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Highlights of recent Standard 
Model measurements with the 
ATLAS experiment
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• ATLAS provides means to test SM in many different ways


• No smoking gun for new physics at LHC hence precision 
measurements test our understanding of the theory and could 
indicate effects of new physics


• High luminosity and high energy (5.02-13.6 TeV) allow for 
thorough investigations via:


• Measurements of fundamental SM parameters


• Measurements of SM process production rates


• Good knowledge of SM backgrounds crucial for rare or new 
physics searches


• ATLAS SM public results web page

The Standard Model at ATLAS
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults


Precision double-differential  cross-sections  Z
• Using 20.2 fb-1 of 8 TeV proton-proton data,  




• 80 100 GeV,  < 3.6


• Measurements in full phase space of the leptons ( ) via 
harmonic decomposition  reduces theory uncertainties 
related to decay products, hence stronger probe of QCD


• Double-differential cross-section measurements, as functions 
of  and 


• Predictions of up to N3LO supplemented by approximate N4LL 
contributions in Sudakov (low- ) region


• Extremely high precision achieved  thorough test of 
predictions

Z( → ℓℓ)
ℓ = e, μ

< mℓℓ < |yℓℓ |

e, μ
→

pZ
T yZ

pT

→

3

arXiv: 2309.09318 [hep-ex]

1 10 210 310
 [GeV]

T
p

11−10

10−10

9−10

8−10

7−10

6−10

5−10

4−10

3−10

2−10

1−10
1

10
210

 [p
b/

G
eV

]
T

/d
p

σd

)0 10×|y| < 0.4 (
)-1 10×0.4 < |y| < 0.8 (
)-2 10×0.8 < |y| < 1.2 (
)-3 10×1.2 < |y| < 1.6 (
)-4 10×1.6 < |y| < 2.0 (
)-5 10×2.0 < |y| < 2.4 (
)-6 10×2.4 < |y| < 2.8 (
)-7 10×2.8 < |y| < 3.6 (

 syst.⊕stat. 

 Z→pp 
-1 = 8 TeV, 20.2 fbs

ATLAS

https://arxiv.org/abs/2309.09318


Precision double-differential  cross-sections  Z
• Using 20.2 fb-1 of 8 TeV proton-proton data,  




• 80 100 GeV,  < 3.6


• Measurements in full phase space of the leptons ( ) via 
harmonic decomposition  reduces theory uncertainties 
related to decay products, hence stronger probe of QCD


• Double-differential cross-section measurements, as functions 
of  and 


• Predictions of up to N3LO supplemented by approximate N4LL 
contributions in Sudakov (low- ) region


• Extremely high precision achieved  thorough test of 
predictions

Z( → ℓℓ)
ℓ = e, μ

< mℓℓ < |yℓℓ |

e, μ
→

pZ
T yZ

pT

→

4

arXiv: 2309.09318 [hep-ex]

1 10 210 310
 [GeV]

T
p

11−10

10−10

9−10

8−10

7−10

6−10

5−10

4−10

3−10

2−10

1−10
1

10
210

 [p
b/

G
eV

]
T

/d
p

σd

)0 10×|y| < 0.4 (
)-1 10×0.4 < |y| < 0.8 (
)-2 10×0.8 < |y| < 1.2 (
)-3 10×1.2 < |y| < 1.6 (
)-4 10×1.6 < |y| < 2.0 (
)-5 10×2.0 < |y| < 2.4 (
)-6 10×2.4 < |y| < 2.8 (
)-7 10×2.8 < |y| < 3.6 (

 syst.⊕stat. 

 Z→pp 
-1 = 8 TeV, 20.2 fbs

ATLAS

0 5 10 15 20 25 30 35 40
 [GeV]

T
p

0.02

0.04

0.06

0.08]
-1

 [G
eV

T
dp
σd  

σ1

ATLAS

 Z, |y| < 1.6→pp 
-1 = 8 TeV, 20.2 fbs

Data
 syst.⊕stat. 

0 5 10 15 20 25 30 35 40
 [GeV]

T
p

1

1.1 CuTe-MCFM

0 5 10 15 20 25 30 35 40
 [GeV]

T
p

1

1.1

R
at

io
 to

 d
at

a

RadISH

0 5 10 15 20 25 30 35 40
 [GeV]

T
p

1

1.1 NangaParbat

0 5 10 15 20 25 30 35 40
 [GeV]

T
p

1

1.1 Artemide

0 5 10 15 20 25 30 35 40
 [GeV]

T
p

1

1.1 DYTurbo

0 5 10 15 20 25 30 35 40
 [GeV]

