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We examine electron and muon anomalous magnetic dipole moments within a radiative neutrino mass
model featuring TeV-scale scalar leptoquarks S(3,1,—1/3) and R(3,2,1/6). We utilize textures with
decoupling electron and muon sectors, so that both electron and muon anomalous magnetic dipole
moments could receive internal chiral enhancements from different heavy up-type quarks while in the same
time evading the stringent y — ey constraint. A successful fit to neutrino oscillation data requires
the simultaneous presence of one- and two-loop neutrino mass contributions. This severely constrains the
parameter space of the model, which results in a negligible new physics correction to the muon g — 2. The
electron g — 2 discrepancy implied by the rubidium experiment, on the other hand, can be resolved within
20 uncertainty provided that neutrino mass ordering is inverted. Lepton-flavor-violating tau decay rates,
such as 7 — ey and 7 — 3e, are predicted to be within the sensitivities of next-generation experiments.
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I. INTRODUCTION

The massive nature of neutrinos remains the only direct
experimental evidence for physics beyond the Standard
Model (SM). However, the dynamical origin of neutrino
masses is still unknown and has been extensively studied
even before the discovery of neutrino oscillations. While
the canonical seesaw mechanism [1] provides a compelling
explanation, it postulates new physics at a very high energy
scale (i.e., of the order 10'* GeV), far beyond any foresee-
able experimental reach. An alternative and more testable
approach is found in radiative neutrino mass models, in
which neutrino masses are induced by higher-order quan-
tum loop corrections at a lower energy scale [2—4]. These
models often predict observable rates for lepton-flavor-
violating decays that can be probed by next-generation
experiments, providing an independent cross check. See
Refs. [5,6] for reviews on this subject.

Besides neutrino masses, other observational data can
be employed to test the SM. These include precision
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measurements of leptonic anomalous magnetic dipole
moments (from now on called lepton g — 2), denoted as
as=1(g9—2),. Formuon g — 2, FNAL E989 has reported
an unprecedented accuracy at the level of 127 ppb [7,8],
confirming the earlier BNL E821 result [9]. Interpretation
of this result requires a firm SM prediction. The determi-
nation of the SM value, however, is now ambiguous due to
the tension between data-driven and lattice QCD determi-
nations of the hadronic vacuum polarization contribution.
While the latter has been solidified by various groups over
the last few years [10], the former faces challenges because
of the disagreement between recent e e~ — z*z~ data from
the CMD-3 Collaboration [11] and the earlier data. In the
2025 update, the Theory Initiative (TT) Group adopts the
lattice result to determine the SM prediction. This results in
Sa, = a;" — a5M = 38(63) x 107!" [12], which indicates
no statistically significant evidence for new physics.
Similar situation is found in the electron g — 2. While the
experimental value of this quantity has been significantly
improved [13] from the previous data [14], this has been
overshadowed by the determination of the SM value,
hindering a clear interpretation. This is due to the 5o
difference in the measurements of the QED fine-structure
constant a,,,, carried out in cesium (Cs) and rubidium (Rb)
atoms [15,16]. These measurements lead to conflicting
deviations: §a, = (=104 2.6) x 10™"* in Cs and Sa, =
(3.5+£1.6) x 1073 in Rb, corresponding to —3.8¢ and
+2.20 discrepancies, respectively. Although there may be
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still a room for a new physics, the inconsistency requires
further investigation, and at present, we can only treat them
as two independent results. In this context, it would be
interesting to find models that provide a unified explanation
for neutrino masses and the observed values of lepton
g — 2, particularly those that can have preference over any
discrepancy in the electron g — 2.

Motivated by that, we select a model featuring two scalar
leptoquarks S(3, 1, —1/3) and R(3,2, 1/6). The leptoquark
S is known to induce large corrections to lepton g — 2 via
internal chiral enhancement, as it can couple to both left-
handed and right-handed of the up-type quarks and charged
leptons [17]. Moreover, the leading contributions to neu-
trino masses arise at both one- and two-loop levels.
Previous studies on this model, however, focused mostly
only on one-loop contributions [18-24]. The two-loop
analysis was given in Ref. [25], but it did not include
one-loop contributions. To the best of our knowledge, no
previous study has simultaneously incorporated both one-
and two-loop contributions to neutrino mass within this
specific model while also addressing the current lepton
g—2 situation.'

