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Multiboson physics

• Test several layers of the Standard Model (SM) and probe for potential physics beyond

Precision Predictions

Higher-order QCD/EW calculations

Parton Distribution Functions (PDFs)

Electroweak Gauge Structure

Vector Boson Scattering (VBS), EWSB & unitarity

Anomalous Triple/Quartic Gauge Couplings (aTGC/aQGC)

Diboson

VBS/+jets

Tribosons
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Multiboson measurements

Inclusive 𝑾𝜸 𝒁𝒁 / 𝒁𝒁𝒋𝒋 Evidence of 𝒁𝒁𝜸

• Three measurements using the full ATLAS Run2 140 𝐟𝐛−𝟏 𝐬 = 13 TeV proton-proton 
collision dataset:

Diboson

VBS/+jets

Tribosons
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https://arxiv.org/abs/2603.22478
https://arxiv.org/abs/2511.15569
https://journals.aps.org/prl/abstract/10.1103/jngg-1nf3


4

Inclusive 𝑾𝜸 production 
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• Measurement at 13 TeV with 140 fb−1 𝑝𝑝 data 

• Signal process: 𝑝𝑝 → 𝑊±𝛾 → 𝑒𝜈/𝜇𝜈 + 𝛾

• Phase space: 𝑝𝑇
𝑙/𝛾

> 30 GeV, 𝐸𝑇
miss > 40 GeV, 

𝑚𝑙𝛾 < 81 GeV or 𝑚𝑙𝛾 > 101 GeV, ∆R𝑙𝛾 > 0.8

arXiv:2603.22478

• 4 non-prompt backgrounds estimated via data-driven methods: jet faking photon, jet faking 
lepton, electron faking photon and photon from pile-up

• Differential Cross-Sections:

NNLO QCD + NLO EW virtual: the prediction gives the best agreement with data

play a crucial role at high momentum

EPJC Accepted

https://arxiv.org/abs/2603.22478
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Inclusive 𝑾𝜸 production 
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• Radiation Amplitude Zero (RAZ) effect @LO in QCD

arXiv:2603.22478

Cancellation at tree-level of 
s- and t-channels

The dip↓ at |∆𝜂𝑙𝛾| = 0

Jet Veto Region  ∆𝜼𝒍𝜸

• Polarisation-sensitive observable

provide direct sensitivity to the 
𝑊 boson spin-density matrix

(𝜙𝑓, 𝑝𝑇
𝛾

)

𝑊 ⟶ 𝑙𝜈 decay angles (𝜃𝑓 , 𝜙𝑓)

Access helicity interference

Could enhance EFT sensitivity

(𝜽𝒇, 𝝓𝒇)

EPJC Accepted

https://arxiv.org/abs/2603.22478
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Inclusive 𝑾𝜸 production 
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CP sensitivity

arXiv:2603.22478

𝒪𝜙 ෩𝑊𝐵 and 𝒪 ෩𝑊 CP violation operators 

affecting Higgs/multiboson interactions

• SMEFT interference leads to asymmetries in CP-odd observables, dimension-6:

• Neural-network-based CP-odd observable [arXiv:2209.05143, Phys. Lett. B 832 (2022) 137246]

𝑊𝛾 process 
sensitive to

𝓞𝐍𝐍
𝝓෪𝑾𝑩 𝓞𝐍𝐍

෪𝑾

Limits on 𝒄𝑯෪𝑾𝑩 factor 2.5 better 
than previous measurements using 
other final states.

EPJC Accepted

https://arxiv.org/abs/2603.22478
https://arxiv.org/abs/2209.05143
https://www.sciencedirect.com/science/article/pii/S037026932200380X
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Inclusive 𝑾𝜸 production 
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PDF sensitivity: the Diboson Boost Asymmetry

𝑾+𝜸 Boost Asymmetry:

Phys. Rev. D 106, L051301 (2022)
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𝒙𝟏(𝐥𝐚𝐫𝐠𝐞𝐫) ~ 𝓞 𝟏𝟎−3 𝒕𝒐 𝟎. 𝟏

𝒙𝟐(𝐬𝐦𝐚𝐥𝐥𝐞𝐫) ~ 𝓞 𝟏𝟎−4 𝒕𝒐 𝓞 𝟏𝟎−𝟑
@LHC :

𝑥1 𝑥2
𝑥1𝑥2

The mix of QCD information

The mix of 𝒙𝟏/𝒙𝟐

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.L051301
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Inclusive 𝑾𝜸 production 
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arXiv:2603.22478

PDF sensitivity: the Diboson Boost Asymmetry

𝑾+𝜸 𝑾−𝜸

EPJC Accepted

https://arxiv.org/abs/2603.22478
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𝒁𝒁 → 𝒍𝒍𝝂𝝂 and 𝒁𝒁𝒋𝒋 → 𝒍𝒍𝝂𝝂𝒋𝒋 production 
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arXiv:2511.15569

Physics motivation

• Precision test of the SM through total and differential 𝑍𝑍 cross-sections
• Probe for BSM phenomena
• 𝟐𝒍𝟐𝝂 is complementary to 4𝑙, but with a larger branching ratio and higher EFT sensitivity

