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Gluon mediated FCNC top quark production 2

Effective Lagrangian:

Representative diagrams of pp->tq->Wbj  channel:

There are no direct correspondence of the couplings to EFT opearators for 
FCNC  [Phys. Rev. D 91, 074017 (2015)]

https://arxiv.org/abs/1412.7166


Simulation 3

Signal samples:
CompHEP 4.5.2
FCNC tgu  
FCNC tgc   

Background samples:
 MG5_MC@NLO 2.5.2 + PYTHIA 8.230

Single Top  7.5x103 pb
tt                 4.3x104 pb
W+jets        1.6x106 pb
Z+jets          5.1x105 pb

Fast simulation with 
Parametric DELPHI 3.4.2 
using the reference FCC-hh 
detector parameters

Energy, 
TeV

FCNC “tug” 
CompHEP
LO CS [pb]

FCNC “tcg”
CompHEP
LO CS [pb]

7 33.2 4.9

8 41.7 6.7

13 91.6 18.5

14 102.8 21.4

27 268.6 71.1

100 1720 575

κ/Λ=0.03 TeV-1

NLO CS = K* LO CS
K (tgu) = 1.52
K (tgc) = 1.4
(Phys.Rev. D72 (2005) 074018)

mailto:MG5_MC@NLO
https://arxiv.org/abs/hep-ph/0508016


Event Selection 4

Muon and Electron channel:

Exactly one lepton with
● p

T
 > 26 GeV/c , 

● |η| < 2.8, 
● RelIso < 0.15

Lepton veto:
No more any additional muons or electrons 
with

● "loose" ID passes,
● p

T
 > 10 GeV/c , 

● |η| < 2.8, 
● RelIso < 0.25

Jet Selection:
Two or three jets with

● anti-kt reconstruction algorithm R=0.4,
● p

T
 > 30 GeV/c , 

● |η| < 4.7, 
● ΔRlep > 0.4 

B-Tagging:
● Exactly one of the jets is b-tagged 

Expected event yields
at 30 ab-1  and
k/Λ = 3x10-5 TeV-1



Analysis Pipeline

QCD
Background
Suppression

Signal
Extraction

Statistical
 AnalysisEvent 

Selection

General analysis scheme in 4 steps:

1)Basic event selection. The QCD background use modified event selection.

2)QCD background rejection using a specialized Bayesian Neural Network (BNN).

3)Training BNNs or Deep Learning Neural Networks (DNN) to extract the signal.

4)Statistical analysis via Theta package: fitting the BNN/DNN discriminant distributions with 

prior systematic uncertainty to estimate upper limits to FCNC couplings.

Description of the previous analysis could be found in  CMS-PAS-FTR-18-004  (HL-LHC),

CMS 7&8 TeV analysis JHEP 1702 (2017) 028
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http://cds.cern.ch/record/2638815?ln=en
https://doi.org/10.1007/JHEP02(2017)028


Multijet Background Suppression at HL-LHC  6

QCD BNN input variables:

• Mt(W)

• Pt(Lep)

• Dphi(Lep,Nu)

• MET

A cut QCD BNN > 0.7 
is applied to suppress Multijet background

CMS-PAS-FTR-18-004



Expected event yields at HL-LHC 7

[CMS-PAS-FTR-18-004]



Input Vars. For Bayesian Neural Networks 8
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FCNC BNNs 11



Statistical Analysis 12

The Bayesian inference is used to derive posterior probability using the Theta package. 

Sources of systematic uncertainties:
● Single and pair top quark production cross section  (prior 15%)
● W + jets (prior 50%)
● Z + jets (prior 30%)
● Additional  general Gaussian blur 15% to simulate experimental uncertainties
● Finite MC statistics via Barlow-Beeston method

Three fitting scenarios:
1) 1D tug FCNC
2) 1D tcg FCNC 
3) 2D tug and tcg FCNC couplings 



1D FCNC Upper Limits 13



2D FCNC Upper Limits 14



Simple extrapolation 
to compare

1415



Present top quark FCNC upper limits 16



Summary 17

14  TeV expected 95% CL upper 
limits: 

κu /Λ <  1.8 * 10-3  TeV-1

κc /Λ <  5.2 * 10-3  TeV-1

Br(t→ug) < 3.8 * 10-6 

Br(t→cg) < 3.2 * 10-5 

CMS combined 7+8 TeV observed (expected) 
95% CL upper limits:

κu /Λ <  4.1 (4.8) * 10-3  TeV-1

κc /Λ <  18.4 (15.2) * 10-3  TeV-1

Br(t→ug) < 2.0 (2.8) * 10-5 

Br(t→cg) < 40.5 (27.6) * 10-5 

FCC-hh 100 TeV, 30 ab-1 expected 95% CL 
upper limits:

κu /Λ <  2.2 * 10-5  TeV-1

κc /Λ <  3.3 * 10-5  TeV-1

Br(t→ug) < 5.8 * 10-10 

Br(t→cg) < 1.3 * 10-9 √s=27 TeV , L=15 ab−1:

|κtug|/Λ < 5.3×10−4TeV−1 , |κtcg|/ Λ < 7.4×10−4TeV −1

Β( t→ug) < 3.3×10−7 , Β(t→cg) < 6.6×10−7



Back Up Slides



Statistical Analysis 19

The Bayesian inference is used to calculate the expected upper limits on Br(t→cg) and Br(t→ug) using 
the Theta package. The posterior probabilities are obtained on Asimov data set of background-only 
model.

Sources of systematic uncertainties (YR18):
● Luminosity (1%)
● JES (1%)
● Lepton Id/Iso (0.5-1%)
● B-tag (1% for b-jets, 2% for c-jets and 15% for light jets)
● Renormalization and factorization scales
● Finite MC statistics via Barlow-Beeston method

As prior normalization uncertainties for ttbar is taken 6%, for the data-driven QCD background is taken 
50%, for remaining background sources, the cross section is varied through their scale uncertainties.

Three fitting 
scenarios:
1) 1D tug FCNC
2) 1D tcg FCNC 
3) 2D tug and tcg 

FCNC couplings 

[CMS-PAS-FTR-18-004]

https://twiki.cern.ch/twiki/bin/view/CMS/YR2018Systematics


HL-LHC Results: 1D Limits 20

14  TeV expected 95% CL upper limits: 
(couplings to branching translation)

Br(t ug→ )

Br(t cg→ )

Combined CMS 7+8 TeV observed (expected) 95% CL upper limits:

κu /Λ <                             TeV-1 

κc /Λ <                             TeV-1  

[CMS-PAS-FTR-18-004]

https://arxiv.org/abs/hep-ph/0508016
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