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Higgs boson propertiesHiggs boson properties

The measurement of the Higgs boson properties is one of the main goals of the LHC 
Run2.

Optimal test of Standard Model (SM) predictions.

Beyond the Standard Model (BSM) contributions can have effects of about 1-10% on the 
Higgs boson couplings.

   arXiv:1310.8361 – mNP~1 TeV

Effects of some BSM models on 
the Higgs boson couplings

H→WW is a key channel for the measurement of the Higgs boson couplings and 
properties.

https://arxiv.org/pdf/1310.8361.pdf
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IntroductionIntroduction

Decay mode with second largest BR

In this talk:
Focus on the fully leptonic final state

New 13 TeV results based on an integrated luminosity of 35.9 fb-1.

CMS-HIG-16-042 – arXiv:1806.05246 – submitted to PLB
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Higgs boson production at LHCHiggs boson production at LHC

Gluon fusion (ggH)
Sensitive to Higgs couplings 
with fermions (t, b quarks).

Vector boson fusion (VBF)
Sensitive to the coupling with W and Z.

Top associated production (ttH)
Sensitive to the direct coupling 

with top quark.

Vector boson associated prod. (VH)
Sensitive to the coupling with W and Z.

Enough statistics to tackle all the main 
production modes.

See C. Pardo’s 
talk
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The H→WW→2ℓ2ν channelThe H→WW→2ℓ2ν channel

Large signal yield.

Good sensitivity to the Higgs boson couplings.

Clean experimental signature.

The presence of two neutrinos prevents the 
reconstruction of the Higgs boson mass.

Higgs boson has spin 0:
→ the leptons are preferentially 
emitted close to each other.

→ Small dilepton mass (mll).

H
W+ W-

W-

ℓ-ν
W+

ℓ+ν
spin 1 spin 1

spin 1/2 spin 1/2 spin 1/2 spin 1/2

2 isolated leptons (electrons or muons) with opposite charge.
Moderate MET.
Number of jets depending on the production mode.
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Main backgroundsMain backgrounds

Drell-Yan

Very large in the same flavour 
final state.

Nonprompt
One jet can be misidentified as a 

lepton. Reduced with lepton ID and 
isolation.

Contribution also from semi-
leptonic tt.

Totally data-driven with fake rate 
method.

Other backgrounds: single-top, gg→WW, Wγ(*), WZ, ZZ, VVV (V=W,Z).

Top quark and DY background normalization taken from data using dedicated control regions.
WW background normalization free-floating in the fit.

 signal and WW have different kinematic distributions.

Non-resonant WW tt
Very large cross section. 

Same final state as the signal 
process + 2 b-jets.

Reduced vetoing b-jets

Same final state as the signal 
process.
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Highlights from Run1Highlights from Run1

JHEP09(2016)051JHEP03(2017)032

JHEP01(2014)096

Many interesting results from Run1!
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H→WW→2ℓ2υ at 13 TeVH→WW→2ℓ2υ at 13 TeV

Preselection:
2 opposite charge leptons with pT1>25 GeV and pT2>10(13) GeV for μ(e)

MET>20 GeV, pTℓℓ>30 GeV

b-tagged jet veto → reduce the top quark background

Main systematics: lepton reconstruction, background data driven estimation and 
ggH theoretical uncertainties.

Number of 
leptons

WH→ 3l ZH→4l
Number 
of jets

2 leptons
3 leptons

4 leptons

0 jets
1 jet 2 jets

Flavour of 
lepton pair

Flavour of 
lepton pair

SF DF SF DF

ggH-tag ggH-tag ggH-tag ggH-tag

mjj and Δηjj

ggH-tag VBF-tag VH-tag

SF: Same Flavour (ee/μμ)
DF: Different Flavour (eμ)

Events split into 30 categories

CMS-HIG-16-042
 arXiv:1806.05246 – submitted to PLB
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ggH-tagged categoriesggH-tagged categories

Main discriminating variables: mll and mT

2D MC template fit in the ggH-tagged DF categories.
Event counting in ggH-tagged SF categories (optimized using a BDT).

0, 1 and 2 jets categories to tackle top quark background.
Events split according to lepton pair flavour and charge

e+μ-, e-μ+, μ+e-, μ-e+, e+e-, μ+μ-

Events further split according to the subleading lepton pT (pT2><20 GeV).

