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Top quark electroweak couplings

CP-violating couplingsCP-conserving couplings

Using Gordon identities we can cast Eq. (1) into the equally familiar form⇤
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The form factors eFX

i and FX
i that appear in Eqs. 1 and 2 are related via
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Within the Standard Model the F1 have the following tree-level values:
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where sW and cW are the sine and the cosine of the weak mixing angle ✓W . The
chirality-flipping form factors F2 are zero at tree level. As in any renormalizable
theory they must be loop-induced. At zero momentum transfer F �

2V (0) is related via
F �
2V (0) = Qt(gt � 2)/2 to the anomalous magnetic moment of the top quark, where

Qt denotes its electrical charge in units of e.
In this paper we focus on the form factors FX

2A that violate the combined charge
and parity symmetry CP. The electric dipole moment of the top quark is determined
by F �

2A for an on-shell photon at zero momentum transfer, d�t = �(e/2mt)F
�
2A(0).

In analogy to this relation one may define an electric dipole form factor (EDF) and
a weak dipole form factor (WDF) for on-shell t, t̄ but o↵-shell �, Z:

dXt (s) = � e

2mt
FX
2A(s) , X = �, Z, (5)

where s = k2. For o↵-shell gauge bosons these form factors are in general gauge-
dependent. However, within the two SM extensions that will be discussed in the
next section, the dXt (s) are gauge-invariant to one-loop approximation. This may
justify their use in parameterizing possible CP-violating e↵ects in tt̄ production.

Finally we note that new physics e↵ects are often described in the framework of
e↵ective field theory (EFT) by anomalous couplings, i.e., constants. The ‘couplings’
d�t and dZt can be related to the coe�cients of certain dimension-six operators; cf., for
instance, Ref.[15]. However, by using EFT for describing new physics one assumes
that there is a gap between the typical energy scale of the process under consideration
(
p
s in our case) and the scale of new physics. This is not the case for the models

that we consider in the next section. In particular, in the kinematic domain that we
are interested in, the d�t and dZt show a non-negligible dependence on

p
s and can

develop absorptive parts, that is, become complex.

3 CP-violation in SM extensions

In the SM, where CP violation is induced by the Kobayashi-Maskawa (KM) phase
in the charged weak current interactions, resulting CP e↵ects in flavor-diagonal am-
plitudes are too small to be measurable in e+e� ! tt̄ [9]. Sizeable CP-violating

⇤We use �5 = i�0�1�2�3 and �µ⌫ = i
2 (�µ�⌫ � �⌫�µ).
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CPV paper 
status

Useful comments from CLIC people (see all the discussion in CDS): 
• Lucie Linssen

• low-energy stage -> initial stage when referring to 380GeV 
• changed the phrasing of the positron polarization to a positive variant 
• … 

• Matthias Artur Weber
• Introduction of the CP violation as charge conjugation and parity (CP) violation. 
• … 

• Jan Henryk Kalinowski
• some redefinitions and writing suggestions 
• …

thanks for all the 
suggestions!!



Change to an EFT approach



Typical procedure…



Full-simulation
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Studies included in I. Garcia thesis

At higher energies…

Thanks to Rickard

Numbers not 

updated!!
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Looking for extra observables 
to improve the fit

i.e. top 
polarisation in 
different axes

M.P. @TopLC2017

motivation from JA Aguilar



https://indico.cern.ch/event/595651/contributions/2573918/attachments/1473086/2280215/durieux-top-lc-2017.pdf

G. Durieux @TopLC 2017:

https://indico.cern.ch/event/595651/contributions/2573918/attachments/1473086/2280215/durieux-top-lc-2017.pdf


Comparison in the global limits (500GeV + 1TeV for 2 pols.):

Optimal observables provide much better global limits
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How the optimal observables look 
like at 500 GeV (e-, e+) = (-0.8, 0.3)

10 observables in total (one per parameter)



Two approaches for the optimal 
observables systematic studies

Optimal observables
Definition based on the 

mean of normalized 
distributions

• Depends strongly on the 
cross-section

• Sensitivities are calculated 
using real definition

Oᵢ=(Σ σᵢ/σ₀) Oᵢ=1/n(Σ σᵢ/σ₀)

Now in progess Results in next slides

• Errors on the shape and 
normalization

• Errors only on the shape



Starting reconstruction at CLIC@380 and ILC@500

Signal selection: · Hadronic top in the range: 120 < mt < 230
· Hadronic W: 50 < mW < 110

· only 1 lepton per event 

· 2 btags (btag1 > 0.8 and btag2 > 0.5) 

Same cuts used in previous 
studies which reduce 

background.

(Same samples that Nacho used in his studies)

statistical uncertainty of 
the distribution mean [%] lqA eqA pqA lqV eqV pqV ReuZ ReuA ImuZ* ImuA*

380 (e-,e+) = (-0.8, 0) 4 6 4 0,1 0,6 0,1 0,3 0,1 1E-3 2E-3
380 (e-,e+) = (0.8, 0) 6 4 4 0,5 0,2 0,4 0,3 0,2 2E-3 2E-3

500 (e-,e+) = (-0.8, 0.3) 2 10 2 0,2 5 0,3 0,3 0,2 2E-3 4E-3
500 (e-,e+) = (0.8, -0.3) 8 2 2 2 0,5 0,9 0,9 0,3 4E-3 7E-3

*Absolute 
uncertainty

Statistical uncertainties:



Reconstruction effects

Starting reconstruction at CLIC@380 and ILC@500
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efficiency quality cut
chi2 < X

efficiency after 
quality cut

380L 37% 5 18%

380R 40 30,4%

500L 34,4% 50 29,4%

500R 35% 50 30,1%

Need of a quality cut 
(mainly for reducing 

migrations) 

numbers are for CLIC380 (I.Garcia’s analysis)

Abstract

Future Linear Colliders o↵er the possibility of searching new Physics and mea-
suring the properties of the recently discovered Higgs boson and the top quark with
accuracy levels never seen before at the energy frontier. At present the most ad-
vanced e+e� colliders projects are the International Linear Collider (ILC) and the
Compact Linear Collider (CLIC). These future machines would cover an energy
range from several hundreds of GeV to the multi-TeV scale.

