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Extensions of the standard model featuring excited fermions present an interesting framework that
motivates the search for exotic particles at the LHC. Additionally, these extensions offer potential
explanations for the muon’s anomalous magnetic moment and other precision observables, shedding light
on the energy scale and key parameters of the new theory. Our analysis focuses on the one-loop radiative
correction originating from excited lepton doublet and triplet states using the effective Lagrangian
approach. The bounds derived from the ðg − 2Þμ anomaly can be complemented with the ones arising from
other observables, like the electroweak precision observable Δρ and the signals from direct LHC searches
to constrain the effective theory. Our results suggest that the ðg − 2Þμ anomaly can be addressed within a
very narrow region of the effective theory scale. Consequently, this imposes indirect constraints on the
parameter space of excited fermions.
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I. INTRODUCTION

The experimental measurements of the muon’s magnetic
moment ðg − 2Þμ have shown a persistent and statistically
significant deviation from the standard model (SM) pre-
dicted value. The latest evaluation by Muon g − 2 collabo-
ration at Fermilab [1,2], when combined with earlier results
from the Brookhaven E821 experiment [3], indicates a
deviation of 5.1σ from the SM prediction [4]. The ðg − 2Þμ
anomaly has generated considerable interest in the scien-
tific community, as it may potentially lead to the presence
of new physics beyond the SM [5].
Apart from the ðg − 2Þμ anomaly, there are lingering

questions that remain unanswered within the framework of
the SM, despite its notable agreement with experimental
data. Notably, the SM falls short in explaining the existence
of three generations of fermions and the observed patterns
in fermion masses. Answering such questions becomes
feasible under the assumption of the composite structure of
fermions. This presupposition entails that the SM is a

limiting case of a more fundamental theory, valid up to a
certain high-energy scale, denoted as the composite scale
Λ. The concept of compositeness predicts the existence of
heavy excited particles, each corresponding to a fermion
state with a mass denoted as M.
Numerous endeavors have been undertaken to explore

physics at the composite scale, with a predominant focus on
the production of excited fermions at colliders. Notably,
Refs. [6,7] concentrated on the production of excited states
belonging to multiplets with isospin IW ¼ 0; 1=2. Bounds
on the masses of excited fermions with IW ¼ 0; 1=2 were
presented in [8,9] based on experimental searches at the
LHC. On the phenomenological front, calculations of
excited fermion contributions to Z pole observables were
conducted in Ref. [10] for isospin doublet states. It has been
demonstrated that higher isospin multiplets up to IW ¼
1; 3=2 are permitted by SM symmetries [11], implying the
potential existence of exotic states, such as quarks Uþ with
a charge of þ5=3e and quarks D− with a charge of −4=3e.
Phenomenological studies exploring these exotic states
have been presented in Refs. [12–15].
Experimental searches have imposed stringent con-

straints on the composite scale Λ and masses M of excited
fermions [16–18], yet direct experimental confirmation of
the existence of such states remains elusive. In the absence
of direct detection, the examination of indirect effects of
excited fermions on SM observables proves to be a valuable
probe for understanding these states. Lately, there have
been intriguing advancements in exploring the phenom-
enology of effective interactions of excited fermions,
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achieved through the computation of unitarity bounds [19].
These unitarity bounds have demonstrated significant
potential when contrasted with constraints derived from
direct searches at colliders [19]. Likewise, in Ref. [20], it
was demonstrated that nonuniversal contributions to
electroweak precision observables Δρ could considerably
constrain the parameter space, particularly if the masses of
the excited fermions exhibit nondegeneracy.
The effects of excited fermions with isospin doublets

IW ¼ 1=2 on the muon’s magnetic moment ðg − 2Þμ were
discussed in Refs. [21–25]. In this paper, we extend the
previous work on the subject and explore effects of excited
fermions with isospin doublets IW ¼ 1=2 as well as isospin
triplets IW ¼ 1 on the muon’s magnetic moment ðg − 2Þμ at
the one-loop level. The couplings of the excited fermions
(leptons) of the triplet to both excited and standard fermions
(leptons) were calculated using an effective field theory
approach in our previouswork [20],whichwill be detailed in
Sec. II along with a brief description of the excited fermion
model. The analytical outcomes for the contribution of
excited fermions (leptons) to ðg − 2Þμ will be presented in
Sec. III. Our numerical analysis will be provided in Sec. IV,
and our conclusions can be found in Sec. V.

