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Review of H→WW analysis in CMS 
and prospect for the full Run2 analysis
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Introduction

• H →WW is a crucial channel for the measurement of the 

Higgs boson couplings and properties.

• In this talk:

− Only fully leptonic state.

− 13 TeV results based on 2016 dataset of  35.9 fb-1 by CMS.

CMS-HIG-16-042, CERN-EP-2018-141: 

arXiv:1806.05246 (submitted to Phys. Lett. B).

− Prospective for full Run2.
CMS-HIG-17-031, arXiv:1809.10733

• One of the main goal of the LHC Run2 is the measurement of the Higgs 

boson properties. 
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Higgs Decay Modes and Production
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• Decay mode with second largest BR!

• Sensitive to Higgs coupling with fermions (ggH), to coupling with W and 

Z (VBF and VH) and to the direct coupling with top quark (ttH). 
• Good agreement of 2016 CMS results with SM predictions within uncertainties.
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H→WW channel

• 2 isolated leptons (electrons or muons) with opposite charge.

• Moderate MET due the presence of 2 neutrinos.

• Number of jet depending on the production mode.

• Large BR and good sensitivity to the Higgs boson couplings.

• Relatively low background final state.

• The neutrinos prevents the reconstruction of Higgs mass.

• Higgs boson has spin 0:

− Leptons are emitted close to each other.

− Small dilepton mass.

4



H→WW categories

• Events split in 30 categories. • Opposite charge leptons with 

𝑝𝑇
𝑙𝑒𝑝1

> 25 GeV and 𝑝𝑇
𝑙𝑒𝑝2

> 10 (13) for 𝜇(𝑒).

• 𝑝𝑇
𝑙𝑙 > 30 GeV and MET > 20 GeV.

• b-tagged jet veto.
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Main backgrounds

• Top and DY background normalization taken from data using dedicated control regions.

• WW background normalization free-floating in the fit.
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DF ggH-tagged categories

• Discriminant variables: 𝑚𝑙𝑙 and 𝑚𝑇
𝐻.

• 0,1 and 2 jets categories to handle the Top background.

• Events splits according the lepton pair flavor, charge and trailing lepton pT; to reduce nonprompt background.
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SF ggH-tagged categories

• BDT trained for DY against ggH@125 GeV (using alternative MC samples) exploiting: MET variables, kinematics 
and angular differences between leptons, jets and MET.

• Training and variable list pruned in each jet bin to maximize DY rejection.

• Limited DY MC statistic and poor fake MET/DY MVA description of DY:
Estimate DY background from data and cut-based analysis only (no shape prediction for DY).

0-jet

1-jet

Good agreement in signal like 

(Top,WW)
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VBF-tagged categories

• Only DF in 2016. SF+DF for full Run2.

• 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.

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

• 3 different categories aiming at 3 different final states: 

− 2 leptons VH-tagged with V→hadrons, H→WW→2l2ν. Shape analysis based on 𝑚𝑙𝑙. 

− 3 leptons WH-tagged with W→lν, H→WW→2l2ν. Shape analysis based on min(Δ𝑅𝑙𝑙).

− 4 leptons ZH-tagged with Z→2l, H→WW→2l2ν. Event counting analysis.

• Only DF in 2016. SF+DF in Full Run2 at least for 2 leptons VH-tagged.

2-leptons VH-tagged 3-lepton WH-tagged
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Signal strength measurements

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

• Limited by lepton reconstruction, background data-driven estimation and ggH theretical uncertainties.

• 𝜇 = 1.28−0.17
+0.18 at 9.1(7.1) 𝜎 observed (expected) significance. First H→WW observation in CMS!!!
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Measurement of the Higgs couplings

• 𝜇𝐹, 𝜇𝑉: signal strengths associated to ggH and VBF/VH.

• 𝑘𝐹, 𝑘𝑉: coupling constants associated to fermionic and bosonic processes, as defined in the k framework.

