
Prog. Theor. Exp. Phys. 2022 113B06(13 pages)
DOI: 10.1093/ptep/ptac144

Muon (g − 2) and the W-boson mass anomaly in a
model based on Z4 symmetry with a vector-like
fermion
Simran Arora, Monal Kashav, Surender Verma�, and B. C. Chauhan
Department of Physics and Astronomical Science, Central University of Himachal Pradesh, Dharamshala
176215, India
�E-mail: s_7verma@yahoo.co.in

Received August 16, 2022; Revised October 14, 2022; Accepted November 2, 2022; Published November 4, 2022

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
The latest results of the CDF-II Collaboration show a discrepancy of 7σ with standard
model expectations. There is also a 4.2σ discrepancy in the measurement of the muon mag-
netic moment reported by Fermilab. We study the connection between neutrino masses,
dark matter, the Muon (g − 2) experiment, and the W-boson mass anomaly within a single
coherent framework based on a Z4 extension of the scotogenic model with a vector-like
lepton (VLL). Neutrino masses are generated at the one-loop level. The inert doublet also
provides a solution to the W-boson mass anomaly through correction in oblique param-
eters S, T, and U. The coupling of the VLL triplet ψT to the inert doublet η provides a
positive contribution to the muon anomalous magnetic moment. In the model, the VLL
triplet provides a lepton portal to dark matter, η0

R. The model predicts a lower bound mee

> 0.025 eV at 3σ , which is well within the sensitivity reach of the 0νββ decay experiments.
The model explains the muon anomalous magnetic moment �aμ for 1.3 < yψ < 2.8 and a
DM candidate mass in the range 152 GeV < Mη0

R
< 195 GeV. The explanation of the W-

boson mass anomaly further constrains the mass of the DM candidate, Mη0
R
, in the range

154 GeV < Mη0
R

< 174 GeV.
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1. Introduction
The existence of dark matter (DM), non-zero neutrino masses, and matter–antimatter asym-
metry suggests that the standard model (SM) of particle physics, despite its enormous tri-
umphs, cannot be regarded as a conclusive hypothesis. Very recently, the Muon (g − 2) Col-
laboration at Fermilab has reported the measurement of the muon anomalous magnetic mo-
ment aμ ≡ (gμ − 2)/2, showing a 4.2σ discrepancy with the SM prediction [1]. The differ-
ence between the combined experimental result aexp

μ = 116 592 061(41) × 10−11 [1] and the
SM prediction aSM

μ = 116 591 810(43) × 10−11 [2] of the muon anomalous magnetic moment
is �aμ ≡ aexp

μ − aSM
μ = 251(59) × 10−11, which is a sign of new physics (NP) beyond the SM

(BSM). Several models have been proposed with an aim to accommodate the Muon (g − 2) re-
sult. Although there exist theoretical models based on discrete symmetries to resolve the muon
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Table 1. The field content and respective charge assignments of the model under SU(2)L × U(1)Y × Z4

× Z2.

Symmetry group Le, Lμ, Lτ eR, μR, τR N1, N2, N3 ψT H S η

SU(2)L × U(1)Y (2, −1/2) (1, −1) (1, 0) (3, −1) (2, 1/2) (1, 0) (2, 1/2)
Z4 (1, i, −i) (1, i, −i) (1, i, −i) i 1 −i 1
Z2 + + − − + + −

anomaly [3–6], the most general framework includes the extension of the SM by U (1)Lμ−Lτ

symmetry [7,8], wherein an additional gauge boson provides a correction to the muon mag-
netic moment at the one-loop level [9–15].

Within the SM, the mass of the W-boson is MSM
W = 80.354 ± 0.007 GeV [16]; however, the

CDF-II Collaboration has recently published their results for the mass of the W gauge boson
MW = 80.4335 ± 0.0094 GeV [17], which shows a 7σ discrepancy with the corresponding SM
prediction [16]. There have been many attempts to resolve this anomaly [18–28]. The authors
of Refs. [29–43] have attempted to provide a common explanation for both the Muon (g − 2)
result and the W-boson mass anomaly.

