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The top quark

By far the heaviest elementary particle: 𝑚! = 172.69 ± 0.48 GeV
§ Coupling to the Higgs boson 𝑦!~1
→ connection to EW symmetry breaking

§ Short lifetime τ ≈ 10"#$ s
→ decay before hadronise
→ decay as a quasi free quark
→ spin information  and polarisation are accessible

High production rate at the LHC
§ produced > 100 M top quarks pairs in Run 2

⟹ Unique opportunity to test deviations from the SM predictions and BSM
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Precision measurements overview

Part 1: differential cross section measurements of 𝑡 ̅𝑡 in two different channels, defined by decay 
modes of the W-bosons from top-quark decay:

§ lepton+jets
§ all hadronic

Part 2: top-quark properties

§ energy asymmetries in 𝑡 ̅𝑡𝑗
§ polarisation
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Processes discussed today



Boosted 𝑡 ̅𝑡 differential cross section in the ℓ + jets channel
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§ Select ℓ + jets events with 𝑝%
!, ' > 335 GeV

↪ boosted top-quark

§ Measure 1D and 2D differenLal cross-secLons
! kinemaLcs of the top quark
! and addiLonal radiaLon

§ Interpret the distribu.on of 𝑝!
", $ in an EFT:

! SMEFT@NLO 1.0.0

! 𝐶!( and 𝐶!)
(+)

arXiv:2202.12134

https://arxiv.org/pdf/2202.12134.pdf


Jet energy correction 

Reduce the impact of uncertainties from Jet energy scale:

§ Employ a parameter (JSF) sensitive to the 𝑚!, '

§ JSF absorbs the jet energy scale difference between data and simulation
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𝑚!,# = 93.61 + 75.55 / JSF

§ Use m-,. in data to determine the JSF 
! JSF/0-0 = 0.99965± 0.00087 (stat.)

§ reduce the uncertainty  ±4.2% ⟹ ±0.7%



Results: DifferenAal cross-secAons
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§ top 𝑝1 is so]er in data than simulaLon

§ reweighLng the MC predicLons to the 
NNLO parton-level improves the 
agreement with data

§ sensiLve to addiLonal radiaLon

§ none of the tested models provides a good 
descripLon of all the measured 
observables



Interpretation in effective field theory
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𝐶!( 𝐶!)
(+)

* arxiv:2105.00006

*

Interpretation of differential 𝑝!
", $ measurements in EFT framework

§ Probing two EFT coefficients

§ interpretation in ⋀%𝟐 and ⋀%𝟒 models

Ø limits on 𝐶"(
(*) are competitive with global fit

https://arxiv.org/abs/2105.00006


Boosted 𝑡 ̅𝑡 differenAal cross secAon in the all-hadronic channel

ATLAS-CONF-2021-050

§ select all-hadronic events with two boosted top-quarks:

§ measure 1D, 2D and 3D differential cross-sections
↪ compare  to NLO and NNLO predictions
↪ unfold to particle and parton level

§ Interpret of differential 𝑝%
!, 2 cross-section measurements in an EFT
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𝑝!
", $ > 500 GeV 𝑝!

", % > 350 GeV

http://cdsweb.cern.ch/record/2782534/files/ATLAS-CONF-2021-050.pdf


Boosted 𝑡 ̅𝑡 differential cross section in the all-hadronic channel
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Leading top 𝑝%/ particle-level

Fiducial parton-level  total 𝜎!!̅
Ø beber agreement with NNLO

predicLons than NLO

§ beber agreement with more 
ISR predicLons than with the 
nominal for many distribuLons

NLO

NNLO



Part 2: top-quark proper.es
§ energy asymmetries in 𝑡 ̅𝑡𝑗
§ top quark polarisaLon
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Processes



Energy asymmetry

§ Select boosted 𝑡 ̅𝑡 + j events in the semi-leptonic decay 
channel

§ measure energy asymmetry for the first Lme

! ∆𝐸 = 𝐸! − 𝐸!̅
! 𝜃4 the jet scabering angle w.r.t the beam axis

§ Set EFT limits on this asymmetry measurement
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𝐴5(𝜃4) ≡
𝜎67- 𝜃4 ∆𝐸 > 0 − 𝜎67- 𝜃4 ∆𝐸 < 0
𝜎67- 𝜃4 ∆𝐸 > 0 + 𝜎67- 𝜃4 ∆𝐸 < 0

𝑝$
!, # > 350 GeV

arxiv:2110.05453

https://arxiv.org/abs/2110.05453


Results: energy asymmetry 

𝐴5(𝜃4) : from unfolded ∆𝐸 distribuLons in 𝜃4 bins
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§ largest asymmetry in the second 𝜃4 bin, the jet is emitted 
perpendicular to the beam:
⎼ From zero: measured asymmetry differ by 2.1 sigma

§ measurement agrees with NLO prediction

§ experimental uncertainty is dominated by data statistics

Unfolding



Results: EFT interpretaAons

Energy asymmetry is sensiLve to chirality and colour charges of top quark:
! InterpretaLon in SMEFT framework
! Probing six Wilson coefficients
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§ 𝐴% probes new direcDons in the parameter space of 
Wilson coefficients, complemenDng other observables as 
the rapidity asymmetry 

2D constraints

§ Strict limits on colour singlet coefficients



Part 2: top-quark proper6es
§ energy asymmetries

§ top quark polarisaLon
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Processes



§ unique chance to measure top polarisaLon in single top-
quark events
↪ highly polarised top quarks

§ first measurement of the full polarisaLon vector
! in the t-channel
! for both top and anL top quarks
! use angular distribuLons of the top decay products

§ differenLal cross secLons are extracted for these angular 
variables

§ sensiLve to EFT effects in 𝑊𝑡𝑏 vertex
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Top-quark polarisation
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arxiv:2202.11382

https://arxiv.org/abs/2202.11382


Result: measurement of the top-quark polarisaAon
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Template fit of the lepton angle octant (Q) in top rest frame

First measurement ever!

§ systemaLcs are mainly dominated by jet energy resoluLon

§ strong polarisaLon in the 𝑧-direcLon and lible in other direcLons

§ Excellent agreement with the SM NNLO predicLons



Results: differenAal cross-secAons and EFT limits
§ differenLal cross-secLons as a funcLon of
cos 𝜃ℓ:̀, cos 𝜃ℓ;̀ , cos 𝜃ℓ<̀
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Ø set limits on Wilson coefficients

§ best limits for 𝐶=!> so far from HEP experiments!
§ consistent with the SM predictions

global 𝑝 − value for top and anLtop 
combined  Powheg+Pythia8 of 0.93



Conclusion

Several new ATLAS top cross-secLon and property measurements

§ Improved precision of previous measurements

§ Explored new measurements (energy asymmetry)
§ DifferenLal cross secLons are able to disLnguish the predicLons from different MC models

! Input for MC parameters tuning

§ Results interpreted in EFT

Ø Run-III will bring even higher precisions! 
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Backup: top-quark polarisation

The ℓ angle octant in top rest frame

Signal region is divided in terms of the sign of cos 𝜃ℓ? ⇒ 8 bins
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Backup: top-quark polarisaAon
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§ ẑ′ direcDon: is that of the spectator quark in the top-quark 
rest frame. 

§ 𝑥 ̂′ direcDon lies in the producDon plane
§ ŷ′ direcDon is perpendicular to the producDon plane