II. MODEL SETUP

The majority of literature exploring the phenomenology
of excited fermions typically operates under the assumption
that these fermions possess IW ¼ 1=2 weak isospin.
However, one can introduce the higher isospin multiplets
with IW ¼ 1; 3=2 [6,7,26]. The coupling of these excited
leptons to the gauge bosons is given by the SUð2Þ ×Uð1Þ
invariant (and CP conserving), effective Lagrangian [10],

LFF ¼ −Ψ̄�
��

g
τi

2
γμWi

μ þ g0
Y
2
γμBμ

�

þ
�
gk2
2Λ

τi

2
σμν∂μWi

ν þ
g0k1
2Λ

Y
2
σμν∂μBν

��
Ψ�; ð1Þ

where we represent the excited multiplet as Ψ, with its
particle composition detailed in Table I. The gauge cou-
pling constants for SUð2Þ andUð1Þ are denoted as g and g0,
respectively, while k1 and k2 stand for dimensionless
couplings. The constant Λ denotes the compositeness
scale. In terms of the physical gauge fields, this can be
written as

LFF ¼ −
X

V¼γ;Z;W

F̄ðAVFFγ
μVμ þ KVFFσ

μν
∂μVνÞF; ð2Þ

where F denotes a generic excited fermion field appearing
in the multiplet in Table I.
The higher multiplets include states with exotic charge,

like doubly charged leptons. The couplings involving
IW ¼ 1 excited fermions were calculated in [20], which

we reproduce here for completeness. The couplings AVFF
are given by

AγE−E− ¼−e; AγE0E0 ¼ 0

AγE−−E−− ¼−2e; AZE0E0 ¼ e
sWcW

AZE−E− ¼ esW
cW

; AZE−−E−− ¼−eð1−2s2WÞ
sWcW

AWE0E− ¼ e
sW

; AWE−E−− ¼ e
sW

AWE0E−− ¼ 0; ð3Þ
where e represents the electric charge and cW (sW) are the
cosine (sin) of the weak mixing angle θW . The couplings
KVFF are given by

KγE0E0 ¼−
e
2Λ

ðk2−k1Þ; KγE−E− ¼ e
2Λ

k1

KγE−−E−− ¼−
e
2Λ

ðk2þk1Þ; KWE0E− ¼ ek2
2ΛsW

KWE−E−− ¼ e
2ΛsW

; KZE−E− ¼ ek1sW
2ΛcW

KZE0E0 ¼ eðk1s2W þk2c2WÞ
2ΛcWsW

;

KZE−−E−− ¼ eðk1s2W −k2c2WÞ
2ΛcWsW

: ð4Þ

The SUð2Þ × Uð1Þ invariant dimension-five effective
Lagrangian that describes the coupling of the excited
fermions to the usual fermions can be written as [27]

LFf ¼−
1

2Λ
Ψ̄�σμν

�
gf

τi

2
Wi

μνþg0f0
Y
2
Bμν

�
ψLþH:c:; ð5Þ

where σμν ¼ ði=2Þ½γμ; γν�, and the dimensionless factors f
and f0 are presumed to be of approximately the same

TABLE I. Lepton multiplets for IW ¼ 0; 1=2; 1; 3=2, their
charge Q, hypercharge Y, and the fields through which they
couple to ordinary leptons.

IW Multiplet Q Y Couple to Couple through

0 ðE−Þ −1 −2 eR Bμ

1
2 ðE0

E−Þ 0
−1 −1 ðνee ÞL Bμ, Wμ

1
0
@ E0

E−

E−−

1
A 0

−1
−2

−2 eR Wμ

3
2

0
BB@

Eþ

E0

E−
E−−

1
CCA

þ1

0

−1
−2

−1 ðνee ÞL Wμ
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magnitude, around unity, and are linked to the SUð2Þ and
Uð1Þ coupling constants, respectively. At tree level, the
couplings g and g0 can be expressed in terms of the electric
charge, e, and the Weinberg angle, θW , as g ¼ e= sin θW
and g0 ¼ e= cos θW . In terms of the physical fields, the
Lagrangian (5) becomes

