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Associated Top Quark Production
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Thanks Stefan!

Results from 140 fb-1 pp collision as √𝒔 = 13 
TeV

Ø ttW and ttZ inclusive and differential cross-section

Ø 4 tops observation and cross-section

Ø t ɣ cross-section

Ø Search for FCNC’s in tàμ𝜏q

Ø Search for tq(H à ɣɣ) (including limits on FCNC’s)



Associated Top Quark Production

Ø Rare  SM processes sensitive to BSM Physics 

Ø t + X is often a background to BSM searches

Ø Top quark reconstruction:

Ø t decays before hadronization: t à bW ( > 99%)

Ø W decays leptonically (lν) or to jets
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ttW Inclusive Cross Section and Charge Asymmetry
arXiv:2401.05299
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Ø Rare SM process subject to complex higher-order QCD and EWK corrections

Ø Dominant background in tt𝐻 and tttt studies, irreducible background for many searches exploiting same-
sign or multi-lepton signatures

Ø ttZ/ɣ*, VV, and ttH are the dominant backgrounds

Ø VV MC has a data-driven jet multiplicity correction applied

Ø Dominant uncertainty from ttW ME models

Ø 56 (8) Signal regions for inclusive (differential) cross-sections 

Ø σttW= 880 ± 50 (stat) ± 70 (syst) fb,  𝐴!"#$ = 0.33 ± 0.05 (stat) ± 0.02 (syst)

Normalised
from control 
region

𝐴!"#$ =
𝜎 𝑡𝑡𝑊% − 𝜎 𝑡𝑡𝑊&

𝜎 𝑡𝑡𝑊% + 𝜎 𝑡𝑡𝑊&

https://arxiv.org/abs/2401.05299


ttW Differential Cross Section
arXiv:2401.05299
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Differential in 6 variables: jet multiplicity, HT(leptons,jets), ΔRlb,lead |Δϕll,ss|, |Δηll,ss| at particle level

https://arxiv.org/abs/2401.05299
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Ø Fully reconstructed Z in e and μ channels

Ø 2, 3, and 4 lepton signal regions

Ø Use DNN for signal classification 

Ø Data-driven fake lepton estimation in 2/3 lepton signal regions

Ø Data-driven tt background for 2-lepton signal region from opposite flavor 
events

ttZ Cross Section
arXiv:2312.04450

https://arxiv.org/abs/2312.04450
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Ø σttZ= 0.86 ± 0.04 (stat) ± 0.04 (syst) pb

Ø 𝜎!"#$%&##$$ = 0.86'(.(*&(.(+ pb

Ø 17 differential cross section variables at parton and particle level

Ø Spin correlations observed with 1.8σ significance

Ø Limits set of top-boson and 4 quark EFT parameters

ttZ Cross Section
arXiv:2312.04450

https://arxiv.org/abs/2312.04450
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Ø Used 2 lepton same-sign (2LSS) (7%)  and 3 lepton (3L) (5%) 
topologies

Ø Fit GNN  discriminant score in SR and CR distributions to extract 
signal

Ø GNN Nodes: Jet,e,μ, MET

Ø GNN Edges: information about angular separation

Ø Signal Strength μ = !!"#"
!$%

= 1.9 ± 0.4(𝑠𝑡𝑎𝑡)"#.%&#.' (𝑠𝑦𝑠𝑡)

Ø Cross Section 𝜎 = 22.5"%.(&%.' 𝑠𝑡𝑎𝑡 "(.%
&%.( 𝑠𝑦𝑠𝑡 fb

Observation of 4 tops Production Eur. Phys. J. C83 (2023) 496

https://link.springer.com/article/10.1140/epjc/s10052-023-11573-0
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Data-driven ttW jet multiplicity spectrum and normalization 

