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Top physics: motivations and goals 

LHC is a top factory: 120M top pairs produced in run2, 
more are coming in run3

Stringent test of the SM and possible hints for new physics 
thanks to the large sample, the ever increasing experimental 
precision and the advances in theoretical calculations.

This talk will present a selected list of recent ATLAS results for top 
cross-sections, mass and properties. The complete list is available at:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

Pair production via strong interactions 
(mainly gg), dominant production @ LHC

Single production via EW 
charge current interactions

Top-quark has unique properties in the SM:

- heaviest known particle →  mtop fundamental SM parameter

- large coupling (𝝀t ~ 1) to the Higgs boson → special role in EW 
symmetry breaking

- short lifetime 𝝉t ~10-25 < 𝝉had ~10-24 → unique possibility to probe 
bare quark properties
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Inclusive tt̄ cross-section Most precise result @ 13 TeV exploiting dilepton e𝜇 final states:   

dominant systematics: luminosity (0.93%), top pT reweighing (0.58%),
tW bkg. x-sec (0.52%), in-situ electron isolation (0.51%), PDF (0.41%)

1.8% precision! much better than current NNLO+NNLL prediction:

σ13TeV
tt̄ = 829 ± 1 (stat) ± 13 (syst) ± 8 (lumi) ± 2 (beam) pb

σNNLO+NNLL
tt̄ = 832+20

−29 (scale) ± 23 (mass) ± 35 (PDF + αs) pb
arXiv:2303.15340 [hep-ex], submitted to JHEP —13 TeV - 139 fb-1

New measurement @ 5.02 TeV combining 
di-lepton and l+jets channels

- increased qq̄ contribution and larger x (new 
constraint for gluon PDF)

  - better precision than current SM prediction 

σ5TeV
tt̄ = 67.5 ± 2.7 pb (4 % prec.)
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σNNLO+NNLL
tt̄ = 68.2 ± 4.8 (PDF + αs) +1.9

−2.3 (scale) pb
arXiv:2207.01354 [hep-ex] — 5.02 TeV - 257 pb-1

~ 5% prec. improvement 
in gluon PDF at x=0.1
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First run 3 results: tt̄ inclusive cross-section and tt̄/Z cross-section ratio
σtt̄ = 859 ± 4(stat) ± 22(syst) ± 19(lumi) pb

σfid
Z→ℓℓ = 751 ± 0.3(stat) ± 15(syst) ± 17(lumi) pb

Rtt̄/Z = 1.144 ± 0.006(stat) ± 0.022(syst) ± 0.003(lumi)

eμ di-lepton channel for tt̄
ee/μμ channels for Z, fiducial region 66< m𝓁𝓁 <116 GeV 

→ precision of individual results affected by correlated syst. uncertainties

- Binned profile likelihood used to 
extract the ratio
- Much better precision due to 
cancelation of correlated systematics

consistent with SM prediction
ATLAS-CONF-2023-006 


13.6 TeV - 11.3 fb-1
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(3.4 % prec.)
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Particle level: normalized distributions precision ∼ 10%–20%, reasonable agreement with several NLO+PS predictions 
some discrepancies in the tail of the pT of the second top-quark, as observed in previous ATLAS measurements

Parton level: general better agreement ➞ possible sources of discrepancies: PS, hadronization, ISR/FSR

Differential tt̄ cross-section
all-had ch. boosted topology

arXiv:2205.02817 [hep-ex], accepted by JHEP 

13 TeV - 139 fb-1

particle level ➞ leading/subleading large-R jet: pT>500/350 GeV, |𝝶|<2.0, both matched to a b-hadron
parton level ➞ leading/subleading top-quark: pT>500/350 GeV

Fiducial region:
pT
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Differential tt̄ cross-section
Single and double differential cross-sections in the eμ final states

arXiv:2303.15340 [hep-ex], submitted to JHEP 

13 TeV - 139 fb-1

Several leptonic kinematic variables considered and compared with various 
MC predictions @ NLO+PS pℓ

T , |ηℓ | , meμ, peμ
T , |yeμ | , Ee + Eμ, pe

T + pμ
T , Δϕeμ

- No model can describe all distributions within uncertainties, sizable discrepancy especially for 
the high-energy tail of the distributions

Fiducial region at particle level
leptons: e(μ) jets

pT > 27(25) GeV
|η | < 2.5

pT > 25 GeV
|η | < 2.5
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- Precision ~ 2% (1%) for absolute (normalized) measurements except in the highest energy bins 

