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Why study multiboson? 
➢ Precise measurements of fundamental SM parameters and research on BSM.

➢ Probe ingredients of the EWSB and realization of the Higgs mechanism 

independently from direct Higgs boson measurements.

➢ Interesting corner to study new physics

➢ Doubly charged Higgs, Heavy neutrinos, anomalous couplings in 

Effective Field Theory.

➢ A wide range of processes 

       − Diboson, triboson, vector boson scattering 
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Multiboson Measurements in CMS 

➢ Diboson production 

• − Z(→ ll)γ production @ 13.6 TeV CMS-PAS-SMP-24-002

• − WW inclusive @ 13.6 TeV arXiv:2406.05101 

• − WZ cross section @ 13.6 TeV CMS-PAS-SMP-24-005

➢ Triboson production 

• − WZγ production @ 13 TeV Phys. Rev. D 112 (2025) 012009

• − Observation of WWγ production @ 13 TeV Phys. Rev. Lett. 132 

(2024) 121901 

➢ Vector boson scattering 

• − Same-sign WWGamma @ 13 TeV CMS-SMP-25-015 (2->3 VBS)

• − Same-sign WWH @13TeV CMS-PAS-HIG-24-001(2->3 VBS)

• ……
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WZ𝜸 @ 13 TeV [138𝒇𝒃−𝟏]

⚫ Direct measurement of gauge boson self-couplings 

⚫ Anomalous Quartic Gauge Couplings (aQGC) 

◆Probing directly BSM physics as a modification of the WZγ 

production cross-section. 

⚫ Photonphobic Axion-Like Particle (ALP)

◆ WZγ production offers a powerful probe to these vertices.

⚫ Fully leptonic WZγ Results from ATLAS: 

https://doi.org/10.1103/PhysRevLett.132.021802 

◆Observed (Expected) Significance : 6.3 (5.0) 𝜎

◆Measured (Expected) fiducial cross section: 2.01 (1.50) fb 

Motivation for WZ𝜸
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WZ𝜸 @ 13 TeV [138𝒇𝒃−𝟏]
analysis strategy---Signal Region

Baseline selection

➢ At least 3 leptons with an opposite-sign sign same-flavor pair (OSSF). 

➢ OSSF lepton pair with closest 𝑴ℓℓ to 𝑴𝒁 are “Z leptons”, the remaining lepton is “W lepton”.

➢ Minimum 𝑴ℓℓ>4 GeV, | 𝑴ℓ𝒁𝟏ℓ𝒁𝟐 −𝑴𝒁| < 15 GeV.  

Signal Region

➢ At least one tight photon

➢ 𝑴ℓ𝑾𝜸 <75 GeV or 𝑴ℓ𝑾𝜸 > 105 GeV (when ℓ𝑾=e)

➢ 𝑴ℓℓℓ> 100 GeV

➢ 4th loose lepton veto

➢ MET > 30 GeV

➢ Nbjet = 0

Against electron-photon conversion.

decrease the presence of dileptonic Z production with an 
associated non-prompt lepton.
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WZ𝜸 @ 13 TeV [138𝒇𝒃−𝟏]
analysis strategy---Control Region

➢ Nonprompt lepton CR

⚫ Revert the 𝑁 requirement 

⚫ Revert |𝑴ℓ𝒁𝟏ℓ𝒁𝟐
−𝑴𝒁| cut

⚫ Remove the photon requirement 

➢ ZZ CR

⚫ Add a fourth tight lepton selection 

⚫ Remove the photon requirement 

⚫ Revert the MET cut 

➢ Nonprompt photon CR 

⚫ Remove the 3rd lepton requirements 

⚫ Revert the 𝑁 requirement 
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WZ𝜸 @ 13 TeV [138𝒇𝒃−𝟏]

Fit Strategy
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WZ𝜸 @ 13 TeV [138𝒇𝒃−𝟏]

➢ Expand SM Lagrangian to higher order 

➢ Complementary to current BSM searches 

➢ Focus on dim-8 operators 

aQGC signal region

➢ Additionally require 𝑝T,𝛾 > 60 GeV 

➢ Fitting variables:𝑚lll𝛾, Binning: [600, ∞] GeV

➢ Others are the same as the nominal SM analysis 

aQGCs
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WZ𝜸 @ 13 TeV [138𝒇𝒃−𝟏]

