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Introduction: Standard Model of particle physics

ǒ Standard Model (SM): theoretical 

framework for making predictions in 

particle physics

ǒ SM has been extremely successfulat 

describing experimental observations 

from the past 50 years

ǒ Higgs boson, the particle whose 

associated field gives mass to the 

fundamental constituents of matter, was 

the last missing piece
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ATLAS Open Data

https://opendata.atlas.cern/docs/documentation/introduction/SM_and_beyond
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Lots can be accomplished

with precision physics!

CERN-GRAPHICS-2025-006
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Precision measurements Ÿ constraints on new physics

ǒ Despite the SMôs successes, it cannot be 

the whole story: there must be undiscovered  

Beyond the SM (BSM)physics

ǒ Precision measurements serve as ñstress 

testsò of the SM Ÿ reveal subtle differences 

between our predictions and measurements 

as well as provide new input to our models

ǒ Today, Iôll present an overview of recent 

SM measurements performed by ATLAS
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arXiv:2209.07510

https://arxiv.org/abs/2209.07510


A note about the selected measurements

ǒ Physicists from Canadian institutions contribute in many 

different ways to ATLAS: maintenance, operation, 

reconstruction, analysis, and upgrades
ƺ (And this is why all ATLAS authors are included on all papers!)

ǒ Physicists from Canadian institutions were members of the 

teams directly responsible for performing all the 

measurements presented today
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The Large Hadron Collider

and the ATLAS detector

CERN-EX-0511013

https://cds.cern.ch/record/910381
https://cds.cern.ch/record/910381
https://cds.cern.ch/record/910381
https://cds.cern.ch/record/910381
https://cds.cern.ch/record/910381


The Large Hadron Collider (LHC) 
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The Large Hadron Collider (LHC) 
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The Large Hadron Collider (LHC) 
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Proton-proton collisions at 

40 MHzand centre-of-mass 

energies up to 14 TeV

https://cds.cern.ch/record/1295244
https://cds.cern.ch/record/1295244
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The ATLAS detector at the LHC

ǒ General purpose particle detector, 

with subsystems including:
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ATLAS-PHOTO-2022-055
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The ATLAS detector at the LHC

ǒ General purpose particle detector, 

with subsystems including:
ƺ Inner detector for charged particle 

tracking in a 2 T field
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The ATLAS detector at the LHC

ǒ General purpose particle detector, 

with subsystems including:
ƺ Inner detector for charged particle 

tracking in a 2 T field

ƺ Calorimeters for reconstructing 

electron/photons and hadronic 

showers (ñjetsò)
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The ATLAS detector at the LHC

ǒ General purpose particle detector, 

with subsystems including:
ƺ Inner detector for charged particle 

tracking in a 2 T field

ƺ Calorimeters for reconstructing 

electrons/photons and hadronic 

showers (ñjetsò)

ƺ Muon spectrometer built around toroid 

magnet field
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The ATLAS detector at the LHC

ǒ General purpose particle detector, 

with subsystems including:
ƺ Inner detector for charged particle 

tracking in a 2 T field

ƺ Calorimeters for reconstructing 

electron/photons and hadronic 

showers (ñjetsò)

ƺ Muon spectrometer built around toroid 

magnet field

ǒ 100 kHz hardware trigger, 

reduced to 3 kHz event rate by 

software trigger
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ATLAS-PHOTO-2022-055
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Data collected by ATLAS thus far

ǒ Precision measurements benefit 

from large datasets , and ATLAS 

has collected a large dataset!

ǒ For proton-proton collisions, the 

integrated luminosities are:
ƺ ñFullò Run 2 (2015ï18): 140 fbī1

ƺ ñEarlyò Run 3 (2022ï24): 164 fbī1

ƺ 1 fbī1of data ~ 100 trillion collisions

ǒ ñFinal laps at the LHCò: LHC is 

concluding Run 3 this week!

Matthew Basso (TRIUMF) 17

ATLAS online luminosity plots

https://home.cern/final-laps-lhc/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3#Multi_year_Summary_Plots
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Single and

multi -boson physics

Wɔɔ candidate event

(STDM-2018-33)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-33/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-33/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-33/
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Measurement of W boson angular coefficients

