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Introduction
❖ Precision measurements with the ATLAS experiment at the LHC

• Determine fundamental parameters of the Standard Model

• Provide stringent tests of the electroweak theory and perturbative QCD

❖ Talk content
• Drell-Yan measurements of 𝑚𝑊, 𝑝𝑇

𝑉, 𝛼𝑠, Γ𝑉

• Diboson production at 13/13.6 TeV

• Determination of 𝛼𝑠 with multi-jets 

• Single top, 𝐭 ҧ𝒕, four-top observations

○ Selection from the most recent results 
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ATLAS Detector and Data Taking
❖ Detector components

• Inner detector, Calorimeters, Muon Spectrometer

❖ Successful start of the Run-3 in 2022 July with new pp energy at 13.6 TeV
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• <μ>~2 taken during 2017 – 2018: 255 pb−𝟏at 5.02 TeV, 338 pb−𝟏 at 13 TeV



Drell-Yan W/Z Production
• Probe the SM Electroweak sector: 𝑚𝑊, weak mixing angle, lepton universality
• Probe PDF, (non) perturbative QCD predictions
• Standard candle for precision measurements and theory at LHC



𝑚𝑊 re-analysis at 7TeV
❖ Importance of 𝑚𝑊 measurement

• Dependence on 𝑚𝑍, α, 𝐺𝜇, 𝑚𝑡, 𝑚𝐻, gauge couplings in EWK theory

• Loop-corrections can receive contributions from BSM particles

❖ 𝑚𝑊 determined from templates fits to 𝑝𝑇
𝑙 and 𝑚𝑇

𝑊

• Ԧ𝑝T
𝑚𝑖𝑠𝑠

= − Ԧ𝑝T
𝑙 + uT

• 𝑚𝑇
𝑊 = 2𝑝T

𝑙𝑝T
𝑚𝑖𝑠𝑠 1 − cos 𝜙𝑙 − 𝜙

ET
𝑚𝑖𝑠𝑠

❖ Strategy update
• Update PDF set: CT10NNLO ➯ CT18NNLO

• 𝜒2 offset method ➯ profile likelihood fit 

❖ New results
• 𝑚𝑊 = 80360 ± 5 (stat.) ± 15 (syst.) = 80360 ± 16 MeV

• Uncertainty reduced by 15%, dominant by 𝑙 calibration and PDF

• Central value shifted closely to the SM prediction by 10 MeV

• More details can be found in backup

ATLAS-CONF-2023-004
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-004/


❖ Motivation
• Non-zero 𝑝𝑇

𝑉 arises from higher order corrections and non-perturbative effects

• Spectrum of 𝑝𝑇
𝑉 < 30 GeV is of particular interest for the measurement of 𝑚𝑊

❖ Data collected with reduced instantaneous luminosity
• 𝐿𝑖𝑛𝑡 as 254 and 338 𝑝𝑏−1 at 𝑠 = 5.02 TeV and 13 TeV respectively with <𝜇> ≈ 2

• Clean experimental conditions optimize the resolution on the hadronic recoil

❖ Iterative Bayesian Unfolding are used to correct detector effect
• 𝑢𝑇 → 𝑝𝑇

𝑊, 𝑢𝑇 or 𝑝𝑇
𝑙𝑙 → 𝑝𝑇

𝑍

𝑝𝑇
𝑊 and 𝑝𝑇

𝑍 with low pile-up data ATLAS-CONF-2023-028
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More details can be found in backup

https://atlas-glance.cern.ch/atlas/analysis/confnotes/details?ref_code=CONF-STDM-2023-19


𝑝𝑇
𝑊 and 𝑝𝑇

𝑍 with low pile-up data
❖ Normalized differential cross sections

• Parton shower MC predictions show significant differences largely common to 𝑊−, 𝑊+ and 𝑍 production

• Better agreement at 𝑠 = 5.02 TeV, especially for predictions tuned to Z production data at 𝑠 = 7 TeV 

