does not help for ratio 

measurementsmeasurements



N ~ 
2
 2 (1   )

N ~ 2(1   )
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Understanding Muons with 1fb-1

TagTag andand ProbeProbe techniquestechniques onon thethe ZZ--

BosonBoson cancan bebe usedused toto determinedetermine thethe

leptonlepton reconstruction,reconstruction, triggertrigger andand cutcut--

efficienciesefficiencies onon finefine binningbinning (e(e..gg 5050 bins)bins)

withwith statisticalstatistical precisionprecision farfar belowbelow 11%%

SystematicSystematic uncertaintiesuncertainties ofof offlineoffline muonmuon

reconstructionreconstruction ~~00..55%%

SystematicSystematic uncertaintiesuncertainties ofof muonmuon triggertrigger

efficiencyefficiency ww..rr..tt.. offlineoffline <<00..55%%

IsolationIsolation CutCut efficiencyefficiency ~~11%%

MuonMuon MomentumMomentum ScaleScale andand ResolutionResolution

ScaleScale alreadyalready nownow knownknown toto ~~11%% levellevel

ResolutionResolution expectedexpected toto bebe knownknown toto <<55%%

NoNo significantsignificant impactimpact onon crosscross--sectionsection

measurementmeasurement
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Understanding Electrons with 1fb-1

TagTag andand ProbeProbe techniquetechnique inin electronelectron

decaydecay channelchannel moremore difficultdifficult (expected(expected

QCDQCD backgroundbackground isis significantlysignificantly

higher,higher, chargecharge misid,misid, ……))

ElectronElectron reconstructionreconstruction efficiencyefficiency (i(i..ee..

electronelectron container)container) alreadyalready knownknown toto atat

11%% levellevel andand willwill significantlysignificantly decreasedecrease

MCMC studiesstudies showshow thatthat thethe electronelectron

identificationidentification efficiencyefficiency cancan bebe

determineddetermined toto ~~11%%

UncertaintyUncertainty onon triggertrigger efficiencyefficiency

negligiblenegligible

ImpactImpact ofof ElectronElectron energyenergy scalescale andand

resolutionresolution uncertaintiesuncertainties inin

measurementmeasurement cancan bebe assumedassumed toto bebe

belowbelow 00..55%%



M. Schott (CERN) Page 13

Precision of Z-Boson Fiducial 
Cross-Sections with 1fb-1

Assuming only one Assuming only one 

lepton identification for lepton identification for 

1fb1fb--11 analysesanalyses

Conservative estimate Conservative estimate 

for enhanced bkg for enhanced bkg 

uncertainty 1% and uncertainty 1% and 

0.5% for e and μ0.5% for e and μ

Electron channelElectron channel

ΔσΔσZZ
fidfid/σ/σZZ

fid fid = 1.9%= 1.9%

Muon channelMuon channel

ΔσΔσZZ
fidfid/σ/σZZ

fid fid = 1.4%= 1.4%

Combination of Combination of 

electron and muon electron and muon 

channelchannel

ΔσΔσZZ
fidfid/σ/σZZ

fid fid = 1.2%= 1.2%

Electron Channel ΔCZ/CZ (0.3 pb-1) ΔCZ/CZ (1 fb-1)

Trigger <0.2 % <0.2%

Electron ID 8.8 % 1 %

Scale and Resolution 1.9 % 0.5 %

Problematic Regions in Calo. 2.7 % 1 %

Pile-Up 0.2 % 0.4 %

FSR-Modelling 0.3 % 0.3 %

Total Uncertainty 9.4 % 1.6 %

Muon Channel ΔCZ/CZ (0.3 pb-1) ΔCZ/CZ (1 fb-1)

Trigger 0.7 % 0.2 %

Muon ID 5.0 % 0.5 %

Scale and Resolution 0.7 % 0.5 %

Isolation Efficiency 2.0 % 1.0 %

Total Uncertainty 5.5 % 1.3 %
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Improving theoretical uncertainties (1/2)