In the context of scotogenic models, U (1)Lμ−Lτ
symmetry has been employed, where a new

gauge boson emanating from the symmetry breaking explains the Muon (g − 2) result [44–48].
In such scenarios, the scotogenic fields (η, Nk) do not contribute to Muon (g − 2) explicitly.
Alternatively, in the present work, Z4 symmetry is employed for the coupling of the muon to
the inert doublet η and the vector-like lepton (VLL), ψT, explaining the Muon (g − 2) result in
the framework of the scotogenic model [49–51]. The novelty of the framework lies in the fact
that the inert doublet (η) contributes to the neutrino mass, dark matter, Muon (g − 2), and the
W-boson anomaly explanation. With the addition of three right-handed neutrinos and an inert
doublet, the scotogenic model offers a simultaneous explanation for dark matter and non-zero
neutrino masses. A scalar singlet is added to the particle content of the model that breaks the
Z4 symmetry. The inert doublet and right-handed neutrinos are odd under the Z2 symmetry
stabilizing the lightest DM candidate, i.e., the real part of the inert doublet in the model. The
neutrino masses are generated at the one-loop level. In order to accommodate Muon (g − 2),
a VLL triplet is added, which couples to the scalar doublet, resulting in a chirally enhanced
positive contribution to Muon (g − 2) and also providing a lepton portal to DM. In addition,
the model can resolve the W-boson mass anomaly through correction in oblique parameters S,
T, and U, reflecting the NP contribution.

The paper is organized as follows. In Sect. 2, we discuss the basic structure and phenomeno-
logical consequences of the scotogenic model. In Sect. 3, we outline the numerical analysis and
related discussion. Finally, in Sect. 4, we summarize our results.

2. Scotogenic model for neutrino masses
We have extended the SM gauge symmetry by a Z4 symmetry. In order to generate small neu-
trino masses, we have considered a scotogenic model that extends the SM with three right-
handed neutrinos and an inert scalar doublet with an imposed Z2 symmetry that also provides
a solution to DM. The particle content of the model with corresponding charge assignments is
given in Table 1. Here, Lα and αR(α = e, μ, τ ) are left-handed lepton doublets and right-handed
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Fig. 1. A diagram showing the neutrino mass generation in the scotogenic model at the one-loop level.

charged leptons, respectively, Nk (k = 1, 2, 3) are right-handed neutrino singlets, ψT is the VLL
triplet, H is the SM Higgs, S is a scalar singlet, and η is an inert scalar doublet.

The relevant terms in the Yukawa Lagrangian are

−L ⊇ M11

2
N1N1 + M23N2N3 + yη1L̄eη̃N1 + yη2L̄μη̃N2 + yη3L̄τ η̃N3

+ y12SN1N2 + y13S∗N1N3 + yψη†ψ̄T,RLμ + Mψψ̄T ψT

+ yeL̄eHeR + yμL̄μHμR + yτ L̄τ HτR + H.c., (1)

with η̃ = iσ2η
∗; the scalar potential V(H, S, η) is

V (H, S, η) = −μ2
H (H †H ) + λ1(H †H )2 − μ2

S(S†S) + λS(S†S)2 + λHS(H †H )(S†S)

+ μ2
η(η†η) + λ2(η†η)2 + λ3(η†η)(H †H )

+λ4(η†H )(H †η) + λ5

2
[(H †η)2 + (η†H )2] + ληS(η†η)(S†S) + H.c. (2)

The SM gauge symmetry is broken by the neutral component of the Higgs doublet H while
the Z4 symmetry is spontaneously broken by the non-zero vacuum expectation value (vev) of
the scalar singlet S. Also, we assume μ2

η > 0 so that η does not acquire any vev. Using Eq. (1),
the charged lepton mass matrix Ml, Dirac Yukawa matrix yD, and right-handed neutrino mass
matrix MR are given by

