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• Motivation 

•  results at 13 TeV using 140 fb-1 of Run2 

•  results at 13 TeV using 140 fb-1 of Run2  

•  production at 13.6 TeV using 29 fb-1 of Run3 

•  polarization and CP results at 13 TeV using 140 fb-1 of Run2 

•  polarisation at high-   using 13 TeV using 140 fb-1 of Run2 

• Summary 
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Motivation
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Investigate the SM Electroweak Sector: 

• Measurements of multiboson processes provide an important test of 
the SM  

• Study non-abelian structures through triple and quartic gauge couplings 

• Deviations from predictions provide evidence of new physics  

• Set limits on anomalous quartic gauge couplings via interpretations: 
EFT and resonant searches  

Longitudinal polarisation: 

• Directly probes the Electroweak Symmetry Breaking mechanism 

• Sensitive to new physics  

• The first step toward longitudinal VBS 



 ProductionWZγ
Phys. Rev. Lett. 132 (2024) 021802

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.021802
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Targeting the  quartic gauge coupling:  

• 3 leptons ( ): 30, 20, 20 GeV 

• Z lepton pair with 80 GeV 

•  > 20 GeV 

• 1 photon, 15 GeV

WWZγ

e, μ PT >

mℓℓ >

Emiss
T

PT >

 ProcessWZγ

• Non-prompt bkg. (WZ, ZZ, , ): estimated using a data-driven “Fake Factor” method 

• Prompt bkg. ( ): estimated using MC samples and CRs
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 ObservationWZγ
• A profile-likelihood fit is performed on three 

bins to extract the signal and /  
backgrounds 

•  process observed (expected) with 
6.3σ (5σ) 

• consistent with the SM prediction within 
1.5σ

ZZ ZZγ

WZγ

•  = 1.34 ± 0.20 (stat.) ± 0.10 (syst.) ± 0.07 (theory) 

•  = 2.01 ± 0.30 (stat.) ± 0.16 (syst.) fb 

• Photon identification and isolation are the biggest systematic 
uncertainties
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 ProductionWγγ
Phys. Lett. B 848 (2024) 138400

https://www.sciencedirect.com/science/article/pii/S0370269323007335
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 ProcessWγγ
• Sensitive to the  and  gauge coupling 

• An important background for  

Event selection: 

• 2 isolated photons, 20 GeV 

• 1 isolated electron (muon), 20 (25) GeV 

•  > 25 GeV &&  > 40 GeV  

•  veto:  
,  ∉ [82,100] GeV  

&&  GeV

WWγγ WWγ

WH → Wγγ

PT >

PT >

Emiss
T mT(W)

Zγ
m(lγ) m(lγγ)

pT(lγγ) > 30



 ObservationWγγ
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2 4 6 8 10 12 14 16
) [fb]ν µ e/→ x Br(Wfid

γγWσ 

ATLAS
-1 = 13 TeV, 140 fbs

γγ)ν l→W(

Data 2015-2018       (stat)       (total)
 0.1 (lumi) fb± (syst) 

  - 2.0
 + 2.1 1.1 (stat)±13.8 

Sherpa 2.2.10 NLO
) fbsα (stat+PDF+

  - 0.4
  + 0.5 (scale)  - 1.6

 + 2.413.6

MadGraph5_aMC@NLO
) fbsα (stat+PDF+

  - 0.4
  + 0.4 (scale)  - 1.1

 + 1.114.8

• A profile-likelihood fit is performed on SR and TopCR 

•  observed significance with 5.6  

• The fiducial cross section is measured for 𝑊 → 𝑒𝜈/𝜇𝜈  
with a total 17% uncertainty  

• The   background estimate is the dominant systematic 
uncertainty

Wγγ σ

j → γ
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Run3 ZZ Production 
at 13.6 TeV

Phys. Lett. B 855 (2024) 138764

https://www.sciencedirect.com/science/article/pii/S0370269324003228
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ZZ @ 13.6 TeV 
• Key channel to search anomalous neutral TGCs (aTGCs)  

• Study the off-shell Higgs boson production  

Fiducial and differential cross-sections are measured in 4 lepton final states 

• 4 isolated leptons ( ), 27, 10, 10, 10 GeV 

• 2 Z-lepton pairs 

• 66 <  < 116 GeV for both pairs 

•  > 180 GeV

e, μ PT >

mℓℓ
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 4l→ZZ 

Data  ZZ→qq 
 ZZ→gg EW ZZjj

Irreducible Reducible
Uncertainty

• Prompt back.: triboson and   

• Non-prompt back. : Z+jets, WZ,  using the data-driven “Fake Factor” method

tt̄Z

tt̄
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Iterative Bayesian unfolding:  and m4ℓ PT(4ℓ)