Matthew Basso (TRIUMF) 19

ǒ Differential cross section for W+jets 

can be decomposed into harmonic 

polynomials as a function of lepton 

polar and azimuthal angles, ɗ and ὲ
ƺ Along with unpolarized cross section as a 

prefactor

ǒ Measurements of angular coefficients, 

{Ai}, enable stringent comparisons

with state-of-the-art QCD predictions, 

in addition to being model independent
ƺ Already measured for Z bosons by ATLAS

EPJC 86 (2026) 483

https://doi.org/10.1140/epjc/s10052-024-12438-w
https://doi.org/10.1140/epjc/s10052-025-15264-w
https://doi.org/10.1140/epjc/s10052-025-15264-w
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ǒ Use 338 pbī1of low pile-up data 

and selecting for WŸeɜ/ɛɜ Ÿ 

excellent experimental conditions

Strategy for measuring

angular coefficients
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ǒ Additional proton-proton interactions, beyond the interesting hard-scatter 

collision, are referred to as pile -up Ÿ pollute our collision environment

ǒ For the majority of Run 2, the number of pile-up collisions per bunch crossing 

was ~ 40 versus ~ 2 for the special dataset on the previous slide

Aside #1: pile -up interactions
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ǒ Use 338 pbī1of low pile-up data 

and selecting for WŸeɜ/ɛɜ Ÿ 

excellentexperimental conditions

ǒ Build and fit templates for each 

coefficient, binned in cos(ɗ) and ὲ 

in the Collins-Soper (CS) frame, as 

a function of the pTof the W boson
ƺ Ambiguity in reconstruction of neutrino 

momentum and therefore on the sign of 

cos(ɗ) resolved using a W boson mass 

constraint

Strategy for measuring

angular coefficients
JHEP 08 (2016) 159

EPJC 86 (2026) 483

https://doi.org/10.1007/JHEP08%282016%29159
https://doi.org/10.1140/epjc/s10052-025-15264-w
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ǒ Separately fit {Ai} for 

Wīand W+ candidates

ǒ Excellent agreement 

with theory predictions
ƺ Theory predictions are 

convolved with detector 

effects

ƺ i = 1, 5ï7 coefficients 

consistent with 0

ǒ First measurement of 

full set of {A i} for Ws

EPJC 86 (2026) 483
Measured Wī

angular coefficients

https://doi.org/10.1140/epjc/s10052-025-15264-w


Inclusive WZ and Wɔ production
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ǒ Measurements of WZ and Wɔ offer 

probes of triple gauge couplings 

(TGCs), tests of charge-parity (CP) 

violation, and searches for new physics

ǒ Each process has cleanexperimental 

signatures: leptonically-decaying vector 

bosons and (for Wɔ) a photon

ǒ Utilize the full Run 2 dataset, 140 fbī1, 

which enable fine-grained measurements 

of differential observablesé

ὤ/ ‎
ὤ/ ‎

ὤ/ ‎

Modified from JHEP 11 (2025) 006

https://doi.org/10.1007/JHEP11(2025)006
https://doi.org/10.1007/JHEP11(2025)006
https://doi.org/10.1007/JHEP11(2025)006
https://doi.org/10.1007/JHEP11(2025)006
https://doi.org/10.1007/JHEP11(2025)006
https://doi.org/10.1007/JHEP11(2025)006


Aside #2: fiducial cross sections, a tool for precision
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ǒ Fiducial cross section measurements: deconvolve or ñunfoldò detector 

effects from reconstructed data ī background to yield a particle-level signal 

cross section
ƺ Unfold to a fiducial phase space closely matchingthe reconstructed phase space

ƺ Typically proceeds via an iterative procedure

ƺ Contrast total cross section measurementsusing reconstructed data without unfolding

ǒ Differential cross section measurements: fiducial cross section 

measurements differential in some observable
ƺ Can be directly compared to calculations from state-of-the-art generators

https://doi.org/10.1016/0168-9002(95)00274-X


Differential cross section results for WZ and Wɔ
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Differential cross section results for WZ and Wɔ
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High energy tails are 

sensitive to new physics 

(e.g., anomalous TGCs)

CP-sensitive, parity-odd 

observable

https://doi.org/10.1007/JHEP11(2025)006
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-15/
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Differential cross section results for WZ and Wɔ
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These observables can be used to constrain the structure new 

physics by way of effective field theoryé

https://doi.org/10.1007/JHEP11(2025)006
https://doi.org/10.1007/JHEP11(2025)006
https://doi.org/10.1007/JHEP11(2025)006
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Aside #3: effective field theory, a tool for new physics
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ǒ Effective field theory (EFT): add higher-dimensional(d > 4) operators to 

the SM Lagrangian which capture the unknown physics above some energy 

cut-off scale ȿ (typically 1 TeV) and which are ordered in inverse powers of ȿ:

ǒ Leading higher-dimensional order is 6(operators of odd mass dimensions 

violate lepton/baryon number conservation)

