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Triboson and VBS results at ATLAS
• Measurements of multiboson production at the LHC are important probes of the EW 

gauge structure of the Standard Model 

- Polarised production of  boson pairs via VBS processes provides a sensitive test of the 
EW symmetry breaking mechanism


- Triboson and VBS processes are key to finding signs of new physics at high energies


‣ Effects of anomalous quartic gauge couplings can be parameterised in the EFT framework


• Many new ATLAS and CMS physics results! 

Evidence for longitudinally polarised  bosons in the EW  production, arXiv:2503.11317


EW diboson production in semileptonic final states at , arXiv:2503.17461


Semileptonic VBS and anomalous quartic gauge couplings at , CMS-PAS-SMP-22-011


Observation of  production at  with the ATLAS detector, arXiv:2412.15123


Measurements of WWZ and ZH cross sections at  and , CMS-PAS-SMP-24-015
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Presented by Max Stange today!

Covered by Carlos Vico Villalba today!

https://arxiv.org/abs/2503.11317
https://doi.org/10.48550/arXiv.2503.17461
https://cds.cern.ch/record/2926224
https://arxiv.org/abs/2412.15123
https://cds.cern.ch/record/2926222/


q′

q

q′′

W/Z

W/Z

q′′′

q′

q

q′′

W/Z

W/Z

q′′′

q′

q

q′′

W/Z

W/Z

q′′′

1

q′

q

q′′

W/Z

W/Z

q′′′

g

q′

q

q′′

W/Z

W/Z

q′′′

1

q′

q

q′′

W/Z

W/Z

q′′′

q′

q

q′′

W/Z

W/Z

q′′′

q′

q

q′′

W/Z

W/Z

q′′′

1

EW  production via VBSVVjj EW  productionVVjj QCD  productionVVjj

EW diboson production in 
semileptonic final states

arXiv:2503.17461
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EW diboson production in semileptonic final states
• Semileptonic VBS  at  with 


- Hadronic  decay: merged or resolved topologies

‣ Select large-R tagged jet or 2 small-R jets


• 9 orthogonal SRs plus CRs to model the  
and top backgrounds

- (0- ,1- , 2- ) x (Merged HP, Merged LP, Resolved) 
 

• A Recurrent Neural Network (RNN) developed to 
separate VBS  signal from backgrounds


- Dedicated training in each  channel and  
merged/resolved regions


- Input jet variables for training: , , , , 

- RNN score used as final discriminant

VVjj 13 TeV 140 fb−1

V
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EW diboson production in semileptonic final states
• Measured EW  signal strength:





 
 
with obs. (exp.) significance of  ( ) 


• Fiducial expected and measured cross-sections:

VVjj

μobs
EW = 1.28+0.23

−0.21 = 1.28 ± 0.09 (stat.) +0.20
−0.19 (syst.)

7.4 6.1 σ

5

Dominated by signal modelling and  
jet reconstruction uncertainties

[1] [2] [3]
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• Anomalous quartic gauge coupling (aQGC) effects can be parameterised in the EFT framework


 

• New D-8 operators contributing to aQGC would enhance EW VBS prod. at high 

- Improvements for  and  by factor  with respect to other ATLAS diboson measurements
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EW diboson production in semileptonic final states

6

EFT-SM interference EFT term EFT cross term Each SR is split into 2 
 bins (high/low) to 

improve sensitivity
mVV
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• Anomalous quartic gauge coupling (aQGC) effects can be parameterised in the EFT framework


 

• New D-8 operators contributing to aQGC would enhance EW VBS prod. at high 

- Improvements for  and  by factor  with respect to other ATLAS diboson measurements
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EFT-SM interference EFT term EFT cross term

Exp. and obs.  CL limits95 %
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Semileptonic VBS and anomalous 
quartic gauge couplings
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EW  production via VBSVVjj
New physics in the EW sector 

can affect VV production

CMS-PAS-SMP-22-011

https://cds.cern.ch/record/2926224
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• EW production of  at  with 

- Target final states with one  and    jets

- Hadronic  decay: boosted or resolved topologies


‣ Large-  jets tagged to distinguish  from  jets


• 4 orthogonal SRs plus CRs to model the main 
backgrounds (top quark and Drell-Yan) 


• Large background and complex topology. DNN devised to improve the VBS signal separation

- Dedicated DNN per topology and b-tagging region (year-dependent for the resolved)


- Up to 14 input variables used for training, e.g: ,  ,  Zeppenfeld, 

ZVjj 13 TeV 138 fb−1

Z → ℓℓ 3 − 4
V

R V q/g

mjj njets (pT > 30 GeV) ℓ Δηjj

Semileptonic VBS and aQGC

9

2-lepton: 

*1-lepton: 

Z → ℓℓ
W → ℓν

*  events are used 
for the EFT combination

ℓνqq

 is a key discriminant!mV

W/Z q

q

W/Z q
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Semileptonic VBS and aQGC
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• The obs. (exp.) EW  VBS signal strength is





 Corresponding to a signal significance of  ( ) 


• Results driven by the statistical uncertainty of the data

ZV

μobs
EW = 0.63+0.53

−0.51 (1.00+0.61
−0.58)

1.3 1.8 σ

Impact on μobs
EW
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Semileptonic VBS and aQGC
• Sensitivity to aQGC studied by performing likelihood scans varying 

Wilson coefficients of D-8 operators

- Combination of  and  (arXiv:2112.05259) boosted channels


- Invariant mass of the diboson system  or  used for fitting


• Stringent  CL limits using Run 2 data are reported

ZV WV
(MZV MWV)