LFf ¼−
X

V¼γ;Z;W

CVFfF̄σμνð1− γ5Þf∂μVν

− i
X
V¼γ;Z

DVFfF̄σμνð1− γ5ÞfWμVνþH:c:; ð6Þ

where F are the excited fermion states, f the ordinary (SM)
fermions, and V ¼ γ, Z, W are the physical vector boson
fields. The non-Abelian structure of (5) introduces a quartic
contact interaction, such as the second term on the rhs of
Eq. (6). In this equation, we have omitted terms containing
two W bosons, which do not play any role in our
calculations.
The interactions between excited fermions and SM

fermions within the framework of higher weak isospin
multiplets (triplet, IW ¼ 1, and quadruplet, IW ¼ 3=2) were
analyzed in Ref. [11]. As demonstrated there, Eq. (7) can be
directly obtained from the effective Lagrangian by going
from the gauge interaction basis to the physical field basis.
For the case of an IW ¼ 1 excited lepton triplet, the
couplings CVFf and DVFF can be written as

CγE−e ¼−
e
Λ
f1; CZE−e ¼−

ecW
ΛsW

f1

CWE0e ¼
e

ΛsW
f1; CWE−−e ¼

e
ΛsW

f1: ð7Þ

Here, f1 represents the dimensionless parameter linked to
the SUð2ÞL coupling constant for the triplet. The quartic

interaction coupling constants, DVFf, are given by

DγE0e ¼ −DγE−−e ¼
−e2

4ΛsW
f1

DZE0e ¼ −DZE−−e ¼
e2cW
4Λs2W

f1

DWE−e ¼
−e2

4Λs2W
f1: ð8Þ

III. EXCITED FERMION
CONTRIBUTIONS TO ðg − 2Þμ

The contributions of excited leptons to ðg − 2Þμ in the
case of isospin doublets have already been studied in
Ref. [25], where the evaluation of one-loop contributions
to the magnetic form factors was performed using a
dimensional regularization technique. The complete results
for the doublet contributions are provided in Eq. (10) of
Ref. [25]. These can be written in a compact form in the
limit of M2 ¼ Λ2 ≫ M2

W;Z, f
0 ¼ f, and k1 ¼ k2 ¼ k,

ΔaExcμ ¼ α

48π

f2m2
μ

M2

�
61þ 113c2W

s2Wc
2
W

�
: ð9Þ

Utilizing the generic results presented in that study, we
have derived the contributions of excited lepton triplets for
the couplings specified in Eqs. (3), (4), (7), and (8). The
vertex diagrams, encompassing contributions from excited
lepton triplets in loops, are shown in Fig. 1, while the self-
energy diagrams are shown in Fig. 2. Each Feynman
diagram is associated with an excited fermion contribution
denoted as Δaiμ, where i ¼ 1; 2; 3…20 corresponds to the
respective diagram number. Employing this definition, we
have

FIG. 1. Vertex diagrams for the excited lepton contributions to ΔaExcμ .
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ΔaExcμ ¼
X20
i¼1

Δaiμ: ð10Þ

In the limit q2 ≪ M2, terms proportional to q2=M2 can
be neglected. By defining RV ¼ M2

V=M
2, the corrections

from the vertex diagrams shown in Fig. 1 can be
expressed as

Δa1μ ¼
1

36π

m2
μα

Λ2
f21

�
120 − 108

�
M
2Λ

�
k1

þ 72

�
−1þ

�
M
2Λ

�
k1

�
log

Λ2

M2

�
; ð11Þ

Δa2μ¼
1

36π

m2
μα

Λ2
f21

c2W
s2W

2
46ð20þ9RZÞ−36

�
M
2Λk1

�ð3þRZÞ
þ72

�
−1þ�

M
2Λk1

��
log Λ2

M2

3
5;

ð12Þ

Δa3μ ¼
1

36π

m2
μα

Λ2s2W
f21

�
36

�
M
2Λ

�
ðk2 − k1Þð3þ RWÞ

− 72

�
M
2Λ

�
ðk2 − k1Þ log

Λ2

M2

�
; ð13Þ

Δa4μ ¼
1

36π

m2
μα

Λ2s2W

×f21

2
412ð20þ9RWÞþ36

�
M
2Λ

�ðk2þk1Þð3þRWÞ
−72

�
2þ�

M
2Λ

�ðk2þk1Þ
�
log Λ2

M2

3
5;
ð14Þ

Δa5μ ¼
1

2π

m2
μα

Λ2
f21

�
1þ 2 log

Λ2

M2

�
; ð15Þ

Δa6μ¼
−1
24π

�
m2

μα

Λ2sW

�

×f21

2
4ð4s2W−1Þ�3þ6RZþ12RZ logRZþ6 log Λ2

M2

�
−
�
39þ6RZþ12RZ logRZþ6 log Λ2

M2

�
3
5;

ð16Þ

Δa7μ ¼Δa8μ ¼
1

36π

m2
μα

Λ2sW
f21

�
−79−120RW þ42 log

Λ2

M2

�
;

ð17Þ

where mμ represents the mass of the muon and α denotes
the fine-structure constant. It should be noted that dia-
grams 1 and 5 exhibit infrared divergences for q2 ≠ 0.