Ml = 1√
2

⎛
⎜⎝yev 0 0

0 yμv 0
0 0 yτ v

⎞
⎟⎠, yD =

⎛
⎜⎝yη1 0 0

0 yη2 0
0 0 yη3

⎞
⎟⎠,

MR =

⎛
⎜⎝ M11 y12vS/

√
2 y13vS/

√
2

y12vS/
√

2 0 M23eiδ

y13vS/
√

2 M23eiδ 0

⎞
⎟⎠, (3)

where v/
√

2 and vS/
√

2 are vevs of the Higgs field H and scalar field S, respectively, and δ is
the phase remaining after redefinition of the fields.

2.1 Neutrino masses, Muon (g − 2), W-boson mass anomaly, and dark matter
The neutrino masses are generated at the one-loop level (Fig. 1), resulting in the light neutrino
mass matrix given by [49,52]

Mν
i j =

∑
k

yiky jkMk

16π2

[
M2

η0
R

M2
η0

R
− M2

k

ln
M2

η0
R

M2
k

−
M2

η0
I

M2
η0

I
− M2

k

ln
M2

η0
I

M2
k

]
, (4)
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Fig. 2. Diagrams indicating the positive contribution from ψT and η to Muon (g − 2) at the one-loop
level.

where Mk is the mass of kth right-handed neutrino and Mη0
R,η0

I
are the masses of the real and

imaginary parts of the inert doublet η. The Yukawa couplings appearing in Eq. (4) are derived
from yD in the basis where MR is diagonal. If the mass-squared difference between η0

R and η0
I ,

i.e., M2
η0

R
− M2

η0
I
, equals λ5v2 << M2, where M2 = (M2

η0
R

+ M2
η0

I
)/2, then the above expression

reduces to

Mν
i j = λ5v2

16π2

∑
k

yiky jkMk

M2 − M2
k

[
1 − M2

k

M2 − M2
k

ln
M2

M2
k

]
. (5)

The low-energy effective neutrino mass matrix Mν obtained using Eq. (5) can be diagonalized
to ascertain model predictions for neutrino masses and mixing angles, namely,

Mν = U Mν
dU T , (6)

where U is a unitary matrix and Mν
d = diag(m1, m2, m3), mi are neutrino mass eigenvalues. In

term of the elements of the diagonalizing matrix,

U =

⎛
⎜⎝Ue1 Ue2 Ue3

Uμ1 Uμ2 Uμ3

Uτ1 Uτ2 Uτ3

⎞
⎟⎠, (7)

the neutrino mixing angles can be evaluated using

sin2
θ13 = |Ue3|2, sin2

θ23 = |Uμ3|2
1 − |Ue3|2 , sin2

θ12 = |Ue2|2
1 − |Ue3|2 . (8)

2.1.1 Contribution to Muon (g − 2). In order to accommodate Muon (g − 2) in the model,
we have added a VLL triplet ψT with an appropriate Z4 charge so that it only couples to the
muon. This VLL ψT alone gives a negative contribution to Muon (g − 2) [53]. Also, the charged
component of the scalar doublet η has a negative contribution to Muon (g − 2). However, ψT

coupling with η may result in a chirally enhanced positive contribution to �aμ through the
yψη†ψ̄T,RLμ term in Eq. (1). The possible diagrams contributing to Muon (g − 2) are shown in
Fig. 2.

The contribution to the muon anomalous magnetic moment is given by [53]:

�aμ = m2
μy2

ψ

32π2M2
η

[
5FF F S

(
M2

ψ/M2
η

) − 2FSSF
(
M2

ψ/M2
η

)]
, (9)
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where mμ, Mψ , Mη are the masses of the muon, VLL triplet ψT, and inert scalar doublet η,
respectively, and yψ is the coupling constant. Also,

FF F S(t) = 1
6(t − 1)4

[t3 − 6t2 + 3t + 2 + 6t ln t],

and

FSSF (t) = 1
6(t − 1)4

[−2t3 − 3t2 + 6t − 1 + 6t2 ln t], (10)

where t = M2
ψ

M2
η

and Mη ≈ Mη0
R
.