• Higher-order, resummed predictions from DYTURBO (NNLO+NNLL) match the data best across the spectra

• Ratios give a better agreement resulting from the similarity in the processes

ATLAS-CONF-2023-028

7

Integrated cross sections see back up

https://atlas-glance.cern.ch/atlas/analysis/confnotes/details?ref_code=CONF-STDM-2023-19


W rare decays at 13TeV
❖ Motivation

• Provide a probe of the 𝑊 boson coupling to different generations of quarks

• New direct channels for the measurement of the 𝑊 boson mass

• Sensitivity to both the weakly and strongly coupled regimes of quantum chromodynamics (QCD)

• Radiative decays are a test bench for the QCD factorization framework

❖ Strategy
• utilizes a dedicated trigger for 𝑊± → 𝜋±𝛾 and 𝑊± → K±𝛾 events

• 𝜏 reconstruction algorithms for 𝑊± → 𝜌±𝛾

❖ Most stringent upper limit to date

LO 𝑊 → 𝑀𝛾 
with 𝑀 = {𝜋, 𝐾, 𝜌, 𝐷, 𝐷𝑠, B}
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Submit to PRL: 

arXiv:2309.15887

https://arxiv.org/abs/2309.15887


Z pT and rapidity at 8 TeV
❖ Motivation

• First time measurement of production properties of 𝑍 boson in the full-lepton phase space

• Practice a 4D measurement of the DY process in 𝑝𝑇, 𝑦, cos 𝜃, 𝜙

❖ Profile likelihood fit 
• simultaneously extracts 8 angular coefficients and unpolarized cross-section in each bin in (𝑝𝑇, |𝑦|) space

Submit to EPJC: 

arXiv:2309.09318
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❖ Forward 𝑒± calibration
• improved allows better 

probe of large Y region

https://arxiv.org/abs/2309.09318


Z pT and rapidity at 8 TeV
❖ Stringent test of the state-of-art QCD predictions

• 𝜎𝑍/𝛾∗ = 1055.3 ± 0.7 (stat.) ± 2.2 (syst.) ± 19.0 (lumi.) pb

• Agree with the state-of-art predictions at N3LO in QCD

Predictions based on 𝑞T-resummation at 
approximate N4LL accuracy matched to 
fixed-order O(𝛼𝑠

3) calculations at high 𝑝TPredictions with different PDF sets, displaying a varying degree of 
agreement with the data

Submit to EPJC: 

arXiv:2309.09318
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https://arxiv.org/abs/2309.09318


❖ Z recoil coming from QCD initial-state radiations
• Sudakov peak of 𝑝𝑇

𝑍 is linearly sensitive to 𝛼𝑠

❖ Extraction performed by 𝜒2 fit

• 𝜒2 𝛽exp, 𝛽th = ∑𝑖=1
𝑁𝑑𝑎𝑡𝑎

𝜎𝑖
exp

+∑𝑗Γ𝑖𝑗
exp

𝛽𝑗,exp−𝜎𝑖
th−∑𝑘Γ𝑖𝑘

th𝛽𝑘,th
2

Δ𝑖
2 +∑𝑗𝛽𝑗,exp

2 + ∑𝑘𝛽𝑘,th
2

• With inputs of double-differential 𝑍-boson 𝑝T and 𝑦 distributions

❖ The most precise measurement to date 
• 𝛼𝑠(𝑚𝑍) = 0.1183 ± 0.0009

• Fist time based on 𝑁4𝐿𝐿𝑎+𝑁3𝐿𝑂 resumed QCD predictions

• PDF uncertainty as the dominant one (a𝑁3𝐿𝑂 MSHT20 as the baseline)

Extraction of αs from 𝑝𝑇
𝑍 at 8 TeV

Submit to NPHYS: 

arXiv:2309.12986
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More details can be found in backup

https://arxiv.org/abs/2309.12986


❖ Motivation
• Reveals the number of light 𝜈 that couple to the 𝑍 boson and potential BSM contributions

