PHYSICAL REVIEW D 111, 095006 (2025)

Muon anomalous magnetic moment in the excited fermion paradigm
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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 (g — 2) , anomaly can be complemented with the ones arising from

other observables, like the electroweak precision observable Ap and the signals from direct LHC searches
to constrain the effective theory. Our results suggest that the (g — 2) , 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.

DOI: 10.1103/PhysRevD.111.095006

I. INTRODUCTION

The experimental measurements of the muon’s magnetic
moment (g —2), 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 5.1¢ from the SM prediction [4]. The (g —2),
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 (g—2), 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
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limiting case of a more fundamental theory, valid up to a
certain high-energy scale, denoted as the composite scale
A. 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 Iy, = 0, 1/2. Bounds
on the masses of excited fermions with Iy, = 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 Iy =
1,3/2 are permitted by SM symmetries [11], implying the
potential existence of exotic states, such as quarks U™ with
a charge of +5/3e 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 A 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 Ap could considerably
constrain the parameter space, particularly if the masses of
the excited fermions exhibit nondegeneracy.

The effects of excited fermions with isospin doublets
Iy = 1/2 on the muon’s magnetic moment (g —2), 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 Iy, = 1/2 as well as isospin
triplets 7, = 1 on the muon’s magnetic moment (g —2),, a
the one-loop level. The couplings of the excited ferm1ons
(Ieptons) of the triplet to both excited and standard fermions
(Ieptons) were calculated using an effective field theory
approach in our previous work [20], which will 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 (g — 2), 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 Iy = 1/2 weak isospin.
However, one can introduce the higher isospin multiplets
with Iy = 1,3/2 [6,7,26]. The coupling of these excited
leptons to the gauge bosons is given by the SU(2) x U(1)
invariant (and CP conserving), effective Lagrangian [10],

_ 7l . Y
Lpp = - Kg_?’”wft + 9/—7’”314)

2 2
ng o i &_ ot *
+<2A2 Wi+ 20,8, ) | ¥, (1)

where we represent the excited multiplet as W, with its
particle composition detailed in Table I. The gauge cou-
pling constants for SU(2) and U(1) are denoted as g and ¢/,
respectively, while k; and k, stand for dimensionless
couplings. The constant A denotes the compositeness
scale. In terms of the physical gauge fields, this can be
written as

Lpp=— Z F(Ayppr*V, + Kyppot”d,V,)F, (2)
V=y.ZW

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
Iy = 1 excited fermions were calculated in [20], which

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

Iy Multiplet (0] Y Couple to  Couple through
0 (E7) -1 -2 er B*
R
1 EY 0 -2 er w#
E- —1
E— -2
2 E* +1 -1 (%), WH
E° 0
E™ -1
E— -2

we reproduce here for completeness. The couplings Ay rr
are given by

A},EfEf = —e€, AyEOEO =0
e
A, p—- ——:—28, Ao =
yETE ZEE SwCw
2
esw —e(1-2s3,)
Azgp-=—", Azgpp-=——"7-+
Cw SwCw
e
Aypp-=—, Awgp-=—
Sw Sw
Aypop-- =0, (3)

where e represents the electric charge and ¢y (syy) are the
cosine (sin) of the weak mixing angle 6y,. The couplings
Kyprp are given by

e
K, popo = —ﬁ(kz —ki), Kyp- *ﬂkl

e ek2

K - = —ﬂ(kz +ki),  Kypop = 2Asy
% e _ ekysy

WEE™ "oAsy  EE T 2Acy

Koo — e(kys¥ +kyck)

z 2ACWSW
e(kls%v—kzé%v)

Krppm = ) 4

ZEE 2Acysy (4)

The SU(2) x U(1) invariant dimension-five effective
Lagrangian that describes the coupling of the excited

fermions to the usual fermions can be written as [27]
Lyy= =T ng—i Wt If'5
FI—"2A 2

