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Introduction

Searches for flavour-changing-neutral-current (FCNC) processes with top-quark 

Forbidden at tree level and are strongly suppressed by the GIM mechanism at higher orders  

Indirect searches non-standard couplings in Standard Model (SM) 

FCNC branching ratios of the top quark are predicted to range from 10-12 to 10-17 

Many extensions of the SM prediction provide the possibility to search for FCNC processes 

Recent analysis of rare top quark production processes predicted by the SM can boost the searches

Order of energy scale of new physics ΛNP 

Wilson coefficients Ck  

Dimension-six operators Ok
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FCNC - Top Quark
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Searching for the production of a single top via the FCNC, 𝑢 + 𝑔 → 𝑡 and 𝑐 + 𝑔 → 𝑡 

Exploiting specific kinematic features of single top production to separate a 

potential signal from the main backgrounds.  

1 charged lepton with pT > 27GeV (Tight electron or Medium muon) 

1 single b-jet with pT> 30GeV, dedicated tight tagging efficiency of 30%  

  > 30GeV and  > 50GeV Emiss
T mT(W )

FCNC - Interactions of a top quark and a gluon 

BKG 
composition    

in SR

Zjets, VV
4.8%

Multijets
7.6%

tq
22.2%

tt, Wt, tb
28.7%

Wjets
36.8%

Eur. Phys. J. C 82 (2022) 334 

https://link.springer.com/article/10.1140/epjc/s10052-022-10182-7
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Artificial neural networks (NNs) are used to separate signal events from background events. 

The first network trained for the 𝑐𝑔𝑡 and 𝑡 ̄ production of the 𝑢𝑔𝑡 (D1) 

The second network trained for 𝑡 production of the 𝑢𝑔𝑡 (D2)

Upper limits on the cross-sections at the 95% CL

The limits on the branching ratios are improved by a factor of 2, compared with 8 TeV results

Exp. 2.4 pb 

Exp. 2.5 pb

FCNC - Interactions of a top quark and a gluon 

Eur. Phys. J. C 82 (2022) 334 

The dominate systematics 

𝑢 + 𝑔 → 𝑡: MC stat. uncertainty of 𝑊+jets 
c + 𝑔 → 𝑡: the modelling of the parton shower  

https://link.springer.com/article/10.1140/epjc/s10052-022-10182-7
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Search for FCNC couplings between top,  up/charm and  Z 

top decays through FCNC in 𝑡𝑡 ̄ 

production of tZ through FCNC 

 Orthogonal SRs are defined for the two modes in trileptonic 

final state as both Z and W decay leptonically  

SR1: the FCNC 𝑡𝑡 ̄ decay signal,  3 charged leptons, at least 2 

jets with one of them being b-tagged.   

SR2: the FCNC single-top production signal,  3 charged 

leptons, a b-tagged jet, one possible additional jet  

Cut on reconstructed top mass guarantees the 

orthogonality. 

Dominate background: ttbar and ttZ , estimated in the 

dedicated CRs

FCNC - Couplings between the top quark and the Z boson 

ATLAS-CONF-2021-049 

Decay Production

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-049/
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Separate signal from backgrounds with MVA discriminants: 

D1:  SR1 using combined tZu and tZc ttbar decay signals  

D2: SR2 using tZu single-top production signal 

D3: SR2 using tZc signals in both modes 

FCNC - Couplings between the top quark and the Z boson 

The extracted 95% CL limits on the t → Zq branching 

ratios for both tZu and tZc vertices 

Improve by a factor of 3 (2) the previous LH 

observed limits t → Zu (t → Zc) 

Improve by a factor of 5 (3) the previous LH 

expected limits t → Zu (t → Zc)

ATLAS-CONF-2021-049 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-049/
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FCNC - Couplings between the top quark and the photon 

Inspire, accepted by Phys. Lett. B 

Decay Production

Consider 4 couplings, tuγ and tcγ, Left- and right-handed 

Events in SR with one high-momentum photon and a 

semileptonically decaying top quark  

Main background comes from 

BKG events with prompt photons  

Events with an electron/hadron misidentified as a photon  

Dedicated Scale factors derived with Data-driven method to estimate 

the misidentified photons  

https://inspirehep.net/literature/2077557
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Separate neural networks are trained for 𝑡𝑢𝛾 and 𝑡𝑐𝛾 