The objective of this paper is twofold. First, we dem-
onstrate how one- and two-loop terms of neutrino masses
are equally important to fit neutrino oscillation data.
Second, based on the fit, we determine the corrections to
lepton g — 2. To achieve this goal, we employ particular
textures—as discussed in Refs. [45,46]—where the elec-
tron and muon sectors are effectively decoupled. This
configuration ensures that the respective anomalous mag-
netic moments are induced by chiral enhancements from
different up-type quarks, while simultaneously avoiding the
potentially dangerous chirally enhanced y — ey decay.
Applying these textures to the neutrino mass formula
given in this model, we find that the lightest neutrino is
massless although both normal and inverted neutrino mass
orderings can be admitted. Owing to the simultaneous
presence of one- and two-loop neutrino mass terms,
neutrino data strongly constrain the parameter space of
the model, leading to a small new physics correction to the
muon g — 2. Furthermore, only the electron g — 2 discrep-
ancy implied by the Rb measurement can be resolved
within 26 uncertainty, which only occurs in the inverted
mass ordering. Finally, rates for LFV tau decays, such as
7 — 3e and 7 — ey, are found to be near the current limits,
and are thus accessible to future experiments.

The rest of the paper is organized as follows. In Sec. II,
we briefly discuss the model. The expression for neutrino
mass formula and the choice of Yukawa textures as well as
their implications on neutrino mass generation are dis-
cussed in Sec. III. Relevant constraints are presented in
Sec. 1V, before we give our conclusions in Sec. V.

'For other neutrino mass models attempting to address these
anomalies, see [26—44].

I1. BRIEF REVIEW OF THE MODEL

The model we consider consists of two leptoquarks
S(3,1,—1/3) and R(3,2,1/6) = (R*>3,R~'/3)T, Together
with the SM particles, they form new Yukawa interactions
as follows:

ﬁrll/ew — /11LJQ1TC(:'L]ST + AgugiCeRjST
+AyjdgiR"eL; + Hec. M

Here, i, j = 1 -3 are generation indices, C is the charge
conjugation operator, and e is the SU(2) antisymmetric
tensor. All terms in Eq. (1) are capable of inducing
corrections to the lepton g—2. Interactions mediated
by the S leptoquark are of particular interest because they
can induce a large correction via internal chirality flip
(S couples to both left-handed and right-handed up-type
quarks), especially when we have the top quark inside
the loop.

It should be noted that, besides being gauge invariant, all
terms in Eq. (1) also respect baryon number (B) and lepton
number (L) symmetries. Thus, diquark terms, QQS and
ugrdpS, are not allowed since both break the B symmetry.
Although it may sound ad hoc, such a symmetry is needed
to avoid the proton decay. As for the lepton number, it can
only be broken by a trilinear coupling appearing in the
scalar potential. That is,

V = u3R'R+ uiS'S + V(H'H)? + 2"(R'R)?
+ 2" (8T8)2 + Ayr(HTR)(RTH) + Ay (H H)(RTR)
+ Zus(H'H)(S'S) + Ags(RTR)(SS)
+ (uRTHS + H.c.). (2)

Note that the parameter u is taken to be real since its
complex phase can always be rotated away. With all
Yukawa coupling matrices of Eq. (1) and the dimensionful
coupling p of Eq. (2) present, the lepton number is no
longer the symmetry of the model. An alternative way of
seeing this is by integrating out the heavy leptoquark states.
This will result in two AL =2 operators [47], i.e.,
() (dgLeH)(LeQ) and (ii) (dgLeH)(ugeg), indicating
that, at leading order, neutrino masses will be generated
in two different ways. The operator (i), for instance, will
generate neutrino masses at the one-loop level after one
connects the dyp and d; legs. Similarly, the operator (ii),
with the help of the SM charged current, will induce
neutrino masses at the two-loop level. Note that the two-
loop contribution is not the higher-order correction to the
one-loop one since they come from different sets of
couplings.

