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Introduction to V(H → WW*)

● WH and ZH have 3rd and 4th highest cross-sections at the LHC for mH ~ 125 GeV

● H → WW* 2nd largest branching fraction for mH ~ 125 GeV

● Access to tree-level Higgs-Vector boson coupling strength (κV)

● Run 1 V(H → WW*) paper on arXiv (arXiv:1506.06641) and accepted by JHEP

http://arxiv.org/abs/1506.06641
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Global analysis strategy in Run1
Two fully leptonic and two semi-leptonic channels:

W(H → WW*) → lvlvlv
3 lepton analysis

Z(H → WW*) → lllvlv
4 lepton analysis

W(H → WW*) → lvlvqq
Same sign dilepton analysis

W/Z(H → WW*) → qqlvlv
Opposite sign dilepton analysis

● Use lepton multiplicity and charge 
to divide processes into different 
signal regions

● Cut & count experiments with each 
process also having several signal 
regions (jet multiplicity, lepton 
flavour, etc)

● Shape fit only in WH channel with 3 
lepton final state

● Signal region selections optimized 
independently

● Combine results with ggF and VBF 
analysis for couplings measurement
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WH → 3 lepton analysis
● Major backgrounds are WZ/Wy*, ZZ*, VVV

● Split into Z enriched and Z depleted regions using number of 
same flavour (SF) opposite sign (OS) lepton pairs

● Both cut&count and shape fit (BDT) analyses

ΔRl0l1
(Z depleted region)

BDT score
(1SFOS SR)

Signal Tot. Bkg Observed

3SF SR 0.7 ± 0.1 22 ± 4 22

1SFOS SR 1.6 ± 0.2 34 ± 6 38

0SFOS SR 1.4 ± 0.2 12 ± 2 14

Event yields (8 TeV)

SR selections

Boxed cuts are unique/important to the 
analysis

Backgrounds in bold are normalized via a CR
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ZH → 4 lepton analysis
● Main background is ZZ*

● Split SR into 1SFOS and 2SFOS to better control ZZ* bkg

● Require small Δφ between Higgs cand. leptons

Δφl0l1 in 1SFOS SR
(increased stats)

M4l in ZZ* CR

Signal Tot. Bkg Observed

2SFOS SR 0.20 ± 0.03 1.30 ± 0.23 0

1SFOS SR 0.23 ± 0.03 0.41 ± 0.09 3

Event yields (8 TeV)

SR selections
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W/ZH → DFOS dilepton analysis
● Major backgrounds are top and Z → τ τ

● Only consider eμ events to suppress ZDY

● Require dijet invariant mass close to W/Z mass

● VBF contamination suppressed by reversing VBF selections

WH ZH* Tot. Bkg Observed

DFOS SR 1.5 ± 0.1 0.67 ± 0.04 50 ± 5 63

Event yields (8 TeV)

SR selections

MT (all SR selections 
except MT)

ΔYjj in Z+jets CR

*ZH contamination in the 3l and SS dilepton analysis is less than 10%
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WH → SS dilepton analysis
● Major backgrounds are W+jets, WZ/Wy*, Wy

● Require SS leptons to suppress SM backgrounds

● Include 1 jet events, often lose a jet in signal for W* → qq

● Split SR by jet multiplicity and lepton flavor

MljjMin in SS 2jet SR
(after Etmiss cut)

Δφll in Wg CR

SR selections

Signal Tot. Bkg Observed

1 jet SR 2.04 ± 0.30 44 ± 6 62

2 jet SR 1.04 ± 0.18 21 ± 5 25

Event yields (8 TeV)
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Combined H → WW Results (mH = 125.36 GeV)

Fermionic vs Bosonic coupling strength 
likelihood

ZH vs WH signal strength likelihood

Significance and signal strength summary table (7 + 8 TeV)

ggF+VBF 5.8 6.1 1.09 ± 0.23 (stat+syst)
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THANK YOU!
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BACKUPS



Joe Taenzer (University of Toronto) 11

MC generators
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Background modeling

Background modeling summary table

● Many backgrounds are shared, but contribute differently to the different SRs

● CRs are used to normalize important backgrounds

● Fake lepton backgrounds (W+jets and QCD dijet) are estimated using a data driven technique
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Control region definitions (3l and 4l)
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Control region definitions (dilepton)
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Control region event yields
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CR distributions (3l)
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CR distributions (4l)
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CR distributions (DFOS)
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CR distributions (SS)
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Systematic uncertainties
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Event yields
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Kinematic variable distributions (3l)
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Kinematic variable distributions (4l)
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Kinematic variable distributions 
(DFOS)
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Kinematic variable distributions (SS)
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VH Results (mH = 125.36 GeV)

VH vs VBF signal strength likelihood

Significance and signal strength summary table (7 + 8 TeV)

VH vs ggF signal strength likelihood
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