
Flavor Changing Neutral 
Currents in top production and 

decays at CMS 

Tae Jeong Kim (Chonbuk National University)  

on behalf of the CMS collaboration 

For BEACH 2014 

22/07/2014 at Birmingham, UK 

2014-07-22 Tae Jeong Kim (CBNU) 1 



 Introduction  

 Motivation 

 CMS overview 

 Results in single top production 

 Results in decay of 𝑡𝑡  pair 
• Perspectives at 14 TeV 

 Indirect search for FCNH 

 Conclusion 

Outline 

2014-07-22 Tae Jeong Kim (CBNU) 2 



 Flavor changing neutral currents (FCNC) 
• Transitions that change the flavor of a 

fermion without changing its charge. 

 Top quark [173.3 GeV ± 0.3 (stat.) ± 0.7 
(syst.) GeV] decays before hadronization.  
• almost 100% decays to b-quark and W 

boson in the SM.  

• FCNC is suppressed by GIM mechanism. 

 In the SM, the branching ratio of FCNC is 
expected to be smaller than 10−12.  
• Can occur only at the level of quantum loop 

corrections with 𝐵𝑟 𝑡 → 𝑋𝑞 ~10−17 −
10−12, 𝑋 = 𝐻, 𝛾, 𝑍, 𝑔 

Introduction 
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 Any small deviation would indicate new physics. 
 FCNCs are enhanced in many beyond the SM.  
 Model independent searches using effective 

Lagrangian.  

Motivation 
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arXiv:hep-ph/0409342 
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CMS particle reconstruction 

 Jets, MET reconstruction and pileup mitigation are based on 
particle-flow algorithm.  



 Search for anomalous 𝑡𝑞γ coupling in the single 
top production 

 One isolated μ, one b-tagged jet, one isolated γ 
 Boosted decision tree (BDT) 
 Photon energy scale and 𝑊𝛾 + 𝑗𝑒𝑡𝑠,𝑊 +

𝑗𝑒𝑡𝑠 (estimated in data driven way) are one of 
main uncertainties. 

FCNC 𝑡𝑞γ in single top production 
CMS-PAS-TOP-14-003 
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19.1 fb-1 at 8 TeV 



 The first at the LHC and the most stringent bounds on 
the anomalous FCNC 𝑡𝑞γ coupling to date. 
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FCNC 𝑡𝑞γ in single top production 

 𝐵𝑟 𝑡 → 𝑢𝛾 < 0.0161% 

 𝐵𝑟 𝑡 → 𝑐𝛾 < 0.182% 

 BDT distribution to get 95% 
CL limit. 

 𝜅𝑡𝑢𝛾 < 0.0279 , 𝜅𝑡𝑐𝛾 < 0.0094  

CMS-PAS-TOP-14-003 19.1 fb-1 at 8 TeV 



 Search for FCNC 𝑡𝑐𝑔 and 𝑡𝑢𝑔 coupling in the t-
channel single top production. 

 one isolated 𝜇, 2-3 jets, one b-tagged jet 
 Using Bayesian Neural Network (BNN)  
 𝑊 + 𝑗𝑒𝑡𝑠 is one of the main uncertainty source.   

 
 

 

FCNC 𝑡𝑐𝑔 and 𝑡𝑢𝑔 in single top  
CMS-PAS-TOP-14-007 5 fb-1 at 7 TeV 
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  Effective Lagrangian  
𝜅𝑡𝑞𝑔

Λ
𝑔𝑠𝑓  𝜎

𝜇𝜈𝜆𝑎𝑡𝐺𝜇𝜈
𝑎  

 
 
 
 

FCNC 𝑡𝑐𝑔 and 𝑡𝑢𝑔 in single top  
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 𝐵𝑟 𝑡 → 𝑢 + 𝑔 < 3.55 × 10−4 1.58 × 10−4   

 𝐵𝑟 𝑡 → 𝑐 + 𝑔 < 3.44 × 10−3 (1.05 × 10−3) 
 
 
 
 
 

 
 
 
 
 
 

CMS-PAS-TOP-14-007 5 fb-1 at 7 TeV 

 (expected) 

 

 

 

 



 Anomalous 𝑡𝑞𝑍 and 𝑡𝑞𝑔 coupling in single top 
production associated with a Z boson. 

