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           : Introduction  

•       helps to test Standard Model 

predictions: 

• probe tZ coupling directly 

• Sensitive to physics BSM like 

vector-like quarks, technicolor and  

little Higgs 

•       and      are backgrounds in 

multilepton      and SUSY searches 

(SS 2l, >=3l) 
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•      can decay to 0-2 leptons, W can decay to 0-1 leptons and Z boson can decay 

to 0 or 2 leptons 
• Expected 0-4 leptons in the final state 
• Each channel can be split according to lepton flavours

tt̄Z/W

tt̄

tt̄Z

tt̄W tt̄Z

tt̄H
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• Channels considered in the analysis 

• The opposite-sign dilepton, trilepton and tetralepton are 

sensitive to  

• Same-sign dilepton channel targets        production  

            @ 8 TeV in ATLAS Using 20.3 fb-1

JHEP11(2015)172

tt̄Z/W

tt̄Z

tt̄W

http://link.springer.com/article/10.1007/JHEP11(2015)172
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• 19 regions considered defined according to number of leptons, 
jets and b-tagged jets 

• Background (bkg) compositions vary across different regions    

• Backgrounds estimated via MC or data: main bkgs normalised by 
control regions, instrumental bkg by data, others small bkgs by MC

            @ 8 TeV in ATLAS: Backgroundtt̄Z/W
JHEP11(2015)172

http://link.springer.com/article/10.1007/JHEP11(2015)172
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• 3 separate neural networks are utilised to enrich the signal in the 2l-noZ-4j, 

2l-noZ-5j and 2l-Z-5j regions 
• HT distributions are used in 2l-Z-3j and 2l-Z4j  

• The        and         production cross sections are extracted with 

simultaneous fit using binned likelihood over all regions 

            @ 8 TeV in ATLAS: Signal Extractiontt̄Z/W

tt̄Z tt̄W

JHEP11(2015)172

http://link.springer.com/article/10.1007/JHEP11(2015)172


            @ 8 TeV in ATLAS: Results

• Measured total cross section 

• Statistical uncertainty dominates 
• Systematical uncertainty mainly 

from background estimation
The background-only hypothesis is 

excluded with 7.1 σ
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tt̄Z/W

σtt̄W=369+86
−79(stat.)± 44(syst.) fb

σtt̄Z=176+52
−48(stat.)± 24(syst.) fb

JHEP11(2015)172

http://link.springer.com/article/10.1007/JHEP11(2015)172


            @ 13 TeV in ATLAS Using 3.2 fb-1

• Test SM at new energy scale 
• Similar to 8 TeV analysis but only 

the most sensitive channels used 

•      sensitive regions: 
• 2mu-SS  
• 3L-noZ-2b  

• 7 regions sensitive to  

• 2 more control regions to control 

the background  

arXiv:1609.01599
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List decay modes considered in the analysis

Electrons have larger charge misidentification

tt̄Z/W

Event yields for the 11 channels

tt̄W
tt̄Wtt̄Z

tt̄W

http://arxiv.org/abs/1609.01599


            @ 13 TeV in ATLAS: Results

• Simultaneous binned likelihood 

fit performed to extract the cross 

sections  

arXiv:1609.01599
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• Statistical uncertainty dominates 
• Systematical uncertainty mainly 

from: 
• reconstructed objects and 

bakg. in   
• reconstructed objects  

tt̄Z/W

tt̄Z

tt̄W

σtt̄Z = 0.92±0.29(stat.)±0.10(syst.) pb

σtt̄W = 1.50±0.72(stat.)±0.33(syst.) pb

with significance 3.9 σ 

with significance 2.2 σ 

http://arxiv.org/abs/1609.01599


• 5 exclusive channels targeting different decay modes 

• Channels are divided into sub-channels according to the 

lepton flavour and jet multiplicity, 16 channels in total

@ 8 TeV in CMS Using 19.5 fb-1

JHEP 01 (2016) 096
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tt̄Z/W

http://link.springer.com/article/10.1007%2FJHEP01%282016%29096


• BDTs are used to enhance the S/B 
• A separate BDT is trained in each category for each jet multiplicity  
• BDTs are trained against the dominant background in that region 

