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One of the most straightforward extensions to the Standard Model is the U (1) ;. model based on
the gauge group SU(3)¢ X SU(2)L x U(1)y X U(1)p_r. This model contains three heavy Right-
Handed (RH) neutrinos, essential for anomaly cancellation and preserving gauge invariance.
The model is attractive due to its relatively simple theoretical structure, and the crucial test
of the model is the detection of the new heavy neutral Z’ gauge boson, the heavy-neutrinos
vr, and the new Higgs boson H. With these motivations, we carried out a study on the Z’
resonance and heavy-neutrino pair production at the future muon collider through the process
utu~ — 7' — vrvg — *WFITW* with the subsequent decay of vg to pairs of [*W7F with
l=e,pu.
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Figure 1: Fig. 1: Feynman diagrams for the signal process u*u~ — Z’ — vgvg — [*WFIFW=*, in the B-L
model.

1. Introduction

In this paper, we investigate the pair production of heavy-neutrinos from the production and
decay of the new Z’ boson predicted by the gauge SU(3)¢c X SU(2)r XU (1)y xU(1)g_r model [1].
The model predicts the existence of an extra Z’ neutral gauge boson, as well as three heavy Right-
Handed (RH) neutrinos, and one heavy Higgs boson H responsible for the U(1)p_; symmetry
breaking. Our aim in the present paper is to study the phenomenology of the Z’ resonance, heavy-
neutrinos pair production, and its subsequent decay to pairs of [*W7 with [ = e, u at the future
muon collider [2] through the production channel u*u~ — Z’ — vgvg — [*WF[FW=*, which is
given in Fig. 1.

1.1 The cross-section of the u*u~ — Z’ — vgvr — [EWFITW= process in the Z’ resonance

The first-order description of the u*u~ — Z’ — vgrvg — [*WTIFW= process is given by the
Feynman diagram shown in Fig. 1. From Breit-Wigner resonance form [3, 4]:

An(2J + YMET(Z' — pu*u)I(Z" — vgrVvR)

o(utu” = Z" > vgvg) = (D
s[(s—MZ)2+MLT2,]
The explicit form of the total cross-section of reaction u*u~ — Z’ — vgvg is given by:
2 174 o2 "1y2 "uy2 2 \3/2
oz (WU~ — vRVR) = GrMzMz 8, LGy )2 + (8 )2] > ( - 4M;R) . 2)
377\/5 S[(S_MZ,)2+MZ,FZ,] MZ’

The cross-section of the process u*u~ — Z’ — vrvg — [*WFI¥W* can be approximately written
as:

op-r(ut” = Z' > vrvg - FWTTTWY)
~ oz(pu” > Z' - vrvr) X BR(vg = I"WF) X BR(vg — ITW™). 3)
2. Results and conclusions

In conclusion, in this article, we have studied the production of heavy-neutrino pairs vg with the
subsequent decay of vg to pairs of [*W* with [ = e, u and in the context of the U(1)g_;, extension
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Figure 2: Correlation between Mz and M,,. The contours are for o7,; = 0.0055,0.006,0.007,
0.008,0.01 fb and /s = 5 TeV, g7 = 0.66.
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of the SM with an additional Z’ boson at the future muon collider with the center-of-mass energies
of s = 4,5,6,7 TeV and integrated luminosities of £ = 2,3,4,10 ab™!. Our study covered the
process utu- — Z' — vrvg — [*WFIFW* with [ = e, u in the resonance of the Z’ boson, where
the total number of expected events can reach N = 35 events for v/s = 7 TeV and £ = 10 ab™'.
Furthermore, studying the resonances is an excellent place to look for new physics; final muon
states allow precise detection.

Acknowledgments

We acknowledge support of the Organizing Committee of the 42st International Conference on
High Energy Physics (ICHEP 2024), Prague, Czech Republic.

References
[1] S. Khalil, J. Phys. G: Nucl. Part. Phys. G35, 055001 (2008).
[2] C. Aime, et al., Muon Collider Physics Summary, arXiv:2203.07256v1 [hep-phl].

[3] A. Gutiérrez-Rodriguez, J. M. Martinez-Martinez and M. A. Hernandez-Ruiz, Eur. Phys. J.
Plus 139, 470 (2024).

[4] R. L. Workman, et al., [Particle Data Group], Prog. Theor. Exp. Phys. 2022, 083C01 (2022).



	Introduction
	The cross-section of the +-Z' R R lW lW process in the Z' resonance

	Results and conclusions

