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Electroweak Bosons:

Keys to deepen the understanding of Standard Model

Electromagentic/Weak/Strong
(Gauge Boson Self-

Interactions)

How Gauge Bosons Interact
with Fermions (Leptons &

Quarks)

Higgs Yukawa Couplings
(Origin of Masses for Leptons

and Quarks)

EWSB (Origin
of Weak

Boson Mass),
Higgs

Potential
(Higgs Self-
Interactions)
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Summary of ATLAS Diboson measurements

ATL-PHYS-PUB-2024-011

Diboson Physics at ATLAS:
Test of SM EWK Sector w/ high precision and as solid foundation for VBS and triboson measurements; examine
perturbative QCD and EW high order effects; irreducible backgrounds for Higgs to diboson decay and other
realted BSM searches; sensitive to anomalous Triple Gauge Couplings (aTGCs) with SMEFT; …
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ATLAS Run-3 data-taking in-action!

Standard Model Measurements are slow but precise!
Stay tuned ☺

(check out 1st Run3 ZZ results by ATLAS: Phys. Lett. B 855 (2024) 138764)
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Today’s main course

• W+W-
→ℓνℓν @13TeV (Full Run2): arXiv:2505.11310

• W±Z→3ℓ1ν @13TeV (Full Run2): arXiv:2507.03500

• Z(ℓℓ)γ differential and nTGC @13TeV (Full Run2): ATLAS-CONF-2025-001



< 6 >以 天 之 语 解 物 之 道

• WW total, fiducial and differential cross section measurements w/ ATLAS Full Run2 DATA (140 fb-1)
in fully leptonic final states (diff. flavor & oppo. charge to suppress Drell-Yan backgrounds)

• Highlights:

• Twelve measured observables: pT
lead lep. , pT

sub-lead lep. , pT
eµ, yT

eµ, meµ, ∆φeµ,
cosθ∗=|tanh(∆η(e,µ)/2)|, ET

miss, mT,eµ, HT
lep.+MET, ST, Njet

• Jet incl. phase space measured w/ high precision (~3.1% unc.)

• Evidence of central-forward charge asymmetry

• Comparison w/ State-of-Art theory predictions w/ NNLO QCD and NLO EWK (along w/ NLO-QCD
gg and γ-induced corrections) and new PDF

WW with ATLAS Full Run-2 13TeV

arXiv:2505.11310
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WW with ATLAS Full Run-2 13TeV

• Int. fid. cross-section 
determined using 
profile likelihood fit 
of 𝑆T distribution

• Fid. Phase space:

σfid. =
707± 7 (stat.) ± 20
(syst.) ± 6 (lumi.) fb

Post-fit
Major phase space cuts, veto b-jet but no further jet veto

arXiv:2505.11310
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• Measured fid./tot. cross sections consistent w/ MOST precise theo. predictions: nNNLO QCD ⊗
NLO EW using NNPDF3.1 luxQED (better agreement compared w/ NNPDF3.0 PDF )

WW with ATLAS Full Run-2 13TeV

arXiv:2505.11310
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WW with ATLAS Full Run-2 13TeV

• Differential cross sections measured in general w/ excellent agreement at fixed-order, compared w/
MATRIX prediction jet-inclusively

• Most notable discrepancy is a local 3σ difference in the lowest bin of the 𝐻T distribution

| cos𝜃∗ | = | tanh(Δ𝜂𝑒𝜇/2)|
Sensitive to WW spin structure

|𝑦𝑒𝜇 |
Absolute rapidity of the dilepton system

𝐻T
lep.+MET

scalar sum of 𝐸T
miss and the 

lepton transverse momenta

arXiv:2505.11310
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WW with ATLAS Full Run-2 13TeV

• Charge asymmetry 𝐴C measured as a function of absolute difference of leptons absolute 
rapidities ||𝜂ℓ+| − |𝜂ℓ−||, and invariant mass of the dilepton system

• Compared w/ the NNLO+PS predictions from Powheg MiNNLO+Pythia8

• Significant asymmetry seen for 1st time! (due to 2:1 ratio of up:down valence quarks)

𝐴C: non-zero due to charge 
asymmetry of the partonic initial 
state

𝐴CP: asymmetry in CP-odd observable

consistent w/ SM prediction (zero)
within ~1σ

arXiv:2505.11310
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• mT,eµ differential distribution is used for aTGCs parameterized
with seven SMEFT Wilson coefficients (Warsaw basis)

• Differential cross section also compared with MATRIX nNNLO 
QCD ⊗ NLO EW prediction using NNPDF3.1 luxQED

• Borders of the 95% confidence intervals as a function of upper 
mass cut-off is scanned and presented

• Lower limit on the new-physics scale Λ for fixed values are
obtained (w/ the remaining six Wilson coefficients profiled)