SMP-17-013

➢ Model described[arxiv1805.06538] 

➢ Photon-phobic ALPs, suppressed ALP to photon couplings at 

tree level 

➢ A similar search was also performed in CMS before [SMP-17-013] 

➢ WZγ has unique sensitivity in the ‘low’ 𝑚𝑎 region

➢ Other than the mass, only one free parameter 𝒇𝒂(𝝈 × 𝑩𝒓 ≅
𝟏

𝒇𝒂
𝟐)

Photonphobic Axion-Like particle arxi v1805. 06538 

https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=SMP-17-013&tp=an&id=1999&ancode=SMP-17-013
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WZ𝜸 @ 13 TeV [138𝒇𝒃−𝟏]
Results
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Same-sign WW𝜸 @ 13 TeV [138𝒇𝒃−𝟏]

Motivation for SM SSWWG

➢ Search for process with:

The first 2->3 VBS tri-boson process ！

➢ Signal processes: 

➢ 𝐩 𝐩 → ℓ ℓ 𝛖ℓ 𝛖ℓ 𝐣 𝐣 𝛄 (𝐭𝐡𝐞 𝐐𝐂𝐃 𝐩𝐫𝐨𝐜𝐞𝐬𝐬)

cross-section: 0.0009826+-1.559e-06pb

➢ 𝐩 𝐩 → ℓ ℓ 𝛖ℓ𝛖ℓ 𝐣 𝐣 𝛄 𝐐𝐂𝐃 = 𝟎 (the EWK process) 

cross-section:0.001969+-3.871e-06pb

➢ Samples Information  (Full RunII)

➢ Signals: Private produced samples 

➢ Backgrounds: Official samples 

➢ Version: NanoAODv9 UL samples

FSR

ISR
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Same-sign WW𝜸 @ 13 TeV [138𝒇𝒃−𝟏]
Motivation for Doubly Charged Higgs Research 

➢ HIG-20-017： “The H5 states are fermiophobic and are assumed to decay to 

vector boson pairs with a branching fraction of 100%”

Differ!

H5→H3 + W (high Branch ratio)
Model: The Georgi-Machacek (GM) model
➢ The SM scalar sector is extended by adding one complex 

and one real SU(2) triplet. 

➢ the hVV (and hhVV) coupling can be enhanced, and 

additional scalars exist.

➢ The scalars: two custodial SU(2) singlets, a triplet 

and a fiveplet

➢ Change the free dimensional parameters, specifically 

the M1 coefficient and M2 coefficient, to calculate 

the masses.

➢ fiveplet states:𝐇𝟓±±, 𝐇𝟓±, 𝐇𝟓𝟎

➢ Triplet states: 𝐇𝟑±, 𝐇𝟑𝟎

https://arxiv.org/pdf/2104.04762
https://arxiv.org/pdf/2104.04762
https://arxiv.org/pdf/2104.04762
https://arxiv.org/pdf/2104.04762
https://arxiv.org/pdf/2104.04762
https://arxiv.org/pdf/2104.04762
https://arxiv.org/pdf/2104.04762
https://feynrules.irmp.ucl.ac.be/attachment/wiki/GeorgiMachacekModel/GM_UFO.tar.gz
https://feynrules.irmp.ucl.ac.be/attachment/wiki/GeorgiMachacekModel/GM_UFO.tar.gz
https://feynrules.irmp.ucl.ac.be/attachment/wiki/GeorgiMachacekModel/GM_UFO.tar.gz
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Same-sign WW𝜸 @ 13 TeV [138𝒇𝒃−𝟏]
Results for SM

BDT input variables: in region 0

CR SR Higgs 
combine 
input

➢ Region 0
➢ 𝐌𝐣𝐣 > 𝟓𝟎𝟎 GeV 
➢ ∆𝛈𝐣𝐣> 𝟎. 𝟓

Higgs combine input: BDT score > 0.4

Expected

Significance: 1.1𝝈(Full RunII)
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Same-sign WW𝜸 @ 13 TeV [138𝒇𝒃−𝟏]