• Different strategies are an important consistency test of SM 

❖ Determination

• 𝑹 ≡

𝑑𝜎(𝑍 →𝑖𝑛𝑣 +𝑗𝑒𝑡𝑠)

𝑑𝑝𝑇
𝑍

𝑑𝜎(𝑍 →𝑙𝑙 +𝑗𝑒𝑡𝑠)

𝑑𝑝𝑇
𝑍

= 

𝑑𝜎(𝑍+𝑗𝑒𝑡𝑠)×𝐵𝑅(𝑍→𝑖𝑛𝑣)

𝑑𝑝𝑇
𝑍

𝑑𝜎(𝑍+𝑗𝑒𝑡𝑠)×𝐵𝑅(𝑍→𝑙𝑙)

𝑑𝑝𝑇
𝑍

=
𝜞(𝒁→ 𝒊𝒏𝒗 )

𝛤(𝑍→𝓁𝓁)

• Bin-wise correction used for detector effects, FSR, 𝛾∗ contributions

• Determined by a constant 𝜒2 fit to reduce the uncertainties further

• 𝜒2 = 𝑦data, i − ᪄𝑦
𝑇
𝑉𝑖𝑗
−1 𝑦data, 𝑗 − ᪄𝑦

❖ The single most precise recoil-based measurement
• Γ 𝑍 → 𝑖𝑛𝑣 = 506 ± 2 (stat.) ± 12 (syst.) MeV

• SM prediction with 3 𝜈 generations: 501.445 ± 0.047 MeV

Z invisible width at 13 TeV 
Submit to PLB: 
arXiv:2312.02789 
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More details can be found in backup

https://arxiv.org/abs/2312.02789


Di-boson Production
• Probe the electroweak gauge structure
• Search BSM physics via anomalous couplings
• Test QCD corrections for better modelling of EW processes + jets



W±W±jj production at 13TeV
❖ Vector Boson Scattering is a key process to test EW sector of SM 

• Delicate cancellation of divergencies in the 𝑉𝐿𝑉𝐿 → 𝑉𝐿𝑉𝐿 amplitude from Higgs contributions

• Sensitive to the abnormal triple and quartic gauge couplings

❖ Unique feature of VBS same-sign WW

❖ Consideration
• VBS and non-VBS diagrams are not separable in a gauge invariant way ➯ EW ssWW measurement

• Separation into pure QCD, pure EW, and interference is only possible at LO ➯ Total ssWW measurement

The interference term of QCD and EW diagrams 
producing contributions at O(𝛼5𝛼𝑠) at LO

○ Suppression of QCD-induced background
○ Sensitive to 𝐻++

Submit to JHEP: 

arXiv:2312.00420
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https://arxiv.org/abs/2312.00420


W±W±jj production at 13TeV
❖ The most precise fiducial cross section measurement to date

• 𝜎𝑓𝑖𝑑
𝐸𝑊 = 2.92 ± 0.22 (stat.) ± 0.13 (mod. syst.) ± 0.12 (exp. syst.) ± 0.06 (lumi.) fb

• 𝜎𝑓𝑖𝑑
𝐸𝑊+𝐼𝑛𝑡+𝑄𝐶𝐷

= 3.38±0.22 (stat.)±0.11 (mod. syst.) ±0.14 (exp. syst.)±0.06 (lumi.) fb

❖ Mis-modelling are found in some regions of 𝑚𝑇 and 𝑚𝑗𝑗

Submit to JHEP: 

arXiv:2312.00420
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https://arxiv.org/abs/2312.00420


VBS ZZjj at 13TeV
❖ Motivation

• Probe high energy behavior of VBS differentially 

• Search for anomalous couplings

❖ Unfolded results

16

○ MG5+Py8 underestimate data, 
especially noticeable at low 𝑚𝑗𝑗, 𝑚4𝑙

and |Δ𝜙𝑗𝑗|

○ Sherpa is in satisfactory agreement, 
with simulating additional jet activity 
at LO in QCD

