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• Test of the Standard Model at the highest energies ever

● Measurement of the self-interaction boson coupling (TGC) could be a candle of new 
physics

• This process is a background for several analysis

 Precision measurements in the SM (top, Electroweak) 

 Higgs (H → WW), SUSY and other New Physics searches

Introduction: Theory – WW Production

[*] J. M. Campbell, R. K. Ellis and C.Williams,``Vector boson pair production at the LHC,'' JHEP 1107, 018 (2011)

[*]

file:///Users/jorda/Desktop/cpan/%23P%C3%A1gina%2093
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• WW Process: production modes

 Quark – antiquark annihilation: qq → WW ( 97 %)

 Gluon – gluon fusion: gg → WW (   3 %) 

Introduction: Theory – WW Production

s – channel

Suppressed by two 
powers of αS

t – channel
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Introduction: Signal

2 hight pT leptons
with opposite sign 

Large missing
transverse energy
MET because of 

undetected neutrinos

No hard jet activity

• Experimental Signature for WW → llνν. BR (W → lν ) = 0.1080 

• Major backgrounds:

 Drell-Yan, ttbar, tW, W+jets, W+γ*

 Estimated from control regions on Data

• Others (WZ/ZZ, Wγ) from MC
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Selection

• Inclusive cross section estimated as:

Ndata: Data yield
Nbkg: Expected Background
Lint: Integrated luminosity
ε: signal efficiency
BR: W → lν branching ratio

 We need to extract the number of signal events, Nsignal = Ndata – Nbkg

 Try to be as pure as possible, maximal background rejection

 Optimized selection to increase signal significance

 Four leptonic final states  (channels) studied

μμ μe eμ eetotal = + + +
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Only 2 high p
T
 (20 GeV) isolated

 leptons with opposite sign

Reject events consistent
with Z boson mass for SF channels 

Require high missing 
transverse energy, MET

Veto events with high p
T
 jets (30 GeV)

Veto events with soft muon or
low p

T
 jets b-tagged

Kinematical cuts
i.e. on p

T 
(ll) 

SF : Same flavour final state (mm, ee)
OF: Opposite flavour final state (me, em)

Reduce diboson WZ and ZZ
and W+jets and QCD

Reduce Drell–Yan
and peaking WZ / ZZ

Reduce Drell–Yan

Reduce Drell–Yan
and peaking WZ / ZZ

Reduce top quark backgrounds:
ttbar and single top, tW

Reduce remaining Drell-Yan
and W+jets

Selection
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Signal Efficiency

• We need to measure correctly the efficiency for signal selection

 Estimated from Monte Carlo simulation

 Correct lepton efficiencies on MC with data measurements with scale factors 
(identification) or weights (trigger) – Tag & Probe with Z boson

 Estimate also the scale factor the central jet veto (CJV) efficiency
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Background estimation

• Precise measurement of the backgrounds

 Top processes: ttbar and single-top (tW)

 Drell-Yan (ee and μμ final state)

 W+jets

 W+γ*

 WZ and ZZ

 W+γ

 Drell-Yan (ττ final state)

Estimated from Control
Regions on Data

(Data Driven Methods)

Estimated from Monte
Carlo simulation
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• Fake Rate (FR) method

● Measure, in a QCD data enriched sample, the probability (FR) for a loose lepton object 
to pass the tight requirements used in the selection

● Background estimation derived by weighting events in a 'tight+fail ' sample 

 

Background estimation: W+jets

Data 
'tight lepton 

+
 fail lepton'

Estimated
W+jetsFake Rate

weighting ...
QCD Data

Measure
FR (pT,η)

• Systematic error 36%

 Differences in jet composition in the QCD-enriched 
control region sample and the W+jets in the analysis 
sample

 Closure Test on Same Sign Data events
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Background estimation: Top processes

Data
Control region 
Top tagged events

Estimated
top events

εtop

1-εtop

weighting ...

Data top enriched
Measure top 

tagging efficiency
εtag

Estimate efficiency
for tagging top events

εtop

● Systematic error 18%

 Top tagging efficiency

 tt/tW cross-section 

 Control region statistics 

• Top reduction: apply soft muon veto and low pT jet top-tagging → tag a soft jet 

• Measure the efficiency to tag a soft jet on Data and estimate the final top veto efficiency in 
the WW region

• Extrapolate from a control region in Data, enriched in  tt/tW, 

by inverting the veto
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• Estimate Drell-Yan contribution from a signal-free region (based on mZ) 

Background estimation: Drell-Yan

 Estimate the ratio of Drell-Yan events outside/inside 
the Z mass region

 Count the number of events on data inside 
that region corrected for:

• ZZ/WZ (real MET, MC predicted)

• non-peaking backgrounds as Neμ data events 

k corrected:

