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One of the most straightforward extensions to the Standard Model is the* (1)�−! model based on

the gauge group (* (3)� × (* (2)! ×* (1). ×* (1)�−!. 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 / ′ gauge boson, the heavy-neutrinos

a', and the new Higgs boson �. With these motivations, we carried out a study on the / ′

resonance and heavy-neutrino pair production at the future muon collider through the process

`+`− → / ′ → a'a' → ;±,∓;∓,± with the subsequent decay of a' to pairs of ;±,∓ with

; = 4, `.
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Figure 1: Fig. 1: Feynman diagrams for the signal process `+`− → / ′ → a'a' → ;±,∓;∓,±, 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 / ′ boson predicted by the gauge (* (3)� × (* (2)! ×* (1). ×* (1)�−! model [1].

The model predicts the existence of an extra / ′ neutral gauge boson, as well as three heavy Right-

Handed (RH) neutrinos, and one heavy Higgs boson � responsible for the * (1)�−! symmetry

breaking. Our aim in the present paper is to study the phenomenology of the / ′ resonance, heavy-

neutrinos pair production, and its subsequent decay to pairs of ;±,∓ with ; = 4, ` at the future

muon collider [2] through the production channel `+`− → / ′ → a'a' → ;±,∓;∓,±, which is

given in Fig. 1.

1.1 The cross-section of the `+`− → / ′ → a'a' → ;±,∓;∓,± process in the / ′ resonance

The first-order description of the `+`− → / ′ → a'a' → ;±,∓;∓,± process is given by the

Feynman diagram shown in Fig. 1. From Breit-Wigner resonance form [3, 4]:

f
(
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The explicit form of the total cross-section of reaction `+`− → / ′ → a'a' is given by:

f/′ (`+`− → a'a') =
��"

2
/
"4

/′6
′2
1

3c
√

2

[(6
′`
+
)2 + (6

′`
�
)2]

B[(B − "2
/′)2 + "2

/′Γ
2
/′]

(

1 − 4
"2

a'

"2
/′

)3/2
. (2)

The cross-section of the process `+`− → / ′ → a'a' → ;±,∓;∓,± can be approximately written

as:

f�−!
(

`+`− → / ′ → a'a' → ;±,∓;∓,±)
≃ f/′

(

`+`− → / ′ → a'a'
)

× �'(a' → ;±,∓) × �'(a' → ;∓,±). (3)

2. Results and conclusions

In conclusion, in this article, we have studied the production of heavy-neutrino pairs a' with the

subsequent decay of a' to pairs of ;±,∓ with ; = 4, ` and in the context of the * (1)�−! extension
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Figure 2: Correlation between "/′ and "a' . The contours are for f)>C = 0.0055, 0.006, 0.007,

0.008, 0.01 fb and
√
B = 5 TeV, 6′

1
= 0.66.

of the SM with an additional / ′ boson at the future muon collider with the center-of-mass energies

of
√
B = 4, 5, 6, 7 TeV and integrated luminosities of L = 2, 3, 4, 10 ab−1. Our study covered the

process `+`− → / ′ → a'a' → ;±,∓;∓,± with ; = 4, ` in the resonance of the / ′ boson, where

the total number of expected events can reach # = 35 events for
√
B = 7 TeV and L = 10 ab−1.

Furthermore, studying the resonances is an excellent place to look for new physics; final muon

states allow precise detection.
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