3 I‘”) "/88 +H.C., (5)

where 6, = (i/2)[r,.7.], and the dimensionless factors f
and f' are presumed to be of approximately the same
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magnitude, around unity, and are linked to the SU(2) and
U(1) coupling constants, respectively. At tree level, the
couplings g and ¢ can be expressed in terms of the electric
charge, e, and the Weinberg angle, 6y, as g = e/ sin Oy,
and ¢ = e/ cosBy. In terms of the physical fields, the
Lagrangian (5) becomes

Lpp=— Z CyriFo* (1-ys)f0,V,

V=y,ZW

—i Y DypeFo(1—ys)fW,V,+He.. (6)
V=y.Z

where F are the excited fermion states, f the ordinary (SM)
fermions, and V =y, 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, Iy = 1, and quadruplet, Iy, = 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 Iy =1 excited lepton triplet, the
couplings Cypy and Dypp can be written as

e ec
C}’E’e = _Kflv Crze-o= _F‘;val

e e
Cypoe :mfl, Cywg—-e= wal- (7)

Here, f, represents the dimensionless parameter linked to
the SU(2), coupling constant for the triplet. The quartic

interaction coupling constants, Dy, are given by

2

—e
DyEOe = _DyE“e = m.fl
e’cy
Dzp, =—-Dzp—, = Wfl
W
2
—e
DWE_ = f]- (8)
© 4Asy,

III. EXCITED FERMION
CONTRIBUTIONS TO (g-2)

The contributions of excited leptons to (g —2), 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 M? = A?>> M3, ,, f'=f, and k; = k, =k,

s

2202 2
61+ 113
o M |21 5w 9)
48r M SWCi

Utilizing the generic results presented in that study, we
have derived the contributions of excited lepton triplets for
the couplings specified in Eqgs. (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 Aa/’;, where i = 1,2,3...20 corresponds to the
respective diagram number. Employing this definition, we
have

(7) (®)

FIG. 1. Vertex diagrams for the excited lepton contributions to Aa,‘f’“.
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Z M

(17) (18)

(19) (20)

FIG. 2. Self-energy diagrams for the excited lepton contributions to Aaf"c.

abxe = ZAa (10)

In the limit ¢g> < M?, terms proportional to g>/M? can
be neglected. By defining Ry = M3 /M?, the corrections
from the vertex diagrams shown in Fig. 1 can be
expressed as

l71m

2 5 M
Bal = 505 f} [120—108(2A>k1

+72( 1+<§[4\>k)10g1‘[>—22} (11)

a, = R 2 s
" 36m A2 s +72(=1+ (2 k)) ) log 2
(12)
3 _ 1 mza 2 M
M A?

1 mla
A 4___ - H
U 36m A%sy,

12(20+9Ry) + 36 (24) (ky + k1) (3+ Ry)

x f )
: ~72(2+ () (ky + ky)) log 2
(14)
1 mla A?
Ad =" [1 +Zlogw}, (15)

-1 [ mia
Aa’ﬁ‘:m<AZI;W>
L | (453 = 1) (3+6R,+12Rlog R, +6log )
"| —(39+6R,+12R,logR, +6logh)
(16)

1 A2
~79~120Ry +42log_ /.

(17)

where m,, represents the mass of the muon and a denotes
the fine-structure constant. It should be noted that dia-
grams 1 and 5 exhibit infrared divergences for ¢> # 0.
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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 AaEXC arising from the self-energy diagrams
presented in Fig. 2 can be written as

Ad — 2 f2<A2) (18)

—1 m?
Aal0 = —Az” 1(2s%4, -1)

A2 A2
X <2RZ+3RzlogRZ—3RzlogW+W>, (19)

1 m a

Aa’l‘l 2 /\2
2 15-22(2 k) +6(-3+4(Lk,)) logL;
2 b
—44 (=14 (3kk1))
(20)

—1 mia

A =5 T

15+ 14R, + (#5 k) (22 + 21Ry)
X 21 =6(3 + 2R, + (M k)) (4 +3Ry,)) log 25 |,
+4i (1+ (Ikk))
(21)
|

fima

A Exc _
T VIR

1 mia
A=
154 14Ry + (%% ky) (224 21Ry)
X f1| =6(3+2Ry + (& k,)(4+3Ry)) log; |,

+44 (1+ (k)

