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Introduction
• The H->WW channels take advantage of the large branching ratio for Higgs 

bosons decaying to WW when mH ≥ 130 GeV

• The ggF (gluon fusion, gg → H) production process, the VBF (vector boson 
fusion, qq′ → qq′H) and the WH/ZH (qq′ →WH,ZH) production processes 
where the vector boson decays to a qq ̄ pair are considered

• signature : high pT lepton pair and large missing transverse momentum , 
background is an issue

• Analysis uses 2.1 fb-1 data taken from 7TeV LHC in summer

• Search range is 110-300 GeV
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H → WW(∗) → lνlν selection
Trigger and object definition

• Trigger

• Electron with ET of at least 20 GeV,  22 GeV toward end of considered data period

• Or muon with pT of at least 18 GeV,  identification criteria tightened toward end of 
considered data period

• Electron 

• Clustered energy deposits in the EM calorimeter with an associated track 

• Energy measurement is taken from the EM calorimeter, the pseudorapidity η and 
azimuthal angle φ are taken from the associated track

• |η| < 2.47, outside 1.37 < |η| < 1.52

• A tight set of identification cuts with an efficiency of 71% for electrons with ET > 20 GeV. 

• Muon

• Combined tracks in the inner detector and muon spectrometer, efficiency of this 
reconstruction is 92% for muons with pT > 20 GeV

• Quality cuts on the number and type of hits in the inner detector 

• |η| < 2.4

• Common on muon and electron

• transverse impact parameter significance ≤ 10σ 

• Impact parameter along the beam direction ≤ 10 mm

• Scalar sum of energy of tracks nearby ∆R =0.2, pTtrack < 0.1*pT, ETcalo < 0.15*pT
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• The events are selected requiring two leptons and large ETmiss ( missing transverse momentum)

• Exactly two opposite sign leptons (e or μ). The leading lepton pT > 25 GeV. Sub-leading 
muon (electron) pT > 15 (20) GeV.

• For same flavor leptons, require mll (invariant mass of 2 leptons) > 15 GeV 

• and |mll − mZ | > 15 GeV. For eμ channel, just require mll > 10 GeV.

• Require ET,relmiss > 40 GeV (ee, μμ) or ET,relmiss > 25 GeV (eμ).

• ET,relmiss  =ETmiss                , if ∆φ ≥ π/2  

• ET,relmiss  =ETmiss · sin ∆φ ,   if ∆φ < π/2   ∆φ = min(∆φ(ETmiss, l), ∆φ(ETmiss, j))

H → WW(∗) → lνlν selection
Dilepton and ETmiss 

 [GeV]T,rel
missE

0 20 40 60 80 100 120 140 160 180 200

Ev
en

ts
 / 

4 
G

eV

-110

1
10

210

310

410

510

610

710

810  Data  stat) SM (sys 
 Diboson  Top
 Z+jets  H [150 GeV]
 W+jets

ATLAS Internal
-1 L dt = 2.05 fb = 7 TeV, s

eeWWH

 [GeV]T,rel
missE

0 20 40 60 80 100 120 140 160 180 200

Ev
en

ts
 / 

4 
G

eV

-110
1

10

210

310

410

510

610

710

810  Data  stat) SM (sys 
 Diboson  Top
 Z+jets  H [150 GeV]
 W+jets

ATLAS Internal
-1 L dt = 2.05 fb = 7 TeV, s

µµWWH

ee channel eμ channel μμ channel

 [GeV]T,rel
missE

0 20 40 60 80 100 120 140 160 180 200

Ev
en

ts
 / 

4 
G

eV

-110

1

10

210

310

410

510  Data  stat) SM (sys 
 Diboson  Top
 Z+jets  H [150 GeV]
 W+jets

ATLAS Internal
-1 L dt = 2.05 fb = 7 TeV, s

µeWWH

4ET,relmiss distribution before cut applied in 3 channels

Wednesday, November 2, 2011



• Jet selection: pT >25 GeV, |η|<4.5

• Analysis separate in 0 jet, exactly 1 jet and at least 2 jets cases after ETmiss cut defined previously

• Common topological cuts applied to all jet bins 

• mH < 170 GeV

• mll < 50 GeV

• Δφll< 1.3

• 0.75* mH < mT <mH

• 220 GeV> mH ≥ 170 GeV

• mll < 65 GeV

• Δφll< 1.8

• 0.75* mH < mT <mH   

• mH > 220 GeV

• 50 < mll < 180 GeV

• 0.6* mH < mT <   mH

H → WW(∗) → lνlν selection
Separate jet bins

mT = √(Ell  + ETmiss)2 − (Pll + Pmiss)2
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• pTll > 30 GeV

• common topological selection defined previously

H → WW(∗) → lνlν selection
0 jet bin selection
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• reject b-jet 

• pT(total) <30 GeV (including lepton, jet and 
MET)

• common topological selection

• Z->ττ rejection 

• assume invisible and visible products of τ 
are collinear, energy fraction of visible 
product x1 >0, x2 >0, |Mττ-Mz| >25GeV )

H → WW(∗) → lνlν selection
1 jet bin selection
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Background estimation
• WW

• Irreducible

• Normalized using control region in data

• Top

• Arising from losing jets

• Normalized using control region in data

• W+jet

• Misidentified leptons from jets

• Scaling control region in data using jets enriched lepton selection

• Z+jet

• Fake missing ET

• Apply scale factors for potential Missing ET mis-modeling
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WW estimation
• MC prediction is normalized to data using control region

• Control region

• Remove Δφll and mT cuts

• mll >80 GeV (mH < 220 GeV)

• mll >180 GeV or mll < 50 GeV (mH ≥ 220 GeV)
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Top estimation
• 0 jet analysis

• NData is top events from data after preselection, other 
background contribution is extracted using MC

• SF is from control sample, asking b-tag jets.

• prob jet defined as jet with dR>0.1 to the b-jet

• SF=(Pbtag,data / Pbtag,MC)2, Pbtag is the fraction of events 
with no prob jet in data or simulation

• 1 jet analysis

• The top background MC prediction is normalized to the 
data using a control sample defined by reversing the b-
jet veto cut and removing the cuts on ∆φll, mll, and mT

10Control region cut flow result

Control region prob jet multiplicity
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Standard Model Limit

• The jump in the expected and observed limits at 220 GeV is due to the 
change in the selection at that point.

• Observed 95% CL exclusion with CLs: 154-186 GeV 

• Expected exclusion: 135-196 GeV
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Summary

• H→WW→ lνlν analysis done with 2.1 fb−1 

•  95% CL exclusion region between 
154-186 GeV 

•  Slight excess above background observed 
in low mass region

• Corresponding to ≈ 2σ
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My contributions since April 2011

• Cut flow with baseline selection

• Optimization of the track and calorimeter isolations as a function 
of different cone size as well as in presence of different pile-up 
conditions

• Study of muon-jet overlap which results in bin migration in the 
analyses 0-jet, 1-jet, 2-jets

• Optimization of the muon term in ETmiss calculation:

• adding tagged muons

• quality cuts on standalone muons

• For combined muons, select muons with the best ID/MS 
resolutions

13

Wednesday, November 2, 2011