ExpectedExpected largestlargest systematicsystematic atat 11fbfb--11::

theoreticaltheoretical uncertaintyuncertainty onon kinematickinematic

acceptanceacceptance correctioncorrection

CurrentCurrent theotheo.. uncunc.. onon acceptanceacceptance:: 33..44%%

PossiblePossible waysways toto improveimprove thisthis uncertaintyuncertainty

LargeLarge uncertaintyuncertainty arisearise mainlymainly fromfrom thethe

extrapolationextrapolation inin |η||η| (while(while ppTT hashas aa minorminor effect)effect)

ExtendExtend measurementmeasurement usingusing thethe ATLASATLAS forwardforward

calorimetercalorimeter whichwhich allowsallows anan electronelectron

identificationidentification upup toto |η|<|η|<44..99

ReduceReduce significantlysignificantly neededneeded extrapolationextrapolation

ConstrainConstrain uncunc.. onon AA alsoalso forfor μμ--channelchannel

MeasureMeasure doubledouble differentialdifferential crosscross--sectionssections forfor

WW++,, WW-- andand ZZ andand provideprovide newnew PDFPDF--FitsFits

LongLong termterm

AssumedAssumed uncertaintyuncertainty onon acceptanceacceptance AA forfor 11fbfb--

11:: 11--22%%
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Improving theoretical uncertainties (2/2)

OtherOther pathpath:: AvoidAvoid uncertaintiesuncertainties inin AA fromfrom thethe

beginningbeginning onon

NewNew versionsversions ofof NNLONNLO crosscross--sectionsection

programsprograms allowallow thethe calculationcalculation ofof fiducialfiducial

crosscross--sections,sections, ii..ee.. crosscross--sectionssections withinwithin thethe

detectordetector acceptanceacceptance

SeeSee forfor exampleexample FEWZFEWZ 22..00

httphttp:://arxiv//arxiv..org/pdf/org/pdf/10111011..35403540vv11

ProblemProblem:: nono partonparton

shower/resummationshower/resummation includedincluded:: leadsleads toto

anan unrealisticunrealistic ppTT distributiondistribution

StillStill preliminarypreliminary aa notnot studiedstudied inin detaileddetailed

byby ATLASATLAS

CrossCross--SectionSection predictionspredictions forfor fiducialfiducial cutscuts

(p(pTT>>2525,, |η|<|η|<22..55)) byby FEWZFEWZ 22..00

22--33%% systematicsystematic uncertaintyuncertainty duedue toto

PDFsPDFs

FEWZ 2.0

http://arxiv.org/pdf/1011.3540v1

http://arxiv.org/pdf/1011.3540v1
http://arxiv.org/pdf/1011.3540v1
http://arxiv.org/pdf/1011.3540v1
http://arxiv.org/pdf/1011.3540v1
http://arxiv.org/pdf/1011.3540v1
http://arxiv.org/pdf/1011.3540v1
http://arxiv.org/pdf/1011.3540v1
http://arxiv.org/pdf/1011.3540v1
http://arxiv.org/pdf/1011.3540v1
http://arxiv.org/pdf/1011.3540v1
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Target Precision for 2011

Combining the experimental Combining the experimental 

uncertainties on Cuncertainties on CZZ and the improved and the improved 

theoretical uncertainties on A lead to an theoretical uncertainties on A lead to an 

estimated precision of estimated precision of ~2%~2% on the on the 

measured Z/γmeasured Z/γ** crosscross--sectionsection

Using measured crossUsing measured cross--section to predict section to predict 

integrated luminosity requires the integrated luminosity requires the 

theoretical predicted crosstheoretical predicted cross--sectionsection

Using 68% confidence limit leads to a Using 68% confidence limit leads to a 

theoretical uncertainty of 2%theoretical uncertainty of 2%

We know that this is too optimisticWe know that this is too optimistic

Larger improvements expected when Larger improvements expected when 

using LHC data to constrain PDFsusing LHC data to constrain PDFs

Lower bound on crossLower bound on cross--section prediction section prediction 

given by renormalisation and factorisation given by renormalisation and factorisation 

scale uncertainties: 0.6scale uncertainties: 0.6--0.8%0.8%