A nonzero y of Eq. (2) will induce mixing between S'/3
and R'/? leptoquarks,
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Lo (5_1/3, R_|/3) htg ﬂvEW/\/E ( S >’
popw/ V2 m RIS

(3)

where vgyw = 246 GeV is the electroweak vacuum expect-
ation value, while m% and m% include leptoquark bare
masses as well as any possible contributions arising from
quartic interactions,

1
mg = p3 + EiHsU%Wv

1 ~
m% = MR + E (AHR + )“HR)U%W- (4)

The mass matrix in Eq. (3) can be diagonalized by rotating
S1/3 and R*? to the mass eigenstates,

X}/S B < Co S9><Sl/3) (5)
Xéﬂ —sg co) \R'3)’
where ¢y, sy denote with tan260 =

V2pvgyw/(m% — m%). The process yields mass eigenvalues
for X{{;, that is,

[ms—f—mR:i:\/

In general, the mass splitting of LQs will affect the oblique
parameters, S, 7, and U. We will be mostly concerned with
the T parameter, as it is the largest among the three. The
correction to this parameter is given by

cosd,sin b,

Mi, = >+ 2u ”EW] (6)

AT = >

1
—Zsng(M%,M%)], (7)

where M3 = m% — —AHRUEW, myy, and sy, = sin @y, denote
the mass square of R?3 LQ, the mass of W boson, and
weak mixing angle, respectively. The function F(x,y) is

found as

_%(Hy)—xx_yyln(’y—“). (8)

F(x,y)
Technically, the three LQ masses cannot be degenerate,
or else neutrino mass will be zero (see next section).
However, the splitting cannot be arbitrarily large. From
electroweak precision data, one gets AT < 0.2 at 95% CL
[48]. To illustrate, the upper limit can be obtained for
M, = 1500 GeV with AM =M, —M; =50 GeV and
M5 = 1585 GeV.

All Yukawa couplings in Eq. (1) are defined in the basis
where the charged lepton mass matrix is diagonal. By the
same token, due to the absence of a right-handed charged
current in the model, we can, without loss of generality,
adopt the same basis for the right-handed quarks. That is,
we take a basis where quark mass matrices, appearing in the
Lagrangian as £ D g, M ,qg (¢ = u, d), are such that M,
are diagonalized by VM ,, with V, being unitary matrices
rotating the left-handed quark fields: g, — V,q;. The
product of the two unitary matrices, V = VL,VZ, is the
one that we identify as the Cabibbo-Kobayashi-Maskawa
(CKM) mixing matrix.

Rotating all fields into their mass eigenstates, Eq. (1)
becomes

LYY = (Mul,CCr; — Add] Cupj + Afuk,Cly;)

X (CHX/ — S X1/3) +ileleLJR /3

— dijdrivr;(soX7' + coX3'?) + Hee, (9)
where A" has been rotated to flavor basis by 47 = V;A". In
the present work, we do not offer a mechanism of deter-
mining Vq. However, we can always make an ansatz, i.e.,
by fixing the flavor structure of one (rotated) Yukawa
coupling matrix (A* or A%), and determine the other
via A4 = V¥4,

III. NEUTRINO MASS GENERATION

There are two sets of diagrams that generate neutrino
masses, i.e., the one-loop diagrams and two-loop diagrams;
see Fig. 1. The one-loop diagram involves the exchange

of X3 leptoquarks and down-type quarks d;, and it is
proportional to the product of A*1 couplings, while the two-

loop one involves XY? and W exchanges and is propor-
tional to A®A. The one-loop contributions receive chiral
suppression from down-type quark masses, whereas the
two-loop contributions receive more chiral suppression
factors from all charged fermion masses. Coupled with
the additional loop suppression, the two-loop diagrams
may only be relevant for relatively narrow range of
leptoquark masses, i.e., not more than 10 TeV. Given that
the two sets of diagrams are governed by different sets of
couplings, the two-loop diagram cannot be regarded as the
higher order corrections to the one-loop one and ought not
to be simply omitted. In fact, there are some flavor textures
in which the one- and two-loop diagrams induce compa-
rable strengths.