• In the 4 lepton channel the number of b-tagged jets is used instead 
BDT

            @ 8 TeV in CMS: Signal Extraction
JHEP 01 (2016) 096
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tt̄Z/W

http://link.springer.com/article/10.1007%2FJHEP01%282016%29096


•       and        cross sections extracted in a separate 1-dimensional 
binned likelihood fit using relevant channels for each process  

• Dominant uncertainties:  
• b tagging efficiency 
• signal modeling 
• background rates

            @ 8 TeV in CMS: Results
JHEP 01 (2016) 096
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tt̄Z/W

Simultaneous fit

σtt̄W = 282+117
−102 fb

signal strength = 4.8σ

σtt̄Z = 242+65

−55 fb

signal strength = 6.4σ

tt̄Z tt̄W

http://link.springer.com/article/10.1007%2FJHEP01%282016%29096


            @ 13 TeV in CMS Using 12.9 fb-1

CMS-PAS-TOP-16-017
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tt̄Z/W

• Similar to 8 TeV analysis 
• Dilepton channel:  

• only events with SS considered 
• BDTG used to improve S/B, 

divided into two sub regions 
• 5 exclusive channels for each 

region according to number of 
jets and b-jets 

• Trilepton channel: 12 exclusive 
regions built from the number of 
jets and number of b-jets 

• Tetralepton channel: 2 regions 
according to the existence of b-jets 
or not  

2016 d
ata

BDTG > 0 is considered

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-017/index.html


            @ 13 TeV in CMS: Results
CMS-PAS-TOP-16-017
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tt̄Z/W

• Measured total cross sections from 

individual fits  

• Dominant uncertainties:  
• statistical uncertainty 
• 6.2% from luminosity  
• 2% from the pileup 

2016 d
ata

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-017/index.html


tZq @ 8 TeV in CMS: Introduction

• Important test of the SM predictions 

• Sensitive to the coupling of the top 
quark to the Z boson 

• Helps to measure the WWZ 
coupling directly 

• Background of Ht channel  

• Same final state as in FCNC-tZ 
analysis, with the additional quark 
missing  

CMS-PAS-TOP-12-039
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Motivation

SM

FCNC

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-12-039/index.html


tZq @ 8 TeV in CMS: Procedure

• Selected events with 3 leptons 

• Used BDT to enhance S/B and 

trained with signal against      

and WZ backgrounds  
• mT

W distribution is used to control 

the non prompt leptons and WZ 
• templates are created by 

inverting the isolation cuts  

• A similar BTD is trained for 

FCNC-tZ signal against all SM 

backgrounds  

CMS-PAS-TOP-12-039
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tt̄Z

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-12-039/index.html


tZq @ 8 TeV in CMS: Results

• The significance of the measured 

cross section is 2.4 σ 

• The predicted cross section is 

• The observed upper limit on the cross 

section is 21 fb at 95%CL 

• Dominant uncertainties:  
• statistical uncertainties   
• luminosity around 2.6% 
• pileup around 5%

CMS-PAS-TOP-12-039
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σtZq = 10
+8
−7 fb

σtZq = 8.2
+0.59
−0.03 fb

Results from FCNC search:
• No excess over SM background 

observed 
• Upper limits at 95% CL 

Br(t → Zu)=0.022%
Br(t → Zc)=0.049%

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-12-039/index.html


Summary

• Associated production of top quarks with heavy vector boson is 
measured at different CME by both ATLAS and CMS Collaborations; 
good agreement with the SM predictions  

• With the13 TeV incoming data, these measurements will be improved 

• The search for single top quark associated to the Z boson is 
conducted by CMS Collaboration at 8 TeV, good agreement with the 
SM   

• The search for tZ is being performed by ATLAS Collaboration using 
data collected at 13 TeV  

17



Backup



ATLAS 8 TeV



ATLAS 13 TeV



CMS – 8 TeV

>  Constraints on the axial and vector components of the tZ coupling



CMS – 8 TeV

>  Constraints on dimension 6 operators



CMS tZ-FCNC search



Searches for FCNC
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