○ EWK contribution is much larger in 
high 𝑚𝑗𝑗 region accounting for 50%

Submit to JHEP: 

arXiv:2308.12324

More interesting observables are also explored:
[characterize VBS] 𝑝𝑇,4𝑙, 𝑝𝑇,𝑗𝑗, Δ𝑦𝑗𝑗
[probe polarization, CP structure] cos 𝜃12

∗ , cos 𝜃34
∗ , Δ𝜙𝑗𝑗

[probe real emissions of quarks and gluons] 𝑝𝑇,4𝑙𝑗𝑗, 𝑆𝑇,4𝑙𝑗𝑗

https://arxiv.org/abs/2308.12324


VBS ZZjj at 13TeV
❖ Motivation

• Probe high energy behavior of VBS differentially 

• Search for anomalous couplings induced by new phenomena

❖ EFT fit results

• ℒ(𝑐) =
1

(2𝜋)𝑘|𝐶|

exp −
1

2
𝜎𝑑𝑎𝑡𝑎 − 𝜎𝑝𝑟𝑒𝑑(𝑐, Ԧ𝜃)

𝑇
𝐶−1 𝜎𝑑𝑎𝑡𝑎 − 𝜎𝑝𝑟𝑒𝑑(𝑐, Ԧ𝜃) × ∏𝑖𝒢 𝜃𝑖
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𝑳𝑺𝑴𝑬𝑭𝑻 = 𝑳𝑺𝑴 + ∑𝒊

𝒄𝒊
𝚲𝒅−𝟒𝓞𝒊

𝝈 = 𝝈𝑺𝑴 + 𝒄 ⋅ 𝝈𝒊𝒏𝒕 + 𝒄𝟐 ⋅ 𝝈𝒊𝒏𝒕

Dim-6 operators affecting VBS ZZ:
- CP odd:  𝑐 ෩𝑊, 𝑐𝐻 ෨𝐵,𝑐𝐻 ෩𝑊𝐵

- CP even: 𝑐𝑊, 𝑐𝐻𝐵,𝑐𝐻𝑊𝐵

Dim-8 (Eboli Model)
- Provides aQGC operators w/o TGC

Submit to JHEP: 

arXiv:2308.12324

The impact of quadratic terms is significant!

https://arxiv.org/abs/2308.12324


ZZ Production at 13.6 TeV
❖ First step of VV measurements at the new energy of 13.6 TeV

• Based on 29 𝑓𝑏−1 of data collected by the ATLAS detector in 2022

❖ Results are well described by predictions with accuracy up to NNLO QCD + NLO EW

Submit to PLB: 

arXiv:2311.09715
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𝜎𝑓𝑖𝑑 =
𝑁𝑠𝑖𝑔
𝑟𝑒𝑐𝑜

C ⋅ 𝐿𝑖𝑛𝑡

𝜎𝑡𝑜𝑡 =
𝜎𝑓𝑖𝑑

A

C corrects detector effects

A corrects FSR effects

https://arxiv.org/abs/2311.09715


Multi-jets Production
• Large momentum transfer provides an ideal testing ground for pQCD
• Event shapes characterize the hadronic energy flow in a collision



TEEC at 13 TeV
❖ TEEC - Transverse Energy-Energy Correlations


1

𝜎

dΣ

dcos 𝜙
=

1

𝜎
∑𝑖,𝑗

𝑗𝑒𝑡𝑠∫ d𝜎𝑝𝑝→jets
𝐸T𝑖𝐸T𝑗

𝐸T
2 𝛿 cosΔ𝜑𝑖𝑗 − cos𝜙

❖ ATEEC - forward-backward azimuthal angular asymmetry


1

𝜎

dΣasym

dcos 𝜙
= ฬ

1

𝜎

dΣ

dcos 𝜙 𝜙
− ฬ

1

𝜎

dΣ

dcos 𝜙 𝜋−𝜙

○ TEEC
✓ shows two peaks arising from back-to-back 

(cos𝜙 = −1) and collinear(cos𝜙 = 1), with a 
central plateau arising from the wide-angle 
radiation

