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• The top quark has the largest mass of all known Standard Model particles and carries several unique 
properties.

• Decays before hadronization, allowing for the study of a bare quark (through its decay products).
• Most top properties can be directly measured (e.g., mass, decay width, branching ratio, 

polarization, cross-sections, etc.). 
• As a “top factory”, the LHC produces top quarks 

predominantly via the strong interaction in 𝑡 ҧ𝑡
pairs or via the electroweak interaction in singly-
resonant production. 

• Measurements probe the limits of perturbative 
QCD at NNLO precision. 

• Top quark production is relatively well-
modeled → discrepancies in measurements 
could be windows to New Physics.

• Top processes constitute the main background in 
many Beyond the Standard Model (BSM) 
searches. 

• Measurements constrain MC generator 
parameters and improves the modeling of 
SM backgrounds. 

Introduction
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• This talk will highlight selected ATLAS Run 2 (13 TeV) and early Run 3 (13.6 TeV) results, including 
analyses involving heavy ion collisions. 

• Single top-quark inclusive production cross-section analyses: 
• 𝑡𝑊 single-top measurement at 13 TeV (dilepton) - arXiv:2407.15594
• Single top t-channel cross-section at 13 TeV - JHEP 05 (2024) 305
• Single top t-channel cross-section at 5.02 TeV - Phys. Lett. B 854 (2024) 138726

• 𝒕 ҧ𝒕 inclusive production cross-section analyses: 
• 𝑡 ҧ𝑡 production cross-section and ratio to Z production cross-section at 13.6 TeV - Phys. Lett. B 

848 (2024) 138376
• Observation of top pair production in proton-lead collisions at 8.16 TeV - arXiv:2405.05078
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• Two dominant channels for single-top production: t-channel and 𝒕𝑾.
• Involves electroweak interaction containing a 𝑡 → 𝑊𝑏 vertex → measure 𝑉𝑡𝑏 CKM matrix element.

• 𝜎𝑡𝑊 13 𝑇𝑒𝑉 = 79.3−2.8
+2.9 𝑝𝑏

Single-top 𝑡𝑊 cross-sections

Single-Top Inclusive Cross-Section Measurements 
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• Most recent single-top cross section predictions are 
calculated at NNLO (SingleTopNNLORef).

• 𝜎𝑡−𝑐ℎ. 5.02 𝑇𝑒𝑉 = 30.3−0.5
+0.7 𝑝𝑏

• 𝜎𝑡−𝑐ℎ. 13 𝑇𝑒𝑉 = 214.2−2.6
+4.1 𝑝𝑏

Single-top t-channel cross-sections

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SingleTopNNLORef


• Systematic uncertainties are taken as nuisance parameters included in the fit.
• 𝑡 ҧ𝑡 modeling: 13.2%
• Jet Energy Scale (JES): 12.0%
• 𝐸𝑇

𝑚𝑖𝑠𝑠 recon. & calib.: 11.0% 5
arXiv:2407.15594, 𝑠 = 13 𝑇𝑒𝑉, 140 𝑓𝑏−1

• Event selection: chosen to reduce backgrounds from 𝑡 ҧ𝑡, W+jets, Z+jets, and diboson.
• 2 leptons (𝑒±𝜇±), ≥ 1 b-jet.
• Classify events into 3 signal regions, 1𝑗1𝑏, 2𝑗1𝑏, 2𝑗2𝑏.

• Profile Likelihood Fit (PLF) applied to Boosted Decision Tree (BDT) discriminant. 
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𝑡𝑊 single-top measurement at 13 TeV (dilepton)

• Fit is applied over 
specific BDT ranges.

BDT importance: backup

https://arxiv.org/abs/2407.15594


• Fit result: 𝝈𝒕𝑾 = 𝟕𝟓 ± 𝟏 𝒔𝒕𝒂𝒕. −𝟏𝟒
+𝟏𝟓 𝒔𝒚𝒔𝒕. ± 𝟏 𝒍𝒖𝒎𝒊. 𝒑𝒃

• 𝑓𝐿𝑉𝑉𝑡𝑏 =
𝜎𝑚𝑒𝑎𝑠.

𝜎𝑡ℎ𝑒𝑜.

• 𝒇𝑳𝑽𝑽𝒕𝒃 = 𝟎. 𝟗𝟕 ± 𝟎. 𝟏𝟎

𝑓𝐿𝑉: model-independent left-handed form factor that 
encapsulates non-SM Contributions.