FIG. 2. Self-energy diagrams for the excited lepton contributions to ΔaExcμ .
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However, as shown in Appendix A of Ref. [25], these
divergences cancel out exactly.
Under the previously specified limit, the approximate

corrections to ΔaExcμ , arising from the self-energy diagrams
presented in Fig. 2, can be written as

Δa9μ ¼
2

π

m2
μα

Λ2
f21

�
Λ2

M2

�
; ð18Þ

Δa10μ ¼−1
π

m2
μα

Λ2sW
f21ð2s2W −1Þ

×

�
2RZþ3RZ logRZ−3RZ log

Λ2

M2
þ Λ2

M2

�
; ð19Þ

Δa11μ ¼ 1

2π

m2
μα

Λ2

×f21

2
415−22

�
M
2Λk1

�þ6
�
−3þ4

�
M
2Λk1

��
log Λ2

M2

−4 Λ2

M2

�
−1þ�

M
2Λk1

��
3
5;
ð20Þ

Δa12μ ¼ −1
2π

m2
μα

Λ2

× f21

2
664

15þ 14RZ þ �
M
2Λ k1

�ð22þ 21RZÞ
−6

�
3þ 2RZ þ �

M
2Λ k1

�ð4þ 3RZÞ
�
log Λ2

M2

þ4 Λ2

M2

�
1þ �

M
2Λ k1

��

3
775;

ð21Þ

Δa13μ ¼ 1

2π

m2
μα

s2WΛ2

×f21

2
664

15þ14RW þ�
M
2Λk2

�ð22þ21RWÞ
−6

�
3þ2RW þ�

M
2Λk2

�ð4þ3RWÞ
�
log Λ2

M2

þ4 Λ2

M2

�
1þ �

M
2Λk2

��

3
775;

ð22Þ

Δa14μ ¼ 1

2π

m2
μα

s2WΛ2

× f21

2
664

15þ 14RW þ �
M
2Λ

�ð22þ 21RWÞ
−6

�
3þ 2RW þ �

M
2Λ

�ð4þ 3RWÞ
�
log Λ2

M2

þ4 Λ2

M2

�
1þ �

M
2Λ

��

3
775;

ð23Þ

Δa15μ ¼−Δa16μ ¼ 1

36π

m2
μα

s2WΛ2
f21

�
1þ12RW −6 log

Λ2

M2

�
;

ð24Þ

Δa17μ ¼ Δa18μ ¼ Δa19μ ¼ Δa20μ ¼ 0: ð25Þ

The results presented above are obtained with the
assumption that the masses of the excited leptons are
degenerate. As in the case of the doublet, the triplet
contribution ΔaExcμ acquires a simplified form in the limit
k1 ¼ k2 ¼ k,

ΔaExcμ ¼ f21m
2
μα

36πM2s2WΛ3

�
−9M3f−46RW þ RZð2þ 19s2WÞ þ ð−50þ 44s2WÞg

−M2Λfð−900þ 95sW − 18s2W þ 18s3WÞ þ 144sWð1 − 2s2WÞRZ logðRZÞ
þ 12RWð−51þ 20sWÞ þ 18RZð−3 − 5sW þ 17s2W þ 10s3WÞg
− 72Mð−1þ s2WÞΛ2 þ 36ð4þ sW þ 2s2W − 2s3WÞΛ3

þ 6M2

�
6Mð−13þ 12s2WÞ − ð72RW þ 18RZðsW − 2s2W − 2s3WÞÞΛ

−M

�
54RW − 27RZs2W þ ð144 − 17sW − 6s2W þ 6s3WÞ

Λ
M

�	
log

�
Λ2

M2

��
: ð26Þ

IV. NUMERICAL RESULTS

A. Experimental status of ðg− 2Þμ
Considerable attention has been directed toward the

longstanding anomaly observed in the value of ðg − 2Þμ.
The most recent assessment, undertaken by the Run II and
Run III of Muon g − 2 collaboration at Fermilab [1], when
combined with earlier findings from the same experiment

[2] and the Brookhaven E821 experiment [3], reveals a
deviation of 5.1σ from the SM prediction [4,28],

