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Introduction
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• The large Higgs boson branching ratio to a W boson pair --> most suitable for 
the precision measurement of the Higgs boson production cross section .

• Direct handle on Higgs boson coupling to vector bosons .

• This analysis benefit from the data collected in Run II by the CMS experiment ; 
possible to probe various decay channels .

new

First observation of HWW. with 2016 
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http://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-19-017&tp=an&id=2294&ancode=HIG-19-017
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-16-042


Analysis Overview
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• Leptonic decay of associated boson is considered. Along 
with inclusive measurement, the production cross 
sections are measured according to a simplified 
template cross sections framework (STXS ).

• Four different final states ; WHSS and ZH3l are new 
channels ( were not considered in HIG-16-042 ).

• There are different challenges in each channel 
depending upon the dominating backgrounds , hence 
different approaches .

• Analysis is performed with the full Run II data collected 
by the CMS experiment at the center-of-mass energy 13 
TeV , which corresponds to luminosity of 137 fb − 1 .

WHSS WH3l

ZH3l ZH4l



WHSS
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Major : WZ, W + jets, and Vγ (∗)
Minor : WW, ZZ, VVV

Backgrounds

m̃H: Invariant mass of dijet and 2 x lepton—
Proxy for Higgs mass

• SR : (μμ, eμ) x (1j, 2j)
• CR : WZ (1j , 2j)

chosen lepton is the one closest to the di-jet (for 2j 
cat) or single-jet (for 1-jet cat) system.

Main uncertainties: non-prompt, statistical, background modeling



WH3l
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Major : Non-prompt (Z+jets, top) , WZ, ZZ, Vγ
Minor : VVV, WW, Vγ*

Backgrounds

• CR : WZ and Zγ

• To separate signal and background : multivariate Boosted 
Decision Tree (BDT) is used ; fit is performed to the BDT 
discriminant .

Main uncertainties: non-prompt, statistical, background modeling



WH3l
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Major : Non-prompt (Z+jets, top) , WZ, ZZ, Vγ
Minor : VVV, WW, Vγ*

Backgrounds

• CR : WZ and Zγ

• To separate signal and background : multivariate Boosted 
Decision Tree (BDT) is used ; fit is performed to the BDT 
discriminant .



WH3l
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Major : Non-prompt (Z+jets, top) , WZ, ZZ, Vγ
Minor : VVV, WW, Vγ*

Backgrounds

• CR : WZ and Zγ

• To separate signal and background : multivariate Boosted 
Decision Tree (BDT) is used ; fit is performed to the BDT 
discriminant .

Main uncertainties: non-prompt, statistical, background modeling



ZH3l
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Backgrounds

Major : WZ, Zγ, Non-prompt (Z+jets)
Minor : ZZ, VVV, ttZ

• Events are categorized based on the number of jets in the 
event, hence 1j , 2j signal region .

• CR : WZ (1j , 2j)

• fit is performed to the mT
H ; where mT

H = mT (l + MET , j(j))

Main uncertainties: non-prompt, (all) background modeling



ZH4l
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>

Backgrounds

Major : qqZZ , ggZZ
Minor : WZ, WW, V𝛾, top, ttV, VVV

• SR : XSF : same-flavor X lepton pair ; XDF : different-flavor X 
lepton pair (where X = lepton pair from the Higgs boson )

• CR : ZZ

• To separate signal and background : multivariate Boosted 
Decision Tree (BDT) is used ; fit is performed to the BDT 
discriminant .

Main uncertainties: QCD scale, lepton efficiencies, statistical, MET



ZH4l

28/04/2021 SM@LHC2021-Amandeep Kaur 11

Backgrounds

Major : qqZZ , ggZZ
Minor : WZ, WW, V𝛾, top, ttV, VVV

• SR : XSF : same-flavor X lepton pair ; XDF : different-flavor X 
lepton pair (where X = lepton pair from the Higgs boson )

• CR : ZZ

• To separate signal and background : multivariate Boosted 
Decision Tree (BDT) is used ; fit is performed to the BDT 
discriminant .

>



ZH4l
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Backgrounds

Major : qqZZ , ggZZ
Minor : WZ, WW, V𝛾, top, ttV, VVV

• SR : XSF : same-flavor X lepton pair ; XDF : different-flavor X 
lepton pair (where X = lepton pair from the Higgs boson )

• CR : ZZ

• To separate signal and background : multivariate Boosted 
Decision Tree (BDT) is used ; fit is performed to the BDT 
discriminant .

Main uncertainties: QCD scale, lepton efficiencies, statistical, MET

>



Results(Inclusive)
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Signal strength and Significance for separate channel and combined .

μ̂



Simplified Template Cross Sections (STXS)
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• The primary goals of the STXS framework are to maximize the 
sensitivity of the measurements and to minimize their theory 
dependence at the same time .

• Not sensitive to all bins, due to limited statistical precision --> merged , 
considered pT

V <(>) 150 GeV for WH and ZH .

Definition of pT
V

• WHSS :

• WH3l :

For W pT , pT (lW ) is used as a proxy .

• ZH3l , ZH4l :

Z pT is pT of OSSF lepton pair ; ml l  ~ mZ

N.B. : The fit to extract STXS uses the same background CRs , 
signal region categories and signal-discriminating kinematical 
observables as of inclusive measurement .



Results(STXS)
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Signal strength and Significance in each production mode

μ̂

μ̂

4.7σ (2.0 expected)

1.8σ (1.5 expected)

Signal strength and Significance combining the production modes 

>

Combined Signal strength



Summary
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• Presented the latest results in Higgs boson decaying to WW channel , where the associated boson is 
decaying leptonically is considered .

• Along with inclusive measurement , STXS measurements have been performed .The observed 
significance of the inclusive VH production cross section is 4.7σ, while the observed significance of 
the VH production cross section for pT

V < 150 (> 150 ) is 4.7σ(1.8σ).

• The combined signal strength of STXS differs from the inclusive result due to the STXS event 
categorization, although the two results agree within uncertainties.

Thanks for your attention !



Backup 
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Objects 2016 2017/2018

Electrons
mva_90p_Iso2016 + relIso + 

*ttHMVA > 0.7
Fall17V1Iso_WP90 + relIso

+ *ttHMVA > 0.7

Muons
Tight ID + Rochester

corrections + dz/dxy cuts
+ *ttHMVA > 0.8

Tight + dz/dxy cuts +
*ttHMVA > 0.8

Jets
Tight AK4 jets + lepton cleaning + loose PU ID +

JECs

b tag
deepCSV (medium for WHSS/ZH3l, loose for WH3l/

ZH4l)

MET PuppiMET

* not applied in ZH4l .
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Impacts of sources of systematic uncertainty on signal strength