(22)
2
Aa” 1 m,a
27 53,2
15 + 14Ry, + (2%) (22 + 21Ry)
x f2| =6(3 + 2Ry + () (4 + 3Ry)) log & |,
+445 (14 (27)
(23)
15 16 1 mlzla 2 A?
Aaﬂ :—Aaﬂ :%S%‘/Azfl 1+12RW_610gW y
(24)
Al = Aalf = Aa)® = A2 = 0. (25)

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 AaEXC acquires a simplified form in the limit
kl - k2 - k,

[—9M3{—46RW + Ry(2 4 1953) + (=50 + 4452,)}

— M2A{ (=900 + 955y — 1853, + 18s3,) + 144sy (1 — 253, )R, log(R;)
+ 12Ry (=51 + 20sy) + 18R, (=3 — 55y + 1753, + 10s3,)}
—T2M (=1 + s3,)A% + 36(4 + sy + 253, — 253,)A°

+ 6M2{6M(—13 +1253,) = (T2Ry + 18R, (sy — 253, — 253,))A

A A?
- M<54RW —27Rs%, + (144 — 17sy — 653, + 653,) M) } log (Wﬂ : (26)

IV. NUMERICAL RESULTS
A. Experimental status of (g-2),

Considerable attention has been directed toward the
longstanding anomaly observed in the value of (g — 2)”.
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 5.1¢ from the SM prediction [4,28],

Aa WA exp SM WA

=y = (249 £4.8)x 10710, (27)
However, recent reanalysis of isospin-breaking (IB) cor-
rections to e* e~ and 7-decay di-pion observables [29] has
reduced the discrepancy to the 2.7¢ level,
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AdP = a® — ™" = (14.873)) x 10710, (28)
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 1o [32],

AaBMY = g — M PMY — (0.4 £ 4.2) x 10710,

(29)

The value of Aag™" 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, AqjP requires moderate contributions from new
physics, while Aa))* requires even greater contributions.
This highlights that the status of the (g —2), discrepancy
remains uncertain. However, a detailed analysis of new
physics contributions to (g —2), 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 A, the mass range of exotic
particles denoted by M, and the dimensionless factors
ki, ko, f', f, and f,. The factors f’ and f are involved
in the doublet calculations, whereas the parameter f
pertains to triplets. For our numerical evaluation, we
examine the value of A within the interval 0 < A <
25 TeV and M within the range 0 <M < 12 TeV.
However, k; and k, are set to unity since their influence
on our calculations is negligible. Yet, we observed that

A(TeV)

M(TeV)

while f’, f, and f, are inconsequential for Ap, they can
significantly affect the computation of Aq,,. We investigate
two cases for f’ and f: one assumes equal values, denoted
as f’ = f, while the other examines various combinations
for " 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 Ap’s sensi-
tivity to doublet and triplet mass nondegeneracy. Although
Aa, is not affected by this, it is advantageous to allow for
such possibilities to integrate constraints from both Aa,
and Ap. 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 (g-2), from
degenerate fermion masses with f'=f

1. Doublet contributions

The contributions from the isospin doublets to (g —2),
were presented in Ref. [25]. Using the formulae provided
there, we computed the corresponding results. Our findings
for the doublet case with f' = f = 1 are shown in Fig. 3,
showcasing contours of Aa;? (left plot) and Aaf™™ (right
plot) in the (M, A) plane. The dashed black line represents
the central value of Aa,I;B ’BMW, while the yellow, green, and
pink regions denote the lo, 20, and 30 regions, respec-
tively. Additionally, these plots incorporate experimental
findings, indicating exclusion regions in the (M, A) plane
with a 95% confidence level [16—18]. The dashed blue line

A(TeV)

M(TeV)

FIG. 3. Aqp (left plot) and Aaf™™ (right plot) in the (M, A) plane for the case of an excited lepton doublet. The dashed black line

represents the central value of AaLB’BMW

, while the yellow, green, and pink regions denote the 1o, 20, and 3¢ regions, respectively. The

shaded area under the gray line is excluded by the M > A 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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25F T T T T T ] 25F

f=10
201 1 20f

A(TeV)