✓ The effect of the jet radius R is seen as a kink 
in the TEEC distributions at cos𝜙 ≅ 0.92

○ ATEEC
✓ exhibits a steep fall-off of several orders of 

magnitude between cos𝜙 = −1 and cos𝜙 = 0

Both of the TEEC and ATEEC are 
sensitive to gluon radiation and show a 
clear dependence on the strong 
coupling

𝑔𝑔 → 𝑗𝑗𝑗 𝑎𝑡 𝑁𝑁𝐿𝑂

JHEP 07 (2023) 85
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https://link.springer.com/article/10.1007/jhep07(2023)085


❖ Determination of 𝛼𝑠 by minimizing 𝜒2

• 𝜒2 𝛼s, Ԧ𝜆 = ∑i
𝑥𝑖−𝐹𝑖 𝛼s,𝜆

2

Δ𝑥𝑖
2+Δ𝜉𝑖

2 + ∑𝑘𝜆𝑘
2 , with 𝐹𝑖 𝛼s, Ԧ𝜆 = 𝜓𝑖 𝛼s 1 + ∑𝑘𝜆𝑘𝜎𝑘

(𝑖)

❖ Test asymptotic freedom beyond TeV scale at NNLO

TEEC and Its Asymmetry at 13 TeV
JHEP 07 (2023) 85
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)𝜶𝒔 𝒎𝒁 = 𝟎. 𝟏𝟏𝟖𝟓 ± 𝟎. 𝟎𝟎𝟎𝟗 (exp. −𝟎.𝟎𝟎𝟏𝟐
+𝟎.𝟎𝟎𝟐𝟓 (theo.) from ATEEC 

𝜶𝒔 𝒎𝒁 = 𝟎. 𝟏𝟏𝟕𝟓 ± 𝟎. 𝟎𝟎𝟎𝟔 (exp. )−𝟎.𝟎𝟎𝟏𝟕
+𝟎.𝟎𝟎𝟑𝟒 (theo.) from TEEC Pearson correlation coefficient

as 0.86 ± 0.02 (exp.) for central values

https://link.springer.com/article/10.1007/jhep07(2023)085


Top(s) Production
• Sensitive to EW, QCD and PDFs
• Strong connection to Higgs and New physics as the heaviest SM particles
• Rare top processes predicted by SM are enhanced in multiple BSM models



𝑡 ҧ𝑡 Production at 13.6TeV
❖ Motivation

• Provide an independent test of QCD and PDFs

• Rt᪄t/Z has a significant sensitivity to the gluon-to-quark PDF ratio

❖ Profile-likelihood fit 
• Used to extract 𝜎𝑡᪄𝑡 and 𝑅𝑡᪄𝑡/𝑍 together with the 𝑏-tagging efficiency 𝜖𝑏

❖ Results already limited by systematic uncertainties
• 𝜎𝑡᪄𝑡 = 850 ± 3 (stat.) ± 18 (syst.) ± 20 (lumi.) pb

• 𝜎𝑍→𝑙𝑙 = 744 ± 11 (stat. + syst.) ± 16 (lumi.) pb

• 𝑅𝑡᪄𝑡/𝑍 = 1.145 ± 0.003 (stat.) ± 0.021 (syst.) ± 0.002 (lumi.)