𝜎 × ℬ 𝑋 → 𝐻 → 𝑊𝑊 = 𝑘𝑖
2 𝑘𝑉

2

𝑘𝐻
2 𝜎𝑆𝑀 × ℬ𝑆𝑀 𝑋 → 𝐻 → 𝑊𝑊

Compatibility with SM within 2𝜎.
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Future prospects

• Spring 2019. 2016+2017 differential cross-section analysis: 

measurement of number of jets and Higgs 𝑝𝑇.

• Summer 2019. Full Run2 categories: improvement of the measurement 

of signal strength and couplings.

− Inclusion of SF in 2j categories (ggH / VH / VBF).

− Improvement in DYMVA algorithm: BDT→DNN.

− Inclusion of same-sign WH. 

• Autumn  2019. Full Run2 differential cross-section analysis: 

− Measurement of Higgs 𝑝𝑇.

− Measurement of number of jets and jet 𝑝𝑇.

− Measurement of Δ𝜙𝑙𝑙, study of Higgs spin.

• Begin of 2020. EFT study by UA PhD student (Tomas Kello).
arXiv:1606.01522 JHEP03(2017)032

Run II: ~163 fb-1!

13

https://arxiv.org/abs/1606.01522


𝑚𝑙𝑙
theory

= 𝑚𝑙𝑙
SM +

𝑖

𝑐𝑖
(2)

Λ2
𝑚𝑙𝑙;𝑖
(6)

• Targeting VBF Higgs production, Higgs decaying into the WW (𝒆𝝁 channel)

• Measuring the SM Higgs to WW coupling as precise as possible → then every misbehaviour from 

SM might be the sign of new physics 

• EFT approach:

ℒeff = ℒSM +

n=1

∞



i

𝑐i
(n)

Λn
𝒪i
(n+4)

dim𝒪 = 4
couplings are dimensionless

relevant operators are those with

𝐝𝐢𝐦𝓞 = 𝟔
couplings dimensions are inverse 

powers of mass (Λ is a mass scale)

𝒪𝑊𝑊 = Φ† 𝑊𝜇𝜐 𝑊
𝜇𝜈Φ

𝒪 ෩𝑊𝑊 = Φ† ෩𝑊𝜇𝜐 𝑊
𝜇𝜈Φ

𝒪𝑊 = 𝐷𝜇Φ
† 𝑊𝜇𝜈 𝐷𝜈Φ

contribute to

HWW vertex 

Dim 6 operators give amplitudes ~
𝑠

Λ2
what 

eventually leads to unitarity violation

EFT valid within unitarity bounds

(low energy EFT is valid below Λ scale)

FIT this value minimizing 𝜒2 ⇒ if non-zero ⇒ NEW PHYSICS 

EFT approach application
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Summary

• First observation in CMS of the H→WW channel with 2016 data.

• Crucial contribution to the Higgs combination measurement of production 

cross-section and couplings.

• Several measurement in confirming SM predictions. 

• Some results show tension that have to be monitored with more data. Many 

categories are limited by statistical uncertainty.

• More data needed for full description of Higgs properties:

− First measurement of differential cross-section with 2016+2017 data: Higgs 𝑝𝑇.

− Improvement of cross-section and coupling measurements with full Run2 data.

− Measurement of differential cross-section with full Run2 data: Higgs spin...

− EFT approach measurements of HWW.
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LHC Luminosity and PU

Run I: ~29 fb-1

Run II: ~163 fb-1!

• LHC has delivered ~163 fb-1, CMS has collected data with >94% recording efficiency with a data certification ~90%.

+ data = + challenges! Improved analysis techniques and operations for a successful program!!
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CMS Experiment

ECAL
2018: New DAQ links

Muon Detectors
Drift tubes (VME → μTCA ROS);

Resistive Plate chambers;

Cathode strip chambers;

GEM slice test (GE1/1)

HF
2017: Upgraded readout

HE
2018: Upgraded HPDs→SiPMs in Endcaps

2017: Upgraded HPDs→SiPMs in one 20º readout

Strip Tracker
2018: lower operating temperature

Pixel Tracker
2018: replaced DCDC converters and 6 modules

2017: new detector with 4 layers 

Run1: 3 layers

46 countries, 198 institutes. 

