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Dominant SM 
top coupling

FCNC couplings

t → Wb

t → Zq

t → Hq

t → gq

t → γq

!  production tt̄ single top production
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Flavour Changing Neutral Currents  

SM   
 !  forbidden at tree level  
 !  one loop interactions strongly suppressed by the GIM 
mechanism (negligible ! ) 

→
→

ℬ

arXiv:hep-ph/0409342

BSM  
 !  increase rates several orders depending on the model  
    !  quark singlets (QS), two Higgs doublet (2HDM) with and 
without flavour conservation (FC), supersymmetric extensions 
of the SM (MSSM, !  SUSY) 

→
↪

R

https://arxiv.org/pdf/hep-ph/0409342.pdf
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t → Zq

JHEP07(2018)176

!  production 
@13TeV 

!

tt̄

ℒ = 36.1fb−1

Signature 
• 3 isolated charged leptons ( ! ) !  2 with !  close to Z mass 
• !  2 jets (= 1 b-tagged) 
• !  

Main backgrounds: diboson, !  and !  

Main systematic uncertainties: theoretical normalisation and 
background modelling   

Analysis Strategy 
 !  event reconstruction in SR using a minimized !  variable  
(to discriminate signal and background) + selection on masses  

 !  binned likelihood fit in SR and CR 

e, μ → mℓℓ
≥
ET

tt̄Z tZ

↪ χ2

↪

!  
!
ℬ(t → Zu) < 1.7(2.4) × 10−4

ℬ(t → Zc) < 2.4(3.2) × 10−4

observed

expected

https://arxiv.org/pdf/1803.09923.pdf
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t → Hq
!  four signatures accessible depending on the Higgs decay 
!  dedicated analysis for each signature 
!  combined interpretation performed by ATLAS 

→
→
→

H → WW * /ZZ *

H → ττ

H → bb̄

H → γγ



Signature !  multilepton  
2 categories: 
• 2 same sign leptons, !  4 jets (= 1 or 2  b-tagged) 
• 3 leptons, !  2 jets (= 1 b-tagged) 

Main backgrounds: !  and non-prompt leptons  
(estimated from MC and data) 

Main systematic uncertainties: background modelling  + data 
driven statistical uncertainties 

Analysis Strategy 
 !  BDTs trained to discriminate signal from background 
 !  2 combined BDTs (signal vs non-prompt leptons/! ) for each 
category  
 !  binned maximum likelihood fit to BDT discriminant 

→

≥
≥

tt̄W

↪
↪ tt̄V

↪
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t → H(WW * /ZZ*)q !  production 
@13TeV 

!

tt̄

ℒ = 36.1fb−1

ℬ(t → Hc) < 1.9(1.5) × 10−3
ℬ(t → Hu) < 1.6(1.5) × 10−3

Phys. Rev. D 98 (2018) 032002

https://arxiv.org/pdf/1805.03483.pdf


Signature 
• 1 lepton (!  or ! ) 
• !  4 jets ( !  2 b-tagged) 

Main background: !  + HF jets 

Main systematic uncertainties: background modelling and   
c-jet mistagging  

Analysis Strategy 
 !  event categorisation based on !  and !  
 !  LH discriminant based on object kinematics  

 !  binned likelihood fit under the signal hypothesis 

e μ
≥ ≥

tt̄

↪ njets nbjets
↪

↪
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t → H(bb̄)q
!  production 

@13TeV 
!

tt̄

ℒ = 36.1fb−1

p.d.f. under the 
signal hypothesis

p.d.f. under the 
background hypothesis

ℬ(t → Hu) < 5.2(4.9) × 10−3

ℬ(t → Hc) < 4.2(4.0) × 10−3

JHEP 05 (2019) 123

https://arxiv.org/pdf/1812.11568.pdf
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t → H(ττ)q !  production 
@13TeV 

!

tt̄

ℒ = 36.1fb−1
Signature 
• 2 !  (at least one ! )  
• multiple jets 

Main background: fake leptons (data driven estimation for 
CR) 

Main systematic uncertainties: fake taus modelling 
uncertainties 

Analysis Strategy 
 !  event categorisation for SR based on the number of !  and 
!  and !   
 ! BDT with kinematic observables to separate signal from 
background 
 ! binned likelihood fit to BDT distributions  

τ τhad

↪ τlep
τhad njets
↪

↪

ℬ(t → Hu) < 1.7(2.0) × 10−3

ℬ(t → Hc) < 1.9(2.1) × 10−3

JHEP 05 (2019) 123

https://arxiv.org/pdf/1812.11568.pdf
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t → H(γγ)q

JHEP10(2017)129

!  production 
@13TeV 

!