T
p

0.8

1

1.2

R
at

io
 to

 d
at

a

SCETlib

https://arxiv.org/abs/2309.09318


• Extract value of fundamental SM parameter  using  measurements in 
the full lepton phase space


•  leading source of uncertainty in computation of  hadronic and 
total widths


•  determined from fit to all data points in  measurement

αs(mZ) pZ
T

αs(mZ) Z

αs(mZ) pZ
T
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• Measurement benefits greatly from accurate predictions in Sudkov 
(low- ) region


• Measured value is the most precise experimental determination at 
sub-percent level 

pT

Determination of  from  spectrumαs(mZ) pZ
T
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•  and  channels used, 


•  ~ 2 datasets allow for much improved reconstruction of W recoil


• Better description at 5.02 TeV due to predictions being tuned to 7 TeV data


• Results to tune predictions, reducing modelling unc. in future  measurements

Z( → ℓℓ) W( → ℓν) ℓ = e, μ

⟨μ⟩

mW

 and  measurements at 5.02 and 13 TeVpZ
T pW

T
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Search for exclusive  decays 

• Probe coupling of  to different quarks


• Multi-jet background estimated using non-parametric 
data-driven modelling


 < 1.9 x 10-6


 < 1.7 x 10-6


  < 5.2 x 10-6


W( → Mγ)

W

ℬ(W± → π±γ)

ℬ(W± → K±γ)

ℬ(W± → ρ±γ)

Weak boson decays
Measurement of inv width 

• Using 37 fb-1 of 13 TeV data, ratio inv/  measured in common 
phase space (including central jet with  > 110 GeV)


• Single most precise recoil-based measurement

Z →

Z → Z → ℓℓ
pT
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 polarisation ZZ
• Longitudinal polarisation states are direct probe of EWSB


•  events measured using 140 fb-1 of 
13 TeV data


• BDT built to distinguish polarisation states using angular 
variables


• 4.3  evidence of LL polarisation state from fit to BDT distribution


• Optimal observable (OO) built to maximise sensitivity to CP-odd 
effects


• Limits set on  and  aNTGC parameters


• OO allows for first limits using only interference terms


• However much less sensitivity than high-  region

Z( → ℓ+ℓ−)Z( → ℓ′￼+ℓ′￼−)

σ

f 4
Z f 4

γ

pT
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jj and jj scatteringW±W± W±W∓

• Measurements of VBS processes probe both SM and 
anomalous quartic gauge couplings, as well as EWSB


• jj channel has highest S/B ratio of all VBS 
processes, but small cross-section


• Differential cross-section measurements


• Limits on dimension-8 EFT operators 


• Limits on  models


• jj much larger cross-section but more difficult 
backgrounds


• Observed at 7.1  level and fiducial cross-section 
measured: 2.65 (+0.52) (-0.48) fb 

W±W±

H±±

W±W∓

σ
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Tri-boson measurements
• Alternative way to probe QGCs, all using full run-2 dataset @ 13 TeV


• Leptonic decay modes and inclusion of photons preferred to boost 
cross-section and limit backgrounds


• First observations and fiducial cross-section measurements of 
 (5.6 ) and  (6.3 ) 


• Comprehensive study of  involving differential cross-section 
measurements and EFT limits

W( → ℓν)γγ σ W( → ℓν)Z( → ℓℓ)γ σ

Z( → ℓℓ)γγ
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Isolated photons
• Powerful test of pQCD and probe of gluon PDF 

with 139fb-1 13 TeV data
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• Measurements probe six orders of magnitude cross-section


• Dependence on isolation cone sized tested (R=0.2 vs R=0.4)


• Reasonable description from NLO QCD predictions with 
multiple PDF sets tested


• Best description from NNLOJET 
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 @ 13.6 TeVZZ
• First diboson measurement at 13.6 TeV using 29fb-1 data
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•  = 36.7  1.6(stat.)  1.5(syst.)  0.8(lumi.) fb


• Differential measurements of  and  also performed


• Fiducial cross-section measured plus extrapolation to total phase space, requiring 
66 <  < 116 GeV


• Dominant uncertainties from data statistics and lepton selection efficiency

σfid ± ± ±

m4ℓ p4ℓ
T

mZ

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-062/


Conclusions
• Lots of recent results from ATLAS at 5.02, 8, 13 and 13.6 TeV


• Using data collected over the last 10 years


• We continue to probe the SM in many different ways


• Fantastic precision  testing up to 4th order corrections


• New measurements and methods used


• New areas of the SM explored


• It stands up to the test  we still have work to do!


• Lots more results soon!
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Backup
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Precision double-differential  cross-sections  Z
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• Factorise cross section into unpolarised cross-section 
( ) and 9 spherical harmonic polynomials  with 
corresponding angular coefficients  
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