25F

20+

M(TeV) M(TeV) M(Tev)
25F T T T T T 3 25F 25F
f=20 f=20 f=20
200 T 20 20+
15} 1 15

A(TeV)
A(TeV)

A(TeV)

M(TeV)

M(TeV)

M(TeV)

FIG.4. Aay* (left plot), Agjf (middle plot), and Aaz™W (right plot) in the (M, A) plane for the case of an excited lepton doublet. The

dashed black line represents the central value of Aay MY

, while the yellow, green, and pink regions denote the lo, 20, and 36

regions, respectively. The shaded area under the gray line is excluded by the M > A constraint.

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~!, the orange
line corresponds to the search in the £y channel with an
integrated luminosity of 35.9 fb~!, and the red line corre-
sponds to a recent ATLAS search in the z7jj channel with an
integrated luminosity of 139 fb~!. 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 Aa,* within the 3¢ range cannot be reached for
f =1, and is, therefore, not displayed. Similarly, the
central values of Ag;P and Aa;™V lie within regions
already excluded by experimental constraints, as can be
seen in Fig. 3. However, the 3¢ region for Aa;® and the 1o

BMW remain viable.

region for Aay,

The contours of Aay “BBMY for the weight factors
f = 10 (upper row) and f = 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
Aay MBBMY 6 the chosen value of the weight factor f.
For smaller values, such as f = 10, the doublet contribu-
tions are minimal and primarily fall within regions already
excluded by the M > A constraint, except for AafMV,
which remains viable. In contrast, for larger values of f,
such as f = 20, the required value of AaXVA’IB’BMW can be
achieved in regions still allowed by the M > A constraint.
However, the bands corresponding to the 1o, 20, and 30
regions become significantly narrower.

2. Triplet contributions

Our results for the triplet contribution with the weight
factor f; = 1 are presented in Fig. 5. The shading of the
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25F 25F : -
f1=1
20+ 20+
15+ 151
S S
(] [
e e
< <
10+ 10+
50 5r
(]S n n " " " OF
0 2 4 6 8 10 0 2 4 6 8 10
M(TeV) M(TeV)

FIG. 5. AaII,B (left plot) and AaEMW (right plot) in the (M, A) plane for the case of an excited lepton triplet. The line and color coding
are the same as in Fig. 3.

>
£
<
M(TeV)
25F" ' '
20(
= ~ 15¢
> >
O (-
E E
< <
10¢
5 L
ok ‘
0 2 4 6 8 10
M(TeV) M(TeV) M(TeV)

FIG. 6. Aay* (left plot), Aa[? (middle plot), and Aa2™W (right plot) in the (M, A) plane for the case of an excited lepton doublet. The
dashed black line represents the central value of Aa,V,VA’IB'BMW, while the yellow, green, and pink regions denote the 1o, 20, and 30
regions, respectively. The shaded area under the gray line is excluded by the M > A constraint.
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contours follows the same convention as in Fig. 3. Once
again, the 3¢ range of Aay* cannot be achieved and,
therefore, only the plots for Aa,® and Aag™MW are shown.
The central value of Aa};B lies in the already excluded
region; however, the central value of Aaz™W falls within
the allowed region, as seen in the right plot of Fig. 5.

In Fig. 6, we present our results for f{ = 3 and f| = 10.
As shown in the upper row, for f; = 3, the 3¢ region for
Aay'® is very narrow, whereas the 36 regions for Aa,” and

Aai™V remain wide open. For larger values of fi,

specifically f = 10, the required values of Aay *'®-BMY

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 f] .