tt̄

ℒ = 36.1fb−1

Signature !  2!  
1. hadronic: !  4 jets ( !  1 b-tagged) 
2. leptonic: 1 lepton, !  2 jets, ! ,     
 
Main backgrounds:  
1. hadronic: ! +jets (estimation with fit to data) 
2. leptonic: ! ,! , ! +jets (background calibration to data)  
 
Analysis statistically limited  

Analysis strategy 
 !  3-body reconstruction and mass conditions on 
reconstructed tops 
 !  hadronic: fit to !  spectrum  
 !  leptonic: event count   
 

→ γ
≥ ≥

≥ ET

γγ
tt̄γ Wγγ γγ

↪

↪ mγγ
↪

ℬ(t → Hu) < 1.7(2.4) × 10−3

ℬ(t → Hc) < 2.2(1.6) × 10−3

https://arxiv.org/pdf/1707.01404.pdf
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t → Hq Combination

JHEP 05 (2019) 123

ℬ(t → Hu) < 1.2(0.83) × 10−3

ℬ(t → Hc) < 1.1(0.83) × 10−3

https://arxiv.org/pdf/1812.11568.pdf
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t → γq
Signature 
• SR !  1! , 1 lepton ( !  or ! ), 1 b-jet, !  
• CR ! ! , !  

Main background:  
• !  misidentified as !  ( ! ) !  data driven estimate 
• processes with prompt !  

Analysis Strategy 
 !  NN to discriminate signal from background 
 !  binned profile likelihood fit to NN output in SR and 
!  
 !  binned profile likelihood fit !  for !  
 !  limits derived for left (LH) and right (RH) handed couplings

→ γ e μ ET
→W + γ + jet Z + γ

e γ tt̄ →
γ

↪
↪
W + γ + jet
↪ pγ

T Z + γ
↪

single top production 
@13TeV 
!ℒ = 81fb−1

ℬ(t → γu) < 2.8(4.0) × 10−5

ℬ(t → γc) < 22(27) × 10−5

ℬ(t → γu) < 6.1(5.9) × 10−5

ℬ(t → γc) < 18(28) × 10−5

CERN-EP-2019-155 
(Submitted to PLB)

LH

RH

https://arxiv.org/pdf/1908.08461.pdf
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t → gq

EPJC 76 (2016) 55 

single top production 
@8TeV 

!ℒ = 20.3fb−1

Signature 
• 1 isolated high energy lepton ( !  or ! ) 
• !  
• 1 jet b-tagged 

Main background: W/Z+jets, ! , diboson, multijet 

Main systematic uncertainties: JES, !  modelling, 
normalisation and modelling of multijet background 

Analysis Strategy 
 !  NN to discriminate signal and background 
 !  binned maximum likelihood fit to NN output in SR

e μ
ET

tt̄

ET

↪
↪

ℬ(t → gu) < 0.4(0.35) × 10−4

ℬ(t → gc) < 2.0(1.8) × 10−4

https://arxiv.org/pdf/1509.00294.pdf
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Overview
Strong programme searching for FCNC processes in the top sector 
!  several couplings and final states are investigated 
!  upper limits are set on the !  
!  similar strategy for all of them: define SR and CR, use BDT or NN to 
discriminate signal and background events, profile likelihood fit to these 
distributions 

Next round of analyses with full 13TeV dataset 
!  more data

↪
↪ ℬ
↪

↪

Analysis Publication date Reference

August 2018

September 2018

November 2017

May 2019

August 2019

February 2016

t → Zq(tt̄@13TeV) JHEP07(2018)176
t → Hq − multilepton(tt̄@13TeV) Phys. Rev. D 98 (2018) 032002

t → H(γγ)q(tt̄@13TeV) JHEP10(2017)129
t → H(bb̄/ττ + combo)(tt̄@13TeV) JHEP 05 (2019) 123

t → γq(SingleTop@13TeV)

t → gq(SingleTop@8TeV)
CERN-EP-2019-155 (sub to PLB)

EPJC 76 (2016) 55 

https://arxiv.org/pdf/1803.09923.pdf
https://arxiv.org/pdf/1805.03483.pdf
https://arxiv.org/pdf/1707.01404.pdf
https://arxiv.org/pdf/1812.11568.pdf
https://arxiv.org/pdf/1908.08461.pdf
https://arxiv.org/pdf/1509.00294.pdf
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Thank you for your attention!



