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Analysis in FCC-ee 

The anomalous FCNC interaction tqA and 
tqZ lead to production of  a top quark in 
association with a light quark in electron-
positron collisions. 
 
In this work, we only concentrate on the 
leptonic decay of  the W boson in top quark, 
i.e. t à Wb à lvb with l = e,mu. 
 
Final state: charged lepton, a b-jet, a light-jet 
and missing energy 

The anomalous FCNC couplings of a top 
quark with a photon and Z boson can be 
written in a model independent way using 
an effective Lagrangian approach. 
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Backgrounds 
Based on the expected signature of  the signal events, the main background contributions 
are originating from: 
 
-WW  production when one of  the W bosons decays 
hadronicly and another one decays leptonically, i.e.  
 
-e+e- à W+W- à lv+jj. 
 
-e-e+ à ttbaràlv+jets 
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Signal and background generation and simulation 
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- We use MadGraph5 to generate the signal & background events.  The signal and 
background events are generated in the  center-of-mass energies of  240, 350 and 500 
GeV. 
 
-We employ Pythia 8.1 package for parton showering,  hadronization and decay of  
unstable particles. 
 
 
 
-We use Delphes for detector simulation with the following parameterizations: 
 
 
 
o  Magnetic field: 5 T 
 

Thanks to Patrizia and Barbara 
 for their recommendations for  
preparing the card. 



Signal and background simulations 
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o  Resolution formula for electrons with E > 20 GeV and |η|<2.5 (CMS-like): 
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o  Resolution formula for muons: much dependent on pT and η of  the muon 
 (CMS-like). 

o  Jet energy resolution (ILD-like):  
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Signal and background simulations 
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o  b-tagging efficiency:  we present the results with 80% and 60% for jets 
with pT > 10 GeV and |η| < 2.5 .  

 
o  A misidentification rate of  1% is taken for light jets. 
 
 
o  To reconstruct jets the FastJet package with an  anti-kt algorithm with a 

cone size of  R = 0.4 is used. 



Cross sections of signal & backgrounds 

Cross-sections×BR(tàlvb) (l = e,mu) for three signal scenarios, tqA , tqZ (vector-tensor) 
before applying cuts:  
 

All cross sections have been calculated with MadGraph5. 
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Simulation and event selection 

-Now, we apply the following detector acceptance cuts on the final state objects: 

-In addition to these cuts, to have well separated objects, we require  ΔR > 0.4. 
 
- One isolated charged lepton is required. 
 
-To suppress ttbar background events, number of  jet is required to be exactly two. 
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-To reconstruct top quark, the highest pT b-tagged jets is chosen in case of  more than 
one b-tag. 
 
-In case of  no b-tag jet, the one which gives closest mass to top quark mass is selected. 

pT
l=e,µ !10GeV" |!e,µ |# 2.5, pT

jets !10GeV" |! j |# 2.5



Event reconstruction 
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Signal Optimization 
To separate signal from 
 background events, we  
use a MVA analysis with  
the following input variables: 
 
-    Top Mass 
-  ΔR(W,b) 
-  ηb 

-  pT
top 

-  Elepton 

-  Ejet 

-  ηl 
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Signal Optimization 

After the MVA analysis, a signal efficiency of  around 90% and a background 
efficiency  of  1-3% are achieved, depends on the signal scenario and the 
center-of-mass energy of  the electron-positron. The cross sections after the MVA 
analysis are presented in the table:    
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Upper limits 
In order to set upper limit on the branching ratios, we use the CLS method to set 
exclusion limits.  
 
First, upper limits are set on the signal cross section, then it is translated to upper 
Limits on the anomalous couplingsà upper limit on the branching ratios @ 100/fb: 
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b-tag eff = 70%, mistag=5% 
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Limits versus b-tagging efficiency 
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Upper limits on the branching ratios under the assumption of 60% b-tag efficiency: 

B-tagging efficiency of 80%: 

Decreasing the b-tagging efficiency from 80% to 60% have a considerable  
effect on the results. 



Comparison with LHC Future results 
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LHC  tqγlimits: 



Summary 
Ø We repeated the analysis including a raw detector simulation 

with Delphes.   

Ø We can achieve upper limits on the branching ratios down  

to 10-6 with 3 ab-1 at the center-of-mass energy of  350 GeV. 
Ø The results are sensitive to b-tagging efficiency so that 

decreasing b-tag efficiency leads to make the bounds looser 
by a factor 3-5. 

Ø Including charm tagging to the Delphes card to be able to 
probe tuV and tcV separatelyà 

              To be done 
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