0-jet pT2<20 GeV 0-jet pT2>20 GeV

Reduce nonprompt 
background
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VBF-tagged categoriesVBF-tagged categories

S/B enhanced by selecting events with VBF topology

mjj>400 GeV and |Δηjj|>3.5

MC template fit of the mll distribution in 2 mjj categories.

Exploit different signal and background composition to gain sensitivity.

400<mjj<700 GeV mjj>700 GeV
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VH-tagged categoriesVH-tagged categories

3 different categories aiming at 3 different final states:

VH-tagged with V→hadrons, H→WW→2l2ν

3 lepton WH-tagged with W→lν, H→WW→2l2ν

4 lepton ZH-tagged with Z→2l, H→WW→2l2ν 

Shape analysis based on mll

Shape analysis based on min(ΔRll)

Event counting analysis

2-jet VH-tagged 3-lepton WH-tagged

Additional event splitting in WH- and ZH-
tagged categories according to the flavour 

and charge of the leptons.
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Signal strength measurementsSignal strength measurements

Signal strengths (σ/σSM) measured from a simultaneous binned likelihood fit of all 
signal and control regions.

Different fits to measure σ/σSM per-category or per-production mechanism.

First H→WW 
observation in CMS!

Significance computed in the asymptotic approximation.
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Signal strength measurementsSignal strength measurements

Fiducial cross sections measured 
for 5 signal processes:

ggH, VBF, W(→lν)H, Z(→ll)H, 
V(→had)H  

Signal processes defined 
requiring |yH|<2.5 at generator 
level.

SM prediction for signal cross 
sections taken from LHC Higgs 
XS WG (YR4).

Measurement of the fiducial cross sections in the “stage-0” simplified template cross 
section framework.
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Measurement of the Higgs couplingsMeasurement of the Higgs couplings

Measurement of the Higgs boson couplings to fermions and vector bosons:

μ
F
, μ

V
: signal strengths associated to ggH and VBF/VH

κ
F
, κ

V
: coupling constants associated to fermionic and bosonic processes, as defined in the 

“kappa” framework.

Compatibility with SM within 2σ
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ConclusionsConclusions

H→WW is one of the most promising channels for the measurement of Higgs 
production cross section and couplings.

First observation in CMS of the 
H→WW channel made with Run2 
data.

Various interesting measurements 
confirm the SM predictions.

Key contribution to the CMS Higgs 
combination measurement.

The results showed some tensions that 
have to be monitored with more data.

Many categories still limited by statistical 
uncertainty.

More data → full characterization of the Higgs boson properties.

Stay tuned for new results!

See N. Wardle’s 
talk
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Event requirementsEvent requirements
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Event requirementsEvent requirements
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Event requirementsEvent requirements
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Event requirementsEvent requirements
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YieldsYields
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YieldsYields
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Likelihood scanLikelihood scan
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Signal regionsSignal regions

0-jet pT2<20 GeV 0-jet pT2>20 GeV
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Signal regionsSignal regions

1-jet pT2<20 GeV 1-jet pT2>20 GeV
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Signal regionsSignal regions

2-jet ggH-tagged

2-jet VH-tagged
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Signal regionsSignal regions

2-jet VBF-tagged
low mjj

2-jet VBF-tagged
high mjj
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Signal regionsSignal regions

3-lep WH-tagged
OSSF

3-lep WH-tagged
SSSF
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Analysis strategyAnalysis strategy

Exploit the signal kinematics to reduce 
background contamination

Dilepton invariant mass m
ll

Transverse mass m
T

Split in categories with different jet 
multiplicity

0 jets, 1 jet, >= 2 jets, 2 jets with VBF topology

Define control regions to measure the main 
backgrounds directly using data

Top → e.g. invert the b-veto requirement

WW → large m
ll
 and small m

T
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Run 1 ATLAS and CMS combinationRun 1 ATLAS and CMS combination

Most precise signal strength 
measurement comes from H→WW

ATLAS CMS

JHEP08(2016)045
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Ratios of production 
cross sections and 
branching fractions.

Run 1 ATLAS and CMS combinationRun 1 ATLAS and CMS combination
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