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FCNCs at the top sector



  3

FCNCs at the top sector
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Search for t→qZ at the LHC (ATLAS and CMS)

● The tZq vertex can be probed both in tt ̅events (where t→qZ) 
and tZ production via FCNC

● The present talk will focus on the comparison of the ATLAS and 
CMS results at 13 TeV:

● ATLAS arXiv:1803.099923 [hep-ex] → decay

● CMS PAS TOP-17-017          → production+decay
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Search for t→qZ at the LHC (ATLAS and CMS)

●  Signal generation:

ATLAS CMS

● MG5_aMC@NLO (NLO) ● MG5_aMC@NLO (LO)

●  Top FCNC UFO model
(http://feynrules.irmp.ucl.ac.be/wiki/TopFCNC)

● Private implementation of the 
lagrangian in Feynrules / UFO

● L = 1 TeV
● only one eff. operator coef. 

different from 0
(choice equivalent to a tensor LH 
coupling)

● Tensor RH coupling

http://feynrules.irmp.ucl.ac.be/wiki/TopFCN
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Search for t→qZ at the LHC (ATLAS and CMS)

●  Trigger and object definitions

ATLAS CMS

triggers
● Single lepton (e ou m) 

triggers

● Combination of single, 
dilepton and trilepton 
triggers

electrons
● E

T
 > 15 GeV

● |h| <  2.5

● E
T
 > 35 GeV

● |h| <  2.1

muons
● p

T
 > 15 GeV

● |h| <  2.5

● p
T
 > 30 GeV

● |h| < 2.4

Jets 
(DR=0.4)

● p
T
 > 25 GeV

● |h| <  2.5

● p
T
 > 30 GeV

● |h| <  2.4

B-tag eff. ● 77 % ● 83 %
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Analysis strategy

ATLAS CMS
● Exactly 3 leptons 

(at least 1 OSSF pair)
● Exactly 3 leptons

(at least 1 OSSF pair)

● At least 2 jets
● Exactly 1 jet (ST)
● 2 or 3 jets (TT)

● Exactly 1 b-tagged jet
● Exactly 1 b-tagged jet (ST)
● At least 1 b-tagged jet (TT)

● MET > 20 GeV ● M
T
(W) < 300 GeV

● Z candidate within 15 GeV of m
Z

● Z candidate within 7.5 GeV of m
Z

●  Basic selection
● ATLAS considers only the decay channel
● CMS considers both production and decay channels
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Analysis strategy

●  Signal and control regions used in the fit:

ATLAS

CMS



  9

Analysis strategy

●  Evaluation of normalization of the non-prompt leptons (NPL) 
background (shape from MC templates)

● ATLAS
  

● Normalization factors from dedicated regions

● CMS
  

● NPL normalization from t  t ̅derived using TTCR and STCR 
 

● NPL normalization from Z+jets and DY derived using WZCR

Z+jets and DY t  t ̅
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Event reconstruction / MVA

●  ATLAS uses a c2 method for event reconstruction:

which is used as fitting variable 
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Event reconstruction / MVA

●  CMS 
uses a BDT

tZu

tZc tZc

tZu
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Systematic uncertainties
●  ATLAS 
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Systematic uncertainties
●  CMS 
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Results

ATLAS

exp BR @ 
95% CL:
0.024 % (u)
0.032 % (c)

CMS
exp BR @ 
95% CL:
0.015 % (u)
0.037 % (c)
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Results

● Limits on xsec / BR can be converted into coupling limits

BR(t→Zu)

B
R

(t
→

Z
c)

CMS
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Results

● Limits on BR can be interpreted in terms of coefficients of 
EFT operators

ATLAS
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●  Stringent limits on the FCNC Ztq vertex obtained by ATLAS 
and CMS

●  Orders of magnitude away from the SM but approaching 
some BSM extensions

●  Tri-lepton topologies chosen by both Collaborations

●  Result is still dominated by statistical uncertainty

●  Different approaches:

● ATLAS: cut-based analysis + profiled likelihood fit on c2 

(decay channel only)
● CMS: BDT (production + decay channels)

Summary
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BACKUP SLIDES
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Background modeling

●  ATLAS
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