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❖  Tests EWSB directly

▪ WLWL→ WLWL requires the Higgs to cancel the growth with energy

▪ Longitudinal scattering = Goldstone bosons of EWSB

❖ Probes the gauge structure of the SM

▪ Tree-level access to triple and quartic gauge couplings

▪ Rate relies on cancellations between diagrams → sharp test of gauge invariance

❖ Window on new physics

▪ Probes the high-energy electroweak/Higgs sector 

▪ Heavy new states show up in the high-mass tails, parametrised via SMEFT

Motivation: Why measure VBS?
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CMS TDR
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Why VBS: EWSB is the LHC's central question

mailto:https://cds.cern.ch/record/922757/files/lhcc-2006-001.pdf


CMSPublic_PhysicsResultsCombined

We are shy!!

❖ VBS processes have among the smallest 

cross sections in the Standard Model.

❖ The pure electroweak VBS signal appears 

at 𝒪 𝛼EW
4 .

❖ EW signal O(α⁴) under a large QCD 

background Oparen. → precision needs 

good QCD modelling

❖ With the rapidly increasing LHC dataset, 

these rare processes are now 

experimentally accessible.
4

Why VBS: rare, but now accessible

mailto:https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined


VBS Production

❖ VBS topology: 

▪ Producing massive vector bosons requires energetic 

incoming quarks that radiate vector bosons, which 

then scatter.

❖ Initial states: 

▪ Quarks from the incoming protons, selected 

according to the proton PDFs, radiate W/Z bosons

▪ W+production is generally favored by the proton’s 

quark content. 

❖ Final states:

▪ The quarks continue into the forward region as the 

characteristic tagging jets.
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VBS Decay Channels
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Landscape and content
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Landscape and content

CMS VBS results
❖Same sign WW and WZ measurements with Run3 [SMP-25-013]

❖First evidence of VBS ZZ ℓℓ𝝊𝝊 with Run2 [SMP-23-001]

❖Results of VBS combination with Run2 [SMP-24-013]

❖ZV and WV EFT combination with Run2 [SMP-22-011]

8

mailto:https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-25-013/?line=SMP-25-001&tp=an&id=2949&ancode=SMP-25-001
mailto:https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-25-013/?line=SMP-25-001&tp=an&id=2949&ancode=SMP-25-001
mailto:https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-25-013/?line=SMP-25-001&tp=an&id=2949&ancode=SMP-25-001
mailto:https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-25-013/?line=SMP-25-001&tp=an&id=2949&ancode=SMP-25-001
mailto:https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-25-013/?line=SMP-25-001&tp=an&id=2949&ancode=SMP-25-001
mailto:https://cmsfence.cern.ch/alcm/cmsanalysis/details/ancode=SMP-23-001
mailto:https://cmsfence.cern.ch/alcm/cmsanalysis/details/ancode=SMP-23-001
mailto:https://cmsfence.cern.ch/alcm/cmsanalysis/details/ancode=SMP-23-001
mailto:https://cmsfence.cern.ch/alcm/cmsanalysis/details/ancode=SMP-23-001
mailto:https://cmsfence.cern.ch/alcm/cmsanalysis/details/ancode=SMP-23-001
mailto:https://cmsfence.cern.ch/alcm/cmsanalysis/details/ancode=SMP-24-013
mailto:https://cmsfence.cern.ch/alcm/cmsanalysis/details/ancode=SMP-24-013
mailto:https://cmsfence.cern.ch/alcm/cmsanalysis/details/ancode=SMP-24-013
mailto:https://cmsfence.cern.ch/alcm/cmsanalysis/details/ancode=SMP-24-013
mailto:https://cmsfence.cern.ch/alcm/cmsanalysis/details/ancode=SMP-24-013
mailto:https://cmsfence.cern.ch/alcm/cmsanalysis/details/ancode=SMP-22-011
mailto:https://cmsfence.cern.ch/alcm/cmsanalysis/details/ancode=SMP-22-011
mailto:https://cmsfence.cern.ch/alcm/cmsanalysis/details/ancode=SMP-22-011
mailto:https://cmsfence.cern.ch/alcm/cmsanalysis/details/ancode=SMP-22-011
mailto:https://cmsfence.cern.ch/alcm/cmsanalysis/details/ancode=SMP-22-011


Same sign WW and WZ measurements with Run3 Submitted to JHEP: arXiv:2605.15396 

VBS WW/WZ QCD

❖ VBS directly probes the electroweak sector and quartic gauge couplings, using same-sign W±W± and WZ

leptonic final states. 

❖ Run 2 established VBS with >5σ observations, motivating a shift from discovery to precision measurements. 

❖ Run 3 uses 171 fb−1 of 2022-2024 data to measure inclusive and differential VBS cross sections. Key 

improvements: 

• larger dataset

• refined signal extraction

• more robust non-prompt background estimation
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https://arxiv.org/abs/2605.15396


Same sign WW and WZ measurements with Run3---Analysis strategy

➢ Exploit the characteristic VBS topology: two energetic forward tagging jets with large Mjj and ∣Δηjj| together with 

central leptons and 𝑝𝑇
miss. 