Result for scenario a

M1coeff 22 50 100 200 300 500 900 1500 2000

M2coeff 400 500 1000 4000 5500 8000 15,000 30000 60000

𝑴𝑯𝟓𝒑𝒑 290 
GeV

384GeV 535G
eV

878 
GeV

1.0TeV 1.3TeV 1.7TeV 2TeV 3.1TeV

𝑴𝑯𝟑𝒑𝒑 205Ge
V

300GeV 422G
eV

594 
GeV

726Ge
V

936GeV 1.2TeV 1.4TeV 1.8TeV

Br(
𝐇𝟓𝐩𝐩 →
𝑯𝟑𝒑 +
𝑾+)

7.3% 26.3% 81.2
%

98.5% 93.4% 94.0% 87.1% 70% 50%

Br
(𝐇𝟓𝐩𝐩 →
𝑾+𝑾+)

20.5% 73.6% 18.6
%

1.45% 3.5% 4.3% 3.7% 4.0% 4.0%

optimize 384GeV 535GeV 878GeV 1049GeV 1306GeV 1768GeV 3000GeV

Mtotal - - >400GeV >400GeV >400GeV >400GeV > 400GeV

Mjj >500GeV >500GeV >500GeV >500GeV >500GeV >500GeV >500GeV

∆𝜼𝒋𝒋 >0.5 >0.5 >0.5 >0.5 >0.5 >0.5 >0.5

BDT score [0.55,1] [0.55,1] [0.2,1] [0.2,1] [0.2,1] [0.2,1] [0.2,1]

Mtotal: 
➢ Invariant mass of 

two leptons, 
➢ MET, 
➢ photon pt

Expected Limit 
Mass region: [290 GeV, 3000 GeV]

Signal rate suppressed by branching ratios of Higgs and Z decays
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Same-sign WW𝜸 @ 13 TeV [138𝒇𝒃−𝟏]

Result for scenario b

optimize 384GeV 535GeV 750GeV 916GeV 1181GeV 1492GeV

Mtotal - - >500GeV >500GeV >500GeV >500GeV

Mjj >500GeV >500GeV >100GeV >100GeV >100GeV >100GeV

∆𝜼𝒋𝒋 >0.5 >0.5 - - - -

BDT score [0.55,1] [0.55,1] [0.2,1] [0.2,1] [0.2,1] [0.2,1]

Refer the Br(𝑯± →𝑾±𝜸)=100%
https://www.arxiv.org/abs/1708.08753

https://www.arxiv.org/abs/1708.0
8753

HIG-20-017

compared

https://www.arxiv.org/abs/1708.08753
https://www.arxiv.org/abs/1708.08753
https://www.arxiv.org/abs/1708.08753
https://arxiv.org/pdf/2104.04762
https://arxiv.org/pdf/2104.04762
https://arxiv.org/pdf/2104.04762
https://arxiv.org/pdf/2104.04762
https://arxiv.org/pdf/2104.04762
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Z𝜸 @ 13.6 TeV[Full 2022, 34.75fb-1]

➢ Z𝜸 production occurs at a large rate at CMS.

➢ It can be compared with the precision generator prediction.

➢ Data: Full 2022, ~ 34.75 fb-1

➢ Samples Information: NanoAOD v12. 

➢ Goals:

⚫ Fiducial cross section of Zγ→llγ at center-

of-mass energy of 13.6 TeV. 

⚫ Calculate and compare the limits for the 

new nTGC model and the old nTGC model. 

Motivation for Z𝜸
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Z𝜸 @ 13.6 TeV[Full 2022, 34.75fb-1]
Nonprompt photon estimation

ABCD method (2-dimensional sideband method) 

•First dimension: 𝐼ch

•Second dimension: 𝝈𝒊𝜼𝒊𝜼

ABCD definition 
• A: Pass tight cut for 𝝈𝒊𝜼𝒊𝜼 dimension and pass tight cut 

for 𝐼23 dimension. 

• B: Pass tight cut for 𝝈𝒊𝜼𝒊𝜼 dimension, 𝟓 < 𝑰𝒄𝒉 < 𝟐𝟓

• C: 𝝈𝒊𝜼𝒊𝜼> 𝟎. 𝟎𝟏𝟏𝟓(0.0276), pass tight cut for 𝐼23 

dimension. 

