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Introduction

Millions of top quarks produced at the LHC at various center-of-mass
energies: 7 TeV, 8 TeV, and 13 TeV

Measurements of top production cross-sections:

Precision test of the Standard Model
Sensitive to new physics beyond the Standard Model
Constrain PDF fits
Constrain MC generators parameters
Estimation of the CKM matrix element Vtb
Used to extract the top quark pole mass
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Top Quark

Production at the LHC:

Top-antitop pair (tt̄) production - probes QCD interactions

Single top production - probes electro-weak interactions

t-channel
associated with a W boson
s-channel

tt̄ associated with γ/Z/W/H (not covered in this talk)

Decay:

t −→Wb in ∼100%

Signature depends on the decay mode of the W boson (leptonic or
hadronic)
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Top cross-section measurement possibilities at ATLAS

Inclusive
full phase-space
fiducial phase-space

Differential - cross-section
as a function of certain
observable defined at

parton level

full phase-space
possibility to define in
fiducial phase-space
(not explored yet)

particle level

fiducial phase-space

Fiducial phase-space

- mostly defined with particle level
objects
- typically chosen to be close to
the phase space of the selected
data
⇒ reduction of systematic
uncertainties (mainly signal
modeling)

Particle level

- defined using stable particles
(τ > 0.3 · 10−10 s)
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tt̄ cross-sections
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tt̄ cross-sections

Many decay channels with distinguishable signatures

Main selection regions: dilepton, lepton+jets, all-jets
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tt̄ inclusive cross-sections

Precise measurements in dilepton
selection at:

7 TeV and 8 TeV:
Eur. Phys. J. C74 (2014) 3109
13 TeV:
Phys. Lett. B761 (2016) 136

Requiring opposite sign e and µ

Requiring 1 and 2 b-tag jets

direct determination of
b-tagging efficiency

Main systematic uncertainties:
luminosity, LHC beam energy,
signal modeling

Total uncertainty ∼4%

Measurements consistent with SM
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http://www.sciencedirect.com/science/article/pii/S0370269316304397


tt̄ inclusive cross-sections - summary
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tt̄ differential cross-sections - lepton+jets selection

Measured at all c.m.s. energies

Presenting 8 TeV results - two
topologies for hadronic top
quark:

Resolved - the three jets are
well separated
Eur. Phys. J. C76 (2016) 538
Boosted - the three jets are
contained in a large-R jet
Phys. Rev. D93 (2016)
032009

Unfolding to particle and parton
levels

Main uncertainties: signal
modelling, JES
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https://link.springer.com/article/10.1140/epjc/s10052-016-4366-4
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.032009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.032009


tt̄ differential cross-sections - all-jets selection

Preliminary 13 TeV results:
ATLAS-CONF-2016-100

Observables: top pT, top |y|, tt̄
mass, tt̄ pT, tt̄ |y|, . . .

Boosted topology selection:
2 large-R jets

jet substructure

no leptons
b-tag jet near each large-R jet

Main background: QCD jet
production

Data-driven estimation

Unfolding to particle level

Main uncertainties: signal
modelling, JES of large-R jets
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tt̄ differential cross-sections - dilepton selection

Measured at all c.m.s. energies

Presenting 13 TeV results:
Eur. Phys. J. C77 (2017) 299

Observables: top pT, top |y|, tt̄
mass, tt̄ pT, tt̄ |y|
Selection:

two jets (at least 1 b-tag jet)
opposite sign e and µ
⇒ low background

Unfolding to particle level

Main uncertainties: signal
modelling (PS), b-tagging
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Single top cross-sections
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Single top cross-section measurements at ATLAS

Selections focusing on leptonic decay of W bosons

Process t-channel Wt s-channel

Selection
1 lepton, Emiss

T ,
2 jets (1 b-tag)

2 leptons,
1 b-tag jet

1 lepton, Emiss
T ,

2 b-tag jets

Main background tt̄, W+jets tt̄
tt̄, W+jets,
single top t-channel

Main uncertainty
JES, background
modeling

JES, signal
modeling

data statistics
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Single top t-channel

Detailed measurement at 8 TeV:
arXiv:1702.02859

Top and antitop quark
production measured separately

Inclusive in full and fiducial
phase-space

Differential cross-sections at
particle and parton levels

Neural network to separate
signal from background

Inclusive fiducial cross-section
measured with a precision of
5.8% (top quark) and 7.8%
(antitop)
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Single top t-channel - Rt

Rt = ratio between top and antitop production
sensitive to d/u-quark ratio
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Single top Wt

Difficult due to low cross-section
and large background

Selections based on boosted
decision trees

Lowest uncertainty so far ∼20%
in the 8 TeV measurement:
JHEP 01 (2016) 064

Measured cross-section in a
fiducial phase space for the tt̄ +
Wt process

Reduced uncertainty wrt
inclusive measurement
Consistent with various MC
generators (QCD NLO + PS)

Cross-section [pb]
0.3 0.4 0.5 0.6 0.7 0.8 0.9

 at NNLO+NNLLttσ at NLO+NNLL, Wtσ
 DR CT10YTHIA+POX-BOWHEGP

 at NLOttσ and Wtσ
 DR CT10YTHIA+POX-BOWHEGP

 at NLOttσ and Wtσ
 DS CT10YTHIA+POX-BOWHEGP

 at NLOttσ and Wtσ
 DR CT10ERWIG+HOX-BOWHEGP

 at NLOttσ and Wtσ
 DR CT10ERWIGMC@NLO+H

 at NLOttσ and Wtσ
 DR MSTW2008ERWIGMC@NLO+H

 at NLOttσ and Wtσ
 DR NNPDF 2.3ERWIGMC@NLO+H

Predicted fiducial cross-sections:

 cross-sectiontMeasured fiducial Wt+t
 Total uncertainty

 Stat. uncertainty

ATLAS -1 = 8 TeV, 20.3 fbs
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Single top s-channel