Back Up
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Region selection:

Expected number of events:

Fitted distributions: 
!  !  (SR) 
!  leading !  for non-prompt leptons for !  (CR) 
!  transverse mass for !  (CR) 
!  reco mass for !  (CR)

→ χ2

→ pT tt̄Z
→ WZ
→ ZZ

t → Zq tt̄ → WbZ(ℓℓ)q
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t → Zq tt̄ → WbZ(ℓℓ)q
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t → Zq tt̄ → WbZ(ℓℓ)q

Expected Observed 

t —> Zu

t —> Zc

1.7 × 10−42.4 × 10−4

2.4 × 10−43.2 × 10−4
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t → H(WW * /ZZ*)q

BDT inputs per region category:
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t → H(WW * /ZZ*)q
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t → H(WW * /ZZ*)q

Expected Observed 

t —> Zu

t —> Zc 1.9 × 10−31.5 × 10−3

1.6 × 10−31.5 × 10−3
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t → H(bb̄)q
Preselection requirements: LH discriminant:

LH discriminant inputs: 
• lepton flavour 
• kinematic observables (jet prop) 
• b-tagging weights 
• angular separation 
• MET 
• !meff
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t → H(bb̄)q



 24

t → H(ττ)q
Preselection requirements: BDT input variables:
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t → H(ττ)q
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H —> bb Expected Observed 

t —> Hu

t —> Hc

H —> tau tau Expected Observed 

t —> Hu

t —> Hc

5.2 × 10−3

4.2 × 10−3

4.9 × 10−3

4.0 × 10−3

t → H(bb̄)q t → H(ττ)q

1.7 × 10−32.0 × 10−3

1.9 × 10−32.1 × 10−3
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t → H(γγ)q
Hadronic selection
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t → H(γγ)q
Leptonic selection
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t → H(γγ)q !  distributions after the hadronic/leptonic selectionmγγ
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t → H(γγ)q

H —> gam gam Expected Observed 

t —> Hu

t —> Hc

1.7 × 10−32.4 × 10−3

2.2 × 10−31.6 × 10−3

!  limits were also translated 
to off diagonal Yukawa 
couplings following: 
!  
resulting in: 

!

ℬ

λtqH = (1.92 ± 0.02) × ℬ

λ2
tcH + 0.92λ2

tuH < 0.090
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t → Hq Combination

Summary of the best-fit ! for the individual searches as well as their combination, 
assuming ! , where ! .

ℬ(t → Hq)
ℬ(t → Hq′�) = 0 q, q′� = u, c
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t → Hq Combination
• upper limits on !  were translated into upper limits on the non-flavour-diagonal 

Yukawa couplings !  appearing in the Lagrangian  

• !  

• !  is estimated as the ratio of its partial width to the SM !  partial width, 
which is assumed to be dominant  

• the coupling !  can be extracted as  !  

• !   coupling corresponds to the sum in quadrature of the couplings relative to the two 

possible chirality combinations of the quark fields !

ℬ(t → Hq)
λtqH

ℒFCNC = − λtLqR
t̄LqRH − λqLtRq̄LtRH + h . c .

ℬ(t → Hq) t → Wb

|λtqH | |λtqH | = (1.92 ± 0.02) ℬ(t → Hq)

λtqH

λtqH = |λtLqR
|2 + |λqLtR |2

Expected Observed 
|λtuH |
|λtcH |

0.055
0.055

0.066
0.064
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t → γq

NN inputs: 
• ! , ! , !  
• lepton charge 
• !  
• !  
• !  

pγ
T plepton

T pjet
T

ET
mlep−γ, mlep−jet
ΔRlep−γ, ΔRlep−jet, ΔRjet−γ

effective coupling strengths !  
the energy scale is assumed to be !  

(*)

Λ = 1TeV}

 ! more details in arXiv:0811.3842 (*)

https://arxiv.org/abs/0811.3842
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t → gq

Neural Network input variables:

gq → t → W( → ℓν)b
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t → gq

Expected Observed 

t —> gu

t —> gc

0.35 × 10−4 0.4 × 10−4

1.8 × 10−4 2.0 × 10−4

gq → t → W( → ℓν)b
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t → gq gq → t → W( → ℓν)b

• upper limits at the production cross section multiplied by ! : 

!  

• upper limits on the coupling constants of the FCNC interactions divided by the scale of new 
physics ! : 

!    and    !  

• upper limits on the !  using ! : 

!    and   !  

ℬ(t → Wb)

σgq→t × ℬ(t → Wb) < 3.4(2.9)pb

Λ

κugt /Λ < 5.8 × 10−3TeV−1 κcgt /Λ < 13 × 10−3TeV−1

ℬ ℬ(t → qg) = C(κqgt /Λ)2

ℬ(t → gu) < 0.4(0.35) × 10−4 ℬ(t → gc) < 2.0(1.8) × 10−4