ZZ @ 13.6 TeV

0 5 10 15 20 25 30 35 40 45
fiducial cross-section [fb]

Data
Statistical Uncertainty
Total Uncertainty
Predicted

ATLAS 
s=13.6 TeV, 29 fb-1

ZZ → 4l, l=e, µ

This measurement
36.7 ± 1.6 (stat.)  ± 1.7 (sys.) fb

1.7(*)×Sherpa qqZZ NLO.QCD + ggZZ LO.QCD 
 (sys.) fb-3.5

+4.336.8

MATRIX qqZZ NNLO.QCD + ggZZ NLO.QCD(*)
 0.7 (sys.) fb±39.1 

NLO.EW + ggZZ NLO.QCD(*)×MATRIX qqZZ NNLO.QCD
 0.7 (sys.) fb±36.5 

(*) + Powheg EW ZZjj

• A single bin is used to extract the fiducial cross 
section 

• Extrapolated to the total cross section with 
 66 <  < 116 GeV for both 𝑍 bosonsmZ



 ZZ Polarisation and 
CP Studies

JHEP 12 (2023) 107

https://link.springer.com/article/10.1007/JHEP12(2023)107
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• The polarisation measurement of massive weak bosons directly 
probes the Electroweak Symmetry-Breaking mechanism 

• Provides unique sensitivity to physics BSM 

• Measurement of longitudinally polarised ZLZL bosons in  
final states ( ) 

• BDT is trained to distinguish the ZLZL from ZLZT and ZTZT 
polarisation components

ZZ → 4ℓ
ℓ = e, μ

•  = 1.15 ± 0.27(stat.) ± 0.11 (syst.)  
with 4.3  (3.8 ) significance   

• Fiducial cross section = 2.45 ± 0.60 fb 

• Interferences and modelling are the largest systematic 
uncertainties

μZLZL

σ σ

ZZ Polarisation at 13 TeV
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ZZ CP Properties
• Differential cross-section as a function of Optimal CP-sensitive observable 

•  

• Symmetric in the SM, but asymmetry in the presence of a CP-odd anomalous triple 
gauge coupling (aNTGC)
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WZ Polarisation 
@ High pZ

T
arXiv:2402.16365  

Accepted by Phys. Rev. Lett.

https://arxiv.org/abs/2402.16365
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WZ Polarisation @ High pZ
T

• Measure joint-polarisation states at a high  : ,
) 

• The first study to probe the energy dependence of polarisation 
fractions 

• Radiation Amplitude Zero (RAZ) effect in WZ production

PZ
T W0Z0

W0ZT, WTZ0, WTZT

Dedicated BDTs trained in each of the two  regions to discriminate  from the restPZ
T W0Z0
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WZ Polarisation @ High pZ
T
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• 5.2  observation of   in the  
GeV region 

• 3.2  evidence of    in the  GeV 
region using 2 parameters fit 

• Leading systematic uncertainty from QCD higher 
order effects 

σ f00 100 < PZ
T < 200

σ f00 PZ
T > 200

3 parameters fit configurations: ,  ,  f00 f0T + fT0 fTT

2 parameters fit configurations: , f00 fxx

100 < PZ
T < 200 GeV PZ

T > 200 GeV
3 fit parameters 2 fit parameters
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Radiation Amplitude Zero Effect
• At LO,  the cross-section drops to zero when  approaches   

• The scattering angle of the W in the WZ rest frame relative to the incoming antiquark 
direction 

• Observed in ΔY(WZ) and ΔY(lWZ) 

• Depth variable to quantify dip:

WTZT θV π/2

, indicates the 
existence of a dip 
D > 0D = 1 − 2 ⋅

N( |ΔY | < 0.5)
N(0.5 < |ΔY | < 1.5)
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• Measurements of multiboson production processes test gauge interactions within the SM 
electroweak theory and its symmetry-breaking mechanism 

• Multiboson production processes have relatively small cross sections at the LHC and is 
sensitive to new physics and anomalous triple and quartic gauge couplings 

• Presented results are consistent with the SM predictions