• D: 𝝈𝒊𝜼𝒊𝜼 > 𝟎. 𝟎𝟏𝟏𝟓(0.0276), 𝟓 < 𝑰𝒄𝒉 < 𝟐𝟓

arXiv: 1605.03495
arXiv: 1012.4389

https://arxiv.org/pdf/1605.03495
https://arxiv.org/pdf/1605.03495
https://arxiv.org/pdf/1012.4389.pdf
https://arxiv.org/pdf/1012.4389.pdf
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Z𝜸 @ 13.6 TeV[Full 2022, 34.75fb-1]
SMEFT interpretation

➢ SMEFT 
⚫ Well-defined theoretical approach, write an 

effective Lagrangian with only light (SM) 

particles. 

⚫ nTGCs are forbidden at tree level in the SM, 

but could arise from SMEFT dim-8 operators;

they provide a unique probe of dim-8 

operators. 

nTGC model
✓ A new nTGC model is proposed: Paper link

Selected as Editors‘ Suggestion by PRD! 

✓ What is this new model?

It derives the neutral triple gauge 

vertices generated by the dimension-8 

operators in the broken phase. 

✓ Why is this a new model? 

⚫ The conventional form factor 

formulation of nTGC only considers 

the unbroken 𝑈(1)em gauge symmetry. 

⚫ This new model preserves the full 

electroweak gauge group 

𝑆𝑈(2)L⨂𝑈(1)Y of the SM. 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.035005
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Z𝜸 @ 13.6 TeV[Full 2022, 34.75fb-1]
Results---fiducial cross-section
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Z𝜸 @ 13.6 TeV[Full 2022, 34.75fb-1]

Results---nTGCs limits

➢ Calculate the test statistics using 
the Higgs Combination tool 

The test statistic follows a 
𝜒2 distribution. 

Extract the limit directly: 

95%CL – 3.84 

➢ Limits for the old model and the new 
model 

➢ Comparison of the old model 
JHEP 04 (2015) 164

SMP-22-009
SMP-22-009

➢ Comparison between old and new model 
PhysRevD.107.035005 

Consistent with the new model’s studies: 
“We see that the sensitivities to the conventional Form Factor hV
are generally stronger than those of the SMEFT Form Factor h4 by 
large factors, ranging from O(20) at the LHC to O(102) at a 100 TeV 
pp collider. ” 

https://arxiv.org/abs/1502.05664
https://twiki.cern.ch/twiki/bin/view/CMS/SMP22009Review
https://twiki.cern.ch/twiki/bin/view/CMS/SMP22009Review
https://twiki.cern.ch/twiki/bin/view/CMS/SMP22009Review
https://twiki.cern.ch/twiki/bin/view/CMS/SMP22009Review
https://twiki.cern.ch/twiki/bin/view/CMS/SMP22009Review
https://twiki.cern.ch/twiki/bin/view/CMS/SMP22009Review
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.035005
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Summary

➢ CMS has a strong and comprehensive program of multiboson measurements & 

Searches/Probes 

⚫ Precision multiboson measurements 

⚫ Beyond Standard Model extensions: Anomalous couplings, EFT, Higgs properties, ALP, etc. 

⚫ Run2 WZ𝜸:

➢ The observed (expected) significance for WZγ production is 5.4 σ (3.8 σ)

➢ We report limits on anomalous gauge couplings to dimension-8 operators 

➢ We also report limits on the photon-phobic ALP model 

⚫ Run2 Same-sign WW𝜸:

➢ A first 2->3 SM VBS measurement is presented here: 1.1 σ

➢ A first 𝐇𝟓±±→ 𝐇𝟑±𝐖± measurement is presented here

➢ Consider two scenarios for 𝑯𝟑± decay.

⚫ Run3 Z𝜸:

➢ The 𝒎ℓℓ𝜸 distribution was fitted to extract the fiducial cross-section for the Zγ process.

➢ Limits on Neutral Triple Gauge Couplings (nTGC) were calculated based on the 𝒎ℓℓ𝜸

distribution. 

➢ Lots of opportunities with the Run-3 data coming in! 

⚫ VBS Tri-boson production…… 
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