Observed (expected) upper limits of BR 

Factor 3 (tuγ LH), 5 (tuγ RH), 5 (tcγ LH), 4 (tcγ RH) smaller observed upper 

limits on B(t → qγ) 

Factor 5 (tuγ LH), 5 (tuγ RH), 9 (tcγ LH), 8 (tcγ RH) improvements in 

expected limits on B(t → qγ)  

The leading systematic is the statistical uncertainty

FCNC - Couplings between the top quark and the photon 

Inspire, accepted by Phys. Lett. B 

https://inspirehep.net/literature/2077557
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Search for FCNC tqH vertex in production mode and decay mode 

The associated top quark, leptonic or hadronic decay  

H → ττ decay, either τlepτhad or τhadτhad  

SRs are categorised  by top and tau pair as well as the jet multiplicity 

BDT is used in each SR to enhance the separation between signal and 

background 

Different Backgrounds are properly estimated  

Scale factors are derived from tt ̄ control regions for fake τ 

Data-driven method is applied to estimate the misidentified light 

leptons  

FCNC - Interactions of the top quark and the Higgs boson(tau pair)  

ATLAS-CONF-2022-014 

Decay Production

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-014/
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Observed (expected) upper limits of BR 

FCNC - Interactions of the top quark and the Higgs boson(tau pair)  

ATLAS-CONF-2022-014 

observed 

The leading systematic is the statistical uncertainty

Factor of 2 (observed)/4 (expected) in limits on BRs compared with previous 

results 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-014/
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Rare SM - Top Quark 

12
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SM - t t t̄ t ̄ production  

4 top production at the LHC has a very small cross-section (~ 10 fb at 13 TeV) in SM 

Hasn’t yet been observed 

Cross-section is sensitive to the magnitude and CP properties of the Yukawa 

coupling of top - Higgs 

Sensitive to many BSM models as high energy scale production 

The main signature is up to 4 b-jets due to the t—>Wb decay 

Searching in the leptonic final states 

Single lepton/opposite-sign lepton pair (1L/2LOS) 

Same-sign lepton pair/ three leptons (2LSS/3L) Eur. Phys. J. C (2020) 80:1085

JHEP 11 (2021) 118

https://link.springer.com/content/pdf/10.1140/epjc/s10052-020-08509-3.pdf
https://link.springer.com/article/10.1007/JHEP11(2021)118
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SM - t t t̄ t ̄ production  

Signal regions: ≥6jets, ≥2b-jets, HT > 500 GeV, lepton pT>28 

GeV (Tight electron or Medium muon) 

Signal separated from the backgrounds using a BDT  

The dominate backgrounds are ttZ, ttH,  ttW, charge mis-

identification and fake leptons 

Preselection:  

1L channel: 1 lepton (pT>28 GeV) and ≥7jets and ≥2b-jets  

2LOS channel: 2 leptons (pT>28/10 GeV) with OS charge 

and ≥5jets and ≥2b-jets  

Signal separated from the backgrounds using a BDT  

Dominated by ttbar+b-jets background  

1L/2LOS 2LSS/3L
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SM - t t t̄ t ̄ production  

The 4 top signal strength from the combination of the two final states 

is measured to be:

The measured 4 top production cross-section in 1L/2LOS 

The measured 4 top production cross-section in 2LSS/3l 

The combined SM tttt production cross section is measured to be: 

Expect a more precise results with 

Better modeling of tt+HF for the 1l/2LOS channel 

Better modeling on ttW for the 2LSS/3l channel

σtt̄tt̄ = 26+8
−8(stat.)+15

−13(syst.) fb

σtt̄tt̄ = 24+5
−5(stat.)+5

−4(syst.) fb
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SM - Observation of tqγ

Single top quarks produced together with a photon is first observed  

The observed (expected) significance of the tqγ signal is 9.1σ (6.7σ).  

