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Introduction

2

ATLAS detector

Why is the top quark so attractive?
✔ Its large mass (~173 GeV)  =>  short lifetime
✔ Top decays before hadronization
✔ Testing of Standard Model (SM) via cross-

section measurements
✔ Top quark mass related to masses of W boson 

and Higgs boson
✔ Precise mass measurement – test of 

electroweak sector of SM

Topics covered in this talk:

✔ Top quark polarization (single 
top t-channel production)

✔ Cross-section of top quark pair 
production (l+jets, all-had decay 
channels)

✔ t t  energy asymmetry
✔ News from top mass 
✔ Studies with bb4l generator

For more top quark 
related results 

see Jiri’s talk 

visit ATLAS Top WG 
public web page

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
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https://arxiv.org/abs/2202.11382


Differential measurement as function of cosines of lepton production angles
Iterative Bayesian Unfolding used

Single top quark  polarization
Submitted to JHEP, available online: arXiv:2202.11382
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Method:
✔ mass of large-R jet used 

to derive Jet Energy (JES) 
scale factors => reduction 
of JES systematic

✔

✔ W+jet, single top suppressed by:
➢ ≥ 2 b-jets, 
➢ invariant mass of lepton 

and b-jet to be <  180 GeV
✔

✔ IBU unfolding to particle level
✔

✔ Measured in fiducial phase-space
✔

✔ Differential measurements:
➢ Characteristics of top quark kinematic:

➢ p
T

t,l, p
T

t,h, |yt,l|,|yt,h|, mtt, |ytt|...
➢ Probe of additional radiation:

➢ p
T

tt, # of additional jets N j, their p
T 
, ...

➢ 4 two-dimensional measurements:
➢ p

T
j,1 vs p

T
t,h (or vs N j ), Df

 
(j

1
, t

h
) vs  p

T
t,h...

Differential  t t  cross section (l+jets)
Submitted to JHEP, available online: arXiv:2202.12134
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Applying parton-level reweighting to match NNLO QCD predictions gives 
better agreement with data for all generators

https://arxiv.org/abs/2202.12134


Differential  t t  cross section (l+jets)
Submitted to JHEP, available online: arXiv:2202.12134
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Transverse momentum 
of semileptonically decaying top

Improved agreement after applying 
parton-level reweighting (NNLO rw.)

for all generators

p
T 

t,l [GeV]

invariant mass of  t t  system

Improvement of uncertainty after using 
JES scale factors

https://arxiv.org/abs/2202.12134


Differential  t t  cross section (all-had)
Submitted to JHEP, available online: arXiv:2205.02817
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Transverse momenta of second leading top

✔ Single-, double-, triple- differential cross-section 
✔ measured for several variables (p

T
, y of top quarks, p

T
, y, m of t t  system, ...)

✔ Unfolding to particle and/or parton fiducial phase-space
✔ Uncertainty reduction factor of 2-5 (depending on differential bin) 

w.r.t previous measurement
✔ NLO, NNLO prediction obtained from MATRIX program

✔ Reasonable agreement found for 
most of the NLO models

✔ Notable disagreement of data 
with NLO + parton shower (PS) 
predictions for 2nd leading top p

T

✔ Observables sensitive to gluon 
radiation not well described

✔ Agreement with NNLO at parton 
level (in general) better than with 
NLO+PS

https://arxiv.org/pdf/2205.02817.pdf


t t  energy asymmetry in  t t j  events 
Published in: Eur. Phys. J. C 82 (2022) 374
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Example of contributions to 
the energy asymmetry 

➢ Double lines ≡ top quarks
➢ Orange circles ≡ in QCD gluon 

or four-quark operator in SMEFT
(SM effective field theory)

AE (θ j)≡
σ

opt
(θ j|Δ E>0)−σ

opt
(θ j|ΔE<0)

σ
opt
(θ j|Δ E>0)+σopt

(θ j|ΔE<0)

s opt – differential cross section as function 
   of qj   (production angle of outgoing quark jet)
DE = E

top
 – E

antitop

Outgoing quark-jet boosted in direction 
of incoming  valence quark => rapidity
 of t t j system y

tt j
 affected

A
E
 asymmetry is sensitive to the top-quark 

chirality in four-quark operators => valuable 
new observable in global SMEFT fits

https://link.springer.com/article/10.1140/epjc/s10052-022-10101-w
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SMEFT interpretation of results
Published in: ATL-PHYS-PUB-2022-014

Many results provide constraints on Wilson coefficients in SMEFT interpretation

http://cdsweb.cern.ch/record/2805987/files/ATL-PHYS-PUB-2022-014.pdf


Top mass parameter in MC @ ATLAS
Available online: ATL-PHYS-PUB-2021-034

✔ Top mass measured in direct measurements 
using template method

✔

✔ However top mass para-
meter m

t
MC used  by 

generator is measured
✔

✔ Difference w.r.t. m
t
MSR (1 GeV) and 

m
t
pole estimated by template method using

templates of tree parameters:
m

t
MSR (1 GeV),  W

1q
 , and x

2
 

✔ Fit is done in 3 bins of top p
T
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parameters in NLL code affecting hadronization

mt
MC
=mt

MSR
(1GeV )+80−410

+350  MeV mt
MC
=mt

pole
+350−360

+300  MeV

Technique based on: 