➞ important inputs for MC modeling improvements

➞ less affected by QCD modeling uncertainties
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Lower uncertainties ~ 1 GeV (0.6%)
Uncertainty for combinations ~ 0.5 GeV (0.3%)

fundamental parameter of the SM with several implicationsTop-quark mass

direct-measurement: invariant mass or other sensitive variables 
from decay products compared with MC calculation ( )mMC

top

indirect-measurement: production cross-
section (dependent from mtop) compared with 
QCD calculation ( ) mpole

top

Top-quark not a free particle, mass determined through comparison with calculation
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ATLAS-CONF-2022-058 

13 TeV - 139 fb-1

mt = 172.21 ± 0.20 (stat) ± 0.67 (syst) ± 0.39 (recoil*) GeV
*Effect of different treatments of recoil in gluon emission (against b or t quark) in Pythia quoted separately
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Dominant syst uncertainties: ME-PS matching, recoil, JES, color reconnection

- Deep neural network (DNN) for -b matching

- used -b pair with larger pT to reduce signal 
modeling and jet-related uncertainties

- Template fit to  distribution

ℓ
ℓ

mℓbb

mℓb

ℓ

𝞶

ℓ

𝞶

dilepton ch .

tot = ±0.80 GeV

Top mass from template method in tt̄ ➞ dilepton
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Top mass from soft muon tag

b

𝜇
X

mμℓ

ℓ
less sensitivity to JES/JER and to tt̄ production modeling
sensitive to b-fragmentaton, LEP and SLC data used to improve 
data description ➞ relevant for combination with other methodsℓ + jets ch .

Likelihood fit using templates for different mtop

arXiv:2209.00583 [hep-ex] 

13 TeV - 36.1 fb-1

mt = 174.41 ± 0.39 (stat) ± 0.66 (syst) ± 0.25 (recoil) GeV
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tot = ±0.81 GeV
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W polarization in top decay arXiv:2209.14903 [hep-ex]

13 TeV - 139 fb-1

unfolded at parton-level 
dσ

d cos θ*
f0 = 0.684 ± 0.005(stat) ± 0.014(syst)
fL = 0.318 ± 0.003(stat) ± 0.008(syst)
fR = − 0.002 ± 0.002(stat) ± 0.014(syst)

Main systematic uncertainty: tt̄ production 
modelling, jet reconstruction

Excellent agreement with SM predictions, large improvement in the precision of the measurement

10

test Wtb properties, determined by the V-A structure of the EW interaction

dilepton ch . →
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Summary
Top-quark plays a central role in the SM, it is implicated in crucial still open fundamental 
questions and offers unique opportunities for a better understanding of the microscopic 
world.

LHC is a top factory, the ideal lab for precision studies of its properties.
An impressive amount of results produced, most of them exhibit a remarkable agreement with 
the SM predictions:

- Top mass measurements routinely at sub-GeV level

- Differential and fiducial measurements are key input for better MC modeling

Some of the measurements out-perform predictions in precision pushing for further 
improvements in theoretical calculations

First run 3 results very promising, many new results in the pipeline.
Stay 

tuned!
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Back-up slides



L. Bellagamba - PHENO 2023 - May 8-10, 2023

13Inclusive tt̄ cross-section ATLAS+CMS @ 7 and 8 TeV

σ7 TeV
tt̄ = 178.5 ± 4.7 pb σ8 TeV

tt̄ = 243.3+6.0
−5.9 pb

R8/7 = 1.363 ± 0.032

mpole
t = 173.4+1.8

−2.0 GeV αs(MZ) = 0.1170+0.0021
−0.0018

eμ di-lepton ch.
combination performed accounting for correlations between and 
within the individual measurements:

- overall precision improvement in combination → 25 (28)% @ 7 (8) TeV 
- luminosity still dominant unc. but reduced ~ 35%, stat. reduced ~ 40%
- most precise measurements to date

correlated uncertainties cancel in the ratio, improvement ~ 45%
All results in excellent agreement with SM predictions (NNLO+NNLL)

measurements used to determine  and  for different PDF sets 

most precise value using NNPDF3.1_a:

mpole
top αs

 most precise results using top eventsαs(MZ)

arXiv:2205.13830 [hep-ex] — 7/8 TeV — 5/20 fb-1

(2.5 % prec.)(2.6 % prec.)
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Evidence for single top s-channel production

σpred. = 10.32+0.40
−0.32 pb

SR W+jets tt̄

e/μ
2 jets

2 tight b

e/μ
2 jets

1 tight, 1 loose  b

e/μ
≥3 jets

2 tight b

- QCD bkg. data driven
- Matrix Element Method and Bayesian discriminant to evaluate signal 

probability per event P(S|X)

- Observed (expected) significance over the bkg only hypothesis 3.3 (3.9) s.d.
- dominant syst. tt̄ normalization, signal and tt̄ modeling, JES, JER

challenging, low xsec, high bkg.

