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Introduction
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• WW cross section measurements at 13 TeV using 
the CMS full 2016 dataset  

• Two different approaches: 

• Sequential analysis: SEQ 

• Random Forest analysis (multivariate 
technique): RF 

• Goals:

• Measure the total WW cross section in the 
dileptonic channel (SEQ & RF) 

• Measure fiducial & differential cross sections 
in mℓℓ, pTℓ1, pTℓ2, ∆φℓℓ (SEQ) + njets (RF) 

• Set limits on Wilson coefficients (SEQ)

Last public result: CMS-PAS-SMP-16-006 (2.3 fb-1)
WW total Xsec = 115.3 ± 11.0 pb

This result: (35.9 fb-1)
WW total Xsec = 117.6 ± 6.8 pb

Phys. Rev. D 102, 092001 (2020)

https://inspirehep.net/literature/1469339
https://arxiv.org/abs/2009.00119


Sequential analysis
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• The sequential selection relies mainly on a set of discrete 
requirements on kinematic variables and on a multivariate 
analysis tool to suppress Drell-Yan background in same-
flavour channel
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DYMVA: Developed for the CMS 
HWW analysis (arXiv:1806.05246)

Signal Region definition:

Target signature: two opposite charged 
isolated leptons, and large transverse 

missing energy from the neutrinos
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suppress ttbar 

https://arxiv.org/abs/1806.05246


Sequential analysis
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0 jet category



Sequential analysis
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1 jet category



Random Forest analysis
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• Alternative approach: Random Forest (RF) 
multivariate analysis 

• Each individual tree is allowed to use 
only a random subset of variables. This 
approach mitigates overfitting 

• Pre-selection: mℓℓ > 30 GeV, third loose lepton 
veto (pT > 10 GeV), bVeto (pTj > 20 GeV),           
|mℓℓ - mZ| > 15 GeV for same-flavour leptons 

• After the preselection, the largest contamination 
comes from Drell-Yan and ttbar.                          
Two independent RF have been trained 

• anti-Drell-Yan: WW vs DY 

• anti-top: WW vs ttbar 

• Hyperparameters of the RFs are optimized by 
evaluating the RF performance in a 
multidimensional grid, taking into account all 
possible combinations between several 
choices for parameter values

RF optimized architecture:
ntrees= 50, max_depth = 20 
min_events_per_split = 50 

min_events_in_leaf = 1 
max_features_per_tree = sqrt(total_variables)



Random Forest analysis
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• Selections on RF scores have been optimized by simultaneously minimizing the 
uncertainty in the cross section and maximizing the signal purity

Signal Region definition:



Random Forest analysis
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Total Xsec measurements
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σtotSEQ = 117.6 ± 1.4 (stat) ± 5.5 (syst) ± 1.9 (theo) ± 3.2 (lumi) pb = 117.6 ± 6.8 pb

Theoretical prediction: σtotNNLO = 118.8 ± 3.6 pb 

σtotRF = 131.4 ± 1.3 (stat) ± 6.0 (syst) ± 5.1 (theo) ± 3.5 (lumi) pb = 131.4 ± 8.7 pb

• Sequential analysis result:

• Random Forest analysis result:

• In both approaches the signal strength is extracted by fitting the predicted yields to the observed 
events (1-bin distribution). Information from the control regions is included in the fit 

• SEQ fit: 4 Signal Regions, 4 Top Control Regions (2 flavour categories x 2 njets categories) 
• RF fit: 1 SR, 1 TopCR, 1 DYCR, 1 Same-SignedCR

• Random forest gets a purer signal region. However, its sensitivity is concentrated at low pTWW 
due to jet-multiplicity related variables used in the training → more sensitive to theoretical 
uncertainties of pTWW spectrum corrections than the sequential analysis

SEQ & RF 

https://arxiv.org/abs/1408.5243


Fiducial Xsec measurement
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• Fiducial region definition at gen level: two dressed electrons or muons in the event with 
pT > 20 GeV and |η|< 2.5, mℓℓ > 20 GeV, pTℓℓ > 30 GeV and ET

