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The measurement of the top-quark anomalous electromagnetic couplings is one of the most
important goals of the top-quark physics program in the present and future collider experiments.
This would provide direct information on the non-standard interactions of the top-quark. We study
a top-quark pair production scenario at the Future Circular Hadron-Electron Collider (FCC-he)
through e”p — e~yp — fv.bp collisions, which will provide information about sensitivities on
anomalous dy and d4 couplings at a 95% C.L., and the possibility of probing new physics.

40th International Conference on High Energy physics - ICHEP2020
July 28 - August 6, 2020

Prague, Czech Republic (virtual meeting)

*Speaker

© Copyright owned by the author(s) under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). https://pos.sissa.it/


mailto:mahernan@uaz.edu.mx
mailto:mkoksal@cumhuriyet.edu.tr
mailto:abillur@cumhuriyet.edu.tr
mailto:alexgu@fisica.uaz.edu.mx
https://pos.sissa.it/

The prospective FCC-he sensitivities on the dipole moments of the top-quark M. A. Hernandez-Ruiz

1. Introduction

Since the detection of the top-quark, there has been an enormous motivation to investigate
the properties and the potential of the top-quark in great detail both in production and in decay.
The experimental results of the current colliders are complemented by very precise theoretical
predictions in the framework of the Standard Model of particle physics and beyond. Specifically,
the anomalous coupling 77y, which is the subject of this work, has been studied in detail at in hadron
colliders and at future high-luminosity high-energetic linear electron-positron colliders [1-3].

The Standard Model prediction for the Magnetic Moment (MM) and the Electric Dipole
Moment (EDM) of the top-quark, that is a, [4] and d, [5-7] reads:

a, =0.02, d;, < 107%ecm).

The a; can be tested at current and future colliders such as the LHC, CLIC, the Large Hadron-
Electron Collider (LHeC) and the FCC-he. In the case of the d;, its value is strongly suppressed,
and is much too hard to be observed. However, it is very attractive for probing new physics BSM.
Furthermore, it is considered as a source of CP violation.

2. Single top-quark production via the process ¢ p — e"yp — fv.bp

We study the dipole moments of the top-quark in a model-independent way through the single
top-quark production process e”p — e~ yp — tv.bp. Fig. 1 shows the schematic diagram
for the process e"p — e~ yp — fv.bp and the Feynman diagrams contributing to the reaction
ey — iv.b.

Fig. 1: A schematic diagram for the process e"p — e~ yp — fv.bp and the Feynman diagrams the

subprocess e”y — tv.b (1-4).

3. Results and Conclusion

Model-independent sensitivity estimates on the dy and d 4.

We have calculated the sensitivity of the non-standard couplings, dy and 44, for the process
e p — e yp — fv.bp. We base our results on the following kinematic acceptance cuts in order
to optimize the significance of the signal over all the backgrounds:

Cut-1:p% >20GeV, Cut-2:[7”| <2.5, Cut-3:p}¢ > 15GeV (1)
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In Eq.(1), p? is the transverse momentum of the final state bottom-quark, 7" is the pseudo-rapidity
and p;g is the transverse momentum of the electron-neutrino. We consider the center-of-mass
energies s = 7.07 TeV, /s = 10 TeV and luminosities £ = 50, 100, 300, 500, 1000 fb~!
with unpolarized and polarized electron beam. Furthermore, We have considered the kinematic
acceptance cuts given by Eq. (1), take into account the systematic uncertainties &y = 0%, 3%, 5%
and we follow three different confidence level (C.L.) 68%, 90% and 95% and to make our study

more effective we perform a y? test define in Eq. (2),

2

A A osm — ogsm (Vs,dv,da)
x* (v, da) = : )

O_SM\[ (6st)2 + (6sys)2

Here o5y is the cross-section from the SM, while ogsp (Vs, dy,da) is the total cross-section

which contains contributions from the SM, as well as non-standard contributions which come from

VNsm

the anomalous couplings dy and ds. 05 = and 0y, are the statistical and systematic

uncertainties.

0004

2 oot

(pb)

Fig. 2: The total cross sections of the process e"p — e~ yp — tv.bp as a function of d,, and a, for
center-of-mass energies of v/s = 7.07 TeV and +/s = 10 TeV at the FCC-he.

In conclusion, our sensitivity study is cut-based and uses polarized beam. We find that the total
cross-section o-(e”p — e~ yp — tv.bp) has a strong dependence on the anomalous couplings dy
and d4, as well as with on center-of-mass energies of the FCC-he and therefore strong sensitivity
estimated are obtained on o(e”p — e~ yp — tv.bp) and dy (d4). Our results show that with the
process e"p — e~ yp — tv.bp the FCC-he, the sensitivity estimated on the MM and the EDM of
the top-quark can be significantly strengthened.
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