 3 isolated leptons + 1 b-jet  
 kinematic variables and b-tagging information 

using Boosted Decision Tree (BDT) 

FCNC in single top 𝑡 + 𝑍 events 
CMS-PAS-TOP-12-021 
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5 fb-1 at 7 TeV 

arxiv:1304.5551v2 



 Di-boson estimation is one of the systematic sources.  

 For 𝑔𝑞𝑡 coupling, it is not competitive with the one 
from single top production but gives interesting cross 
check in different physics process.  

 For 𝑍𝑞𝑡 coupling, it is conceivable to combine the 
result with  the result from 𝑡𝑡  pair production.  

FCNC in single top 𝑡 + 𝑍 events 
CMS-PAS-TOP-12-021 
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5 fb-1 at 7 TeV 



 Searching for 𝑡 → 𝑐𝑍 in tri-lepton final states.  

 Three isolated leptons. 

• Two in a Z mass, third isolated lepton, no 4th lepton 

• Large MET and at least two jets (1 b-jet exclusively).  

FCNC in decay mode of 𝑡𝑡   
PRL 112 (2014) 171802 
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5 fb-1 at 7 TeV + 19.7 fb-1 at 8 TeV 

 Reconstruct top mass from 
W boson and b-quark jets  

 Choose the second top mass 
considering all combinations.  

http://dx.doi.org/10.1103/PhysRevLett.112.171802


FCNC in decay mode of 𝑡𝑡  
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PRL 112 (2014) 171802 

 Events should be within 35 GeV window of top-quark mass  for 
𝑚𝑊𝑏 and  25 GeV for 𝑚𝑍𝑗 

 Dominant uncertainty : renormalization and factorization 
uncertainty , PDF and 𝜎𝑡𝑡   

http://dx.doi.org/10.1103/PhysRevLett.112.171802


 Search for 𝑡𝑞𝑍 coupling in 𝑡𝑡  pair production with upgraded 
detector at 14 TeV scenario with high pileup conditions.   

 10 times better limit expected at 3000 fb-1  

Projections of 𝑡 → 𝑐𝑍 at 14 TeV 
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CMS-PAS-FTR-13-016 3000fb-1 at 14 TeV 



 Reinterpret the result from multi-lepton SUSY searches : SUS-13-002 
• 𝑡 → 𝑐𝐻 𝑊𝑊, 𝜏𝜏, 𝑍𝑍  in multi-lepton final state 
• Exactly three selected leptons 

 Combination with the result for 𝑡 → 𝑐𝐻(𝛾𝛾) : HIG-13-025 
 Br 𝑡 → 𝑐𝐻 < 0.56%  at 95% confidence level  

 |𝜆𝑡𝑐
𝐻 |2 + 𝜆𝑡𝑐

𝐻 2 < 0.14 

Indirect search for FCNH (𝑡 → 𝑐𝐻) 
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CMS-PAS-HIG-13-034 19.5  fb-1 at 8 TeV 



 
 CMS has performed the FCNC searches in the 

single top-quark production and decay mode of 𝑡𝑡  
pair and found no signature of FCNC.  

 More results from Run 1 (7 and 8 TeV) are coming 
soon. 

 Exciting time is ahead of us for rare process 
searches with top-quark with for Run 2 data (13 
and 14 TeV). 

 CMS public results 
• https://twiki.cern.ch/twiki/bin/view/CMSPublic/Phy

sicsResultsTOP 
• https://twiki.cern.ch/twiki/bin/view/CMSPublic/Phy

sicsResultsSUS 
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Conclusions 

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