➢ Control the dominant backgrounds with dedicated data control regions, especially non-prompt leptons and 

top-related backgrounds, and constrain them simultaneously with the signal regions. 

𝐖±𝐖±𝐣𝐣 → ℓ±𝛖ℓ±𝛖𝐣𝐣

❖ Signature: 2 same-sign leptons + 𝑝𝑇
miss +two VBS tagging jets; 

b-jet veto suppresses top. 

❖ Backgrounds: non-prompt leptons dominate, estimated with 

data-driven methods; charge mis-ID is subleading. 

❖ Signal extraction: 2D kinematic fit using 𝑚𝑗𝑗 ,𝑚ℓℓ ,𝑁jets ,Δ𝜂𝑗𝑗 ,

Δ𝜙𝑗𝑗 .

𝐖± 𝒁𝐣𝐣 → ℓ±𝛖ℓ ℓ 𝐣𝐣

❖ Signature: 3 leptons + 𝑝𝑇
miss + 2 VBS tagging jets. 

❖ Backgrounds: QCD WZ dominates; tZq, non-prompt 

and diboson backgrounds constrained in CRs. 

❖ Signal extraction: gradient BDT + Zeppenfeld variable 

separate EW WZ from QCD WZ.
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Same sign WW and WZ measurements with Run3---Results

➢ First Run 3 (2022–24) VBS measurement: EW ssWW 

and WZ production both observed at >5σ 

➢ Simultaneous binned profile-likelihood fit of W±W± + 

WZ SRs with CRs → inclusive and differential cross 

sections 

➢ Data consistent with MG5_aMC@NLO and Sherpa 

within uncertainties; Sherpa central values tend lower 

➢ Precision: 10% (W±W±), 18% (WZ) 

➢ vs Run 2: smaller non-prompt bkg. and its uncertainty, 

improved lepton and lumi unc.; still statistics-limited

EW W±W± 

EW W ±Z
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First evidence of VBS ZZ ℓℓ𝝊𝝊 @𝟏𝟑𝟖 𝒇𝒃−𝟏

➢ Final state: ZZ→ ℓℓ𝛖𝛖, with two opposite-sign same-flavour leptons compatible with a Z boson, large 𝐩𝐓
𝐦𝐢𝐬𝐬, 

and two VBS like jets. 

➢ Signal topology: EW ZZjj receives contributions from quartic gauge interactions, gauge-boson exchange, and 

Higgs-mediated scattering , while QCD-induced ZZjj forms the main irreducible background.

➢ Physics goals: establish evidence for EW ZZjj production and measure its fiducial cross section; constrain 

anomalous quartic gauge couplings in the dimension-8 EFT framework.

Submitted to PRL: arXiv:2606.20558
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Gauge sector Higgs sector QCD background

Signal

https://arxiv.org/abs/2606.20558


First evidence of VBS ZZ ℓℓ𝝊𝝊 @𝟏𝟑𝟖 𝒇𝒃−𝟏---analysis strategy

➢ VBS selection: OSSF Z→ℓℓ + large 𝐩𝐓
𝐦𝐢𝐬𝐬 + two high Mjj and 

large ∣Δηjj∣ jets, with extra-lepton 𝜏, 𝑏 jets veto. 

➢ background estimation:

➢ Background constraints: WZ from a 3ℓ  CR and WW/top from an 

eμ CR. 

➢ DY background: data-driven γ+jets method to model fake 𝐩𝐓
𝐦𝐢𝐬𝐬 

in Z+jets. 

➢ Signal discrimination: GNN built from lepton, jet and event-

level kinematics to separate EW ZZjj from QCD ZZjj. 

➢ Signal extraction: simultaneous likelihood fit to the GNN 

output in SR and CRs.
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First evidence of VBS ZZ ℓℓ𝝊𝝊 @𝟏𝟑𝟖 𝒇𝒃−𝟏---analysis Results

➢ First evidence for EW 𝑍𝑍𝑗𝑗 → ℓℓ𝜈𝜈𝑗𝑗production, 

with a significance of 3.1σ. 

➢ The measured fiducial cross section is consistent 

with the SM prediction. 

➢ Combined with the 𝑍𝑍 → 4ℓchannel, the 

significance reaches 5.0σ. 

EFT interpretation 

➢ 95% CL limits on dim-8 SMEFT operators are derived 
using 𝑚𝑇as the sensitive observable. 

➢ Constraints are set on longitudinal, transverse, and 
mixed aQGC operators, with no significant deviation 
from the SM. 
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Results of VBS combination with Run2 
Submitted to Physics Letters B: arXiv:2608.01289

Combine analyses targeting multiple production modes

➢ Seven analyses mapped onto four production modes (SSWW, OSWW, WZ, ZZ): fully leptonic 

channels give the sensitivity; semileptonic ones (WV, ZV) add complementary kinematics but cannot 

separate individual modes.