Agrees well with SM theory at 13 TeV (79.3−2.8
+2.9 𝑝𝑏).

Agrees well with SM theory of unity.

20%

10%
6

arXiv:2407.15594, 𝑠 = 13 𝑇𝑒𝑉, 140 𝑓𝑏−1

• Excluding certain BDT ranges relaxes constraints imposed on certain uncertainties (e.g. interference on 
double-counting between single-top and 𝑡 ҧ𝑡, DR vs. DS) (see backup).

• More reliable measurement at the cost of loss of precision.
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𝑡𝑊 single-top measurement at 13 TeV (dilepton)

• Post-fit uncertainties greatly 
reduced → ≥ 10% to ≤ 3-4%.

• All correlations between 
uncertainties accounted for.

BDT importance: backup

https://arxiv.org/abs/2407.15594
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JHEP 05 (2024) 305, 𝑠 = 13 𝑇𝑒𝑉, 140 𝑓𝑏−1

• Event selection: 
• Exactly 1 lepton (𝑝𝑇

> 28 𝐺𝑒𝑉).
• Exactly 2 jets (𝑝𝑇 > 30 𝐺𝑒𝑉), 

exactly 1 b-jet.
• Additional cuts on 𝐸𝑇

𝑚𝑖𝑠𝑠, 
𝑚𝑇 𝑊 reduces multijet 
backgrounds. 

• Define 2 signal regions (SR 
plus, SR minus).

• 𝐷𝑛𝑛 distributions used in profile 
maximum likelihood fit (in each 
signal region) to determine signal 
yields and calculate total cross-
section.

• Neural Network (NN) model is trained 
on a combined 𝑡𝑞 and ҧ𝑡𝑞 sample.

Single top t-channel cross-section at 13 TeV
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NN variables: backup

https://link.springer.com/article/10.1007/JHEP05(2024)305
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JHEP 05 (2024) 305, 𝑠 = 13 𝑇𝑒𝑉, 140 𝑓𝑏−1

Good agreement with SM predictions.
𝜎 𝑡𝑞 = 134.2−1.7

+2.6 𝑝𝑏
𝜎 ҧ𝑡𝑞 = 80.0−1.4

+1.8 𝑝𝑏

• Fit results:
• 𝝈 𝒕𝒒 = 𝟏𝟑𝟕−𝟖

+𝟖 𝒑𝒃

• 𝝈 ҧ𝒕𝒒 = 𝟖𝟒−𝟓
+𝟔 𝒑𝒃

• 𝑹𝒕 = Τ𝝈(𝒕𝒒) 𝝈 ҧ𝒕𝒒 = 𝟏. 𝟔𝟑𝟔−𝟎.𝟎𝟑𝟒
+𝟎.𝟎𝟑𝟔

Differences between 𝜎 𝑡𝑞 and 𝜎( ҧ𝑡𝑞)
driven by differences in PDFs for quarks 
and antiquarks.

6%

7%

2%

• Precision measurements of 𝑅𝑡 are very useful.
• Many systematic uncertainties cancel out.
• Constrains PDFs if the measured 𝑅𝑡 is included into 

future fits.  
• Distinguish between different PDF sets.

• 𝒇𝑳𝑽𝑽𝒕𝒃 = 𝟏. 𝟎𝟏𝟓 ± 𝟎. 𝟎𝟑𝟏

• The measured cross-sections can also be interpreted in an 
EFT framework (see backup).

• See Maren’s talk at the YSF.

3%

Single top t-channel cross-section at 13 TeV
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https://link.springer.com/article/10.1007/JHEP05(2024)305
https://indico.cern.ch/event/1368706/contributions/6012522/
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Phys. Lett. B 854 (2024) 138726, 𝑠 = 5.02 𝑇𝑒𝑉, 255 𝑝𝑏−1

• Measurement at 5.02 TeV provides an independent test of the SM with different backgrounds and 
detector uncertainties. 

• Event selection: exactly 1 lepton (𝑝𝑇 > 18 𝐺𝑒𝑉), exactly 2 jets (𝑝𝑇 > 23 𝐺𝑒𝑉), exactly 1 b-jet.
• Additional cuts on 𝐸𝑇

𝑚𝑖𝑠𝑠, 𝑚𝑇 𝑊 reduces multijet backgrounds. 

• Instrumental uncertainties estimated directly using the 5.02 TeV sample or extrapolated from high 
pileup 13 TeV sample.