• Dominated by luminosity and lepton uncertainties

➯ Cancel out largely for 𝑅𝑡᪄𝑡/𝑍 resulting in the total uncertainty of 1.9%

With compared to the total uncertainty of 𝜎𝑡᪄𝑡 as 3.2%
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Phys. Let. B 848 (2024) 138376

https://www.sciencedirect.com/science/article/pii/S0370269323007104


𝑡 ҧ𝑡 Production in p+Pb Collisions at 8 TeV
❖ Heavy-ion collisions provided at the TeV-scale energies at LHC

• Possibility to measure elementary particles in Pb+Pb and p+Pb for the first time 

• Expected to provide unique information on the properties of quark-gluon plasma

❖ Data recorded with an integrated luminosity of 165 n𝑏−1 in 2016

• 𝜇𝑡᪄𝑡 is determined by the fit to the 𝐻T
𝓁jet

data distributions in the six SRs

• 𝜎𝑡᪄𝑡 = 𝜇𝑡᪄𝑡 ⋅ 𝐴Pb ⋅ 𝜎𝑡᪄𝑡
th

❖ Results
• 𝜎𝑡᪄𝑡 = 57.9 ± 2.0 (stat.) −4.5

+4.9 (syst.) nb

• Observation of 𝑡 ҧ𝑡 production in the individual ℓ+jets and dilepton channels

• Precision paves a new way to constrain nPDFs in the high-𝑥 region

24

ATLAS-CONF-2023-063

https://cds.cern.ch/record/2873517


Observations for Top Processes
❖ 4-Top Observation at 13TeV: 6.1 (4.3) 𝜎 [EPJC 83 (2023) 496]

• 𝜎𝑡᪄𝑡𝑡᪄𝑡 = 22.5−4.3
+4.7(stat)−3.4

+4.6(syst)fb = 22.5−5.5
+6.6fb

• Interpretations on EFT operators (𝑂𝑄𝑄1 , 𝑂𝑄𝑡
1 , 𝑂𝑡𝑡

1 , 𝑂𝑄𝑡
8 ) and Higgs oblique parameter

❖ EW t-channel Single-Top Observation at 5TeV: 6.1 (6.4) 𝜎 [Submit to PLB]

• 𝜎(𝑡𝑞) = 19.8−3.1
+3.9 (stat.) −2.2

+2.9 (syst.) pb

• 𝜎(᪄𝑡𝑞) = 7.3−2.1
+3.2 (stat.) −1.5

+2.8 (syst.) pb

• 𝑓LV ⋅ 𝑉𝑡𝑏 = 0.94−0.10
+0.11

❖ Observation of quantum entanglement in ttbar events [Submit to Nature]
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https://inspirehep.net/literature/2721895


Summary
❖ Precision measurements of fundamental parameters of the Standard Model

• Crucial probes of the Standard Model and may provide hints of new physics

• Reduces the modeling uncertainties (QCD, PDF) for amounts of processes in the future

• Knowledge of the nPDFs in heavy nuclei expected for extracting QGP properties with precision from data

❖ Extensive precise measurements presented, with highlights of
 The most precise experimental determination of αs has been achieved by ATLAS

 Multiple measurements reach the percent (permille)-level precision with NN(N)LO QCD predictions

• Several observations and the most stringent limits on BSM effects are reported

❖ Looking forward to improved precison and new ideas in the Run2+Run3!
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Backup
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❖ Precision measurements with the ATLAS experiment at the LHC
• Determine fundamental parameters of the Standard Model

• Provide stringent tests of the electroweak theory and perturbative QCD

❖ Talk content
• 𝑚𝑊 re-analysis at 7TeV

• Precise double-differential measurement of 𝑝𝑇
𝑍 and 𝑌𝑍

• Determination of 𝛼𝑠 from the recoils of Z-boson

• Measurements of 𝑝𝑇
𝑊 and 𝑝𝑇

𝑍 with low pile-up data

• Measurements of 𝛤(𝑍 → 𝑖𝑛𝑣 ) with Z+jets 

• Search for the exclusive W boson hadronic decays

• Measurements of WW, Same-sign WWjj 

• Measurements of ZZ production at 13/13.6 TeV

• Determination of 𝛼𝑠 from multi-jet energy flow

• Measurements of t-channel single top, 𝑡 ҧ𝑡, four-top

Outline
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ATLAS Detector and Data Taking
❖ Low pile-up data