ΔαWA
μ ¼ αexpμ − αSM;WA

μ ¼ ð24.9� 4.8Þ × 10−10: ð27Þ

However, recent reanalysis of isospin-breaking (IB) cor-
rections to eþe− and τ-decay di-pion observables [29] has
reduced the discrepancy to the 2.7σ level,
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ΔaIBμ ¼ aexpμ − aSM;IB
μ ¼ ð14.8þ5.1

−5.4Þ × 10−10: ð28Þ

Using the latest Budapest-Marseille-Wuppertal (BMW)
calculations for the hadronic vacuum polarization [30]
and light-by-light scattering contributions [31], the dis-
crepancy is further reduced to less than 1σ [32],

ΔaBMW
μ ¼ aexpμ − aSM;BMW

μ ¼ ð0.4� 4.2Þ × 10−10: ð29Þ

The value of ΔaBMW
μ is compatible with zero, indicating

no discrepancy between the SM prediction and experimen-
tal results, leaving little to no room for new physics effects.
In contrast, ΔαIBμ requires moderate contributions from new
physics, while ΔαWA

μ requires even greater contributions.
This highlights that the status of the ðg − 2Þμ discrepancy
remains uncertain. However, a detailed analysis of new
physics contributions to ðg − 2Þμ could provide valuable
insights into this discrepancy and the associated parameter
space of new physics.

B. Input parameters

The essential parameters for defining the effective theory
include the energy scale Λ, the mass range of exotic
particles denoted by M, and the dimensionless factors
k1, k2, f0, f, and f1. The factors f0 and f are involved
in the doublet calculations, whereas the parameter f1
pertains to triplets. For our numerical evaluation, we
examine the value of Λ within the interval 0 < Λ <
25 TeV and M within the range 0 < M < 12 TeV.
However, k1 and k2 are set to unity since their influence
on our calculations is negligible. Yet, we observed that

while f0, f, and f1 are inconsequential for Δρ, they can
significantly affect the computation of Δαμ. We investigate
two cases for f0 and f: one assumes equal values, denoted
as f0 ¼ f, while the other examines various combinations
for f0 and f.
Considering that excited fermion masses typically

emerge above the electroweak symmetry breaking scale,
we can presume that they have similar magnitudes.
However, our previous work [20] highlighted Δρ’s sensi-
tivity to doublet and triplet mass nondegeneracy. Although
Δαμ is not affected by this, it is advantageous to allow for
such possibilities to integrate constraints from both Δαμ
and Δρ. Hence, we incorporate the potential for slight mass
differences among exotic fermions within the same isospin
multiplet, which may arise from SU(2) breaking contribu-
tions, such as interactions with exotic Higgs bosons.

C. Contributions to ðg− 2Þμ from
degenerate fermion masses with f 0 = f

1. Doublet contributions

The contributions from the isospin doublets to ðg − 2Þμ
were presented in Ref. [25]. Using the formulae provided
there, we computed the corresponding results. Our findings
for the doublet case with f0 ¼ f ¼ 1 are shown in Fig. 3,
showcasing contours of ΔaIBμ (left plot) and ΔaBMW

μ (right
plot) in the ðM;ΛÞ plane. The dashed black line represents
the central value of ΔaIB;BMW

μ , while the yellow, green, and
pink regions denote the 1σ, 2σ, and 3σ regions, respec-
tively. Additionally, these plots incorporate experimental
findings, indicating exclusion regions in the ðM;ΛÞ plane
with a 95% confidence level [16–18]. The dashed blue line

FIG. 3. ΔaIBμ (left plot) and ΔaBMW
μ (right plot) in the ðM;ΛÞ plane for the case of an excited lepton doublet. The dashed black line

represents the central value of ΔaIB;BMW
μ , while the yellow, green, and pink regions denote the 1σ, 2σ, and 3σ regions, respectively. The

shaded area under the gray line is excluded by the M > Λ constraint. Unitarity bound (purple lines) [19] and exclusion limits (blue,
orange, and red dashed lines) [16–18] from CMS and ATLAS experiments for charged lepton searches with two different final states are
also shown for comparison.
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corresponds to the recent CMS search for an excited lepton
decaying to two muons and two jets via contact interaction,
with a total integrated luminosity of 139 fb−1, the orange
line corresponds to the search in the llγ channel with an
integrated luminosity of 35.9 fb−1, and the red line corre-
sponds to a recent ATLAS search in the ττjj channel with an
integrated luminosity of 139 fb−1. Perturbative unitarity
bounds for a composite fermion model were explored in
Ref. [19], with the purple line representing these bounds,
and the decreasing thickness of the line corresponding to
100%, 95%, and 50% event fractions, respectively, that
satisfy unitarity bounds. The shaded area is excluded due to
unitarity bounds (purple lines) and direct searches at the
LHC (blue, orange, and red lines).
The ΔaWA

μ within the 3σ range cannot be reached for
f ¼ 1, and is, therefore, not displayed. Similarly, the
central values of ΔaIBμ and ΔaBMW

μ lie within regions
already excluded by experimental constraints, as can be
seen in Fig. 3. However, the 3σ region for ΔaIBμ and the 1σ
region for ΔaBMW

μ remain viable.