Furthermore, the doubly charged fermion ψ−−
T contributing to Muon (g − 2) is accessible at

collider experiments. In the composite framework of leptons and quarks, the doubly charged
fermion ψ−−

T couples to SM fermions via the W-boson, leading to single decay channel ψ−−
T →

W −l−, where l is an SM lepton. The production and decay channels of ψ−−
T and its antiparticle

ψ++
T are given by

ūd → ψ−−
T l+ → W −l−l+,

ud̄ → ψ++
T l− → W +l+l−,

where u (d) are up (down) quarks. In a pp-collider, though the cross-sections for the ψ−−
T /ψ++

T

decay channels are very small at the parton level, the cross-section corresponding to ψ++
T is

relatively large. This particular decay channel contains tri-leptons with same-sign di-leptons
having low SM background and a clear signature signal given by pp → l−(l+l+)ν l [54].

2.1.2 W-boson mass correction from the scalar doublet. In the scotogenic model, the scalar
doublet η provides a correction to the W-boson mass. The NP contribution is parameterized in
terms of three self-energy parameters called “oblique parameters”, namely, S, T, and U [55].
The correction to the W-boson mass in terms of these parameters is given by [55]

MW = MSM
W

[
1 − αem

4
(
c2

w − s2
w

) (S − 1.55T − 1.24U )

]
(11)

where MSM
W is the mass of the W-boson in the SM, αem is the electromagnetic fine structure

constant, and cw and sw are the cos and sin of the Weinberg angle, respectively. The values of
the oblique parameters, including the new CDF-II W-boson mass result [56], are

S = 0.06 ± 0.10, T = 0.11 ± 0.12, and U = 0.14 ± 0.09, (12)

with the correlation coefficients

ρST = 0.90, ρSU = −0.59, and ρTU = −0.85. (13)

With vanishing U, the values of the S and T parameters are found to be [56]

S = 0.15 ± 0.08 and T = 0.27 ± 0.06 with correlation coefficient ρST = 0.93. (14)

Within the paradigm of the scotogenic model, the main contribution to the oblique parame-
ters comes from the scalar doublet η. The S, T, and U contributions from the scalar doublet η

have been derived assuming degenerate CP-even and CP-odd scalars (Mη0
R

	 Mη0
I
), since λ5 is

considered to be small. The S, T, and U corrections are given by [57]
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Table 2. The ranges of parameters used in the numerical
analysis (k = 1, 2, 3, x ≡ y12vS√

2
, and y ≡ y13vS√

2
).

Parameters Range

(M11, M23) (10, 100) GeV
(x, y) (10, 100) GeV
δ◦ (0, 360)
yηk (10−2, 10−1)
μη (10, 100) GeV
vS (100, 400) GeV
ληS (10−2, 10−1)
λ3 (10−2, 10−1)
λ4 (10−1, 1)
λ5 (10−5, 5 × 10−5)
Mk (1 × 107, 9 × 107) GeV
Mψ (100, 400) GeV

S 	 1
12π

log

(
M2

M2
η+

)
,

T 	 2
√

2GF

(4π )2αem

[
M2 + M2

η+

2
− M2M2

η+

M2
η+ − M2

log

(
M2

η+

M2

)]
,

U 	 1
12π

[
−5M4

η+ − 22M2
η+M2 + 5M4

3(M2
η+ − M2)2

+ (M2
η+ + M2)(M4

η+ − 4M2
η+M2 + M4)

(M2
η+ − M2)3

log

(
M2

η+

M2

)]
,

(15)

where M2 = (M2
η0

R
+ M2

η0
I
)/2 and Mη+ is the mass of the charged component of the inert doublet

η.

