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  Content of this talk

● First measurement of Higgs properties in the H→WW→l𝝂l𝝂 channel at √s=13 TeV. [1] 

● Run 2 differential cross section measurement with respect to the Higgs boson 

transverse momentum and the jet multiplicity using 137 fb-1 of collected data. [2]

● Ongoing analysis with full Run 2 data.

[1] “Measurements of properties of the Higgs boson decaying to a W boson pair in pp collisions at √s=13TeV”.      
In: Physics Letters B 791 (2019), pp. 96–129. issn: 0370-2693.  arxiv.1806.05246

[2] “Measurement of the inclusive and differential Higgs boson production cross sections in the leptonic WW 
decay mode at √ s = 13 TeV”.  arxiv.2007.01984
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https://arxiv.org/abs/1806.05246
https://arxiv.org/abs/2007.01984
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  Introduction
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● Higgs boson decay into a pair of W bosons has one 
of the highest branching ratios at mH=125 GeV.

● Fully leptonic decay (H→WW→l𝝂l𝝂)  has a clean 
signal from the isolated leptons that allows the study 
of the Higgs boson in a variety of production modes.

  

● Good signal sensitivity despite the large background, 
but low resolution due to neutrinos in the final state.

● Signal strength modifiers and Higgs boson couplings 
have been studied with 2016 data and now we are 
exploiting the full Run 2.
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  HWW event description
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● Main backgrounds: 
○ Nonresonant WW production
○ DY (𝜏𝜏 for different-flavour leptons)
○ Top quark production (tW and ttbar)
○ Nonprompt lepton background

                        - Misidentified leptons or leptons from heavy-flavor hadron decays
                        - Mainly W+jets and ttbar events
                        - Validated with a control region of same-sign leptons

● Final state with two leptons (e or 𝜇) and 
missing energy from the two W bosons.

● Categories with same or different flavour 
leptons.

○ ggH categories 
○ VBF categories (two separated jets)
○ VH categories (2 jets or 3 or 4 leptons)

Dedicated control regions are used 
to estimate these two backgrounds
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  First measurement of HWW with Run 2 data
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● ggH, VBF and VH production modes.
● Categories according to number of jets and same/different flavour leptons.
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  Higgs signal strength multipliers and couplings
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𝝁comb = 1.28 +0.18/-0.17

Higgs coupling to fermions 𝝁F  and vector bosons 𝝁V 
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  Fiducial and differential measurements
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➢ Differential cross sections are measured in bins of some observables.
➢ Fiducial measurements extrapolate to a phase space that matches the experimental selections.

○ Reduce model dependence avoiding the extrapolation to the full phase space.

➢ We can extract more information from fiducial differential cross sections:
○ Testing SM predictions.
○ Performing measurements in phase spaces more sensitive to BSM effects.

➢ We use the Higgs boson transverse momentum and the jet multiplicity as observables. 
○ pT

H is a particularly interesting choice, since the SM d𝝈/dpT
H is computed up to NNLO 

in QCD and it is known to be sensitive to possible deviations from the SM.
○ Jet multiplicity depends on the relative contribution of the production mechanisms and 

is useful to probe perturbative QCD radiation effects.
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  Analysis strategy

Candidate events passing the ggH different-flavour selection are classified according to pT
H and Njet :

● pT
H is computed using the sum of the pT of the two leptons and the pT

miss .
● For Njet , only jets with pT > 30 GeV and |η| < 4.7 are considered.

Two variables, dilepton invariant mass mll  and the transverse mass of the Higgs boson mT
H  , have strong 

discrimination power against the background processes. The transverse mass is defined as:

● In each category the signal is extracted from fits to this two-dimensional distribution, using a 
combination of the background and signal templates.

8

Gluon fusion channel is the one with the highest cross section and sensitivity.
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  Event selection 
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● Top quark control region:
○ mT

l2 >30 GeV , mll  >50 GeV
○ 1 b-tagged jet with pT >30 GeV                  

(pT >20 GeV in the 0-jet categories)
● ggH signal region:

○ mll >12 GeV
○ mT

H >60 GeV, mT
l2 >30 GeV

○ no b-tagged jets with pT >20 GeV

● General selection:
○ 𝝁 and e with opposite charge
○ pT1 >25 GeV, |η1| <2.5
○ pT2

  >13 GeV, |η2| <2.5
○ Third lepton veto (pT3 <10 GeV)
○ pTll >30 GeV
○ Missing ET >20 GeV

● DY→𝜏𝜏 control region:
○ mT

H
 <60 GeV , 40 GeV <mll <80 GeV 

○ no b-tagged jets with pT >20 GeV   

Additionally, two control regions are defined 
to constrain background contributions:

with mT
l2 =

The fiducial region is defined using the 
general selection + signal region criteria
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  Analysis categories

To maximize the sensitivity to the signal, events in each bin of the basis observables  pT
H and Njet are 

further categorized by the properties of the two lepton candidates:

● e𝝁 / 𝝁e  , depending on the leading lepton  → to further isolate nonprompt lepton background
● pT2 ≥20 GeV / pT2 <20 GeV                           → low pT2  region has higher signal/background ratio

Bins with lower number of events are not split into 4, but into 3 (no flavour division at pT2 ≥20 GeV),        
2 (no division in flavour) or 1 (no splitting) instead:

10

pT
H (GeV) 0-20 20-45 45-80 80-120 120-200 >200

categories 4 4 4 3 2 2

Njet 0 1 2 3 ≥4

categories 4 4 2 1 1
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  Signal region mll distributions 
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1D mll histograms integrated in mT
H
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  Unfolding and regularization 

● Signal events from one generator-level bin (i) contribute to multiple reconstructed-level bins in the 
mll : mT

H templates, which are all scaled together by the same signal strength multiplier μi . 
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● The unfolding procedure can be highly sensitive to statistical fluctuations in the observed 
distributions, and for the pT

H measurement there are large migrations due to poor pT
miss resolution.