In evaluating those diagrams, we work in the general
't Hooft R, gauge. Therefore, each propagator of W and
the Goldstone boson will contain the gauge parameter ¢
However, after summing the two contributions, all
£-dependent terms will add up to zero. The &-independent
terms are the same as those obtained in the unitary gauge.
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FIG. 1.

It should also be noted that due to the Majorana property
of neutrino mass terms, there are actually other diagrams
(not shown in the figure) where one replaces the internal
particles with their charged conjugates. Those diagrams
are just the transpose of diagrams shown in the Fig. 1.
Together, they give a flavor-symmetric neutrino mass
matrix.
The neutrino mass matrix is, therefore, given by

3s
Fzzzgz mb{ (A1) o (Dg)idei + (A7) 1 (D), 28] II(<I)

gzmtmf
1671'2M%

+ (A1) (D) (V) (D,

(My)ji =

+ {(Df)jMRT)jl(Du)lek(Dd)kﬁkilﬁz

W]} (o

The factor of 3 is the color factor, g is the weak coupling,
while D,, D,, and D, are the down-type quark, up-type
quark, and charged lepton mass matrices normalized to the

third generation masses. The functions, I,((l) and 15.2, are

one- and two-loop integral functions, found as

1
1 (M2, M2>

L hﬂﬂﬂ/md _ In(M3/mg,)
2 d 2 2 2k ’ (11)
=3 "z T2 M3 —m3
k
M? 1
1500(M3. M3, i) :Z o [ d

2 2
- Ma—mdk 0

o t 1 1
x/ dtt(1+ 2) 3 3
0 4my, t+my 1+ miy

| x(1 = x)t+xm3, + (1 —x)M3
X“[u —x)t+xm2 + (1= x)m J
(12)

Thanks to m,; < M,,, the last term of Eq. (I1) is
negligible, so the integral is practically flavor independent.

One- and two-loop diagrams leading to neutrino mass generation.

From now on, we will drop the subscript k and simply write
the one-loop integral as I'1). The two-loop integral, despite
its complicated look, is finite, so it can always be evaluated
numerically. We will give approximated expression for the
two-loop integral in two cases: (a) without top quark and
(b) with top quark.

In case (a), due to mfﬂj’ doay, < iy << MG, one can simply

set all the fermion masses to zero to obtain
@ (a2 2 .2
IjkI(Ml’MZ’mW)

3 M3}
=7 <1 M2> [1 +3 +f(M%,M§,mW)] (13)

12

with function f(a, b, x) being defined as

fla,b,x) =—

{b In(a/x) —a In(b/x)
+% [b1n?(a/x) —alnz(b/x)]}. (14)

The approximated form works very well, as shown in
Fig. 2(a). Note that, although the W mass is much smaller
than LQ masses, it cannot be dropped, or else the integral
will be divergent.

In case (b), both top-quark and W masses must be kept.
Taking the limit M;, — oo, the approximated two-loop
integral, at the leading order, is found as

2 2
15 = 1533, M3,y

3 Mm?
~7 <1 _W> {1+f(M%,M§,mW)

*(m%_m%v) [11“2< ) e )}
& 2 mi, myy, —m3;
mi 2 (i 2 a2
3\ H‘ +1 2 — |+ f(M}.M3.m7)

my, W

(15)
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FIG. 2. Comparison between numerical (solid) and approximated (dashed) values of the two-loop integral in the case of light quarks

(left) and top quark (right) inside the loop.

where Li, (x) is the dilogarithm function. For a consistency
check, one can inspect that Eq. (15) will reduce to Eq. (13)
when m, — 0. Although the agreement between the
numerical value and the approximated form is poor for
light LQs, as shown in Fig. 2(b), it gradually improves as
the LQ masses increase; for instance, when M o2 5 TeV,
the difference is already less than 10%. In the plot, we
use the running top mass evaluated at 1 TeV, i.e.,
m, = 150 GeV [49].

