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:EFT Lagrangian, Vector 
and Tensor couplings
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EFT: Why and How?

● If the energy scale of new physics is beyond the reach of recent 
experiments

● Parameterising lack of information in terms of higher mass dimension 
operators
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Lagrangian for our Study

The complete Effective Lagrangian for top FCNC: [AguilarSaavedra:2008zc]
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Where,                                 and                                         is the momentum transferred.



FCNC Decay width
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The subscript (T) and (V) represents the decay width involving either a vector or a tensor 
coupling, respectively.
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:Density matrix and 
Polarization parameters, 
Asymmetries
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Density Matrix Formalism

The top quark on-shell condition in the NWA allows one to write the differential 
cross section of  the complete process as:
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Density Matrix Formalism
Polarization Vector:
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The normalized production density matrix elements can be written as:

The normalized decay density matrix elements can be written as:

Where,            and                are the polar and azimuthal angle of the secondary lepton in the top quark rest 
frame.



Polarization Parameters & Spin observables
Observables

Ref: [PRD 100, 015006 (2019), 
arXiv-2007.02236 S. Behera] 

Top quark Rest frame

Lab frame of the collider
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Polarization Parameters & Spin observables
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The distributions of polar angle of the scattered electron in the Lab Frame of the collider.

➔ The Distributions clearly shows the distinction between the vector and 
tensor couplings.



Polarization Parameters & Spin observables
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The distributions of polar angle of the scattered electron in the Lab Frame of the collider.
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tensor couplings.



Simulation 
& Analysis
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:MadGraph5, Pythia6 and 
Root for Cut Based 
approach
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Methodology
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▪ MC setup/Observables
▪ PDF set: CTEQ6L1, μF=μR=mt,
▪  Preselection: P

T
 > 10 for leptons, jets 

and E
T

Miss > 10 GeV, 
|η| < 5. For  all jets and leptons

▪ Leptons and/or Jets are reconstructed with 
anti-kT algorithm with cone size of R = 0.4

▪     Selection Cuts [tZq - analysis]
▪ N

e-
= N

e-, b-jet
= N

e-, b-jet, l+
= 1 

▪ Selection Cuts [tgq & t   q - analysis]
▪ N

e-
= N

e-, b-jet
= N

e-, b-jet, mu+/mu-
= 1

▪ N
Light-jets

>= 1
 

▪    Yμ>2.6
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CS and Selection Cuts
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LHeC FCC-he

The CS of signal processes are parameterized as follow:
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Spin Observables
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LHeC FCC-he

Top quark

Anti-Top quark
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Limits on FCNC couplings
LHeC FCC-he



Limits on FCNC couplings
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LHC

LHeC FCC-he
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Concluding 
Remarks
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Concluding Remarks
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Summary
Our studies consolidate further the strong case of 

LHeC/FCC-he for better understanding of the top quark 
properties and FCNC couplings.

● At the LHC, the top quark FCNC are studied mostly by searching for rare decay 
of the top quark, whereas at LHeC and FCC-he, we can probe these couplings 
influencing the production itself.

● Study of the vertex structure is very much favourable at the future ep - collider 
for EW processes in particular

● Only t-channel, EW processes are possible at the production
● Scattered electron from the primary vertex gives extra handle to probe internal 

structure
● Top quark polarization can be utilized effectively
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Thanks for your attentions!