3. Numerical analysis and discussion
In order to constrain the allowed parameter space and investigate the neutrino phenomenology,
the model predictions for neutrino mass-squared differences (�m2

21, �m2
31) and mixing angles

(θ13, θ23, θ12) are compared with 3σ ranges of the experimental data on neutrino masses and
mixings, namely [58],

sin2
θ13 = (0.020 34 − 0.024 30), sin2

θ23 = (0.407 − 0.620), sin2
θ12 = (0.269 − 0.343),

�m2
31 = (2.431 − 2.599) × 10−3 eV2, �m2

21 = (6.82 − 8.04) × 10−5 eV2. (16)

The model predictions for neutrino masses and mixing angles are obtained by numerically di-
agonalizing the low-energy effective neutrino mass matrix in Eq. (5). The free parameters of the
model are varied randomly in the ranges given in Table 2. The model predicts neutrino mixing
angles and mass-squared differences within their 3σ range. For the sake of completeness, we
have given correlation plots depicting the allowed parameter space of the model. Figure 3(a)
shows the variation of sin 2θ12 and sin 2θ23 with the sum of active neutrino masses �mi, whereas
Fig. 3(b) shows the variation of sin 2θ13 with the sum of active neutrino masses �mi.
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Fig. 3. The correlation of sin 2θ12, sin 2θ23, and sin 2θ13 with the sum of neutrino masses �mi. The hori-
zontal lines show the allowed 3σ ranges of the mixing angles [58] and the gray shaded region is disallowed
by the cosmological bound on the sum of neutrino masses [59, 60].

Fig. 4. The correlations of CP-rephasing invariants JCP, I1, and I2 with the sum of neutrino masses �mi.
The gray shaded region is disallowed by the cosmological bound on the sum of neutrino masses [59, 60].

Also, information about the CP violation is encoded in CP-rephasing invariants JCP, I1, and
I2. The Jarlskog CP invariant JCP is given by [61,62]

JCP = Im
[
Ue1Uμ2U ∗

e2U
∗
μ1

]
, (17)

while the other two CP invariants I1, I2 related to Majorana phases can be written as

I1 = Im
[
U ∗

e1Ue2
]
, I2 = Im

[
U ∗

e1Ue3
]
. (18)

Figure 4(a) shows the variation of the Jarlskog CP invariant with the sum of active neutrino
masses �mi and Figs. 4(b) and (c) show the correlation of I1 and I2 with the sum of active
neutrino masses �mi. The model predicts both CP-conserving and -violating solutions.
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Fig. 5. The correlation of mee with the sum of neutrino masses �mi. The sensitivity reaches of various
0νββ decay experiments are shown with the horizontal lines. The gray shaded region is disallowed by
the cosmological bound on the sum of neutrino masses [59, 60].

Fig. 6. The variation of the muon anomalous magnetic moment �aμ with the coupling constant yψ (a).
The horizontal lines depict the experimental range of the muon anomalous magnetic moment [1]. The
region of the parameter space in the (Mη0

R
–yψ ) plane is in consonance with Muon (g − 2) and neutrino

oscillation data (b).

There is also a longstanding question in particle physics about the exact nature of neutrinos.
The neutrinoless double beta decay (0νββ) experiment can confirm the Majorana nature of
the neutrino. The amplitude of this process is proportional to the (1,1) element of the neutrino
mass matrix, for which the general expression is given by

mee ≡ Mν
11 =

∣∣∣∣∣
3∑

i=1

U 2
eimi

∣∣∣∣∣ . (19)

The correlation of mee with the sum of active neutrino masses �mi is shown in Fig. 5. The
sensitivities of 0νββ decay experiments such as nEXO [63], NEXT [64, 65], KamLand-Zen
[66], and SuperNEMO [67] are also shown in Fig. 5. The model predicts a lower bound mee >

0.025 eV at 3σ , which is well within the sensitivity reach of the 0νββ decay experiments.