WW with ATLAS Full Run-2 13TeV

arXiv:2505.11310
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WZ with ATLAS Full Run-2 13TeV

• Follow up previous partial Run-2 WZ measurements (Eur. Phys. J. C 79 (2019) 535) and Full Run-2
WZ joint polarization (Phys. Lett. B 843 (2023) 137895) & high PT polarization measurements (Phys. 
Rev. Lett. 133 (2024) 101802)

• More precise measurements of incl. and differential cross sections w/ ATLAS Full Run-2 dataset (140
fb-1), in comparison w/ NNLO QCD and NLO EWK state-of-art SM predictions

• Probing CP-conserving and CP-violating dimension-6 operators with mT
WZ (low/high categorized)

arXiv:2507.03500
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New variables added for
diff. measurements w.r.t.
former results

NEW!
Triple products 
are sensitive to 
CP-Violating 
SMEFT
operators!

WZ with ATLAS Full Run-2 13TeV

arXiv:2507.03500
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• MATRIX ⊕ vs ⊗ 
schemes differ at 
high pT

V1

• Sherpa has a 
more complete 
description in 
high Njets
differing from 
PowHeg+Pythia

• Very low pT
discrepancies
possibly 
explained by 
large logarithms 
in pT /mVV

WZ with ATLAS Full Run-2 13TeV

arXiv:2507.03500
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WZ with ATLAS Full Run-2 13TeV

• Measured WZ fid. cross sections in agreement w/ NNLO QCD⊗EWqq SM prediction from MATRIX 
using the NNPDF3.1nnlo_as_118_luxqed PDF and MSHT20nnlo PDF

• Measurement of charge ratio w/ ~2% precision (stat. limited)

arXiv:2507.03500
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WZ with ATLAS Full Run-2 13TeV

CP-conserving EFT limits extracted 
with mT

WZ distribution
• cW, cHWB, cHD, c(1)

Hq, c(3)
Hq

CP-violating EFT (Strong!) limits: BDTs
for each operator to enhance
sensitivity to CP-violation
• cWtild, cHWtildB

Strongest positive (negative) 
interf. for large Scomb (–Scomb)

arXiv:2507.03500
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Zγ high pT differential measurements and NEW nTGC at 13TeV

Suppressed w/ FSR rejection Cut

• Analysis designed on top of previous Zγ+jets differential measurements JHEP 
07 (2023) 072

• Focus on high pT(γ)>200GeV with on-shell Z: sensitive to neutral aTGCs
(nTGCs): prohibited at SM tree level, but 1st arise from dimension-8 SMEFT

• Two approaches adopted to probe nTGCs
• Dimension-8 operators in SMEFT approach
• Form Factor (FF) in effective vertex approach

• Incorporating for 1st time 𝑆𝑈(2)L ⊗ 𝑈(1)Y fully gauge invariant symmetry
[PRD 107 (2023) 035005] and cancelling spurious energy dependent term

• Conventional FF formulation only incorporated 𝑈(1) symmetry, leading to
limits overestimation by two orders of magnitude (now corrected ☺)

NEW diff. meas. of 𝜙∗

• Angle b/w scattering 
plane and decay plane 
of Z in the ℓ+ℓ− frame

• Sensitive to
interference b/w SM 
and pure BSM terms

ATLAS-CONF-2025-001
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Zγ high pT differential measurements and NEW nTGC at 13TeV

• Limits extracted from high
pT(γ) region differential cross
section

• NEW! 1D and 2D limits w/
dimension-8 Wilson 
coefficients using fully gauge 
invariant theory treatment
(for 1st time at LHC) and
conversion FF limits

• Significantly relax the
previous h4 limits w/ only U(1)
symmetry treatment

ATLAS-CONF-2025-001
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Summary

• Dibosons from ATLAS Full Run-2 keep voicing out w/ NEW higher precision cross
section results and stronger constraints on BSM w/ SMEFT

• WW and WZ reaching unprecedented precision (3%~4%) in measured cross
sections

• WW charge asymmetry evidence concluded, and most precise predictions are
compared: NNLO QCD+NLO EWK w/ NLO-QCD gg and γ-induced corrections and
latest NNPDF3.1nnlo_as_118_luxqed PDF set

• CP-violating sensitive observables are for 1st time measured differentially in WZ,
providing strong constraints w/ combined BDT analyses and low/high mT

WZ

categorizations
• NEW 𝑆𝑈(2)L ⊗ 𝑈(1)Y fully gauge invariant formulation adopted for 1st time at

LHC via Zγ high pT(γ) differential analysis, relaxing former nTGC FF limits by
orders of magnitudes

• ATLAS Run-3 keeps delivering high quality and statistically rich proton-proton
collision DATA while SM diboson new results yet need patience ☺

• check out 1st Run3 ZZ results by ATLAS: Phys. Lett. B 855 (2024) 138764
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