A. Texture choices

Following the evaluation of loop integrals, we now
address the neutrino mass matrix presented in Eq. (10).
Recall that our motivation is to find a correlation between
current observations of the lepton g—2 and neutrino
oscillation data. To allow a more direct comparison, we
consider a scenario with a minimal set of parameters
sufficient to induce these phenomena. We require that
the corrections to lepton g — 2 receive chirality enhance-
ments without being precluded by stringent LFV processes,
particularly the 4 — ey bound. With these considerations,
we fix the flavor structure of 1“, whereas A9 is determined
via 24 = VT, This approach is advantageous because it
allows us to explicitly prohibit the dangerous u — ey
process. Our strategy follows similar logic to the methods
used in Refs. [21,42,50] to mitigate unwanted flavor
processes in other neutrino mass models.

We adopt two textures proposed in Ref. [45] (see also
Ref. [46]), where the electron and muon are coupled to
different massive up-type quarks,

0 0 0 % %

TX1: =2 0 0o, AR=|2 0 =« |,
0 2 0 0 A& IR

(16)

0 0O O * * *
TX2: A = 0 4, 0/, AR = 0 /1§2 *
A 0 0 /1§1 0 /1§3

(17)

In both cases, we assume that the coupling matrix A takes
the following form:

0 0 0
=0 0o o (18)
/131 /132 j'33

This particular flavor structure ensures that 4 will not suffer
from flavor constraints involving down-type quarks, as
these are solely induced by /lf’j and are generally weak; see
Sec. IV F. Interestingly, magnetic dipole terms induced by
these particular A couplings are generally suppressed due to
the Glashow-Iliopoulos-Maiani (GIM)-like cancellation;
see Sec. IV B for a more detailed discussion.

Several remarks are in order. First, the flavor-specific
nature of A* and AR implies that the corrections to electron
and muon g — 2 can be separately enhanced. In TX 1, for
instance, the electron g — 2 receives an enhancement from
the charm mass, while the muon g — 2 contribution is
enhanced by the top mass. Crucially, no dangerous chirally
enhanced y — ey decay is induced, thanks to the vanishing
of (14,,4%,) and (1%, 4%,) pairs. This contrasts with mecha-
nisms where both anomalous magnetic moments are induced
by the same up-type quark, as those scenarios face very
stringent constraints from the g — ey bound [51,52]. The
only significant constraints come from K — zvv and Z —
£YE™ (€ = e, ) decays; however, for TeV-scale LQs, these
are relatively mild; see Refs. [45,53] for a more detailed
analysis. Thus, no constraints beyond neutrino data are
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expected to compromise the outcome of the model. The
same reasoning applies to TX 2.

Second, elements of AR denoted by “x are not strictly
necessary for the present discussion and can be set to zero
without affecting the neutrino data fit. This is because the
effects of such /15- couplings in two-loop neutrino mass
generation are suppressed by light fermion masses and
CKM matrix elements. Therefore, only terms associated
with the top-quark couplings (i.e., /1§j) are likely to induce
significant contributions to the neutrino mass matrix at the
leading order.

Third, a nonzero A%; is required to ensure a correct fit to
neutrino oscillation data. Its presence in the (3, 3) element
of the neutrino mass matrix causes the one- and two-loop
contributions to appear with comparable strength, leading
to the suppression of A* elements—a key finding of our
study. While 4%, may induce LFV tau decays, such decay
bounds do not strongly constrain the parameter space of the
model, as shown later. An alternative choice, using 4%, in
place of A%, still yields a good fit. However, it causes the
one-loop neutrino mass contributions to dominate over the
two-loop ones, thereby relaxing the suppression on A*
elements and resulting in a less predictive result.