• Systematic error 50%

 Rout/in estimation

 Control region sample statistics

• Extrapolate to the signal region
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• W+γ*: Use a data driven method to estimate the k-factor to correct for the NLO cross-
section

• WZ and ZZ backgrounds are estimated directly 

from MC simulation

• The Drell-Yan → ττ is also estimated from MC

 Cross-check result on Data using the embedding method

 Take kinematics from well reconstructed Z(μμ) events in data 

 Replace muons with taus from simulation and repeat reco

Background estimation: Others

 Select a pure W+γ* region (dedicated cuts to reject 
backgrounds)

 Using the l±μ+μ- final state a k-factor of 1.5 for the 
cross section is found, when comparing SS and OS 
number of events on Data
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Systematic uncertainties

• As shown, several sources of systematics considered

 Experimental: order of the few percent (momentum scale, MET resolution, etc ...)

 Theoretical: PDF and higher order corrections (few percent for qq production)

 Major source for WW efficiency is the jet veto uncertainty

 Data Driven methods: from 18 % for Top to 50% for Drell-Yan 

 Luminosity: 4.4% @ 8 TeV (2.2% @ 7 TeV)

 
given
in %
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Results – WW 2011 @ 7 TeV 

Backgrounds scaled
by control regions on

data estimations

Distributions after
signal selection

for 4.92 /fb for the
inclusive final state

Leading pT Trailing pT

Dilepton pT mll
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Results – WW 2012 @ 8 TeV  

Backgrounds scaled
by control regions on

data estimations

Distributions after
signal selection

for 3.54 /fb for the
inclusive final state

Leading pT Trailing pT

Dilepton pT mll
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Results 

   Results for 7 TeV with 4.92 /fb                   Results for 8 TeV with 3.54 /fb       
          

 

Theoretical: σNLO = 47.0 ± 2.0 pb [*]

     52.4 ± 2.0 (stat.) ± 4.5 (syst.) ± 1.2 (lumi.) pb   

[*] J. M. Campbell, R. K. Ellis and C.Williams,``Vector boson pair production at the LHC,'' JHEP 1107, 018 (2011)

Theoretical: σNLO = 57.3            pb [*]
+2.0
- 1.6

69.9 ± 2.8 (stat.) ± 5.6 (syst.) ± 3.1 (lumi.) pb 
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Results – CMS & ATLAS 

D. Evans @ HCP2012

• Both CMS and ATLAS observe an excess above theoretical prediction 

 Difference between 8 TeV result and theory value is (22 ± 13)%
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Results – CMS & ATLAS 

• Understanding these excess from SM will rely on

 Proving that the SM predictions are accurate

 Increase the statistics and reduce the systematics

• Missing some WW contributions at higher order?

 Double-parton-scattering, Diffraction, γγproduction …

• Missing backgrounds?

 Could be introducing the observed bias

M.L. Mangano @ HCP2012
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Conclusions

• The cross section for the WW process was measured in the fully leptonic final state for 
the full 2011 dataset at a center of mass energy of 7 TeV and for the first 3.54 /fb 2012 
data at 8 TeV

σWW = 52.4 ± 2.0 (stat.) ± 4.5 (syst.) ± 1.2 (lumi.) pb

σWW = 69.9 ± 2.8 (stat.) ± 5.6 (syst.) ± 3.1 (lumi.) pb

• The value for 7 TeV is 1-σ deviated from the theoretical prediction of 47±2.0 pb

• For 8 TeV, more than 1-σ deviated from the prediction of 57.3         pb

• Need to understand these excess: ongoing 

• Benchmark analysis for the Higgs searches in the H → WW channel

 Fully understanding of the main irreducible background

 Validity of the methods

+2.0
- 1.6

CMS-SMP-12-005

CMS-SMP-12-013
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Back-up slides
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Results – CMS & ATLAS 

M.L. Mangano @ HCP2012
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Signal Efficiency: Jet Veto

● We measured the jet veto efficiency on Data events and compare with MC

● Select a clean Z sample

 Do not apply MET cuts

 Look at the Z boson mass window

● Jet veto efficiency for signal on Data events

 ε
WW

 = ε
W W

 MC (ε
Z

data/ε
Z

MC)

• Scale factor found to be near to one

 Assign a systematic on the measurement
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Signal Efficiency: Jet Veto Systematics

• Jet veto efficiency: ε
WW

 = ε
WW

MC (ε
Z

data/ε
Z

MC)

• We studied the theoretical uncertainty from the ratio ε
WW

MC/ε
Z

MC

 Vary the normalization (μR) and factorization (μF) scales by 0.5 and 2 times nominal

● Take ratio of maximum WW and minimum Z and vice versa wrt nominal

• The systematic for jet veto efficiency 

is 4.6% for 30 GeV jets based on MCFM 
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