95 %
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https://doi.org/10.48550/arXiv.2112.05259


arXiv:2412.15123

Search for  productionVVZ

Mono-  verticesV Triple-gauge-boson vertex Quartic-gauge-boson vertex Higgsstrahlung  processVH

https://arxiv.org/abs/2412.15123
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Search for VVZ production
• Search for  ( ) production at   

using 

- Combined  observed by CMS (arXiv:2006.11191)


-  observed by ATLAS (arXiv:2201.13045)


• Extract combined signal strength   ( also  and )


• Investigate 3 different final states:

VVZ WWZ + WZZ + ZZZ 13 TeV
140 fb−1

VVV
WWW

μVVZ μWWZ μWZZ

13











Target process

, 


Main backgrounds 


3ℓ + jets
W/Z → qq
W → ℓν
Z → ℓℓ

W±W∓Z W±ZZ

W±Z










Target process




Main backgrounds

 and 


4ℓ
W → ℓν
W → ℓν
Z → ℓℓ

W±W∓Z

W±Z ZZ











Target process

, 


Main backgrounds

 and 

≥ 5ℓ
W/Z → ℓν/ℓℓ

Z → ℓℓ
Z → ℓℓ

W±ZZ ZZZ

W±Z ZZ

• MVA techniques utilised to 
enhance sensitivity to 


- BDTs optimised separately to 
each SR and final state


- Most discriminant var.: , 
, , , MET sig., 

VVZ

Htot
T

p j2
T mZ2

ℓℓ njets pℓW
T

https://arxiv.org/abs/2006.11191
https://arxiv.org/abs/2201.13045


Daniel Camarero Muñoz (Brandeis)                                                                                                                                                                            Triboson and VBS results

Search for VVZ production

14

CRs  SRs3ℓ + jets  SRs4ℓ  SR≥ 5ℓ

At least  and 1 “  candidate”, with a di-  pair with same-
flavour and opposite-sign (SFOS) and 


• SR 3l-1j:  jet


• SR 3l-2j-inV:  jets with 


• SR 3l-2j-outV:  jets with  or 


• CRs: Z+jets, 3l-ttZ, and WZ+jets processes

3ℓ Z ℓ
|mℓℓ − mZ | < 20 GeV

1
≥ 2 60 < mj1 j2 < 110 GeV

≥ 2 mj1 j2 < 60 mj1 j2 > 110 GeV

At least  and 1 SFOs di-  pair with 


Categorisation using the 2 “ -leptons” flavour:


• SR 4l-DF: Different Flavour 


• SR 4l-SF-inZ: Same Flavour , 


• SR 4l-SF-outZ: Same Flavour , 


• CRs: ZZ+jets and 4l-ttZ processes

4ℓ ℓ |mℓℓ − mZ | < 20 GeV
W

ℓ
ℓ |mℓ3ℓ4

− mZ | < 20 GeV

ℓ |mℓ3ℓ4
− mZ | ≥ 20 GeV

SR 5l: at least  and  SFOS with 5ℓ 2 |mℓℓ − mZ | < 20 GeV

• Simultaneous fit across final states and SRs/CRs
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Search for VVZ production
• Constraints on aQGC effects via an EFT analysis with D-8 operators


- Wilson coefficients of most sensitive operators to  final states 
are , , , and 


• BDT distributions retrained to increase sensitivity to EFT effects using 
events from all operators considered 
 
 
 
 
 

• Clipping method to provide limits avoiding unitarity violation at high 

VVV
fM2 fM3 fM4 fM5

s

15
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Three ATLAS / CMS measurements at  using  have been presenteds = 13 TeV 140 fb−1

Summary and conclusions

16

Same-sign  polarisation


• First evidence of production of polarised : obs. significance 


• Most stringent limits to date for the  cross-section:  ( )  obs. (exp.)

WW
W±

L W± 3.3 σ
W±

L W±
L 0.45 0.70 fb

EW diboson production in semileptonic final states

• CMS and ATLAS have reported improvements on aQGCs upper limits thanks to the 

extended phase space by the merged  topology: especially for  and  operatorsV → jj fS fM

Searches for triboson production


• First observation of  production by ATLAS: obs. (exp.) significance  ( ) 


• First evidence of  production by ATLAS: obs. (exp.) significance  ( ) 


• CMS reports evidence of  using Run 2 + 3 data: obs. (exp.) significance  ( ) 

VVZ 6.4 4.7 σ
WWZ 4.4 3.6 σ

WWZ 4.5 5.0 σ



Back-up



Selections
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EW diboson production in semileptonic final states

19

arXiv:2503.17461

https://doi.org/10.48550/arXiv.2503.17461
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Search for VVZ production

20

 SRs3ℓ + jets

 SRs4ℓ

 SR≥ 5ℓ

arXiv:2412.15123

https://arxiv.org/abs/2412.15123


Other
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Stat.
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 also extracted 
in each region

μobs
EW

• Measured EW  signal strength:





 
 
with obs. (exp.) significance of  ( ) 


• Fiducial expected and measured cross-sections:

VVjj

μobs
EW = 1.28+0.23

−0.21 = 1.28 ± 0.09 (stat.) +0.20
−0.19 (syst.)

7.4 6.1 σ

EW diboson production in semileptonic final states
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Dominated by signal modelling and  
jet reconstruction uncertainties
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EW diboson production in semileptonic final states
• Diboson system mass distributions in the 0-  selectionℓ

23
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