In summary, for both doublet and triplet contributions,
Aa)® is achievable only within a highly restricted region
of the (M, A) plane, particularly for smaller values of the
weight factors f and f;. In contrast, Aa,? and Aag™% can

f=-10, f=1

f=-10, f=1

be explained relatively easily across a broader parameter
space. This disparity highlights the inherent sensitivity of
Aaf,VA to the chosen weight factors and parameter values.
Consequently, the stringent requirements for Aa,V,VA 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 (g-2), from
degenerate fermion masses with f’ # f

In the literature, it is usually assumed that the weight
factors associated with SU(2) and U(1) couplings are
equal, i.e., f/ = f. In theory, they can indeed differ. In
triplet calculations, only f; is involved, thus yielding
unchanged results. Conversely, for doublets, both factors
f" and f hold significance. In this section, we explore the
cases where [’ # f.

In Fig. 7, we present our findings for Aa
plotted in the (M, A) plane for the excited lepton doublet,

WA, IB.BMW
H"

f=-10, f=1

25[ 25f"

20

25}

3 3
= =
< <

10t 101

5 L

' ot ’
0 2 4 6 8 10 0 2 4 6 8 10
M(TeV) M(TeV) M(TeV)

f'==20, f=1

25[ 25f"

f'=-20, f=1

f=-20, f=1

M(TeV)

M(TeV)

M(TeV)

FIG.7. Aay* (left plot), Aa? (middle plot), and Aaf™MW (right plot) in the (M, A) plane for the case of an excited lepton doublet, with
the upper row (lower row) corresponding to f/ = —10and f = 1 (f' = =20 and f = 1). Other lines and color coding remain the same as

in previous figures.
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Aay® (left plot), Aa;? (middle plot), and Aaf™M™ (right plot) in the (M, A) plane for the case of an excited lepton doublet

with f = 10 (upper row) and f = 20 (lower row), including the exclusions from Ap due to nondegenerate excited fermions with
O0M = 15 GeV (dotted-dashed black line). Other lines and color coding remain the same as in previous figures.

considering different combinations of f” and f. The plots in
the upper row correspond to /' = —10 and f = 1, and the
plots in the lower row show Aa,‘,NA‘IB‘BMW for /' = =20 and
f = 1. While the possibility of selecting negative values for
[ exists, we have checked that it has minimal impact on the
results. Conversely, selecting a negative value for f’ leads
to drastic changes, as can be seen in Fig. 7. In this case, it is
possible to obtain the required value of Aay,* for f =1
within the allowed range of parameter space for the doublet
contributions. Furthermore, relatively small values of f’
and f can explain the Aa,'*, contrasting with the previous
case where higher values were required. The Aa and

AaPMW can be easily explained, as was seen previously.

E. Contributions to (g-2), 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 Ap. For the

doublet contributions with f* = f, we show our results in
Figs. 8 and 9. As shown in Fig. 8, the required values of
Aa,\,NA’IB‘BMW are difficult to achieve; however, some
regions still remain viable if 6M < 15 GeV (dotted-dashed
black line), where &M denotes the mass difference
between the excited fermion species. In contrast, for
OM > 15 GeV (refer to the dotted-dashed black line in

Fig. 9), the (g —2) , anomaly cannot be accounted for, as

the requisite Aa,V,VA'IB’BMW value falls within the region

excluded by Ap. We also examined cases where [ # f.
Nevertheless, the required (g —2), value remains within
the allowed range and is not affected by the Ap
constraints.

2. Triplet contributions

Regarding the contributions from triplets, our findings
are presented in Figs. 10 and 11. For oM < 10 GeV
(indicated by the dotted-dashed black line), there exists a
region in the parameter space where Aal‘j"A can be

explained. However, for oM > 10 GeV, the values of

095006-10



MUON ANOMALOUS MAGNETIC MOMENT IN THE EXCITED ...

PHYS. REV. D 111, 095006 (2025)

5 . . . — 25F T . . —— 25T
i i
) f=10 ! f=10
1 1
20F i 20t i 20+
1
i :
i i
i . i -
<M T st P NRTIN
S i 0 S i Prig S
© o ® . 2 ©
=8 (=8 =
< < <
10}

10F

Pras
P

25[

25F 25f7

f=20

20 20

A(TeV)

f=20 f=20

201

A(TeV)

M(TeV)

M(TeV)

M(TeV)

FIG.9. Aay™* (left plot), Ag;? (middle plot), and Aag™W (right plot) in the (M, A) plane for the case of an excited lepton doublet with
f =10 (upper row) and f = 20 (lower row), including the exclusions from Ap due to nondegenerate excited fermions with SM =
20 GeV (dotted-dashed black line). Other lines and color coding remain the same as in previous figures.