ǒ Standard Model Effective Field Theory (SMEFT)builds the effective 

operators using only SM fields

Modified from JHEP 

11 (2025) 006

https://arxiv.org/abs/1706.08945
https://arxiv.org/abs/1706.08945
https://doi.org/10.1007/JHEP11%282025%29006
https://doi.org/10.1007/JHEP11%282025%29006


Aside #2: effective field theory, a tool for new physics
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ǒ Effective field theory (EFT) : add higher -dimensional (d > 4) operators to 

the SM Lagrangian which capture the unknown physics above some energy 

cut-off scale ȿ (typically 1 TeV) and which are ordered in inverse powers of ȿ:

ǒ Leading higher -dimensional order is 6 (operators of odd mass dimensions 

violate lepton/baryon number conservation)

ǒ Standard Model Effective Field Theory (SMEFT) builds the effective 

operators using only SM fields

Modified from JHEP 

11 (2025) 006

Typically report 

Wilson coefficients

https://arxiv.org/abs/1706.08945
https://arxiv.org/abs/1706.08945
https://doi.org/10.1007/JHEP11%282025%29006
https://doi.org/10.1007/JHEP11%282025%29006


Inclusive WZ and Wɔ production
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ǒ Constraints on CP-even 

operators obtained by 

parameterizing their 

effects on mT
WZ or 

angular observables

ǒ Constraints on CP-odd 

operators obtained by 

parameterizing their 

effects on novel neural 

network observables

STDM-2022-15JHEP 11 (2025) 006

https://arxiv.org/abs/2209.05143
https://arxiv.org/abs/2209.05143
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-15/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-15/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-15/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-15/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-15/
https://doi.org/10.1007/JHEP11(2025)006


Inclusive WZ and Wɔ production
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ǒ Constraints on CP-even 

operators obtained by 

parameterizing their 

effects on mT
WZ or 

angular observables

ǒ Constraints on CP-odd 

operators obtained by 

parameterizing their 

effects on novel neural 

network observables

STDM-2022-15JHEP 11 (2025) 006

Results are consistent with the SM 

expectation, ci= 0 ᶅi, and are comparable 

to or improve upon existing results

https://arxiv.org/abs/2209.05143
https://arxiv.org/abs/2209.05143
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-15/
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https://doi.org/10.1007/JHEP11(2025)006


Observation of WWɔ production
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ǒ Measurements of triboson production are 

stringent tests of gauge structure
ƺ Already observed: VVZ, Wɔɔ, WZɔ, Zɔɔ, WWW, é

ǒ Targets different-flavour leptonic decays of the 

W bosons + a photon, with a BDT separating 

signal from all other backgrounds

ǒ Fiducial cross section: 6.2 Ñ1.0 fb, consistent 

with the SM prediction of 6.1+1.0ī0.7fb
ƺ Limited by availability of data (12%), with modelling of 

non-prompt photon background subleading (5.4%)

ƺ 5.9ů significanceover background-only hypothesis

P
L

B
 8

7
3

 (2
0

2
6

) 1
4

0
0

5
0

https://doi.org/10.1016/j.physletb.2025.139527
https://doi.org/10.1016/j.physletb.2023.138400
https://doi.org/10.1103/PhysRevLett.132.021802
https://doi.org/10.1103/PhysRevLett.132.021802
https://doi.org/10.1140/epjc/s10052-023-11579-8
https://doi.org/10.1140/epjc/s10052-023-11579-8
https://doi.org/10.1103/PhysRevLett.129.061803
https://doi.org/10.1016/j.physletb.2025.140050
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ǒ Many >TeV-scale BSM models predict anomalous 

quartic gauge couplings(aQGCs)
ƺ Can be described by EFTs, but unlike the previous 

interpretations, operators affecting QGCs enter at 

dimension-8, of which there are O(105)!

ǒ £boli modelisolates dimension-8 operators 

respecting SM symmetries and producing aQGCs

ǒ Seventeensuch operators are reported as part of 

a combined interpretation of seven vector boson 

scattering (VBS) measurementsfrom Run 2
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Combined interpretation of

anomalous quartic gauge couplings

https://doi.org/10.1103/PhysRevD.74.073005
https://doi.org/10.1103/PhysRevD.74.073005
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ǒ Most comprehensive set of 

aQGC EFT results to date
ƺ Combination improves upon individual 

results by 20% 

ǒ Impose unitarity by setting EFT 

effects to 0 for energy scales 

above 1.5 TeV (Backup) Ÿ 

combined bounds improve by up 

to 96% and are more even

ǒ Results consistent with the SM

STDM-2023-21

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2023-21/
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Higgs boson physics

