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Introduction
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• Some models BSM have strong couplings to the top quark 
which provide a great sensitivity to high energy scales.  

• ttZ and ttGamma vertices directly accessible in an electron-
positron collider. Two approaches for top quark couplings study: 

• Form-factors scheme.
• Effective operators from an EFT.

/γ
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Form-factors status
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Assume production is dominated by SM and NP scale is beyond direct reach.
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Effective field theory (EFT)

4

• We can connect different physics processes with the same operators 
(for instance the tt production and the top quark decay share some 
operators). 

• These measurements can be done in the LHC too, so we can compare 
LHC and LC measurements easily. 

• An effective theory allows the study of contact interactions.

Alternative to form-factors: describe BSM effect through 
effective operators.
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EFT: dimension-6 operators
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Gauthier Durieux in TopLC 2016 (KEK): 
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EFT: 2-fermion (vertex) operators
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Alternative to form-factors: Integrate out explicit mediators and describe BSM effect through 
effective D6 operators.

Operators acting on EW 
vertices (“2-fermion” 
operators).

ttZ/ttγ vertices tWb vertices
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Form-factors vs. effective operators
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Transformation between effective operators and form-factors:

Operators acting on ttZ, ttγ vertices (“2-fermion” operators) can be 
transformed into the form-factors scheme:

We can change to 
an alternative basis 

(Vector/Axial - 
Vector)
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Other group of D6 effective operators collect the e-e+tt contact interaction (“4-fermion" 
operators) :

(LL)(LL)

(RR)(RR)
(RR)(LL)
(LL)(RR)

(LR)(RL) & (RL)(LR)

Conversion to V/A - V basis:

e+

e-

t

t

EFT: 4-fermion (contact interaction) operators
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multi-TeV operation
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MC simulation for effective operators parameterisation: MG5_aMC@NLO with an 
EW Effective Theory model (courtesy of C. Zhang, G. Durieux, et al.).

 LO production at…

380 GeV 500 GeV 1 TeV 1.4 TeV 3 TeV

Pol (e-, e+)
(-0.8, 0) (-0.8, +0.3) (-0.8, +0.2) (-0.8, 0) (-0.8, 0)

(+0.8, 0) (+0.8, -0.3) (+0.8, -0.2) (+0.8, 0) (+0.8, 0)

Cross-section (pb) 0,792 0,930 0,256 0,113 0,025

Lumi (fb-1) 500 500 1000 1500 3000

Parameterisation of different observables through effective operators…

Full - Simulation Temporary scaling
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Cross-section sensitivity
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“vertex” operators have a 
better bound by lower 
energy data (lower 
statistical uncertainty).

“2-fermion” 
operators

“4-fermion” 
operators

(multi-) TeV operation 
provides better sensitivity 
to “4-fermion” operators.
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Complementarity
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Objective: find different observables which provide an ideal complementarity 
between operators.

Axial and vector operators can be 
disentangled by using the cross-section and 
the forward-backward asymmetry in the fit.

68%CL χ² bands: 1 measurement            1 band in C1-C2 space.
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Cross-section vs asymmetry
Only with one observable, the initial state 
polarisation provides complementary 
constraints.

The power of polarisation
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Fraction of right-handed tops
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In the rest system of the t quark, the angle of the lepton from the W boson is 
distributed like (motivation from 1307.8102v1):

Good complementarity with Afb in the 4-fermion sector.
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right-handed 

tops.
 The angle θhel is 

measured in the rest 
frame of the t quark with 
the z-axis defined by the 
direction of motion of the 
t quark in the laboratory.
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380 GeV + 1.4 TeV + 3 TeV
helλ + FB + AσObservables: 

2 configurations for beams polarisation

 

Global Fit: CLIC program
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Globat fit in the CLIC energy program: 380 GeV + 1.4 TeV + 3 TeV

Preliminary

• We find consistency between the EFT scheme and the form-factor 
scheme (fit described in arXiv:1505.06020v2).

• We are looking for a perfect agreement between the individual fit (best 
case) and the marginalized fit (more realistic case).

Individual: assuming 
variation in only 1 parameter 

each time. 

Marginalized: assuming 
variation in all the 

parameters at the same 
time.
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• The effective field theory can be matched to specific BSM models. Different 
models will lead to different combination of operator coefficients. 

• If evidence of any nonzero coefficient is observed, studying the pattern of 
the deviation will give us hints on high scale physics. 

 

Limits on BSM models
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Vector-like quarks [hep-ph/0007316]:

Current LHC bound: MU > 700 - 800 GeV (regardless of λ)
MU / λ > 3 TeV (indv fit) 

MU / λ > 1.4 TeV (marg. fit)

R-S models with the SM fermion and gauge fields propagating in 
the extra dimension - KK modes [0709.0007]:  

Mkk > 13 TeV (indv fit)
Mkk > 8 TeV (marg. fit)
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Work in progress…
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• (NOW in progress) Impact at NLO:

• First results show the same sensitivity at 
LO and NLO in almost all the operators. 

• New operators appear (those concerning 
gluons). In principle they can be constrained 
better at the LHC.

• Study of the process                            .

• New operators appear (those concerning the Wtb vertex). 

• First results below ttbar threshold show low sensitivity to new Wtb operators.

Gauthier Durieux in TopLC 2016 (KEK): 
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Top reconstruction at high energies
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Reconstruction Strategy
Trimming technique: remove background. Consists in 

the inclusive reconstruction of subjets inside the big boosted top jet. 
+ 

Top tagging: distinguish tops from QCD background 
(see R. Ström talk later in this session).

Studied Samples
6 fermion final-state samples CLIC@1.4TeV 

P(e-) = -80%

Marlin processors under development 

Collaboration with I.Garcia, P. Roloff, R. Ström and M.Vos. 
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Trimming technique
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I. Garcia
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Summary

18

• We have two alternatives for the study of top quark couplings: form-
factors and effective operators. 

• Complementarity between different observables at different energies 
allow us to decrease operators correlations providing a better χ² fit.

• First results show low uncertainties in the operators coefficients and a 
consistency between both schemes.

• We can put limits on different BSM models through the EFT operators.

• We need new top reconstruction techniques at high energies (under 
development).



Martín Perelló, IFIC CLICdp - CERN - 31/08/16

An EFT analysis 
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Gauthier Durieux in TopLC 2016 (KEK): 

(Renormalisation Group)
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Form-factors status
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Assume production is dominated by SM and NP scale is beyond direct reach.
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/γ

Measure 2 observables for 2 beam polarizations at 
ILC500 and CLIC380 (full-simulation): 

arXiv:1505.06020
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Form-factors status: CPV
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Global Fit
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Globat fit in the energy program: 500 GeV + 3 TeV + …

+ 1.4 TeV? + 380 GeV?

Preliminary
Preliminary

4-fermion:  
Improvement of 5% 

Vertices: 
Improvement of 10 - 14% 

4-fermion:  
Improvement of 0.05 - 0.15% 

Vertices: 
Improvement of 10 - 13%  

Better to add high energy points
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Trimming technique: energy threshold selection
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Trimming threshold impact

• Durham algorithm 
on smaller jets. 

• R for subjets = 0.2