The contours of ΔaWA;IB;BMW
μ for the weight factors

f ¼ 10 (upper row) and f ¼ 20 (lower row) are shown in
Fig. 4. The lines and color coding are consistent with those
in the previous figure. However, unitarity and experimental
constraints are not displayed here, as they are unavailable
for higher values of f.
These plots highlight the significant sensitivity of

ΔaWA;IB;BMW
μ to the chosen value of the weight factor f.

For smaller values, such as f ¼ 10, the doublet contribu-
tions are minimal and primarily fall within regions already
excluded by the M > Λ constraint, except for ΔaBMW

μ ,
which remains viable. In contrast, for larger values of f,
such as f ¼ 20, the required value of ΔaWA;IB;BMW

μ can be
achieved in regions still allowed by the M > Λ constraint.
However, the bands corresponding to the 1σ, 2σ, and 3σ
regions become significantly narrower.

2. Triplet contributions

Our results for the triplet contribution with the weight
factor f1 ¼ 1 are presented in Fig. 5. The shading of the

FIG. 4. ΔaWA
μ (left plot), ΔaIBμ (middle plot), and ΔaBMW

μ (right plot) in the ðM;ΛÞ plane for the case of an excited lepton doublet. The
dashed black line represents the central value of ΔaWA;IB;BMW

μ , while the yellow, green, and pink regions denote the 1σ, 2σ, and 3σ
regions, respectively. The shaded area under the gray line is excluded by the M > Λ constraint.
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FIG. 5. ΔaIBμ (left plot) and ΔaBMW
μ (right plot) in the ðM;ΛÞ plane for the case of an excited lepton triplet. The line and color coding

are the same as in Fig. 3.

FIG. 6. ΔaWA
μ (left plot), ΔaIBμ (middle plot), and ΔaBMW

μ (right plot) in the ðM;ΛÞ plane for the case of an excited lepton doublet. The
dashed black line represents the central value of ΔaWA;IB;BMW

μ , while the yellow, green, and pink regions denote the 1σ, 2σ, and 3σ
regions, respectively. The shaded area under the gray line is excluded by the M > Λ constraint.
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contours follows the same convention as in Fig. 3. Once
again, the 3σ range of ΔaWA

μ cannot be achieved and,
therefore, only the plots for ΔaIBμ and ΔaBMW

μ are shown.
The central value of ΔaIBμ lies in the already excluded
region; however, the central value of ΔaBMW

μ falls within
the allowed region, as seen in the right plot of Fig. 5.
In Fig. 6, we present our results for f1 ¼ 3 and f1 ¼ 10.

As shown in the upper row, for f1 ¼ 3, the 3σ region for
ΔaWA

μ is very narrow, whereas the 3σ regions for ΔaIBμ and
ΔaBMW

μ remain wide open. For larger values of f1,
specifically f1 ¼ 10, the required values of ΔaWA;IB;BMW

μ

can be achieved within regions that are still permitted.
Notably, the triplet contributions are relatively more sig-
nificant than the doublet contributions for the same value
of f1.
In summary, for both doublet and triplet contributions,

ΔaWA
μ is achievable only within a highly restricted region

of the ðM;ΛÞ plane, particularly for smaller values of the
weight factors f and f1. In contrast, ΔaIBμ and ΔaBMW

μ can

be explained relatively easily across a broader parameter
space. This disparity highlights the inherent sensitivity of
ΔaWA

μ to the chosen weight factors and parameter values.
Consequently, the stringent requirements for ΔaWA

μ serve
as an indirect but significant constraint on the viable
parameter space, further refining the regions that can
accommodate the experimental observations.