○ To mitigate this effect, a regularization procedure is introduced to obtain the final result.
○ This regularization term acts as a smoothing constraint, reducing unphysical anticorrelations.

● By performing one simultaneous maximum likelihood fit over all reconstructed-level bin histograms, 
signal strength modifiers of the generator-level observable bins can be determined. 
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  Uncertainties
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Sources of experimental uncertainties:
● Integrated luminosity
● Trigger efficiency
● Lepton reconstruction and

identification efficiencies (1-2%)
● Lepton momentum scale
● Jet energy scale
● ET

miss scale (1-10%)
● b-tagging
● Pile-up reweighting

Sources of uncertainties in the background modeling:
● Control region/ signal region for top quark and DY 
● Top quark pT reweighting
● Single top / ttbar cross section ratio
● WW NNLL resummation
● Nonprompt lepton background estimation (5–10%)
● WZ and Wɣ* scale factors

Sources of theoretical uncertainties:
● PDF
● Renormalization and factorization scale
● Parton shower modeling
● Underlying event modeling



4th Red LHC workshop| 4th November, 2020                    Adrián Álvarez Fernández (CIEMAT) 14

  Fiducial differential cross section results 

Good agreement 
with theoretical 

predictions

1.4 𝝈 is the largest 
deviation, in the 
≥4 jet bin 
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  Next results in SM H→WW analyses in CMS

● The H→WW→l𝝂l𝝂 group is currently in the latest stages of analyzing the full Run 2 data.

● One new result will be the measurement of stage 1.2 Simplified Template Cross Sections (STXS).
○ Measurement performed in phase space regions, with same definition in CMS and ATLAS.
○ Complementary measurements with respect to differential analyses.
○ Reduce theory uncertainties while maximizing the sensitivity of the analysis.
○ Binning schemes for each production mode, defined in stages of increasing granularity.
○ Allows combination between analyses using different decay modes (e.g. ZZ, ɣɣ, 𝜏𝜏, WW).
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Work in progress

𝝁comb = 1.00 +0.11/-0.10 not data, 
𝛔=𝛔SM

  STXS expected signal strength uncertainties (ggH)
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High pT
H region, 

probing SM

Overlap with VBF and VH in 2-jets

ggH 0 and 1 jets

● Uncertainties of the order of 10% for the 
combination of the bins.

● For regions with uncertainties over 100%, 
(low statistics) bins can be merged. 

137 fb-1
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  Summary and conclusions

● After the first measurement at 13 TeV of Higgs signal strength multipliers and couplings, 
the SM H →WW group of CMS has produced a fiducial differential measurement using 
137 fb-1 of data.
○ Differential measurement with respect to pT

H and Njet.
○ Events selected targeting the gluon fusion production mode.
○ Final state with two different-flavour leptons and missing energy.
○ Cross section obtained in agreement with the SM theoretical prediction.

● Work in progress: full Run 2 measurements of the ggH, VBF and VH production modes.
○ New results will include a measurement with a divided phase space, using                                                                                            

the Simplified Template Cross Section framework.

17

Thank you for 
your attention!
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Backup
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Backup
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  Higgs couplings in first Run 2 measurement of HWW
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kappa framework:
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  Signal extraction

Higgs differential production cross sections are inferred from signal strength modifiers                     
extracted from a simultaneous maximum likelihood fit to all bins and categories. 

This is the likelihood function:

20

constraints on the systematic 
uncertainties, taken as nuisance 
parameters 𝜽 

n data events in bin j 
(mll and mT

H bin)

response matrix luminosity fiducial
cross section

nonfiducial 
cross section

regularization factor that reduces large 
fluctuations among neighboring bins 
applied only in pT

H  measurement
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  Regularization procedure

● The unfolding procedure can be highly sensitive to statistical fluctuations in the observed 
distributions, and for the pT

H measurement there are large migrations due to poor pT
miss resolution.

● To mitigate this effect, a regularization procedure is introduced to obtain the final result.

21

➢ This regularization term acts as a smoothing 
constraint, reducing unphysical anticorrelations.

➢ δ is optimized by minimizing the mean of the 
global correlation coefficient.

Regularized

UnregularizedCorrelation among the signal strength 
modifiers for pT

H bins
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Correlation matrix among Njet bins
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  Table of yields

23



4th Red LHC workshop| 4th November, 2020                    Adrián Álvarez Fernández (CIEMAT)

  Fiducial differential cross section results
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