• Dominant uncertainties (see backup): statistical (16%), single-top modeling (8.6%), mis-ID leptons 
(6.3%), jet uncertainties (∼ 4%).

Single top t-channel cross-section at 5.02 TeV
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• 𝜎 𝑡𝑞 and 𝜎 ҧ𝑡𝑞
determined in two 
signal regions.

• BDT response 
discriminates signal 
and background.

BDT importance: backup

https://www.sciencedirect.com/science/article/pii/S0370269324002843?via%3Dihub
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Phys. Lett. B 854 (2024) 138726, 𝑠 = 5.02 𝑇𝑒𝑉, 255 𝑝𝑏−1

• 𝑅𝑡 ratio:
• 𝑹𝒕 = 𝟐. 𝟕𝟑−𝟎.𝟖𝟐

+𝟏.𝟒𝟑 𝒔𝒕𝒂𝒕. −𝟎.𝟐𝟗
+𝟏.𝟎𝟏 𝒔𝒚𝒔𝒕.

• |𝑓𝐿𝑉𝑉𝑡𝑏|:
• |𝒇𝑳𝑽𝑽𝒕𝒃| = 𝟎. 𝟗𝟒−𝟎.𝟏𝟎

+𝟎.𝟏𝟏

Uncertainties 
on predictions 
come from 
summing up 
scale variations 
(scale, PDF, 𝛼𝑆) 
in quadrature. 

• Fit results:
• 𝝈 𝒕𝒒 = 𝟏𝟗. 𝟖−𝟑.𝟏

+𝟑.𝟗 𝒔𝒕𝒂𝒕. −𝟐.𝟐
+𝟐.𝟗 𝒔𝒚𝒔𝒕. 𝒑𝒃

• 𝝈 ҧ𝒕𝒒 = 𝟕. 𝟑−𝟐.𝟏
+𝟑.𝟐 𝒔𝒕𝒂𝒕. −𝟏.𝟓

+𝟐.𝟖 𝒔𝒚𝒔𝒕. 𝒑𝒃

24%

58%

• Combined total t-channel cross-section:
• 𝝈 𝒕𝒒 + ҧ𝒕𝒒 = 𝟐𝟕. 𝟏−𝟒.𝟏

+𝟒.𝟒 𝒔𝒕𝒂𝒕. −𝟑.𝟕
+𝟒.𝟒 𝒔𝒚𝒔𝒕. 𝒑𝒃 23%

64%

11%

Single top t-channel cross-section at 5.02 TeV
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Cross-sections consistent with SM, uncertainties 4-8×
larger than similar measurements at higher CM 
energies.

https://www.sciencedirect.com/science/article/pii/S0370269324002843?via%3Dihub
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• Large 𝑡 ҧ𝑡 production cross section results 
in very precise measurements, especially 
in the semileptonic and fully-leptonic
channels.

• Fine-tuning MC parameters.
• Extract very precise measurements 

of 𝑚𝑡 and 𝛼𝑆.
• Used to provide inputs to and 

constrain PDFS.

𝑡 ҧ𝑡 inclusive cross-sections

• 𝜎𝑡 ҧ𝑡 13 𝑇𝑒𝑉 = 833.9 ± 30.0 𝑠𝑐𝑎𝑙𝑒 ± 21.0 𝑃𝐷𝐹, 𝛼𝑆 𝑝𝑏

• Most recent 𝑡 ҧ𝑡 cross section predictions 
(above) are calculated at NNLO+NNLL using 
soft gluon resummation (TtbarNNLO).

𝑡 ҧ𝑡 Inclusive Cross-Section Measurements 
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/TtbarNNLO


• Additional dilepton mass window applied in 𝑒𝑒
and 𝜇𝜇 events → estimate 𝑍 → 𝑙𝑙 contribution.

• Allows for very precise measurement of 𝑅𝑡 ҧ𝑡/𝑍.
• Cancellation of several systematic 

uncertainties.
• Sensitive to gluon-to-quark PDF ratio. 

• Use a profile likelihood fit (left) to extract 𝜎𝑡 ҧ𝑡 and 
𝑅𝑡 ҧ𝑡/𝑍. 12

Phys. Lett. B 848 (2024) 138376, 𝑠 = 13.6 𝑇𝑒𝑉, 29 𝑓𝑏−1
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𝑡 ҧ𝑡 production and ratio to Z production cross-
section at 13.6 TeV

• Event Selection: 𝑡 ҧ𝑡
events with exactly 
two leptons (3 
channels: 𝑒𝜇, 𝑒𝑒, 
𝜇𝜇).