D. Contributions to ðg− 2Þμ from
degenerate fermion masses with f 0 ≠ f

In the literature, it is usually assumed that the weight
factors associated with SUð2Þ and Uð1Þ couplings are
equal, i.e., f0 ¼ f. In theory, they can indeed differ. In
triplet calculations, only f1 is involved, thus yielding
unchanged results. Conversely, for doublets, both factors
f0 and f hold significance. In this section, we explore the
cases where f0 ≠ f.
In Fig. 7, we present our findings for ΔaWA;IB;BMW

μ

plotted in the ðM;ΛÞ plane for the excited lepton doublet,

FIG. 7. ΔaWA
μ (left plot),ΔaIBμ (middle plot), andΔaBMW

μ (right plot) in the ðM;ΛÞ plane for the case of an excited lepton doublet, with
the upper row (lower row) corresponding to f0 ¼ −10 and f ¼ 1 (f0 ¼ −20 and f ¼ 1). Other lines and color coding remain the same as
in previous figures.
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considering different combinations of f0 and f. The plots in
the upper row correspond to f0 ¼ −10 and f ¼ 1, and the
plots in the lower row show ΔaWA;IB;BMW

μ for f0 ¼ −20 and
f ¼ 1. While the possibility of selecting negative values for
f exists, we have checked that it has minimal impact on the
results. Conversely, selecting a negative value for f0 leads
to drastic changes, as can be seen in Fig. 7. In this case, it is
possible to obtain the required value of ΔaWA

μ for f ¼ 1

within the allowed range of parameter space for the doublet
contributions. Furthermore, relatively small values of f0

and f can explain the ΔaWA
μ , contrasting with the previous

case where higher values were required. The ΔaIBμ and
ΔaBMW

μ can be easily explained, as was seen previously.

E. Contributions to ðg− 2Þμ for the case
of nondegenerate fermion masses

1. Doublet contributions

Here, we expand our analysis to investigate the impacts
of nondegenerate excited fermions entering via Δρ. For the

doublet contributions with f0 ¼ f, we show our results in
Figs. 8 and 9. As shown in Fig. 8, the required values of
ΔaWA;IB;BMW

μ are difficult to achieve; however, some
regions still remain viable if δM < 15 GeV (dotted-dashed
black line), where δM denotes the mass difference
between the excited fermion species. In contrast, for
δM > 15 GeV (refer to the dotted-dashed black line in
Fig. 9), the ðg − 2Þμ anomaly cannot be accounted for, as

the requisite ΔaWA;IB;BMW
μ value falls within the region

excluded by Δρ. We also examined cases where f0 ≠ f.
Nevertheless, the required ðg − 2Þμ value remains within
the allowed range and is not affected by the Δρ
constraints.

2. Triplet contributions

Regarding the contributions from triplets, our findings
are presented in Figs. 10 and 11. For δM < 10 GeV
(indicated by the dotted-dashed black line), there exists a
region in the parameter space where ΔaWA

μ can be
explained. However, for δM > 10 GeV, the values of

FIG. 8. ΔaWA
μ (left plot), ΔaIBμ (middle plot), and ΔaBMW

μ (right plot) in the ðM;ΛÞ plane for the case of an excited lepton doublet
with f ¼ 10 (upper row) and f ¼ 20 (lower row), including the exclusions from Δρ due to nondegenerate excited fermions with
δM ¼ 15 GeV (dotted-dashed black line). Other lines and color coding remain the same as in previous figures.
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ΔaWA
μ cannot be accommodated for smaller weight factors,

such as f1 ¼ 3. On the other hand, for larger values of f1,
such as f1 ¼ 10, certain regions of the parameter space
remain viable for ΔaWA

μ .
In contrast, ΔaIBμ and ΔaBMW

μ retain greater flexibility
and can still be achieved within the allowed parameter
space, even for larger δM values. This highlights the
comparatively less stringent dependence of ΔaIB;BMW

μ on
the weight factor and δM, providing broader regions that
align with the experimental observations. These results
underscore the sensitivity of ΔaWA

μ to the triplet mass
splitting δM and the weight factor f1, imposing tighter
constraints on the model parameters.

V. CONCLUSIONS

The latest measurements of the muon’s magnetic
moment, ðg − 2Þμ, conducted by Muon g − 2 collaboration
at Fermilab [1,2], reaffirm that the world average pre-
dictions of the SM for ðg − 2Þμ are insufficient. However,
recent reanalysis of IB corrections to eþe− and τ-decay

di-pion observables [29], along with the latest BMW
calculations for hadronic vacuum polarization [30] and
light-by-light scattering contributions [31], has signifi-
cantly reduced the discrepancy between SM predictions
and experimental results. The tension has now been
reduced to 2.7σ for IB calculations and less than 1σ for
the BMW calculations. This reduction highlights the
growing need to explore new physics effects that could
bridge the remaining gap between theoretical predictions
and experimental observations.
In our previous work, we demonstrated a strong corre-

lation between the prediction forΔρ and the nondegeneracy
in mass between excited lepton doublets and triplets. In
contrast, the computation of ðg − 2Þμ was unaffected by
mass nondegeneracy. Consequently, we investigated two
distinct scenarios: the degenerate scenario, where con-
straints from Δρ do not apply, and the nondegenerate
scenario, where the model’s parameters face significant
constraints due to Δρ.
In this work, we focused on examining the predictions of