Very challenging due to low
cross-section and large background

Evidence for the first time at
ATLAS:
Phys. Lett. B 756 (2016) 228-246

Observed significance:
3.2 standard deviations

Measured cross-section consistent
with SM

Matrix element method

event-by-event discriminant
based on matrix elements of
signal and background processes
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Single top inclusive cross-sections - summary
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Summary

The ATLAS experiment has an extensive program of inclusive and
differential top cross-section measurements

Measurements consistent with the Standard Model predictions

tt̄ production

Uncertainties of inclusive cross-sections are up to a few percent
Differential cross-section measurements probe the TeV scale

Main uncertainties: signal modeling and JES

Single top production

Available differential measurements for the t-channel
Explored matrix element method for the s-channel
Main uncertainties: data statistics, JES and MC modeling
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Backup
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tt̄ total cross sections - 7 TeV

 [pb]
tt

σ
50 100 150 200 250 300 350

ATLAS+CMS Preliminary  = 7 TeV   s summary, 
tt

σ 

(*) Superseded by results shown below the line

WGtopLHC May 2017

NNLO+NNLL  PRL 110 (2013) 252004
0.001±) = 0.118

Z
(Msα = 172.5 GeV, topm

scale uncertainty
 uncertaintySα ⊕ PDF ⊕scale 

total  stat

 (lumi)± (syst) ± (stat) ± 
tt

σ

ABM12
) = 0.113

Z
(Msα

   PRD 89 (2015) 054028

CT14   PRD 93 (2016) 033006

MMHT14   EPJ C75 (2015) 5

NNPDF3.0   JHEP 04 (2015) 040

ATLAS, l+jets -1=0.7 fbintL 7 pb± 9 ± 4 ±179 

ATLAS, dilepton (*) -1=0.7 fbintL pb 7−
 8+   11−

 14+ 6 ±173 

ATLAS, all jets (*) -1=1.0 fbintL 6 pb± 78 ± 18 ±167 

ATLAS combined -1=0.7-1.0 fbintL 7 pb±  7−
 8+ 3 ±177 

CMS, l+jets (*) -1=0.8-1.1 fbintL 7 pb± 12 ± 3 ±164 

CMS, dilepton (*) -1=1.1 fbintL 8 pb± 16 ± 4 ±170 

 (*)µ+hadτCMS, -1=1.1 fbintL 9 pb± 26 ± 24 ±149 

CMS, all jets (*) -1=1.1 fbintL 8 pb± 40 ± 20 ±136 

CMS combined -1=0.8-1.1 fbintL 8 pb± 11 ±  2 ±166 

LHC combined (Sep 2012) -1=0.7-1.1 fbintL 6 pb±  8 ±  2 ±173 

νµX→ATLAS, l+jets, b -1=4.7 fbintL 3 pb± 17 ± 2 ±165 

, b-tagµATLAS, dilepton e -1=4.6 fbintL 3.6 pb± 4.2 ± 3.1 ±182.9 
miss
T-E

jets
, NµATLAS, dilepton e -1=4.6 fbintL 3.3 pb±  9.5−

 9.7+ 2.8 ±181.2 

+jetshadτATLAS, -1=1.7 fbintL 46 pb± 18 ±194 

ATLAS, all jets -1=4.7 fbintL 7 pb±  57−
 60+ 12 ±168 

+lhadτATLAS, -1=4.6 fbintL 3 pb± 23 ± 9 ±183 

CMS, l+jets -1=5.0 fbintL 3.6 pb± 12.0 ± 6.0 ±161.7 

µCMS, dilepton e -1=5.0 fbintL 3.8 pb±  4.0−
 4.5+ 2.1 ±173.6 

+lhadτCMS, -1=2.2 fbintL 3 pb± 22 ± 14 ±143 

+jetshadτCMS, -1=3.9 fbintL 3 pb± 32 ± 12 ±152 

CMS, all jets -1=3.5 fbintL 3 pb± 26 ± 10 ±139 
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tt̄ total cross sections - 8 TeV

 [pb]
tt

σ
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ATLAS+CMS Preliminary  = 8 TeV   s summary, 
tt

σ WGtopLHC May 2017

NNLO+NNLL  PRL 110 (2013) 252004
0.001±) = 0.118

Z
(Msα = 172.5 GeV, topm

scale uncertainty
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JHEP 02 (2014) 024, -1 = 5.3 fbintL

 6.2 pb± 11.3 ± 2.1 ±239.0 
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tt̄ total cross sections - 13 TeV

 [pb]
tt

σ
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ATLAS+CMS Preliminary  = 13 TeV   s summary, 
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σ WGtopLHC May 2017
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tt̄ differential cross sections - comparison with NNLO QCD
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tt̄ differential cross section - boosted, 8 TeV
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tt̄ differential cross section - boosted, 8 TeV, uncertainties
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Single top t-channel - discriminant
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Single top t-channel - top vs antitop
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Single top t-channel - Rt, other PDFs
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