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Vector Boson Scattering (VBS)
• Electroweak (EW) production of vector 

bosons associated with jets

• Cannot be separated from other EW diboson 
production

• Final states with two EW bosons and two 
forward jets with high invariant mass (VVjj)

• Very low cross sections (fb level)

Mathieu Markovitch - 21 May 2025 2

Not VBSVBS



Why studying VBS ?
• Processes involving Triple Gauge Couplings 

(TGCs), having unique access to Quartic Gauge 
Couplings (QGCs)

• Couplings with the Higgs cancelling unitarity 
violation by longitudinally polarized EW bosons 
at high energy

• Test of the EW symmetry breaking mechanism

• Interest of polarization studies

• Effect of anomalous QGCs (aQGCs) can be 
studied through EFT framework
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Dimension-8 needed to introduce 
aQGCs without affecting TGCs



VBS in semileptonic final states
• Inclusive VVjj (V=W,Z) electroweak (EW) production

• Semileptonic final states: one gauge boson decays hadronically (quarks 
pair) and the other one decays leptonically (leptons pair)
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Tagging jet

Jets

Sub-channels defined by number 
of charged leptons

«0 lepton»

«1 lepton»

«2 leptons»

Tagging jet

High statistics thanks to hadronically decaying gauge boson
High backgrounds (LHC is a hadron machine with high QCD activity)

Higher statistics than 

fully leptonic final states​, 
but larger backgrounds...



Selections (1)
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• VBS jets (tagging jets)
• Small-R

• Opposite η sign

• Pair with highest mjj, mjj > 400 GeV

• pT
jet > 30 GeV

• Leptonically decaying boson
• 0-lep: 0 LooseLepton, ET

miss > 200 GeV

• 1-lep: 0 LooseLepton, 1 TightLepton, ET
miss > 80 GeV, pT > 30 GeV

• 2-lep: 2 LooseLeptons, pT > 27 GeV, mass windows for mee and mµµ



Selections (2)

• Hadonically decaying boson

• Merged regime (prioritized): large-R jet 
with highest pT, W/Z boson tagger, b-veto 
on additional jet in 1-lepton channel

• Resolved regime: small-R jets with 
highest pT not overlapping with tagging 
jets, pT

1 > 40 GeV, pT
2 > 20 GeV, mjjj > 220 

GeV (top veto), b-veto on additional jet in 
1-lepton channel
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Analysis regions
• Signal regions (based on hadronically decaying boson)

• Resolved

• Merged with High Purity (HP): passes 50% working point of W/Z tagger

• Merged with Low Purity (LP): fails 50%, passes 80%

• Control regions (inverting boson selection cut)
• V+jets (V=W in 1-lepton, V=Z in 2-leptons)

• Top (b-jet instead of b-veto, only in 1-lepton channel)
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RNN
• Need to discriminate between signal and backgrounds (V+jets, VV, top)

• Recurrent neural network using low-level variables (pT, η, ϕ, E, nTracks)

• Only hadronic objects to harmonize between leptons channels

• Not used for cuts but discriminant in SRs
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From M. Fujimoto



Observation
• Signal strength µ extracted from binned likelihood fit

• Measured signal strength:

      µEW VVjj = 1.28 ± 0.22

•  7.4σ observed significance (6.1σ expected)

•  First observation of EW diboson production in

    semileptonic final states !
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Uncertainties
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• Uncertainty dominated by systematics

• In particular theory systematics on the signal



Multi-POI fits
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• Fits with multiple signal strengths
• Good agreement with SM overall

• Slight tension in the 0-lepton channel



2POI EW/QCD fit
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EW/QCD correlation -26%
Compatibility with SM ~2σ



Fiducial cross-section measurement
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• Fiducial cross-section extracted from truth yields, scaled by fitted signal 
strengths

• Reparameterization of the fit because of the mixing between truth and reconstructed 
channels

• Signal systematics set on shape effect only, residual normalization added to account 
for differences between reconstructed and truth effects

• Results compatible with Standard Model expectation
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EFT and aQGCs
• EFT Lagrangian

• Amplitude

• Operators 
(scalar/tensor/mixed) from 
Eboli model affecting 
different vertices

Wilson coefficients

Dimension-n operators

14Mathieu Markovitch - 21 May 2025

EFT-SM interference
           (linear)

Pure SM

Pure EFT (quadratic) Interference between EFT operators
                 « cross-terms »

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.101.113003
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.101.113003


aQGC analysis
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• Dedicated aQGC signal MC samples

• All operators of the Eboli model

• SRs separated in two mVV bins, RNN fitted

• Clipping method
•  aQGCs violate unitarity at high energy

•  Can be prevented by reducing theory phase space:

    introduce a cut-off scale (clipping) beyond which the Wilson coefficient is set to zero

•  Chosen points are 1.5, 2, 3, 5 TeV + no clipping

•  Unitarized limits: intersection between clipping scan and unitarity bounds

• Floating SM EW signal and SM background as background

• 95% CI limits extraction



 No unitarization  Unitarization

Limits obtained
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[TeV-4]

Amongst the best 

aQGC limits

No deviation from SM



Conclusion

• First observation of EW diboson production in semileptonic final states

• Measured signal strength µEW VVjj = 1.28 ± 0.22

• Measured fiducial cross section 29.2 ± 4.2 fb

• Competitive constraints on aQGCs

• Paper available at arXiv:2503.17461 (submitted to EPJC)

Thank you !
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https://arxiv.org/abs/2503.17461
https://arxiv.org/abs/2503.17461
https://arxiv.org/abs/2503.17461
https://arxiv.org/abs/2503.17461
https://arxiv.org/abs/2503.17461


Back-up
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0-lepton event selection
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Resolved

Merged



1-lepton event selection
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Resolved

Merged



2-leptons event selection
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Resolved

Merged



Fiducial cross-section
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All SRs
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