ðg − 2Þμ within the excited fermion model, considering

FIG. 9. ΔaWA
μ (left plot), ΔaIBμ (middle plot), and ΔaBMW

μ (right plot) in the ðM;ΛÞ plane for the case of an excited lepton doublet with
f ¼ 10 (upper row) and f ¼ 20 (lower row), including the exclusions from Δρ due to nondegenerate excited fermions with δM ¼
20 GeV (dotted-dashed black line). Other lines and color coding remain the same as in previous figures.
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higher isospin multiplets with degenerate masses and
setting f0 ¼ f. We found that the doublet and triplet
contributions to ðg − 2Þμ were sensitive to the values of
the weight factors f0, f, and f1, and showed only mild
dependence on the weight factor k. For the isospin doublet
contributions, we observed that the required value of ΔaWA

μ

could only be obtained in a region already excluded by
other constraints, unless the weight factor f exceeded 20.
However, ΔaIB;BMW

μ could still be explained relatively
easily with smaller values of f.
The observed deviation in ðg − 2Þμ could be effectively

accounted for by contributions from isospin triplets with
smaller values of weight factors. These triplet contribu-
tions were particularly significant compared to the doublet
contributions, especially when considering equivalent
values of the weight factor f1. Moreover, the required
ðg − 2Þμ value could be attained within the allowed ðM;ΛÞ
region for relatively smaller values of f1. As a result, the
doublet and triplet contributions to ðg − 2Þμ imposed

stringent constraints on the parameter space of the excited
fermion model.
We also explored the case where f0 ≠ f, with the

realization that only f1 affected the triplet contributions.
Thus, the results for the triplet contributions remained
unchanged in this scenario. However, for the doublets,
introducing a negative value for f0 led to significant changes.
In this case, doublet contributions could also accommodate
the ðg − 2Þμ anomaly within the allowed range of parameter
space, with small values for both f0 and f.
Furthermore, we examined the model parameter space

for the case of nondegenerate masses, incorporating
constraints from experimental searches, unitarity bounds,
electroweak precision observable Δρ, and ðg − 2Þμ. As
reported earlier, a significant portion of the ðM;ΛÞ plane
was excluded by Δρ when the masses were nondegener-
ate. Consequently, ΔaWA

μ could not be explained if the
mass difference between the excited fermions, denoted by
δM, exceeded 15 GeV for excited fermion doublets and

FIG. 10. ΔaWA
μ (left plot), ΔaIBμ (middle plot), and ΔaBMW

μ (right plot) in the ðM;ΛÞ plane for the case of excited lepton triplets,
including the exclusions from Δρ due to nondegenerate excited fermions with δM ¼ 10 GeV (dotted-dashed black line). The upper row
corresponds to the value of weight factor f1 ¼ 3, whereas the lower row corresponds to the value f1 ¼ 10. Other lines and color coding
remain the same as in previous figures.
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10 GeV for excited fermion triplets. Nevertheless,
ΔaIB;BMW

μ could be readily explained even for large values
of mass splitting.

ACKNOWLEDGMENTS

The research of M. E. G. is supported by the Spanish
MICINN, under grant PID2022-140440NB-C22. The

research of O. P. is supported by the Istituto Nazionale
di Fisica Nucleare, under the grant “Exploring New
Physics” (ENP).

DATA AVAILABILITY

No data were created or analyzed in this study.

[1] D. P. Aguillard et al. (Muon g-2 Collaboration), Phys. Rev.
Lett. 131, 161802 (2023).

[2] B. Abi et al. (Muon g-2 Collaboration), Phys. Rev. Lett.
126, 141801 (2021).

[3] G.W. Bennett et al. (Muon g-2 Collaboration), Phys. Rev. D
73, 072003 (2006).

[4] T. Aoyama, N. Asmussen, M. Benayoun, J. Bijnens, T.
Blum, M. Bruno, I. Caprini, C. M. Carloni Calame, M. Cè,
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