Miss> 20 GeV 

• Results: (Different-Flavour + Same-Flavour combination)

Fiducial WW+0 AK4 gen jets, pT thres. varied

Theoretical prediction: σfidNNLO = 1.531 ± 0.043 pb 

σfidtot = 1.529 ± 0.0020 (stat) ± 0.069 (syst) ± 0.028 
(theo) ± 0.041 (lumi) pb = 1.529 ± 0.087 pb 

σfidtot (based on 0 reco jets subset only) = 1.61 ± 0.10 pb 

σfidtot (based on 1 reco jets subset only) = 1.35 ± 0.11 pb

Fid WW+0 AK4 gen jets
 jet pT thres. varied

SEQ 

https://arxiv.org/abs/1408.5243


Normalized differential Xsecs
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• Differential cross section 
measurement in mℓℓ, pTℓ1, 
pTℓ2, ∆φℓℓ bins  

• Using the same fiducial 
definition 

• Approach: several signal 
strengths (bins 
categorized at GEN level) 
are fitted in RECO bins 

• The simultaneous fit to 
all bins in a given 
histogram takes all the 
correlations into 
account

SEQ 



Limits on Wilson coefficients
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•  In the electroweak sector of the SM, the first higher-
dimensional operators containing only massive boson 
fields are dimension-6 

- Set limits on the 3 corresponding coefficients 
affecting WW production: EFT effects simulated 
with Madgraph5 aMC@NLO

Used eμ final state from the sequential analysis

0-jet 1-jet

SEQ 



Limits on Wilson coefficients
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arXiv:1507.03268

SEQ 

https://arxiv.org/abs/1507.03268


Limits on Wilson coefficients
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100− 0 100 200
]-2aTGC Limits @95% C.L. [TeV

Sep 2020

aC summary plots at: http://cern.ch/go/8ghC

2Λ/B c WW [-2.1e+01, 2.6e+01] -120.3 fb 8 TeV
WW [-2.1e+01, 1.8e+01] -136.1 fb 13 TeV
WW [-2.9e+01, 2.4e+01] -119.4 fb 8 TeV
WW [-9.4e+00, 8.5e+00] -136.1 fb 13 TeV

jj)νWV (l [-6.4e+01, 6.9e+01] -14.6 fb 7 TeV
jj)νWV (l [-3.6e+01, 4.3e+01] -120.2 fb 8 TeV
J)νWV (l [-1.9e+01, 2.0e+01] -120.2 fb 8 TeV
J)νWV (l [-1.4e+01, 1.7e+01] -119 fb 8 TeV
J)νWV (l [-8.8e+00, 8.5e+00] -135.9 fb 13 TeV

EW qqW,qqZ [-4.5e+01, 4.6e+01] -135.9 fb 13 TeV
2Λ/WWW c γW [-1.6e+01, 1.5e+01] -14.6 fb 7 TeV

γW [-1.2e+01, 9.0e+00] -15.0 fb 7 TeV
WW [-1.5e+01, 1.4e+01] -14.6 fb 7 TeV
WW [-4.6e+00, 4.6e+00] -120.3 fb 8 TeV
WW [-3.4e+00, 3.3e+00] -136.1 fb 13 TeV
WW [-1.2e+01, 1.2e+01] -14.9 fb 7 TeV
WW [-5.7e+00, 5.9e+00] -119.4 fb 8 TeV
WW [-1.8e+00, 1.8e+00] -136.1 fb 13 TeV
WZ [-1.1e+01, 1.1e+01] -14.6 fb 7 TeV
WZ [-3.3e+00, 3.2e+00] -133.6 fb 8,13 TeV
WZ [-4.6e+00, 4.2e+00] -119.6 fb 8 TeV
WZ [-2.0e+00, 2.1e+00] -135.9 fb 13 TeV

jj)νWV (l [-9.5e+00, 9.6e+00] -14.6 fb 7 TeV
jj)νWV (l [-5.3e+00, 5.3e+00] -120.2 fb 8 TeV
J)νWV (l [-3.1e+00, 3.1e+00] -120.2 fb 8 TeV
jj)νWV (l [-9.2e+00, 7.3e+00] -15.0 fb 7 TeV
J)νWV (l [-2.7e+00, 2.7e+00] -119 fb 8 TeV
J)νWV (l [-1.6e+00, 1.6e+00] -135.9 fb 13 TeV