➢ Most comprehensive CMS VBS combination to date, treating all modes coherently including their 

correlations ->a global test of the EW gauge structure not accessible channel by channel.

➢  Improves precision over the best single-channel results. 15

http://arxiv.org/abs/2608.01289
http://arxiv.org/abs/2608.01289


Results of VBS combination with Run2---analysis strategy 

➢ Two signal-strength models:

• 4-POI: SSWW, OSWW, WZ, ZZ → global VBS measurement

• 6-POI: W+W+, W−W−, W+W−, W+Z, W−Z, ZZ → probe charge asymmetry
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➢ WV: largest yield (~4.8k events) but mixes all WW/WZ modes → constrains several POIs at once.

➢ ZZ (4ℓ): only ~24 expected events → statistics-limited, consistent with ZZ reaching 4.0σ (not 5σ).

➢ W⁺ vs W⁻: ~70/30 in SSWW, ~65/35 in WZ → the charge asymmetry the 6-POI model is built to 

probe.



Results of VBS combination with Run2---analysis strategy 

➢ Orthogonality: exclusive charged-lepton multiplicity + extra-lepton veto as the first layer; refined by 
τh, total charge, SF/DF pairs, mass windows, resolved/boosted jets and b tagging.

➢ Backgrounds: nonprompt leptons, charge mis-ID, W/Z+jets, t ǁ𝑡and DY constrained in dedicated CRs, 
fitted together with the SRs.

➢  Uncertainties: theory (scales, PDF+αs, parton shower) correlated across analyses and between signal 
and background where appropriate; experimental ones correlated where justified. Results are robust 
against variations of the correlation scheme.

➢ Fit: 48 regions × 3 years, 1525 bins in a binned profile-likelihood fit (COMBINE).



➢ All signal strengths consistent with the SM within 1σ

➢ Simultaneous observation: SSWW >5σ, OSWW 6.4σ, 

WZ 7.0σ, (ZZ 4.0σ) 

➢ Up to 15% improvement in precision for OSWW and 

WZ over the best individual CMS measurements 

➢ Charge-separated results agree with SM expectations, 

probing the PDF-driven charge asymmetry

Results of VBS combination with Run2---analysis results
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ZV and WV EFT combination with Run2 JHEP 03 (2026) 022

➢ Combine semileptonic VBS channels:

WV→ℓνqq and ZV→ℓℓqq, targeting EW WW, WZ, and ZZ scattering. 

➢ The hadronic decay of one vector boson gives a larger branching fraction and access to the high 

energy regime, complementary to fully leptonic VBS measurements. 

➢ Interpret the high-energy tails in dimension-8 SMEFT, targeting anomalous quartic gauge couplings 

(aQGCs) with 20 operator structures.

EW VBS topology + BSM modification irreducible QCD background
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https://doi.org/10.1007/JHEP03%282026%29022
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ZV and WV EFT combination with Run2---analysis results

➢ 95% CL intervals are derived for all 20 dimension-8 Wilson coefficients, varying one coefficient at 

a time. 

➢ The combined WV + ZV fit improves the sensitivity relative to the individual channels by 

exploiting their complementary dependence on the EFT operators. 

➢ The analysis sets several of the strongest constraints on dimension-8 aQGC operators with Run-2 

CMS data.

➢ No significant deviation from the SM is observed in either the ZV or WV high-mass distributions. 

scalar + mixed operators transverse operators
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Summary
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➢ VBS provides a direct probe of electroweak symmetry breaking and quartic gauge 

interactions, with sensitivity to new physics in the high-energy regime. 

➢ Run 3 ssWW and WZ measurements move VBS into the precision era

➢ both processes are observed above 5σ and inclusive/differential cross sections 

measured. 

➢ EW ZZjj production is observed at 5.0σ by combining the ZZ→ℓℓνν and ZZ→4ℓ channels, 

extending the established VBS program to the neutral-boson sector. 

➢ Run 2 global combinations provide a coherent picture of SSWW, OSWW, WZ and ZZ 

scattering, including charge-separated measurements. 

➢ Global combinations and EFT interpretations strengthen sensitivity to BSM effects

➢ setting stringent constraints on dimension-8 aQGC operators, with no significant 

deviation from the SM observed.



multiboson
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BACK UP



ZV and WV EFT combination with Run2---analysis strategy 

•Boosted V topology: reconstruct the hadronic V→qq decay as a large-R jet, targeting the energetic phase space 

with enhanced EFT sensitivity. 

•VBS topology: require two forward tagging jets with mjj>500 GeV and ∣Δηjj∣>2.5. 

•Combine ZV and WV signal regions, together with dedicated control regions to constrain the dominant 

backgrounds. 

•Use the diboson invariant masses MZV and MWV as the EFT-sensitive observables

•Perform a simultaneous profile-likelihood fit, varying one dimension-8 Wilson coefficient at a time

ZV SR WV SR
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