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Differential t̄t: event selection
JHEP 08 (2024) 182 �, CMS-PAS-TOP-24-001 �
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Differential t̄t: lepton+jets results
JHEP 08 (2024) 182 �
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Differential t̄t: dilepton results
CMS-PAS-TOP-24-001 �
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t̄t in heavy-ion collisions: pPb analysis
arXiv:2405.05078 �
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t̄t in heavy-ion collisions: pp@5.02 TeV analysis
CMS-PAS-TOP-23-005 �
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t̄t in heavy-ion collisions: results
arXiv:2405.05078 �, CMS-PAS-TOP-23-005 �
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Entanglement in t̄t: introduction
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Entanglement in t̄t: analysis strategy
Nature 633 (2024) 542 �, arXiv:2406.03976 �, arXiv:2409.11067 �
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Entanglement in t̄t: results
arXiv:2409.11067 �

Nature 633 (2024) 542 �, arXiv:2406.03976 �,

dedicated parallel talks by
Didar and Matthew today!

-0.60 -0.55 -0.50 -0.45 -0.40 -0.35 -0.30
D

CMS 36.3 fb 1 (13 TeV)

m(tt̄)< 400 GeV

βz(tt̄)< 0.9

0.480+0.026
0.029

0.491+0.026
0.025

Separable

/  POWHEGv2 + HERWIG+++ηt / ηt

/  MG5_aMC@NLO(FxFx) + PYTHIA8 + ηt / ηt

/  POWHEGv2 + PYTHIA8 + ηt / ηt

/ /  MC Stat.
/ /  MC Stat.  Syst.

 Entanglement boundary
Data extr. with PH+P8
Data extr. with PH+P8+ηt

>5σ

2`

quantum
entanglement

in tt̄
observed

at low and
high m t̄t

0.6

0.5

0.4

0.3

0.2

0.1

Pa
rti

cle
-le

ve
l D

Limit (Powheg + Herwig7)
Limit (Powheg + Pythia8)
Theory Uncertainty
Data
Powheg + Pythia8 (hvq)
Powheg + Herwig7 (hvq)

ATLAS                 
√s = 13 TeV, 140 fb-1

- -

Particle-level Invariant Mass Range [GeV] 

380 < mtt- < 500 mtt > 500340 < mtt < 380

>5σ
eµ

 ) < 400 GeVtm(t
  

)| < 0.4θ   |cos(
) > 800 GeVtm(t

1

1.2

1.4

1.6

1.8

2

2.2 
kk

 C+ 
rr

 C
 +

 
nn

 =
 C

E∆

Data
stat, total unc.
Powheg+P8

t
ηPowheg+P8+

Powheg+H7
MG5+P8
MiNNLO+P8

↓ Separable states ↓

CMS  (13 TeV)-1138 fb

σ(2.4)2.2 σ(5.6)6.7

>5σ

1`

Top quark measurements | Joscha Knolle, 23 Oct 2024 18

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-23-007/index.html
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2021-24/
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-23-001/index.html
https://indico.cern.ch/event/1414470/contributions/6061981/
https://indico.cern.ch/event/1414470/contributions/6061904/


Bonus slide: Pseudoscalar resonance at t̄t threshold?
CMS-PAS-HIG-22-013 �

138 fb 1, Run 2 (13 TeV)CMSPreliminary ,  4j

101

102

103

104

<E
ve

nt
s /

 G
eV

>

0.0 < |cos( *
t )| < 0.4 0.4 < |cos( *

t )| < 0.6 0.6 < |cos( *
t )| < 0.75 0.75 < |cos( *

t )| < 0.9 0.9 < |cos( *
t )| < 1.0

Other tX tt Prefit uncertainty Data

0.8

1.0

1.2

Ra
tio

 to
 b

ac
kg

ro
un

d

      A(365, 2%), gA = 1 H(365, 2%), gH = 1 t, ( t) = 1 UncertaintyPrefit

0.9

1.0

1.1

Ra
tio

 to
 b

ac
kg

ro
un

d

                          A(365, 2%), gA = 0.75 ± 0.03 H(365, 2%), gH = 0.0 ± 0.27 UncertaintyPostfit (BG + A/H)
No tt bound states

500 1000 1500 500 1000 1500 500 1000 1500 500 1000 1500 500 1000 1500
mtt (GeV)

0.9

1.0

1.1

Ra
tio

 to
 b

ac
kg

ro
un

d

                         t, ( t) = 1.11 ± 0.12 UncertaintyPostfit (BG + t)

138 fb 1, Run 2 (13 TeV)CMSPreliminary ,  4j

101

102

103

104

<E
ve

nt
s /

 G
eV

>

0.0 < |cos( *
t )| < 0.4 0.4 < |cos( *

t )| < 0.6 0.6 < |cos( *
t )| < 0.75 0.75 < |cos( *

t )| < 0.9 0.9 < |cos( *
t )| < 1.0

Other tX tt Prefit uncertainty Data

0.8

1.0

1.2

Ra
tio

 to
 b

ac
kg

ro
un

d

      A(365, 2%), gA = 1 H(365, 2%), gH = 1 t, ( t) = 1 UncertaintyPrefit

0.9

1.0

1.1

Ra
tio

 to
 b

ac
kg

ro
un

d

                          A(365, 2%), gA = 0.75 ± 0.03 H(365, 2%), gH = 0.0 ± 0.27 UncertaintyPostfit (BG + A/H)
No tt bound states

500 1000 1500 500 1000 1500 500 1000 1500 500 1000 1500 500 1000 1500
mtt (GeV)

0.9

1.0

1.1

Ra
tio

 to
 b

ac
kg

ro
un

d

                         t, ( t) = 1.11 ± 0.12 UncertaintyPostfit (BG + t)