EW qqZ [-3.6e+01, 3.2e+01] -120.3 fb 8 TeV
EW qqW [-1.3e+01, 9.0e+00] -120.2 fb 8 TeV
EW qqW,qqZ [-2.3e+00, 2.5e+00] -135.9 fb 13 TeV
D0 Comb. [-8.7e+00, 1.1e+01] -18.6 fb 1.96 TeV
LEP Comb. [-1.4e+01, 4.1e+00] -10.7 fb 0.20 TeV

2Λ/W c WW [-9.4e+00, 1.3e+01] -14.6 fb 7 TeV
WW [-5.9e+00, 1.1e+01] -120.3 fb 8 TeV
WW [-7.4e+00, 4.1e+00] -136.1 fb 13 TeV
WW [-2.3e+01, 2.3e+01] -14.9 fb 7 TeV
WW [-1.1e+01, 5.4e+00] -119.4 fb 8 TeV
WW [-3.6e+00, 2.8e+00] -136.1 fb 13 TeV
WZ [-1.4e+01, 2.2e+01] -14.6 fb 7 TeV
WZ [-3.6e+00, 7.3e+00] -133.6 fb 8,13 TeV
WZ [-4.2e+00, 8.0e+00] -119.6 fb 8 TeV
WZ [-4.1e+00, 1.1e+00] -135.9 fb 13 TeV
WV [-1.3e+01, 1.8e+01] -14.6 fb 7 TeV

jj)νWV (l [-6.4e+00, 1.1e+01] -120.2 fb 8 TeV
J)νWV (l [-5.1e+00, 5.8e+00] -120.2 fb 8 TeV
J)νWV (l [-2.0e+00, 5.7e+00] -119 fb 8 TeV
J)νWV (l [-2.0e+00, 2.7e+00] -135.9 fb 13 TeV

EW qqW [-3.3e+01, 3.0e+01] -120.2 fb 8 TeV
EW qqW,qqZ [-8.8e+00, 1.6e+01] -135.9 fb 13 TeV
D0 Comb. [-8.2e+00, 2.0e+01] -18.6 fb 1.96 TeV
LEP Comb. [-1.3e+01, 5.1e+00] -10.7 fb 0.20 TeV

Channel Limits ∫ dtL s
CentralFit Value
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Summary & plans
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• The WW production at 13 TeV results using the CMS full 2016 dataset 
experiment have been shown, including: 

• Total WW cross-section measurement 

• Fiducial & differential cross-section measurements 

• Limits on Wilson coefficients 

• Future plans of the analysis: 

• Differential + aTGCs analysis using the full Run2 dataset 
(2016+2017+2018 CMS data)  



Backup
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Postfit yields
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Rel. syst. uncertainties in total Xsec
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SEQ analysis: combined SRs + TopCRs



Jet multiplicity measurement
• Relaxed cut on Stt (Stt > 0.2) to increase the efficiency for WW  events with jets

Efficiency for RF selection w.r.t. preselection

• Unfolding: Gen jets reconstructed from stable gen 
particles excluding neutrinos with pTj > 30 GeV and  
|η| < 2.4, separated from leptons by ∆R > 0.4 

• Reconstructed and generated jets are said to 
match if ∆Rgen,reco < 0.4
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RF only 



Limits on Wilson coefficients

arXiv:1507.03268

SEQ 
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https://arxiv.org/abs/1507.03268