Fiducial cross section is measured to be 580 ± 19 (stat.) ± 63 (syst.) fb, compared 

to the Standard Model prediction of 406 +25/-32 fb.  

 Analysis strategy 

SRs for events with ≥ 1 and 0 forward jets  

Define CRs for t t̄γ and Wγ+jets  

Estimate the fake photon with data-driven method  

e → γ & j → γ 

Signal and background discrimination(neural networks)

ATLAS-CONF-2022-013

https://its.cern.ch/jira/browse/ATLLARONL-381
https://inspirehep.net/files/76137ab53c6ad7b27e8c9a9a17ec80b0
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SM - ttW cross-section

Measure inclusive and differential σ of ttW production in multi-lepton (ML) final 

states and using full Run 2 data

Significant mis-modelling observed (excess) in the previous round of ttH ML analysis 

Normalisation factors    above the updated theoretical prediction 

Similar excesses observed, e.g. in 4-tops analysis  

Consistent NormFactor in CMS measurement  

Results simulated studies from theory side 

See e.g arXiv:2004.09552 and arXiv:2005.09427 

λtt̄W = 1.39+17
−16

ATLAS-CONF-2019-045

2lss

3l

https://its.cern.ch/jira/browse/ATLLARONL-381
https://arxiv.org/abs/2004.09552
https://arxiv.org/abs/2005.09427
http://cdsweb.cern.ch/record/2693930/files/ATLAS-CONF-2019-045.pdf


The up-to-date results of FCNC searching with single top 

quark at √s = 13 TeV were presented.  

In all analyses, the limits on the branching ratios are 

largely improved.  

Recent analysis of SM rare top processes bring new ideas, 

motivation and challenges for the later research 

181818

Summary
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Backup

19
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Input variables to the two NNs.  

FCNC - Interactions of a top quark and a gluon 

Eur. Phys. J. C 82 (2022) 334 

https://link.springer.com/article/10.1140/epjc/s10052-022-10182-7
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Artificial neural networks (NNs) are used to separate signal events from background events. 

The first network trained for the 𝑐𝑔𝑡 and 𝑡 ̄ production of the 𝑢𝑔𝑡 (D1) 

The second network trained for 𝑡 production of the 𝑢𝑔𝑡 (D2)

Upper limits on the cross-sections at the 95% CL

The total cross-sections limits are interpreted in the context of EFT.

The limits on the branching ratios are improved by a factor of 2, compared with 8 TeV results

Exp. 2.4 pb 

Exp. 2.5 pb

FCNC - Interactions of a top quark and a gluon 

Eur. Phys. J. C 82 (2022) 334 

The dominate systematics 

𝑢 + 𝑔 → 𝑡: MC stat. uncertainty of 𝑊+jets 
c + 𝑔 → 𝑡: the modelling of the parton shower  

https://link.springer.com/article/10.1140/epjc/s10052-022-10182-7
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FCNC - Interactions of a top quark and a gluon 

Eur. Phys. J. C 82 (2022) 334 

https://link.springer.com/article/10.1140/epjc/s10052-022-10182-7
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FCNC - Couplings between the top quark and the Z boson 

ATLAS-CONF-2021-049 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-049/
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SR1, events with at least two jets of and one is b-tagged.  

SR2, events with one or two jets of and one is b-tagged.  

For two jets events, orthogonality between SR1 and SR2 is ensured 

by using an invariant mass cut on reconstructed top quark 

candidates.  

FCNC - Couplings between the top quark and the Z boson 
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Observed (expected) upper limits of BR 

FCNC - Interactions of the top quark and the Higgs boson(tau pair)  

ATLAS-CONF-2022-014 

observed 

Observed(expected) upper limits on the Wilson coefficients  

The leading systematic is the statistical uncertainty

Factor of 2 (observed)/4 (expected) in limits on BRs compared with previous 

results 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-014/
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FCNC - Interactions of the top quark and the Higgs boson(tau pair)  

ATLAS-CONF-2022-014 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-014/
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FCNC - Couplings between the top quark and the photon 

Inspire, accepted by Phys. Lett. B 

https://inspirehep.net/literature/2077557