Aa)® cannot be accommodated for smaller weight factors,
such as f; = 3. On the other hand, for larger values of f,
such as f; = 10, certain regions of the parameter space
remain viable for AaEVA.

In contrast, Aa;? and Aap™" retain greater flexibility
and can still be achieved within the allowed parameter
space, even for larger M values. This highlights the
comparatively less stringent dependence of Aa,I,B’BMW on
the weight factor and oM, providing broader regions that
align with the experimental observations. These results
underscore the sensitivity of Aay'* to the triplet mass
splitting 6M and the weight factor f;, imposing tighter
constraints on the model parameters.

V. CONCLUSIONS

The latest measurements of the muon’s magnetic
moment, (g — 2),, conducted by Muon g — 2 collaboration
at Fermilab [1,2], reaffirm that the world average pre-
dictions of the SM for (g — 2),, are insufficient. However,
recent reanalysis of IB corrections to eTe™ and z-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 2.7¢ for IB calculations and less than 1o 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 for Ap and the nondegeneracy
in mass between excited lepton doublets and triplets. In
contrast, the computation of (g—2), was unaffected by
mass nondegeneracy. Consequently, we investigated two
distinct scenarios: the degenerate scenario, where con-
straints from Ap do not apply, and the nondegenerate
scenario, where the model’s parameters face significant
constraints due to Ap.

In this work, we focused on examining the predictions of
(9—2), within the excited fermion model, considering
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FIG. 10. Aa)* (left plot), Aal® (middle plot), and Aa®MW (right plot) in the (M, A) plane for the case of excited lepton triplets,
including the exclusions from Ap due to nondegenerate excited fermions with 6M = 10 GeV (dotted-dashed black line). The upper row
corresponds to the value of weight factor | = 3, whereas the lower row corresponds to the value f; = 10. Other lines and color coding

remain the same as in previous figures.

higher isospin multiplets with degenerate masses and
setting /' = f. We found that the doublet and triplet
contributions to (g —2), were sensitive to the values of
the weight factors f’, f, and f, and showed only mild
dependence on the weight factor k. For the isospin doublet
contributions, we observed that the required value of AaZVA
could only be obtained in a region already excluded by
other constraints, unless the weight factor f exceeded 20.
However, Aay ™™V could still be explained relatively
easily with smaller values of f.

The observed deviation in (g — 2), 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 f;. Moreover, the required
(9 —2), value could be attained within the allowed (M, A)
region for relatively smaller values of f;. As a result, the
doublet and triplet contributions to (g—2), imposed

stringent constraints on the parameter space of the excited
fermion model.

We also explored the case where f' # f, with the
realization that only f; 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 f” led to significant changes.
In this case, doublet contributions could also accommodate
the (g — 2), anomaly within the allowed range of parameter
space, with small values for both f’ 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 Ap, and (g-—2),. As
reported earlier, a significant portion of the (M, A) plane
was excluded by Ap when the masses were nondegener-
ate. Consequently, Aa,* could not be explained if the
mass difference between the excited fermions, denoted by
oM, exceeded 15 GeV for excited fermion doublets and
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FIG. 11.  Aa)* (left plot), Aa}? (middle plot), and Aaf™W (right plot) in the (M, A) plane for the case of excited lepton triplets,
including the exclusions from Ap due to nondegenerate excited fermions with 6M = 15 GeV (dotted-dashed black line). The upper row
corresponds to the value of weight factor f{ = 3, whereas the lower row corresponds to the value f; = 10. Other lines and color coding

remain the same as in previous figures.

10 GeV for excited fermion triplets. Nevertheless,
Aa,l;B’BMW could be readily explained even for large values
of mass splitting.
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