2885 physicst + 995 engineers.

Weight: 14 tonnes

Diameter: 15m 

Lenght: 29 m

Magnetic Field: 3.8 T

Major upgrade of L1 trigger done in 2016 

Trigger in 2018:

• L1 hardware ~100kHz 

• HLT software ~1kHz
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CMS Performance

2017 improvement due new pixel detectors

2018 improvement due recovery of some CSC

Excellent 2017 performance for 

e/gamma due improvement of 

HLT, reconstruction, identification 

efficiency, despite harsh 

experimental conditions of 2017

First look at 2018 data shows 

very good quality! 

Good agreement of btagging algorithms 

between 2018 data and 2017 Multijets MC 

or 2017 data.
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HWW likelihood
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SM coupling constrains
arXiv:1809.10733

Submitted to EPJC

Leading order coupling modifier 

framework used to correlate 

prod/decay rates.

𝒌i
2 = 𝜎𝑖/𝜎𝑖

𝑆𝑀

𝒌i
2 = Γ𝑖/Γ𝑖

𝑆𝑀
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Highlights from Run1

arXiv:1312.1129

JHEP01(2014)096

arXiv:1606.01522

JHEP03(2017)032
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SF ggH-tagged categories: DY estimate

𝑁𝑍→𝑒𝑒
𝑂𝑈𝑇 = 𝑅𝑂𝑈𝑇/𝑅𝐼𝑁 𝑁𝑙𝑙

𝐼𝑁 −
1

2
𝑘𝑒𝑒 𝑁𝑒𝜇

𝐼𝑁 − 𝑁𝑒𝜇
𝐼𝑁 𝑉𝑉 − 𝑁𝑒𝑒

𝐼𝑁 𝑉𝑉

𝑁𝑍→𝜇𝜇
𝑂𝑈𝑇 = 𝑅𝑂𝑈𝑇/𝑅𝐼𝑁 𝑁𝑙𝑙

𝐼𝑁 −
1

2
𝑘𝜇𝜇 𝑁𝑒𝜇

𝐼𝑁 − 𝑁𝑒𝜇
𝐼𝑁 𝑉𝑉 − 𝑁𝜇𝜇

𝐼𝑁 𝑉𝑉

𝑘𝑒𝑒 =
𝑁𝑒𝑒
𝐼𝑁,𝑙𝑜𝑜𝑠𝑒

𝑁𝜇𝜇
𝐼𝑁,𝑙𝑜𝑜𝑠𝑒

𝑘𝜇𝜇 =
𝑁𝜇𝜇
𝐼𝑁,𝑙𝑜𝑜𝑠𝑒

𝑁𝑒𝑒
𝐼𝑁,𝑙𝑜𝑜𝑠𝑒

MC

DATA

• IN = |𝑚𝑙𝑙- 𝑚𝑍| < 7.5 GeV. OUT = | 𝑚𝑙𝑙- 𝑚𝑍 | > 15 GeV. No H or WW selection.

• 𝑅𝑂𝑈𝑇/𝑅𝐼𝑁 and 𝑘𝑙𝑙 taken from MC in relaxed DY MVA regions but systematics from difference to DATA and 

MVA cut dependence.

• Extrapolate OUT region to final H and WW selections based on acceptance (𝐴𝐻 and 𝐴𝑊𝑊) from MC in relaxed 

DY MVA regions (+systematics on MVA dependence): 𝑁𝐷𝑌→𝑙𝑙
𝐻 = 𝐴𝐻𝑁𝐷𝑌→𝑙𝑙

𝑂𝑈𝑇 𝑁𝐷𝑌→𝑙𝑙
𝑊𝑊 = 𝐴𝑊𝑊𝑁𝐷𝑌→𝑙𝑙

𝑂𝑈𝑇

40 to 70% normalization uncertainties on 

DY background
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