HŸZZ*Ÿ2e2ɛ candidate event (HIGG-2022-12)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-12/
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ATLAS-CONF-2025-006

Increasing cross section (numbers in the Backup)
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ATLAS-CONF-2025-006 (exact numbers in the Backup )
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ǒ Second-generation Yukawa couplings like 

HŸɛɛ are notfirmly established
ƺ Difficult due to tiny branching ratio, O(10ī4)

ǒ Analysis fits dimuon invariant mass, corrected 

for final state radiation, in 23 categories of 

different production modes and purities

ǒ Combined with the Run 2 resultto yield a 

signal strength modifier ɛ = 1.4 Ñ0.4
ƺ Dominated by the availability of data 

ƺ Corresponds 3.4ů significanceover the 

background-only hypothesis
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Fermion couplings: evidence

for HŸɛɛ
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ǒ Measurement utilizes the partial (2022ï24) 

Run 3 dataset but precision is already 

comparable to the full Run 2 measurement

ǒ Four-lepton final state provides a clean 

signature, excellent signal-to-background, and 

full reconstruction of the final state

ǒ Dominant backgrounds (ZZ and tXX) 

normalized via sidebands, data-driven 

estimate of non-prompt leptons
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HIGP-2025-09

Boson couplings: HŸZZ*Ÿ4ǎ in Run 3

http://dx.doi.org/10.1140/epjc/s10052-020-8227-9
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2025-09/
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ǒ Measured fiducial cross 

sections as a function of 

seven observables
ƺ pT

4ǎŸ sensitive to 

perturbative QCD 

calculations ; |yH| Ÿ 

sensitive to parton 

distribution functions

ƺ Also studied differential 

production through 

Simplified Template 

Cross Sections (Backup)
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HIGP-2025-09

Differential measurements of HŸZZ*Ÿ4ǎ
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Coupling modifier results
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ǒ For the measurement of the production 

mode cross sections: correlate boson 

couplings as əV and separately correlate 

fermion couplings as əF

ǒ Combine the Run 2 and 3 measurements 

Ÿ improve the sensitivity of the Run 2 

results by 40% and 20% for əV and əF, 

respectively
ƺ Also apply a novel approach for constraining the 

Higgs trilinear self-coupling

HIGP-2025-09

https://doi.org/10.1140/epjc/s10052-017-5410-8
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2025-09/
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Combination of single Higgs boson measurements

ǒ Statistical combinations of single Higgs 

boson measurements exercised using 

the ñlegacyòRun 2 measurements as 

well as new/expanded measurements
ƺ Provide a holistic picture of Higgs boson 

production as measured by ATLAS

ƺ Previous combination: Nature 607 (2022) 52

ǒ Measure total cross sections 

(inclusively and split by production 

mode), couplings, differential 

information, é
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ATLAS-CONF-2025-006
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ǒ Owing to the reanalysis 

and new data, relative to 

the previous result:
ƺ Uncertainties on WH, ZH, 

and ttH+tH cross sections 

are reduced by 30%, 20%, 

and 40%, respectively

ƺ Uncertainties on HŸbb, 

HŸWW*, and HŸŰŰ

branching ratios reduced 

by 20%, 20%, and 10%, 

respectively
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Production mode results for different decay channels

ATLAS-CONF-2025-006
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Higgs boson couplings vs. particle mass
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Couplings exhibit 

excellent agreement 

with the expected 

scaling as a function 

of particle mass
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CP properties of Higgs bosons

ǒ Higgs boson is predicted to be a CP-even scalar
ƺ However, CP-violation could enter through its interactions with other particles

ǒ Latest CP combination (HIGP-2024-26) studied the Higgs bosonôs CP-

violating effective couplings to gauge fields, with Wilson coefficients cHWӉ, 

cHBӉ, and cHWӉB
ǒ CP violation manifests as an asymmetry in a CP-odd observable (e.g., 

angular variables or optimal observables) Ÿ tested through a combined 

shape-onlyfit of CP-odd observables from several measurements
ƺ ñShape-onlyò: signal normalization is floatedin the fit, to decouple changes to the total cross 

section from those affecting the shapes
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Observables sensitive to

CP-violating effects
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Combined results for CP -violating operators

ǒ First eversimultaneous fit of 

cHWӉ, cHBӉ, and cHWӉB
ǒ Most stringent limitson cHWӉ
(with cHBӉ= cHWӉB= 0) to date: 

[ī0.14, +0.49]at 95% 

confidence level
ƺ Improve upon single channel 

results from HŸŰŰ by 40%

ǒ Consistent with no CP-

violating couplings
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HIGP-2024-26






