𝒁𝒁𝒋𝒋 → 𝒍𝒍𝝂𝝂𝒋𝒋𝒁𝒁 → 𝒍𝒍𝝂𝝂Inclusive

a sensitive probe of neutral aTGCs (a)QGCs

• Measurement at 13 TeV with 140 fb−1 𝑝𝑝 data 

𝒁𝒁 → 𝒍𝒍𝝂𝝂 𝒁𝒁𝒋𝒋 → 𝒍𝒍𝝂𝝂𝒋𝒋

EPJC Accepted

https://arxiv.org/abs/2511.15569
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𝒁𝒁 → 𝒍𝒍𝝂𝝂 and 𝒁𝒁𝒋𝒋 → 𝒍𝒍𝝂𝝂𝒋𝒋 production 
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arXiv:2511.15569

• Simultaneous profile-likelihood fit in SRs and CRs 

Cross-Sections
Post-fit   ∆𝝓(𝑬𝐓

miss, 𝒁)

Background normalisation factors

Signal strength parameters

• Statistical uncertainty dominant

• Total cross-sections

𝒁𝒁 𝒁𝒁𝒋𝒋

Measured 21.0 ± 1.0 fb 0.96 −0.16
+0.18 fb

SHERPA+MADGRAPH5 20.1 ± 1.1 fb 0.94 ± 0.20 fb

MATRIX 21.03 ± 0.30 fb

𝒁𝒁 𝒁𝒁𝒋𝒋

• Differential cross-sections

• Good agreement with SM

EPJC Accepted

https://arxiv.org/abs/2511.15569
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𝒁𝒁 → 𝒍𝒍𝝂𝝂 and 𝒁𝒁𝒋𝒋 → 𝒍𝒍𝝂𝝂𝒋𝒋 production ZZ
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arXiv:2511.15569

Probing anomalous gauge boson self-interaction couplings

aTGC

aQGC

• Vertex Function approach

• SMEFT approach

𝒎𝐓
𝒁𝒁

𝒑𝐓
𝒁

𝐶𝐺−𝑓4
𝛾

• dim-8 Wilson coefficients

in 𝒍𝒍𝝂𝝂 SR 

in 𝒍𝒍𝝂𝝂𝒋𝒋 SR 

Improved by a factor of 2-3 relative to 4𝑙𝑗𝑗 channel due to larger statistics 

Improving previous
results in this final 
state by a factor of 1.7

EPJC Accepted

https://arxiv.org/abs/2511.15569
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Evidence of 𝒁𝒁𝜸 production
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PRL 137 (2026) 091804

𝒁𝒁𝜸 → 𝒍+𝒍−𝒍′+𝒍′−𝜸

⚫ Measurement at 13 TeV with 140 fb−1 𝑝𝑝 data 

⚫ First evidence of 𝑝𝑝 → 𝑍𝑍𝛾: very rare process with two massive bosons

⚫ Data-driven estimation of dominant non-prompt photon background (jet faking gamma), 
and misidentified lepton background (jet faking leptons)

⚫ Profile likelihood fit to extract signal strength and its uncertainty

enhance suppress 

FSR (considered to be ZZ)

https://journals.aps.org/prl/abstract/10.1103/jngg-1nf3
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Evidence of 𝒁𝒁𝜸 production
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PRL 137 (2026) 091804

⚫ Outlook: perform Run2+3 analysis to achieve >5σ significance and aQGC studies

⚫ Clean signature with ~ 7 signal events and 1 background event

⚫ Measured cross section:

and the predicted SM fiducial cross section of 𝑝𝑝 → 𝑙+𝑙−𝑙′+𝑙′−𝛾 is

𝜎𝑍𝑍𝛾 = 0.144−0.051
+0.065(stat. )−0.004

+0.008(syst. ) fb

𝜎fid
SM = 0.130 ± 0.001(stat. ) ± 0.002(PDF+𝛼𝑆) ± 0.005(scale) fb [NLO QCD and LO EW]

Observed (expected) 
significance: 

4.4(4.0) σ

https://journals.aps.org/prl/abstract/10.1103/jngg-1nf3
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Summary

𝒁𝒁 / 𝒁𝒁𝒋𝒋

ATLAS Run2 140 fb−1：
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~ 1700 signal events 

~ 110 signal events 

Run 3 & HL-LHC → higher statistics + new techniques and new observables → more precise 
differential measurements → SM / BSM (EFT) sensitivity

⚫ From rare-process evidence to precision measurements

⚫ Future key challenge: Systematic uncertainties (e.g. balance background rejection against 
signal efficiency in 𝑊𝛾 measurement), Continued understanding of photon isolation treatment 
at particle level…

⚫ OUTLOOK:

Inclusive 𝑾𝜸

~ 150000 signal events 

QCD differentials, 
PDFs, 

W polarization,
EFT constraints

aTGC, aQGC, 
EFT constraints

Evidence of 𝒁𝒁𝜸

~ 7 signal events 

First evidence

https://arxiv.org/abs/2511.15569
https://arxiv.org/abs/2603.22478
https://journals.aps.org/prl/abstract/10.1103/jngg-1nf3


Backup

15Zihan Zhao (USTC)   |   QCD@LHC   |   Oct 1, 2026



unique PDF information from Boost Asymmetry
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current PDF uncertainty

𝐴boost
𝑊𝛾

updated PDF uncertainty

Phys. Rev. D 106, L051301 (2022)
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Valence quark
@ smaller 𝒙𝟐 region

Sea quark
@ larger 𝒙𝟏 region

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.L051301