3.1 Muon (g − 2)
The contribution to Muon (g − 2) is calculated using Eq. (9). In Fig. 6(a), we show the correla-
tion of the muon anomalous magnetic moment �aμ with the coupling constant yψ . Figure 6(b)
depicts the region of the parameter space in the (Mη0

R
–yψ ) plane, which is consistent with the

observed range of �aμ. The parameter spaces shown in Figs. 6(a) and (b) have been obtained
by requiring the model to be consistent with neutrino oscillation data (16). It is evident from
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Fig. 7. The correlation of oblique parameters S and T with the W-boson mass MW. The dashed lines
indicate the experimental ranges of the oblique parameters (horizontal) [56] and the CDF-II W-boson
mass (vertical) [17].

Fig. 8. The correlation of the mass of the real part of the inert doublet Mη0
R

with the W-boson mass MW.
The horizontal dashed lines indicate the CDF-II W-boson mass range [17].

Figs. 6(a) and (b) that the model explains the muon anomalous magnetic moment �aμ for 1.3
< yψ < 2.8 and a DM candidate mass in the range 152 GeV < Mη0

R
< 195 GeV, respectively.

3.2 W-boson mass anomaly
The corrections to the W-boson mass and oblique parameters reflecting the NP contribution
are obtained using Eqs. (11) and (15), respectively. In Figs. 7(a) and (b), we show the corre-
lations of oblique parameters S and T with the W-boson mass MW. The dashed lines depict
the experimental ranges of the respective parameters. The parameter space shown in Figs. 7(a)
and (b) is also consistent with the Muon (g − 2) and neutrino oscillation data. Further, it de-
picts the region accommodating the CDF-II W-boson mass range and oblique parameters S
and T predicted by the model. Figure 8 shows the variation of the W-boson mass MW with
the mass of the real part of the inert doublet Mη0

R
(DM candidate). The dashed lines repre-

sent the experimental range of the W-boson mass. It can be seen from Fig. 8 that the expla-
nation of the W-boson mass anomaly further constrains the DM candidate mass, Mη0

R
, to be

in the range 154 GeV < Mη0
R

< 174 GeV, in comparison to the range exhibited in Fig. 6(b)
(152 GeV < Mη0

R
< 195 GeV).

3.3 Dark matter
Within the model, the interaction of DM with SM particles may be through two portals,
namely, the Higgs portal and the lepton portal via the VLL triplet ψT. As discussed ear-
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Table 3. The values of input parameters used to obtain a benchmark point for the numerical analysis (k
= 1, 2, 3).

Parameters Value

(M11, M23) (50.9, 68.4) GeV
(x, y) (63.7, 25.5) GeV
δ◦ 333.4
yηk (0.03, 0.05, 0.05)
(Mη0

R
, Mη0

I
) (165.93, 165.94) GeV

vS 116 GeV
Mk (8.64, 2.30, 7) × 107 GeV
Mψ 269 GeV

lier, the real part of the inert doublet is the lightest among all the BSM fields and is a suit-
able DM candidate in the model. The mass of DM predicted by the model is in the range
154 GeV < Mη0

R
< 174 GeV, which is in consonance with neutrino oscillation data and Muon

(g − 2) and explains the W-boson mass anomaly simultaneously. However, in the context of the
inert Higgs doublet model (IHDM), this region (corresponding to the desert region) does not
give the correct relic density due to annihilation of the DM particle into gauge bosons [68, 69].
This issue can be resolved by considering a different production mechanism of DM [70, 71] or
by extending the IHDM with multi-component bosonic DM, which provides the required relic
density in the desert region [72]. Assuming non-thermal production of DM, the relic density is
approximately given by [70]

�h2 = MDMY0s0

ρc
, (20)

where MDM = Mη0
R

is the mass of DM, Y0 is the co-moving number density or yield of DM, s0

∼ 2891.2cm−3 is the present-day entropy of the universe, ρc ∼ 1.05 × 10−5h2 GeV cm−3 is the
critical density, and h ∼ 0.72 is the Hubble parameter. The predicted mass of DM along with
Eq. (20) can be used to get a crude approximation for the relic density of DM. For example, the
present model accommodates an observed relic density of DM ∼ O(0.12) for Y0 ∼ O(10−12),
which can be achieved through non-thermal production mechanisms [71]. It is interesting to
note, from the above order-of-magnitude analysis, that the model can explain the relic density
of DM in the desert region, thus warranting further detailed study in future work.