• Fit reduces uncertainties in certain signal regions.

https://www.sciencedirect.com/science/article/pii/S0370269323007104
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Phys. Lett. B 848 (2024) 138376, 𝑠 = 13.6 𝑇𝑒𝑉, 29 𝑓𝑏−1

• Largest uncertainties in 
both 𝜎𝑡 ҧ𝑡 and 𝜎𝑍→ℓℓ
come from luminosity 
(2.3%) and lepton 
reconstruction 
uncertainties (∼ 1.4%).

• These large 
uncertainties cancel 
out in the 
measurement of 𝑅𝑡 ҧ𝑡/𝑍.

𝑅 Τ𝑡 ҧ𝑡 𝑍
𝑡ℎ𝑒𝑜. = 1.238−0.071

+0.063 (𝑠𝑐𝑎𝑙𝑒 + 𝑃𝐷𝐹 + 𝛼𝑆)

• Fit results: 
𝝈𝒕 ҧ𝒕 = 𝟖𝟓𝟎 ± 𝟑 𝒔𝒕𝒂𝒕. ± 𝟏𝟖 𝒔𝒚𝒔𝒕. ± 𝟐𝟎 𝒍𝒖𝒎𝒊. 𝒑𝒃

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

𝑹𝒕 ҧ𝒕/𝒁 = 𝟏. 𝟏𝟒𝟓 ± 𝟎. 𝟎𝟎𝟑 𝒔𝒕𝒂𝒕. ± 𝟎. 𝟎𝟐𝟏 𝒔𝒚𝒔𝒕. ± 𝟎. 𝟎𝟎𝟐 𝒍𝒖𝒎𝒊.

3%

3%

2%
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𝑡 ҧ𝑡 production and ratio to Z production cross-
section at 13.6 TeV

• Measured cross-section is slightly lower than 
prediction but is still compatible within 1.5 
standard deviations.

https://www.sciencedirect.com/science/article/pii/S0370269323007104
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• In 𝑝 + 𝑃𝑏 collisions, measurements of top quarks access regions of nuclear PDFs (nPDF) that are not 
well-constrained by other measurements (e.g., gluon nPDFs are not well constrained due to limited 
data). 
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Observation of top pair production in proton-lead 
collisions at 8.16 TeV

• 𝟐ℓ𝟏𝒃, 𝟐ℓ𝟐𝒃 event selection:
• Discard events with an invariant mass 

(𝑚ℓℓ) within a 𝑍-mass window (80
< 𝑚ℓℓ < 100 𝐺𝑒𝑉).

• 𝑚ℓℓ > 15 45 𝐺𝑒𝑉 in the 𝑒𝜇 (𝑒𝑒 and 
𝜇𝜇) channel.

• ≥ 2 jets (≥ 1 b-jet).

• 𝟏ℓ𝟏𝒃 𝒆+jets, 𝟏ℓ𝟐𝒃𝒊𝒏𝒄𝒍 𝒆+jets, 𝟏ℓ𝟏𝒃 𝝁+jets, 
𝟏ℓ𝟐𝒃𝒊𝒏𝒄𝒍 𝝁+jets) event selection.

• Exactly 1 lepton.
• ≥ 4 jets, (≥ 1 b-jet).

arXiv:2405.05078, 𝑠𝑁𝑁 = 8.16 𝑇𝑒𝑉, 165 𝑛𝑏−1

• See backup for 1ℓ1𝑏 𝜇+jets, 1ℓ2𝑏𝑖𝑛𝑐𝑙 𝜇+jets control 
plots.

https://arxiv.org/abs/2405.05078
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arXiv:2405.05078, 𝑠𝑁𝑁 = 8.16 𝑇𝑒𝑉, 165 𝑛𝑏−1

• Each 𝐻𝑇
𝑙,𝑗 distribution is entered into a binned profile likelihood fit.

• Systematic uncertainties are represented as Nuisance Parameters and are included as additional fit 
parameters. 

Good agreement with SM predictions.