σs−ch. = 8.2 ± 0.6 (stat) +3.4
−2.8 (syst) pb

arXiv:2209.08990 [hep-ex]

13 TeV - 139 fb-1

14
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15Colour reconnection studies in tt̄ events
- CR models not from QCD first principles, manage color field interactions during hadronization transition
- currently one of the major systematic uncertainties (~ 300/400 MeV) in top mass measurements

eμ di-lepton ch., 2/3 jets (2 b-tagged)

 and  sensitive to CR, compared at particle level 
to different models implemented in MC generators
ntrk Σntrk

pT
leptons: e-μ jets

OS, m𝓁𝓁>15 GeV  
2/3 (2 b-jets)


pT > 25 GeV, |η | < 2.5
pT > 25/27 GeV, |η | < 2.5

Fiducial region particle level

- Sherpa2210 does not contain CR → too few particles and  distribution softer than in data

- CR models implemented in Pythia8 and Herwig7.2 → better description of the data
- results to be used as input to future  tuning of MC generators for both CR and MPI

Σnch
pT

arXiv:2209.07874 [hep-ex]

13 TeV - 139 fb-1
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16Charge asymmetry in tt̄ production arXiv:2208.12095 [hep-ex]

13 TeV - 139 fb-1

Asymmetry due to higher order contribution in qq̄ → tt̄
At LHC the main gg production is symmetric
q has on average a larger x than q̄ resulting in a more 
forward distribution for t and more central for t̄

AC measured inclusively and as a function of  in  
l+jets and dilepton channel resolved and boosted topology

ptt̄
T , mtt̄, βz,tt̄

enhanced asymmetry 
for large β

Att̄
C = 0.0068 ± 0.0015 (stat + sist), 4.7σ significance
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tt̄ diff. sec - dilepton ch.

χ2 values for the comparison of the 
normalised measured differential cross-
sections with different tt̄ simulation samples.
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Differential tt̄ cross-section
all-had ch. boosted topology

Modeling affected by ISR, FSR, PDFs, ME-PS matching
➞ precise QCD tests 

single, double and triple differential cross-section measurements for 
several variables of the tt̄ system and of the individual top-quarks

- Particle level: comparison with MC generator at NLO interfaced with 
PS and hadronization models 
- Parton level: direct comparison with fixed order NNLO calculation

Large top-quark pT ➞ all decay products collimated in a single large-R jet
Dominant systematic uncertainties top-tagging, JES, JER 
➞ complementary to other channels 

pT

18

all-had channel ➞ pros: large Br and no final states 𝞶s cons: large QCD bkg.

arXiv:2205.02817 [hep-ex], accepted by JHEP 

13 TeV - 139 fb-1
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parton-level fiducial cross-section with the calculations 
from several MC generators and the fixed-order NNLO 
prediction with various PDF sets and dynamical scales 
obtained using the Matrix program. 

particle-level fiducial cross-section Powheg+Pythia 8 event generator 
is used as the nominal prediction to correct for detector effects. 

arXiv:2205.02817 [hep-ex] 
accepted by JHEP 


13 TeV - 139 fb-1

Inclusive tt̄ cross-section
all-had ch. boosted topology
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Differential tt̄ cross-section
all-had ch. boosted topology

scalar sum of the top quarks pT
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not considered in 
this analysis

Differential tt̄ cross-section EFT interpretation

Ratio of various SMEFT predictions to the data. 
Wilson Coefficients  ~ 95%CL limits obtained in 
this analysis.
The SM NNLO calculation has been obtained by 
MATRIX including scale uncertainty.

SM-EFT interf. EFT-EFT terms

α and β used to parameterize the cross-section 
dependence on each Wilson Coefficient

dim6top model used to implement SMEFT at leading 
order using the Warsaw basis for the operators.

all-had ch. boosted topology

arXiv:2205.02817 [hep-ex], accepted by JHEP 

13 TeV - 139 fb-1
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W polarization in top decay

arXiv:2209.14903 [hep-ex]

13 TeV - 139 fb-1

- Properties of the top-quark decay vertex Wtb determined by the V-A structure of the EW interactions
- W helicity fractions (longitudinal, left- and right-handed polarization) extracted from the angular
distribution of the decay products of the W boson and the top quark ➞ test of SM prediction

1
σ

dσ
d cos θ*

=
3
4

(1 − cos2 θ*) ⋅ f0 +
3
8

(1 − cos θ*)2 ⋅ fL +
3
8

(1 + cos θ*)2 ⋅ fR

𝜃*: angle between the momentum direction of 
the charged lepton from W decay and the 
reversed momentum direction of the b-quark 
from top decay, computed in the W rest frame

f0 = 0.687 ± 0.005
fL = 0.311 ± 0.005

fR = 0.0017 ± 0.0001

NNLO calculation
PRD 81 (2010) 111503 NNLO calculations compared with 

ATLAS results in tt̄ di-lepton events

22