This thesis consists mainly on two complementary parts. The first one is dedi-
cated to the R&D of the ILD detector concept for future e+e� colliders, specifically,
the most inner region of the detector. A thermo-mechanical characterisation of
ultra-thin self-supporting silicon sensors is carried out and a first mock-up of the
forward tracker disk (FTD) is designed and characterised.

The second part is focused on the data simulation, the event reconstruction and
the analysis of the top quark properties in the process e+e� ! tt̄. For that purpose,
the detailed full simulation of the detector is review as well as the most technical
aspects of the event reconstruction are studied. Additionally a new sequential jet
reconstruction algorithm is proposed to face the �� ! hadrons background levels at
the ILC and CLIC. Particularly, the physics study is based in the extraction of the
electro-weak couplings of the top quark at the ILC assuming a centre-of-mass energy
of

p
s = 500GeV and a luminosity of L = 500 fb�1 equality shared between the in-

coming beam polarisations of P
e

�,+ = ±0.8,⌥0.3. Events are selected in which the
top pair decays semi-leptonically and the cross sections and the forward-backward
asymmetry are determined. The vector, axial vector and tensorial CP conserving
couplings are separately extracted for the photon and the Z0 component. Com-
plementary some sensitive observables to CP violating couplings are investigated.
The analysis has been adapted also at

p
s = 380GeV with beam polarisations of

P
e

�,+ = ±0.8, 0 for CLIC. The sensitivity to new physics would be dramatically
improved w.r.t. what expected from LHC for electroweak couplings.
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Similar behaviour we oberved in the asymmetry.

(Same samples that Nacho used in his studies)



Systematic uncertainties
(of the distributions means)

selection effect 
(impact in #σ) lqA eqA pqA lqV eqV pqV ReuZ ReuA ImuZ ImuA

380 (e-,e+) = (-0.8, 0) 2 3 2 1 3 0 2 1 0,2 0,2
380 (e-,e+) = (0.8, 0) 3 0,5 0,1 0,1 0 0 0,5 0 0,4 0,3

500 (e-,e+) = (-0.8, 0.3) 0,8 0,6 0,6 0,4 0,3 0,1 2 2 0,5 0,5
500 (e-,e+) = (0.8, -0.3) 0,4 2 2 0,7 0,8 0,2 0,2 1 1 1

reconstruction effect 
(impact in #σ) lqA eqA pqA lqV eqV pqV ReuZ ReuA ImuZ ImuA

380 (e-,e+) = (-0.8, 0) 2 3 1 2 1 2 1 1 0,1 0,1
380 (e-,e+) = (0.8, 0) 2 2 2 1 2 1 1 2 0,2 0,3

500 (e-,e+) = (-0.8, 0.3) 2 0,3 2 1 0,3 1 0,5 2 0,4 0,5
500 (e-,e+) = (0.8, -0.3) 0,5 2 2 0,2 2 1 2 2 0,4 0,5

Selection 
biases around 
1σ in almost all 

cases

Reconstruction 
biases around 
1σ in almost all 

cases



Beam structure effects
Using WHIZARD 2.3.1 for MC generation:

Beamstrahlung switching on/off CIRCE1: 
selection effect 
(impact in #σ) lqA eqA pqA lqV eqV pqV ReuZ ReuA ImuZ ImuA

380 (e-,e+) = (-0.8, 0) 0,4 0,4 0,3 0,3 0,3 0,2 0 0,3 0 0
380 (e-,e+) = (0.8, 0) 0,5 1 1 0 1 0,8 1 0,9 0 0

500 (e-,e+) = (-0.8, 0.3) 1 2 1 1 0,4 1 0,6 1 0 0
500 (e-,e+) = (0.8, -0.3) 0,4 1 1 0,5 1 0,9 1 1 0 0

Switching on/off ISR (using parameters by default): 
selection effect 
(impact in #σ) lqA eqA pqA lqV eqV pqV ReuZ ReuA ImuZ ImuA

380 (e-,e+) = (-0.8, 0) 1 1 1 1 0,1 1 0,7 1 0 0
380 (e-,e+) = (0.8, 0) 1 1 1 0,5 1 0,6 0,7 1 0 0

500 (e-,e+) = (-0.8, 0.3) 2 2 2 3 0,7 3 2 2 0 0
500 (e-,e+) = (0.8, -0.3) 1 2 2 0,7 3 2 3 2 0 0

Low impact of the beam structure

(of the distributions means)

Parameterts variaton give 
rise to much smaller effects 



Future work

• EFT paper in preparation

• Complet systematic studies ongoing

• Move to CLIC@1400 (collaboration with Rickard)

• Optimal observables for global EFT fit are found 
to be robust

Conclusions