• Fit results:
• 𝝈 𝒕 ҧ𝒕 = 𝟓𝟖. 𝟏 ± 𝟐. 𝟎 𝒔𝒕𝒂𝒕. −𝟒.𝟒

+𝟒.𝟖 𝒔𝒚𝒔𝒕. 𝒏𝒃
• Nuclear modification factor:

• 𝑹𝒑𝑨 =
𝝈
𝒕 ҧ𝒕
𝒑+𝑷𝒃

𝑨𝑷𝒃⋅𝝈𝒕 ҧ𝒕
𝒑𝒑 = 𝟏. 𝟎𝟗𝟎 ± 𝟎. 𝟎𝟑𝟗 𝒔𝒕𝒂𝒕. −𝟎.𝟎𝟖𝟕

+𝟎.𝟎𝟗𝟒 (𝒔𝒚𝒔𝒕. )

9%

9%
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Observation of top pair production in proton-lead 
collisions at 8.16 TeV

• Largest uncertainties come 
from JES and 𝑡 ҧ𝑡 event 
generators.

https://arxiv.org/abs/2405.05078
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• The latest inclusive cross-sections measurements of single- and double-top quark production have 
been presented.

• Single-top cross-sections measured very precisely at the nominal 13 𝑇𝑒𝑉 in the fully-leptonic 
channel.

• Multiple measurements of 𝑓𝐿𝑉𝑉𝑡𝑏 in different single-top production channels → independent 
tests of this factor. 

• In a single-top 𝑡-channel measurement at a special 5.02 𝑇𝑒𝑉 collision energy we studied 
different detector uncertainties in a low pileup environment.

• Top quark pair production cross-section in the fully-leptonic channel measured using 
relatively new Run 3 data → estimate 𝑍 → 𝑙𝑙 contribution.

• Top quark pair production cross-section measured using heavy-ion collisions (𝑝+𝑃𝑏) 
→ constrain nuclear PDFS in regions that are not well-constrained by other measurements.

• Presently, we can measure 𝑡 ҧ𝑡 cross-sections up to a precision of 1.8% (13 TeV).
• Have not yet observed s-channel single-top production due to large 𝑡 ҧ𝑡 backgrounds and its 

uncertainties. 

• All measurements agree well with current SM predictions.

Summary
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Backup
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• Several observables are constructed using the set of 
final-state objects (𝑜1, …, 𝑜𝑁) (top).

• These are used as input to the BDT, ranked by 
importance in each of the 3 defined signal regions 
(left).

18
arXiv:2407.15594, 𝑠 = 13 𝑇𝑒𝑉, 140 𝑓𝑏−1
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𝑡𝑊 single-top measurement at 13 TeV (dilepton)

https://arxiv.org/abs/2407.15594


19
arXiv:2407.15594, 𝑠 = 13 𝑇𝑒𝑉, 140 𝑓𝑏−1
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𝑡𝑊 single-top measurement at 13 TeV (dilepton)

• Certain BDT ranges are excluded → avoids over-
constraining certain uncertainties (DR vs. DS, 𝑡 ҧ𝑡 parton-
showering) in non-physical ways.

• Remove sources of uncertainty if their effects fall 
below a certain threshold (normalization: < 0.05%, 
shape effects: at least one bin must vary > 0.1%).

• Ratio between post-fit to pre-fit uncertainties 
relaxed from 30-40% to 60-90%.

• Results in loss of precision → post-fit error on 
fitted signal strength (𝜇𝑡𝑊) increases from 13% to 
19%.

https://arxiv.org/abs/2407.15594
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JHEP 05 (2024) 305, 𝑠 = 13 𝑇𝑒𝑉, 140 𝑓𝑏−1

Single top t-channel cross-section at 13 TeV
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• Left: physical observables used 
for training of the NN, ordered 
by their discriminating power. 

• Initially 30 variables were 
defined, marginal improvements 
found after including more 
variables. 

https://link.springer.com/article/10.1007/JHEP05(2024)305
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JHEP 05 (2024) 305, 𝑠 = 13 𝑇𝑒𝑉, 140 𝑓𝑏−1

• Standard Model Effective Field Theory (SM) 
treats the current SM as a low-energy 
approximation of a more fundamental theory 
at an energy scale, Λ.

• In this SMEFT, two operators are considered: 
𝑶𝑸𝒒
𝟑,𝟏 (four-quark operator) and 𝑶𝝓𝑸

𝟑 (coupling 
the third quark generation to the Higgs boson 
doublet, 𝜙).

