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▸ Vector Boson Scattering
○ Very rare process (~ fbs), precision test of SM

○ Crucial to understand the Electroweak Symmetry Breaking

○ To probe anomalous couplings between vector bosons, model independent search of BSM and 

set limits on EFT dimension-8 operators

▸ VBS cross section measurement in ATLAS

○ VBS 𝑊𝛾 hasn’t been observed at ATLAS. 

▸ CMS EW Wγjj
○ 1st observation, 35.9fb-1, cut based, 5.3σ (combining 13TeV and 8TeV)  PLB 811 (2020) 135988

○ Differential cross section measurement, 138fb-1, 6.03σ  CMS-PAS-SMP-21-011

Jing Peng’s talk

Introduction
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https://www.sciencedirect.com/science/article/pii/S0370269320307917?via%3Dihub
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-21-011/index.html
https://indico.ihep.ac.cn/event/16608/contributions/121326/
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Analysis overview

▸ Physics goal
○ Observe EW Wγjj

○ Measure a fiducial and differential cross section of EW production of Wγjj

○ Probe anomalous quartic gauge boson couplings in EFT

▸ Datasets
○ Full Run-2 datasets (139fb-1)

▸ Analysis strategy
○ Neural network is used to discriminate signal and background and fit the output. 

○ A control region is defined by reverse 𝜉Wγ to constrain the QCD background.

○ Data driven methods are used to estimate all non-prompt, fake, pileup backgrounds.

○ △Yjj cut-based fit is performed to check with NN results.

○ The extracted yields are unfolded to produce differential cross sections.
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Selections

▸ Basic selection
○ Single lepton triggers, event cleaning, GRLs

▸ Object selection

▸ Event selection

▸ Additional selection
○ NN fit: △Yjj > 2        

○ △Yjj fit: mjj > 700GeV              

○ Differential extraction: △Yjj > 2, mjj > 1TeV
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✓ Two tagging jets
✓ Large rapidity gap △Yjj

✓ Large Invariant mass mjj

✓ Centrality - Little hadronic 
activity between the two jets

➢ Typical VBS topology
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Data-driven background estimation

▸ Jet faking photons – template fit method
○ A prompt photon template shape  fT

A real photon leakage shape fNT

○ DSCB function is used as the pdf function.

○ The template parameters are floated but constrained 

by multivariate gaussians defined by the mean and sigma 

of the best fit values of the template fits. 

▸ Jet faking leptons(e/μ) – fake factor method
○ Dijet events are used to estimate the fake factor

○ Tight leptons: pass signal selection

Anti-Tight leptons: fail isolation or    identification(e)

d0 requirement(μ)

○ 𝐹 =
𝑁”𝑇𝑖𝑔ℎ𝑡 μ” + j

𝑁“𝐴𝑛𝑡𝑖−𝑡𝑖𝑔ℎ𝑡 μ” +j
（Dijet events）

○ 𝑁”𝐹𝑎𝑘𝑒 𝑎𝑛𝑑 𝑇𝑖𝑔ℎ𝑡 μ" + γjj = 𝐹 × 𝑁”𝐴𝑛𝑡𝑖−𝑡𝑖𝑔ℎ𝑡 μ”+γjj
𝐷𝑎𝑡𝑎 − 𝑁”𝑅𝑒𝑎𝑙 𝑎𝑛𝑑 𝐴𝑛𝑡𝑖−𝑡𝑖𝑔ℎ𝑡 μ”+γjj

𝑀𝐶
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Muon fake factor in pT and η Jet faking muon distributions in mjj
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Data-driven background estimation

▸ Electron faking photons – fake factor method
○ Tag and probe method – Z（->ee）+ jets events

○ Z（ee）events: fitting with DSCB function + Exponential function

○ Fake factor

○ Validated in the Z veto region with reversing MET and 𝑊𝑇
𝑀cuts

▸ Pileup background – Estimated with only converted photons VBS Zγ analysis

○ For hard scatter photons, the ∆𝑧(𝑃𝑉, 𝛾) distribution should be sharply peaked at 0. 

For pileup photons, ∆𝑧(𝑃𝑉, 𝛾) is the difference of two uncorrelated gaussians with width of 35 mm (a gaussian of 35mm×2 = 50mm) 

○ Using the Gaussian properties of the pile-up ∆z distribution, 32% of pile-up events are expected to have |∆z| > 50 mm

○ This is only applied after data is unblinded! 
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C is a normalization factor derived by

comparing the QCD Wγ and EW Wγ to data.

(work-in-progress)

https://cds.cern.ch/record/2644987/files/ATL-COM-PHYS-2018-1493.pdf
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Observation - Neural Network fit

▸ Simultaneously fit the NN output in signal region and control region. Expected

significance is extracted on Asimov data. 

▸ Signal strength and QCD normalization after fit to Asimov data 

▸ Expected significance: 12.3 𝜎 (work-in-progress)
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Observation - Neural Network fit

▸ The relative impact of each nuisance parameter is evaluated by performing the fit for 

each nuisance parameter with that nuisance parameter fixed and comparing the 

result to the nominal fit.

▸ Dominated by theory uncertainties 

▸ The fiducial cross section is calculated as 
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fb (work-in-progress)

C is a correction factor to account for the imperfect reconstruction efficiency of the detector.
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Differential cross section measurement of EW Wγjj

▸ Differential cross sections are measured as a function of mjj, pTjj, and △∅𝑗𝑗
𝑠𝑖𝑔𝑛𝑒𝑑

.

▸ A binned maximum likelihood fit in SR + 1CR or 3CRs.

▸ The likelihood function is defined as (with indices 𝑟, 𝑖 running over regions and bins 

respectively)

▸ Extraction of differential event yields and Iterative Bayesian unfolding method
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𝑁𝑗𝑒𝑡𝑠
𝑔𝑎𝑝

:Number of jets in

rapidity gap ∆y

𝜉𝑊γ

Unfolding
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Summary

▸ The current progress of EW production of Wγjj with full run2 data are 

presented.

▸ The MC samples, phase space, event selection and background are 

studied in detail.

▸ The expected significance of EW production of Wγjj can be obtained by

fitting NN output. A cross check with △Yjj fit is also performed.

▸ The fiducial and differential cross sections are measured.

▸ AQGC study with EFT dimension-8 operators is performed in parallel.
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Thanks!

any
questions

?
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Backup
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Triggers

▸ Single lepton triggers
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MC samples

▸ release 21.2, STDM4 
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Neural network training

▸ Input variables used in NN training(ordered by importance)
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Observation - △Yjj fit

▸ Fit ∆𝑌jj simultaneously in signal and control regions. 

▸ Sideband CRs are used to constrain QCD background
○ Require 

▸ Fit performed in electron and muon channels separately. 

▸ All theory and experimental systematics included

as described above. 
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