M. Butenschoen et al., “Top Quark Mass Calibration For Monte Carlo Event Generators”

https://cds.cern.ch/record/2777332/files/ATL-PHYS-PUB-2021-034.pdf


In some distributions bb4l generator
agrees better with DS

Powheg bb4l generator
Available online: ATL-PHYS-PUB-2021-042
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Advantages:
✔ Takes into account quantum 

interference effects between diagrams
with same final state

✔ Includes off-shell effects
✔ Top quark decay modelled at NLO

Cons:
✔ Produce only different flavour dilepton

events (ee, mm, tt not included)

Used for multiple studies:
✔ bb4l compared to simulated tt and Wt

samples with Diagram Removal (DR)
and/or Diagram Subtraction (DS)

✔ template fit of top mass 
✔ Comparison of DR/DS schemes with unfolded

dilepton tt differential cross-section (next slide)

tt production
Wt production

bb4l production
 (no intermediate top)

http://cdsweb.cern.ch/record/2792254/files/ATL-PHYS-PUB-2021-042.pdf


Powheg bb4l generator
Available online: ATL-PHYS-PUB-2021-042
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Comparison of  DR/DS schemes with unfolded dilepton tt differential cross-section 

DR1 vs DR2 – difference in subtraction of 
double resonant diagrams

DS1, DS2 (DS3, DS4) – reshuffling 
performed on initial- (final-) state particles

DR2 schemes can be excluded. Dynamic scale choice for the DR1 improves agreement.
DS1 and DS3 schemes agree well with data.

http://cdsweb.cern.ch/record/2792254/files/ATL-PHYS-PUB-2021-042.pdf


Conclusions
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More results at: Top-quark physics at ATLAS - public page

✔ Top quark polarization compatible with SM predictions

✔ Top-quark pair production measurements with improved sensitivity shows 
agreement with NNLO better then with NLO

✔ Energy asymmetry compatible with SM predictions
→ “new kid on the block” for global SMEFT fits

✔ Constraints on Wilson coefficients in SMEFT interpretation presented

✔ First step towards understanding relation between top mass parameter in 
MC and theoretical-well defined top quark mass scheme done

✔ bb4l generator compared to the currently used MC simulations

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults


Thank  you for your attention!
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Single top quark  polarization
Submitted to JHEP, available online: arXiv:2202.11382
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https://arxiv.org/abs/2202.11382


Single top quark  polarization
Submitted to JHEP, available online: arXiv:2202.11382
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https://arxiv.org/abs/2202.11382


Differential  t t  cross section (l+jets)
Submitted to JHEP, available online: arXiv:2202.12134
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https://arxiv.org/abs/2202.12134


Differential  t t  cross section (l+jets)
Submitted to JHEP, available online: arXiv:2202.12134
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https://arxiv.org/abs/2202.12134


Differential  t t  cross section (l+jets)
Submitted to JHEP, available online: arXiv:2202.12134
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Evolution of the 95% observed 
credible region 

when adding the bins 
of the measured p

T
t,h 

O
tq

(8) 

O
tG

https://arxiv.org/abs/2202.12134


Differential  t t  cross section (all-had)
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✔ triple- differential cross-section

Submitted to JHEP, available online: arXiv:2205.02817

https://arxiv.org/pdf/2205.02817.pdf


Differential  t t  cross section (all-had)
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✔ Parton level 

Limits on Wilson coefficients

Submitted to JHEP, available online: arXiv:2205.02817

https://arxiv.org/pdf/2205.02817.pdf


t t  energy asymmetry 
Published in: Eur. Phys. J. C 82 (2022) 374
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The bounds for colour singlets are generally 
stronger than for colour octets

Comparison of bounds obtained from 
energy asymmetry (green, yellow) 

and 
bounds obtained from rapidity asymmetry 

(blue solid/dashed lines)

rapidity asymmetry leaves a blind directions
what is broken by

energy asymmetry measurement

https://link.springer.com/article/10.1140/epjc/s10052-022-10101-w


Top mass parameter in MC @ ATLAS
Available online: ATL-PHYS-PUB-2021-034
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m
t
MSR (1 GeV) = 172.42 ± 0.10 GeV

W
1q

 = 1.49 ± 0.03 GeV
x

2
 = 0.52 ± 0.09

https://cds.cern.ch/record/2777332/files/ATL-PHYS-PUB-2021-034.pdf


Powheg bb4l generator
Available online: ATL-PHYS-PUB-2021-042
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NLO generator cross-sections for different DR/DS schemes

http://cdsweb.cern.ch/record/2792254/files/ATL-PHYS-PUB-2021-042.pdf


Powheg bb4l generator
Theory from arXiv:1607.05862
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DR1 (no interference term):

as

DR2 (with interference term):

DR is based on removing contributions all
over the phase space => not gauge invariant

DS scheme

DS1, DS2 – reshuffling done on initial 
state particles

DS3, DS4 – reshuffling done on final 
state particles

https://arxiv.org/pdf/1607.05862.pdf


In some distributions bb4l generator
agrees better with DS

Powheg bb4l generator
Available online: ATL-PHYS-PUB-2021-042

26

Used for multiple studies:
✔ bb4l compared to simulated tt and Wt

samples with Diagram Removal (DR)
and/or Diagram Subtraction (DS)

Used for multiple studies:
✔ bb4l compared to simulated tt and Wt (DR)

for different h
damp

 and to Powheg+Herwig7

In some distributions bb4l generator
opposite effect as Powheg+Herwig7

http://cdsweb.cern.ch/record/2792254/files/ATL-PHYS-PUB-2021-042.pdf
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