Benchmark point: For ready reference, we provide a benchmark point for which the model sat-
isfies the neutrino oscillation data, Muon (g − 2), and the W-boson mass anomaly, simultane-
ously. For the input parameters listed in Table 3, the neutrino mixing angles and mass-squared
differences predicted by the model are

sin2
θ13 = 0.022, sin2

θ23 = 0.60, sin2
θ12 = 0.34,

�m2
31 = 2.46 × 10−3 eV2, �m2

21 = 7.1 × 10−5 eV2.

The value of �aμ = 2.96 × 10−9 for Mψ = 269 GeV, Mη = 101 GeV, and yψ = 2.57 while the
mass of the W-boson MW = 80.43 GeV for the oblique parameters S = 0.08 and T = 0.29.

Finally, a comment on the lepton flavor violation (LFV) process μ → eγ is in order. The
investigation of the lepton flavor violation (LFV) process is encouraging from the perspective
of explorable signatures of BSM scenarios at collider experiments. Any detection of such LFV
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decays as μ → eγ will be a new physics signature. Within the model proposed in this work, the
charged component of the scalar doublet can provide such an NP contribution, for which the
decay width is given by [73, 74]

Br(μ → eγ ) = 3(4π )3αem

4G2
F

|AD|2Br(μ → eνμν̄e), (21)

where

AD =
∑

k

y∗
keykμ

16π2

1
M2

η+
f (x′), (22)

GF is the Fermi constant, x′ = M2
k/M2

η+ , and f (x′) = 1−6x′+3x′2+2x′3−6x′2 log x′
12(1−x′ )4 . The LFV predic-

tion of the model is found to be in consonance with the experimental bound (in fact less than
10−14) for the obtained DM mass range.

4. Conclusions
The muon (g − 2) anomaly, neutrino mass and mixing pattern, and dark matter lack an expla-
nation within the SM. Also, recent observation of the W-boson anomaly requires new physics
explanation beyond the SM. In this work, we propose a scotogenic scenario explaining neu-
trino oscillation data, the Muon (g − 2) result, and the W-boson mass anomaly with a possible
DM candidate simultaneously. The SM gauge group is extended with Z4 symmetry, which is
broken by the vev of the scalar singlet S. In particular, to accommodate small neutrino masses
and DM in the model, we have considered a scotogenic model that includes three right-handed
neutrinos and an inert scalar doublet that is odd under Z2 symmetry. The real part of the in-
ert doublet is the lightest Z2-odd particle; thus, it is a suitable DM candidate in the model.
Furthermore, a VLL triplet ψT is introduced that couples to the scalar doublet, providing a
positive contribution to Muon (g − 2). We also provide a benchmark point for the numerical
analysis, indicating the simultaneous explanation of the above-mentioned anomalies. In addi-
tion, the implications of the model for 0νββ decay have been studied. The model predicts a
lower bound mee > 0.025 eV at 3σ , which is well within the sensitivity reach of the 0νββ decay
experiments. The model, in general, predicts both CP-conserving and CP-violating solutions.
The model explains the muon anomalous magnetic moment �aμ for 1.3 < yψ < 2.8 and a DM
candidate mass in the range 152 GeV < Mη0

R
< 195 GeV (Fig. 6(b)). The explanation of the

W-boson mass anomaly further constrains the mass of the DM candidate, Mη0
R
, to be in the

range 154 GeV < Mη0
R

< 174 GeV (Fig. 8).
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