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Outline

• Vector Boson Scattering physics at ATLAS in a nutshell

• Recent VBS measurement progresses in ATLAS
• VBS ZZ(→4l)
• VBS Z𝛾
• VBS same-sign WW
• VBS oppo-sign WW

• Summary
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Vector Boson Scattering in ATLAS SM measurements

• ATLAS Multi-Boson Production 
measurements:
diboson/triboson/VBS/VBF/…
• VV/Vγ/Vγγ/VVγ but not 

γγ/γγγ

• VBS, being the rare processes in 
SM at LHC, desire a good
discrimination against enormous
backgrounds.

ATL-PHYS-PUB-2022-009
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Vector Boson Scattering topology in a nutshell

• Vector Boson Scattering (VBS) is a key 
process to probe the mechanism of 
electroweak symmetry breaking

• Experimentally measured in a VBS
enriched phasespace along with the
other non-VBS EWK VVjj contributions
suppressed
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Physical interest of VV scattering

The mh = 125 GeV Higgs will unitarize VV→VV scattering provided it has SM hVV couplings.
This can be carefully examined by either
• Precise measurements of the hVV couplings at the light Higgs resonance
• Measurement of VV→VV differential cross sections at high pT and invariant mass

w/ Higgs

w/o Higgs

JHEP11(2008)010
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VBS signature in short

▪ Typical VBS topology

▪ tagging jets:

▪ transverse momenta: pT( j1), pT( j2)

▪ invariant mass: M( jj)

▪ Pseudo-rapidity difference: Δ𝜂( jj)

▪ central jet veto

▪ centrality:

▪ pT balance:

▪ All hard process decay products and jets
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EWK ZZ(→4l)jj analysis

EWK ZZjj signal (including Higgs)

1st obs. [Nature Physics 19 (2023) 237–253]
Further analysis: ATLAS-CONF-2023-024

QCD ZZjj backgrounds

Non-VBS but EWK
processes are also
suppressed
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ZZjj differential cross sections and limits on EFT operators

• Differential x-sec are used to search for 

anomalous couplings using dim-6 and 

dim-8 EFT operators.

• A cut-off that prevents unitarity being 

violated at large energy scales is

considered. UV bound is calculated 

according to arXiv:2004.05174

ATLAS-CONF-2023-024

• Unfolded differential x-sec are in agreement with state-of-
art predictions for both QCD and EWK ZZjj enriched
regions.

• Some underestimation from MG5+PY8 strong production
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EWK Z(→ll)𝛾jj analysis
1st obs. [ATLAS-CONF-2021-38]
Further analysis: arXiv:2305.19142

EW-Zγjj measurement:
• EW-Zγjj treated as signal and POI set on SR only
• QCD-Zγjj treated as background and norm. factor assigned
EW+QCD-Zγjj measurement:
• Sum of EW and QCD-Zγjj treated as signal and POI set
• No control region used and signal extracted in extended SR

Sig. and bgd
regions def.
for EW and
EW+QCD
combined
extraction

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-056/CONF-STDM-2021-15
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EWK and EWK+QCD Z(→ll)𝛾jj differential distributions

arXiv:2305.19142
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EWK same-sign W±W±jj measurement

Fiducial definition: • Measure integrated EW and total ssWW fiducial 
cross sections

• Using profile likelihood fit to the Mjj distribution in 
SR (split per lepton flavor), including yields in the 
low-Mjj CR (per flavor) and WZ CR

• Differential measurement with binned signal 
strength and no dilepton flavor split

ATLAS-CONF-2023-023
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BSM probe with EWK same-sign W±W±jj

• Limits on dim-8 EFT
operators to probe aQGC

• Limits are set w/ and w/o
UV preservation
treatment (cut-off scale of
1.5TeV and compare with
UV bound)

• Limit evolution vs cut-off
scale is scanned

• Limits on production of fermiophobic 
H±± decaying to a pair of W bosons, 
within the Georgi– Machacek (GM) 
model

• Model parameters are the H±± mass 
and sH

• Using signal samples generated for a 
range of H±± masses between 200 GeV 
and 3 TeV

ATLAS-CONF-2023-023
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NEW! Oppo-sign WW VBS observation

• 1st observation of oppo-sign WW VBS process at ATLAS
• Signature: oppo-sign WW + 2/3 jets
• Two neural networks are trained to distinguish signal 

from largest backgrounds: top and QCD WW production
• obs. (exp.) signif. 7.1σ (6.2σ) for 2/3 jets combined

Fiducial region definition:

ATLAS-CONF-2023-039
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Conclusion and outlook

• VBS processes provide unique probe of the gauge structure of SM and EWSB

• Further precise measurements of total and EWK cross sections along with
differential cross sections are for the 1st time performed in many VBS channels in
ATLAS after observations

• Provid more solid tests of SM predictions and unique probe to BSM signatures
related to gauge boson self-interactions and beyond
• Both unitarized and non-unitarized limits are set on EFT high dimension

operators to probe aQGCs in VBS processes

• More physics interest are to be explored in the future: longitudinal polarization,
combined limits on aQGCs, etc.
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Backup
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EWK Z(νν)𝛾 further analysis and aQGC limits on EFT operators

• BDT classifier to better separate the signal from the 
background processes

• A binned maximum likelihood fit is performed using 
the BDT classifier response to extract the EWK Z(νν)γ 
cross section

Evolution of aQGC limits vs UV clipping

Non-unitarized aQGC limits

1st Obs. [Eur. Phys. J. C 82 (2022) 105] Further analysis: JHEP 06 (2023) 082
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EWK Z(vv)𝛾 observation

1st Observation of Z(vv)𝛾 VBS process at LHC

Obs.(Exp.) Significance: 5.2𝛔(5.1𝛔)

Similar signatures used to provide strong constraints for:

invisible Higgs decay in VBF model with additional photon (0.37 
(0.34+0.15−0.10) at 95% CL)

VBF Higgs to dark photons: H→𝛾𝛾d(0.018 (0.017+0.007 −0.005) at 95% CL)

1st Obs. [Eur. Phys. J. C 82 (2022) 105]
Further analysis: JHEP 06 (2023) 082

QCD Z(𝜈𝜈)𝛾jj EWK Z(𝜈𝜈)𝛾jj