Observation of 4 tops Production
Eur. Phys. J. C83 92023) 496

https://link.springer.com/article/10.1140/epjc/s10052-023-11573-0


OBSERVATION OF SINGLE TOP PRODUCTION WITH AN ASSOCIATED Ɣ
PHYS. REV. LETT. 131, (2023) 181901

Ø Search for direct t-ɣ coupling

Ø Separated from FSR by kinematic information  

Ø Dominant backgrounds (ttɣ and Wɣ + jets) are 
normalized from control regions

Ø MC fake ɣ estimates from e are corrected 
comparing Z à ee MC and data

Ø Compatible with SM at 2.1 σ
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ATLAS: 𝜎'()×ℬ(𝑡 → 𝑙𝜐𝑏) = 688 ± 23 𝑠𝑡𝑎𝑡 &*+
%** fb

𝑆𝑀: 𝜎'()×ℬ(𝑡 → 𝑙𝜐𝑏) = 515&,+%*- fb 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.181901


Searching for FCNC’s in tqH à ɣɣ
JHEP 12 (2023) 195
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Ø Flavor Changing Neutral Currents (FCNC’s) in tqH are 
forbidden at tree level and suppressed at higher orders

Ø BDT used to discriminate signal from background

Ø Limits on BR’s from in tqH à ɣɣ

Ø BR (t à cH) < 4.3 X 10-4 (4.7 X 10-4) 

Ø BR (t à uH) < 3.8 X 10-4 (3.9 X 10-4)

Ø Combined Result (with H à bb and Hà 𝛕 𝛕) :

Ø BR (t à cH) < 5.8 X 10-4 (3.0 X 10-4)

Ø 𝐶!"
#$,$# < 1.07 (𝐶!"&$,$& = 0, Λ = 1 𝑇𝑒𝑉)

Ø BR (t à uH) < 4.0 X 10-4 (2.4 X 10-4)

Ø 𝐶!"
$#,#$ < 1.07 (𝐶!"$&,&$ = 0, Λ = 1 𝑇𝑒𝑉)

https://link.springer.com/article/10.1007/JHEP12(2023)195


Search for l± flavour violating interactions
ATLAS-CONF-2023-001
Ø Search  μτqt interaction, considering both in top-quark production 

and decay

Ø Sensitive to leptoquark, supersymmetric, and technicolor BSM’s

Ø t decays leptonically,  𝛕 decays hadronically

Ø Data-driven scale factor estimation of fake 𝛕’s, and normalization of NP 
muon background

Ø Results agree with SM expectation

Ø Limits on Wilson Coefficients set
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http://cds.cern.ch/record/2845451


Thank you for your attention
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Ø ATLAS continues to take advantage of the LHC  as top 
factory

Ø Significance of results is being boosted by 
development of analysis techniques and the increase 
in statistics

Ø We expect this to continue as we collect more data



ttW Differential Cross Section
arXiv:2401.05299
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Differential in 6 variables: jet multiplicity, HT(leptons,jets), ΔRlb,lead |Δϕll,ss|, |Δηll,ss| at 
particle level

https://arxiv.org/abs/2401.05299


ttW Cross Sections and Charge Asymmetry in HT(jet)
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ttW Cross Sections and Charge Asymmetry in HT(lep)
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ttW Cross Sections and Charge Asymmetry in ΔRlb,lead
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ttW Cross Sections and Charge Asymmetry in |Δϕll,ss|
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ttW Cross Sections and Charge Asymmetry in |Δηll,ss|
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ttZ Cross Section by Channel
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• Constraints on top boson and four-quark EFT Wilson Coefficients

ttZ Cross Section
arXiv:2312.04450

https://arxiv.org/abs/2312.04450


4 tops Production Cross Section Eur. Phys. J. C83 92023) 496
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• Signal Strength μ = !!"#"
!$%

= 1.9 ± 0.4(𝑠𝑡𝑎𝑡)"#.%&#.' (𝑠𝑦𝑠𝑡)

• Cross Section 𝜎 = 22.5"%.(&%.' 𝑠𝑡𝑎𝑡 "(.%
&%.( 𝑠𝑦𝑠𝑡 fb

• Top Yukawa Coupling 𝜅𝜏<1.8 (1.6 expected)

• Higgs Oblique Parameter 2𝐻 < 0.20 (0.12 expected)

• Preserves unitarity

• EFT Operator Limits:

https://link.springer.com/article/10.1140/epjc/s10052-023-11573-0