• <μ>~2 taken during 2017 - 2018 

• 255 pb−1at 5.02 TeV, 338 pb−1 at 13 TeV

29

❖ Consist of 
• Inner Detector 

• Calorimeters

• Muon Spectrometer

• Magnet System



Cross Section Derivation
❖ Fiducial production cross-section

• 𝜎𝑓𝑖𝑑 =
𝑁𝑠𝑖𝑔
𝑟𝑒𝑐𝑜

C⋅𝐿𝑖𝑛𝑡

• C-factor used to correct mis-selections resulting from the limited resolution and inefficiency of detectors

❖ Total production cross-section

• 𝜎𝑡𝑜𝑡 =
𝑁𝑠𝑖𝑔
𝑟𝑒𝑐𝑜

A⋅C⋅𝐿𝑖𝑛𝑡

• Acceptance used to correct the FSR effects for quick comparison with broad theory predictions in the future

30

Total phase space

Fiducial phase space

Detector phase space

Selections for 
enhancement of the signal significance
reduction of modelling and exp. uncertainty 



4-Top Observation at 13TeV
❖ Motivation

• 𝑡 ҧ𝑡𝑡 ҧ𝑡 cross section sensitive to Top Yukawa coupling

• Sensitive probe for new physics such as EFT, 2HDM model

❖ Improvement of the re-analysis
• Lower pt cuts on lepton and jets, better object definition

• Better modelling uncertainties, data-driven 𝑡 ҧ𝑡𝑊 estimation

• Maximum-likelihood fit performed to the GNN score

❖ Results
• 𝜎𝑡᪄𝑡𝑡᪄𝑡 = 22.5−4.3

+4.7(stat)−3.4
+4.6(syst)fb = 22.5−5.5

+6.6fb

• Consistent within 1.8 𝜎 with the SM prediction: 12.0 ± 2.4 fb

• Observed (expected) significance is 6.1 (4.3) 𝜎

❖ Almost limited by systematics even though the process is so rare
• Interpretations on EFT operators (𝑂𝑄𝑄1 , 𝑂𝑄𝑡

1 , 𝑂𝑡𝑡
1 , 𝑂𝑄𝑡

8 ) and Higgs oblique parameter already possible
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Eur. Phys. J. C 83 (2023) 496

https://link.springer.com/article/10.1140/epjc/s10052-023-11573-0


EW Single-Top Observation at 5TeV
❖ Motivation

• Provide a window into the properties of the top quark itself

• Cross section depends on the CKM matrix element 𝑉𝑡𝑏

❖ Data taken under low-pile-up conditions in 2017
• <number of inelastic pp collisions> / bunch crossing ≈2

❖ Results
• 𝜎(𝑡𝑞 + ᪄𝑡𝑞) = 27.1−4.1

+4.4 (stat.) −3.7
+4.4 (syst.) pb

• 𝑅𝑡 = 2.73−0.82
+1.43 (stat.) −0.29

+1.01 (syst.)

• 𝜎(𝑡𝑞) = 19.8−3.1
+3.9 (stat.) −2.2

+2.9 (syst.) pb

• 𝜎(᪄𝑡𝑞) = 7.3−2.1
+3.2 (stat.) −1.5

+2.8 (syst.) pb

• 𝑓LV ⋅ 𝑉𝑡𝑏 = 0.94−0.10
+0.11

• NLO predictions (MCFM) well describes the evolution

• Observed (expected) significance is 6.1 (6.4) 𝜎
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Submit to PLB: 

arXiv:2310.01518

https://arxiv.org/abs/2310.01518


𝑚𝑊 re-analysis at 7TeV
❖ Profile likelihood fit

• 𝐿(𝜇, Ԧ𝜃 ∣ 𝑛) = ∏𝑖 Poisson 𝑛𝑗𝑖 ∣ 𝑣𝑗𝑖(𝜇, Ԧ𝜃) ⋅ Gauss( Ԧ𝜃)

