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Top Quark in the Standard Model
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Decay mode
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...top quark is a good candidate 
for testing the SM...

t-quark
in SM



 3

p , p( p̄)

LWtb=−
g

√2
V tb b̄ γ

μ 1
2
⋅1⋅(1−γ5) tW μ

SM

W' Anomalous Wtb couplings FCNC

Deviations from the SM:
New particles 

in the single top 
production 

Modification of predicted by the SM 
values of top couplings to another 

particles

Specificies of the single top quark production
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Single top quark production processes
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 4

LHC 
8 TeV

s-channels-channel

t-channelt-channel

tW productiontW production

Tevatron 
LHC

13  TeV

1.05 5.24 10.32 11.39

LHC
14  TeV

2.08 84.69 217  248

0.28 22.37 71.7  84.4

Tevatron s-channel observation

Current
status

ATLAS t-channel observation
TEVATRON observation

Single Top quark production Cross Sections

CMS Observation @8TeV
ATLAS and CMS combination 

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-12-040/index.html
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What is the top pair and associated tW production?

Top pair (tT) Top pair (tT) 
productionproduction

Double top and single top production

  
●

                              

● Leading order (Leading order (LOLO) process  2 2:  →2:  ) process  2 2:  →2:  tWtW-production-production

   
● Next to leading order (Next to leading order (NLONLO), O(1/log(mt/mb)),  2 3:  →2:  ), O(1/log(mt/mb)),  2 3:  →2:  tWbtWb-production-production

   

|ME|^2  ~  tT^2 + ...  + tWb^2

● Squared matrix element structureSquared matrix element structure 

ATLAS CS measurements

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.152002
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t t-bar t t-bar 
productionproduction

DR1 (Diagram removal scheme) S. Frixione et al.,  arXiv:0805.3067.S. Frixione et al.,  arXiv:0805.3067.

DR2 (Diagram subtraction Scheme)
T. M. P. Tait,  arXiv:hep-ph/9909352T. M. P. Tait,  arXiv:hep-ph/9909352

Different schemes for tWb processes highlighting

DS1, DS2 schemes 
- introduction of the local subtraction term:

- cancel the ME from double top production
- gauge invariant
- decrease quickly away from the resonant region  

arXiv:1607.05862

arxiv:1607.05862
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EFT and Anomalous Couplings approach

- operators that contribute to the Wtb vertex:
J. Aguilar-Saavedra, arXiv:1008.3225

 order: 
1/Λ2          1/Λ4

 

● Effective Field Theory approach:
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contact four-fermion 
interactions 
(not a part of 
the Wtb vertex):

● Anomalous Couplings approach: Zhang, Willenbrock

● Translation:
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https://arxiv.org/abs/1008.3225
https://arxiv.org/abs/1008.3869
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● What“s the most preferable scheme of tW highlighting for the AnomWtb couplings What“s the most preferable scheme of tW highlighting for the AnomWtb couplings 
searches?  searches?  

- different schemes of tW highlighting have - different schemes of tW highlighting have 
different sensitivity to the anomalous couplingdifferent sensitivity to the anomalous coupling
- top pair production is also sensitive to the - top pair production is also sensitive to the 
anomalous  Wtb couplingsanomalous  Wtb couplings
- It’s more preferable to use - It’s more preferable to use full gauge-full gauge-
invariantinvariant  set of diagramsset of diagrams (without any sets  (without any sets 
deletion)  deletion)  

   

EPJ Web Conf., 158 (2017) 04004

Schemes for tW processes highlighting (2)

https://www.epj-conferences.org/articles/epjconf/abs/2017/27/epjconf_qfthep2017_04004/epjconf_qfthep2017_04004.html
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AnomWtb: CMS analysis

● «Search for new physics in top quark production in dilepton final states in 
proton-proton collisions at√s= 13 TeV»
- dilepton final state
- EFT effects in the top quark production, not in the decay
- the rates of tW and tT production are used to probe the  
- variations in both rate and kinematic distributions:  

Eur. Phys. J. C 79 (2019) 886

Cϕ q
(3) ,C tW ,C tG ,CG

CuG ,C cG

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-020/index.html


AnomWtb couplings search at CMS
● CMS Single Top group used this approach for the experimental searches 

for the Anomalous contribution to the Wtb vertex

● Results: 2D and 1D limits on the Anomalous Wtb couplings for 3 
scenarios:  (Lv,Rv), (Lv,Lt), (Lv, Rt)
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arXiv:1610.03545

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-14-007/index.html


(Lv, Rv) scenario:

 

Anomalous Wtb in single top production and decay

Production case: 

Production+decay case: 

Pt (lepton from top decay) 
distributions for L

V
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Pt (top) distributions for L
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Anomalous Wtb, (Lv,Rv) scenario, MC modeling for tT+tW

● Production+decay case, (         ,         ) scenario

● Modeling the general L
V 

 and  R
V
 dependence for tT+tW:
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the sets of MC events: 

arXiv:1607.00505

https://arxiv.org/abs/1607.00505
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Subsidiary fields method for tT+tW
● G,G  ->  Ne,e,u,D,b,B● q,q  ->  Ne,e,u,D,b,B
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Conclusion

● LHC has significant potential for single top production in association with W-LHC has significant potential for single top production in association with W-
boson processes studyboson processes study

● Anomalous contribution to the Wtb vertex in tW processes hasn“t been studied Anomalous contribution to the Wtb vertex in tW processes hasn“t been studied 
far and wide so farfar and wide so far

● Different schemes of the tW processes highlighting have different sensitivity to Different schemes of the tW processes highlighting have different sensitivity to 
the AnomWtb couplings and t’s more preferable to use full set of the diagrams the AnomWtb couplings and t’s more preferable to use full set of the diagrams 
for tT+tW processes for the Anomalous Wtb couplings searchesfor tT+tW processes for the Anomalous Wtb couplings searches

● The modeling of the full set of the diagrams for tT+tW processes with The modeling of the full set of the diagrams for tT+tW processes with 
Anomalous Wtb couplings is performed with Subsidiary Fields MethodAnomalous Wtb couplings is performed with Subsidiary Fields Method

● Necessary set of generated events for CMS analysis is readyNecessary set of generated events for CMS analysis is ready

● First direct constraints on the Anomalous Wtb couplings in tT and tW processes First direct constraints on the Anomalous Wtb couplings in tT and tW processes 
will be provided by statistical analysis  will be provided by statistical analysis  
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