=1`, ≥4j, ≥2b

also:
1`3j
2`

138 fb 1, Run 2 (13 TeV)CMSPreliminary ,  4j

101

102

103

104

<E
ve

nt
s /

 G
eV

>

0.0 < |cos( *
t )| < 0.4 0.4 < |cos( *

t )| < 0.6 0.6 < |cos( *
t )| < 0.75 0.75 < |cos( *

t )| < 0.9 0.9 < |cos( *
t )| < 1.0

Other tX tt Prefit uncertainty Data

0.8

1.0

1.2

Ra
tio

 to
 b

ac
kg

ro
un

d

      A(365, 2%), gA = 1 H(365, 2%), gH = 1 t, ( t) = 1 UncertaintyPrefit

0.9

1.0

1.1

Ra
tio

 to
 b

ac
kg

ro
un

d

                          A(365, 2%), gA = 0.75 ± 0.03 H(365, 2%), gH = 0.0 ± 0.27 UncertaintyPostfit (BG + A/H)
No tt bound states

500 1000 1500 500 1000 1500 500 1000 1500 500 1000 1500 500 1000 1500
mtt (GeV)

0.9

1.0

1.1

Ra
tio

 to
 b

ac
kg

ro
un

d

                         t, ( t) = 1.11 ± 0.12 UncertaintyPostfit (BG + t) σ(ηt) = 7.1± 0.8 pb
caveat: simplified 1S0

[1] at 343 GeV

dedicated parallel talk
by Elisabetta today!Top quark measurements | Joscha Knolle, 23 Oct 2024 19

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-013/index.html
https://indico.cern.ch/event/1414470/contributions/6061980/


Bonus slide: Pseudoscalar resonance at t̄t threshold?
CMS-PAS-HIG-22-013 �

138 fb 1, Run 2 (13 TeV)CMSPreliminary ,  4j
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t̄t + heavy flavour: analysis strategy
arXiv:2407.13473 �, arXiv:2409.11305 �

t̄t + b: =1e, =1µ, ≥2j, ≥2b
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t̄t + heavy flavour: inclusive results
arXiv:2407.13473 �, arXiv:2409.11305 �
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t̄t + heavy flavour: differential t̄t + b results
arXiv:2407.13473 �
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Single-top tW at 13 TeV
arXiv:2407.15594 �
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Single-top tW at 13.6 TeV
arXiv:2409.06444 �
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Single-top tW: results
arXiv:2407.15594 �; arXiv:2409.06444 �

Inclusive: 13 TeV 13.6 TeV
measured: 75± 15 pb 82± 11 pb

SM: 79± 3 pb 88± 3 pb
Differential:
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Top quark(s) + vector boson(s): t̄tZ + tWZ + tZq
CMS-PAS-TOP-23-004 �

main event selection: =3`, 1 OSSF on-Z, ≥2j, ≥1b; split by multiclass DNN
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Top quark(s) + vector boson(s): t̄tγ
arXiv:2403.09452 �

=1γ, =1`, ≥4j,≥1b; split by multiclass NN =1γ, =2`, ≥2j, ≥1b
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Top quark(s) + vector boson(s): Results
CMS-PAS-TOP-23-004 �; arXiv:2403.09452 �

Inclusive: t̄tZ + tWZ: 1140± 64 fb tZq: 810± 92 fb t̄tγ prod.: 322± 16 fb
SM: 840± 100 fb SM: 820± 50 fb SM: 299± 30 fb
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Summary
exciting top quark physics programme
at the LHC

using all energies and collision systems
covering wide range of top quark
production processes

several recent ATLAS & CMS
highlights shown today
many more topics omitted, e.g.:

precision measurements of mass and
other properties
EFT interpretations
new-physics signatures with top quarks

many more results with new Run-3 data
in preparation
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ATLAS references
Observation of quantum entanglement in top-quark pairs using the ATLAS detector, Nature 633 (2024) 542 �

Measurement of differential cross-sections in t̄t and t̄t+jets production in the lepton+jets final state in pp
collisions at

√
s = 13 TeV using 140 fb–1 of ATLAS data, JHEP 08 (2024) 182 �

Measurements of inclusive and differential cross-sections of t̄tγ production in pp collisions at
√

s = 13 TeV
with the ATLAS detector, arXiv:2403.09452 �, submitted to JHEP
Observation of t̄t production in the lepton+jets and dilepton channels in p+Pb collisions at √sNN = 8.16 TeV
with the ATLAS detector, arXiv:2405.05078 �, submitted to JHEP
Measurement of t̄t production in association with additional b-jets in the eµ final state in proton-proton
collisions at

√
s = 13 TeV with the ATLAS detector, arXiv:2407.13473 �, submitted to JHEP

Measurement of single top-quark production in association with a W boson in pp collisions at
√

s = 13 TeV
with the ATLAS detector, arXiv:2407.15594 �, submitted to Phys. Rev. D
Measurement of top-quark pair production in association with charm quarks in proton-proton collisions at√

s = 13 TeV with the ATLAS detector, arXiv:2409.11305 �, submitted to Phys. Lett. B
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CMS references
Observation of quantum entanglement in top quark pair production in proton-proton collisions at

√
s = 13 TeV,

arXiv:2406.03976 �, accepted by Rep. Prog. Phys.
Measurement of inclusive and differential cross sections of single top quark production in association with a W
boson in proton-proton collisions at

√
s = 13.6 TeV, arXiv:2409.06444 �, submitted to JHEP

Measurements of polarization and spin correlation and observation of entanglement in top quark pairs using
lepton+jets events from proton-proton collisions at

√
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