•
𝑣ji(𝜇, Ԧ𝜃) = Φ × 𝑆ji

nom + 𝜇 × 𝑆ji
𝜇
− 𝑆ji

nom + ∑𝑠𝜃𝑠 × 𝑆ji
𝑝
− 𝑆ji

nom

+𝐵ji
nom + ∑𝑏𝜃𝑏 × 𝐵ji

𝑝′
− 𝐵ji

nom
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𝑝𝑇
𝑊 and 𝑝𝑇

𝑍 with low pile-up data
❖ Data 

• 2017:  258 𝑝𝑏−1 at 𝑠 = 5.02 TeV, 147 𝑝𝑏−1 at 𝑠 = 13 TeV

• 2018:  193 𝑝𝑏−1 at 𝑠 = 13 TeV

❖ Predictions
• Powheg+Pythia8 AZNLO, Pythia8 AZ, Herwig7, Sherpa(v2.2.1), DYRes, DYTurbo (to NNLL+NNLO), 

❖ Fiducial Volume
• 𝑍 → 𝓁𝓁: 𝑝T

𝓁 > 25GeV, 𝜂𝓁 < 2.5, 66GeV < 𝑚𝓁𝓁 < 116GeV

• 𝑊 → 𝓁𝑣: 𝑝T
𝓁 > 25GeV, 𝜂𝓁 < 2.5, 𝑝T

𝑣 > 25GeV, 𝑚𝑇 > 50GeV

❖ Dominant uncertainty
• W: unfolding uncertainties at low 𝑝𝑇

𝑊, statistical uncertainties at high 𝑝𝑇
𝑊 (0.5% ~ 6%)

• Z: fully dominated by statistical uncertainties.

• Generator dependence of the recoil calibration procedure is sizable at 13 TeV (0.6% ~ 3%)
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Reference 

https://cds.cern.ch/record/2632159/files/ATL-COM-PHYS-2018-1084.pdf


𝑝𝑇
𝑊 and 𝑝𝑇

𝑍 with low pile-up data
❖ Backgrounds
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𝑝𝑇
𝑊 and 𝑝𝑇

𝑍 with low pile-up data
❖ Integrated cross sections

• Improved by a factor of two or more profiting from the very precise luminosity measurement (0.9 − 1.0%)

• Compatible with DYTURBO predictions at order NNLO+NNLL

• CT18 tends to underestimate the cross sections of W, Z 

DYTURBO predictions with NNLO PDF 
Assess impact of PDF sets directly

ATLAS-CONF-2023-028
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Induced from different 
flavour and momentum 
fractions of initial quarks

https://atlas-glance.cern.ch/atlas/analysis/confnotes/details?ref_code=CONF-STDM-2023-19


Z pT and rapidity at 8 TeV
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Extraction of αs from 𝑝𝑇
𝑍 at 8 TeV

❖ Fit range: 𝑝𝑇
𝑍 < 29 𝐺𝑒𝑉 of the double differential 𝑝𝑇

𝑍, 𝑌𝑍 measurement

❖ The first 𝛼𝑠 determination with 𝑁4𝐿𝐿𝑎+𝑁3𝐿𝑂 prediction 
• Baseline PDF set: a𝑁3𝐿𝑂 MSHT20
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Good convergence of αs determination using 
different orders of resummation series

Vertical error bars include experimental and 
PDF uncertainties



Z invisible width at 13 TeV 
❖ Data

• 2015+2016: 37 𝑓𝑏−1 at 𝑠 = 13 TeV

❖ Fiducial Volume
• at least one jet, where the leading jet must have 𝑝T ≥ 110 GeV and |𝜂| < 2.4

• 𝑝𝑇
𝑍 ≥ 130 GeV

39

Reference

https://cds.cern.ch/record/2859054/files/ATL-COM-PHYS-2023-401.pdf
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