• When interpreted in the EFT approach, 95% 
CL for these operators are estimated:

−𝟎. 𝟑𝟕 < Τ𝑶𝑸𝒒
𝟑,𝟏 𝚲𝟐 < 𝟎. 𝟎𝟔

Τ−𝟎. 𝟖𝟕 < 𝑶𝝓𝑸
𝟑 𝚲𝟐 < 𝟏. 𝟒𝟐

Single top t-channel cross-section at 13 TeV

17th International Workshop on Top Quark Physics (TOP2024)      Charlie Chen (University of Victoria)                                                                  21

Good agreement with SM predictions.

• Fit results:
• 𝝈 𝒕𝒒 = 𝟏𝟑𝟕−𝟖

+𝟖 𝒑𝒃

• 𝝈 ҧ𝒕𝒒 = 𝟖𝟒−𝟓
+𝟔 𝒑𝒃

• 𝑹𝒕 = Τ𝝈(𝒕𝒒) 𝝈 ҧ𝒕𝒒 = 𝟏. 𝟔𝟑𝟔−𝟎.𝟎𝟑𝟒
+𝟎.𝟎𝟑𝟔

Differences between 𝜎 𝑡𝑞 and 𝜎( ҧ𝑡𝑞)
driven by differences in PDFs for quarks 
and antiquarks.

6%

7%

2%

• Confidence contours 
calculated from maximum-
likelihood scans in various 
𝑓𝐿𝑉 𝑉𝑡𝑞 planes.

https://link.springer.com/article/10.1007/JHEP05(2024)305
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Single top t-channel cross-section at 5.02 TeV
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• BDT is trained using 9 input variables based on combinations of objects kinematics and global event 
topology.

• Variables with highest discriminating power: scalar sum of transverse momentum of all objects 
(𝐻𝑇), 𝑝𝑇 difference between 𝑊 four-vector sum of untagged and b-tagged jet (|Δ𝑝𝑇(𝑊, 𝑢𝑏)|).

https://www.sciencedirect.com/science/article/pii/S0370269324002843?via%3Dihub
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Single top t-channel cross-section at 5.02 TeV
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• Some sources of uncertainties 
increases significantly during 
the measurement of 𝑅𝑡 (e.g. 
statistical.

https://www.sciencedirect.com/science/article/pii/S0370269324002843?via%3Dihub
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• Focus on the total inclusive cross-section measurement.
• Events must contain an electron, a muon, and either one or two b-tagged jets.

• All reconstructed objects have 𝑝𝑇 > 25 𝐺𝑒𝑉.

• Mismodeling of events with ≥ 3 b-jets are 
considered using an additional 𝑡 ҧ𝑡 sample with an 
enriched rate of events generated with ≥ 3 b-jets.

• Unfold detector-level distributions, validated using 
bootstrapping.

• Count number of events in fiducial phase space and 
normalize by number of generated events to 
calculate total inclusive cross-section.

Inclusive and differential cross-sections for 
dilepton 𝑡 ҧ𝑡 production at 13 TeV

17th International Workshop on Top Quark Physics (TOP2024)      Charlie Chen (University of Victoria)                                                                  24

https://link.springer.com/article/10.1007/JHEP07(2023)141


25

JHEP 07 (2023) 141, 𝑠 = 13 𝑇𝑒𝑉, 140 𝑓𝑏−1

• The resulting computed total inclusive cross-section is the most 
precise measurement of the inclusive 𝑡 ҧ𝑡 cross-section to date.

𝝈𝒕 ҧ𝒕 = 𝟖𝟐𝟗 ± 𝟏 𝒔𝒕𝒂𝒕. ± 𝟏𝟑 𝒔𝒚𝒔𝒕. ± 𝟖 𝒍𝒖𝒎𝒊. ± 𝟐 𝒃𝒆𝒂𝒎 𝒑𝒃

• Improvements in precision can be traced to a reduction in the 
luminosity uncertainty.

• Final total cross-section is in very good agreement with SM 
predictions. 

2%

Inclusive and differential cross-sections for 
dilepton 𝑡 ҧ𝑡 production at 13 TeV
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https://link.springer.com/article/10.1007/JHEP07(2023)141


26

17th International Workshop on Top Quark Physics (TOP2024)      Charlie Chen (University of Victoria)                                                                  26

Observation of top pair production in proton-lead 
collisions at 8.16 TeV

arXiv:2405.05078, 𝑠𝑁𝑁 = 8.16 𝑇𝑒𝑉, 165 𝑛𝑏−1

https://arxiv.org/abs/2405.05078
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