B. Neutrino mass matrix

Incorporating the aforementioned textures into the neu-
trino mass formula presented in Eq. (10) yields a rank-2
neutrino mass matrix, explicitly written as

b
v G+B 4y
M,=my| L+ by L4z, (19)
f+§ §+g 1

where (a, b, v, w) are dimensionless parameters. In TX 1,
they are defined as

St A 1 mdy o 1V
/133 /133 81{53 m; /1{;3 £ th /1?3
(20)
while in TX 2, we have
o 1 Vcb 132 _ 1 j’?l m, /1!;1 21
V=Y R =g toore (21
eV A3z ey mg Ay

with a, b definitions unchanged. The parameter m, =
(3529/872)myV 4330510 e denotes the overall scale of
neutrino mass, whereas the parameter ¢ quantifies the
relative strength of two and one-loop effects and is
given by

_ gmm, 15

S THIVASTOR (22)
For typical my =0.025 eV, it must be such that
33455001V e| = 2.63 x 10712, For M| = 1500 GeV and
AM =50 GeV, one gets I') ~—0.033 and the ratio of

the loop integrals is Igz) /I ~1.5. This results in
e=35.6x1077, leading to |A334%s99| = 0.014, a value
attainable within perturbative limits. This implies that A%,
and 33, as well as s,y, cannot be arbitrarily small to
guarantee a correct amount of neutrino masses. Another
implication is that e should not rapidly drop as LQ
masses increase, constraining them to below approxi-
mately 10 TeV.

Other 4; couplings [excluding pairs of (45}, 45,) in TX 1
and (A5,2%) in TX 2, which are zero] are not shown
because their effects on neutrino mass matrix are negli-
gible. For instance, A%, which is one of our couplings of
interest in TX 1, induces a correction to parameter w,

my Ve 1) AR
dw = e Tebl 21 (23)

Using the same LQ mass configuration, such a correction is
approximately ow=2.4 x 107%(2K, /2%,). Since 2%, 2 1072,
this 6w contribution is highly suppressed, particularly when
considering the value of w inferred from neutrino oscil-
lation data, see Fig. 3, leaving the coupling A%, effectively
unconstrained. The rest are not relevant to our discussion,
so they are simply set to zero. The situation for A%, in TX 2
can be explained in an analogous way.

Given its rank-2 nature, M, must possess one Zzero
eigenvalue, implying one massless neutrino. However,
based on the structure alone, we cannot distinguish the
neutrino mass ordering. Thus, in principle, M, can admit
both normal mass ordering (NO) and inverted mass order-
ing (I0). To ensure consistency with neutrino oscillation
data, both scenarios require that none of the diagonal
elements of M, vanish. The element (M, );; = m, propor-

tional to the two-loop integral Iﬁ% represents a purely two-

loop contribution and thus cannot be zero. Similarly, a
situation where one-loop contributions to M, were absent
would lead to (M,),; = 0. Such a vanishing (M,),, is
inconsistent with the current measurement of sin® @, 5 if the
lightest neutrino is massless. This highlights a critical
phenomenological requirement: significant contributions
from both one-loop and two-loop diagrams to the elements
of M, are simultaneously necessary.

Another implication of being a rank-2 matrix is that M,
of Eq. (19) has only four independent matrix elements,
which are the same as the number of parameters of M,.
Thus, those elements can be used to express (a, b, v, w) in
terms of neutrino oscillation parameters, i.e.,
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(a,w) =my3 £ \/mly —myy,

myy — Mmy3iiy3
(b.v) =my F B
myz — my

(24)

where m;; = (M,);;/(M,)3;, with M, = U*M,"U". The
matrix U is the Pontecorvo-Maki-Nakagawa-Sakata mix-

ing matrix, parametrized by three mixing angles and one
Dirac CP phase,

1 0 0 ci3 0 sze™®
U= 0 Cor3 §$73 0 1 0

0 —sp3 3 —si3¢ 0 €13
cp s 0
(25)

X | =sp ¢ 0],
0 0 1

while M3 is the diagonal neutrino mass matrix, which
contains one Majorana phase. Depending on the mass
ordering, it is given by

NO: MiE — diag (0, \/Amfole"“, \/Amgtm>’

10: Mo — diag(\/ A — Ay Anid e, o),
(26)

where Am2,; and Am2,, correspondingly denote the solar
and atmospheric mass splittings.

All neutrino oscillation parameters are summarized in
Table 1. Note that some parameter best-fit values, specifi-
cally 6 and 6,3, exhibit some dependence on the mass
ordering. For instance, the best-fit value for 6 is consistent
with the CP-conserving value of 180° in NO. Conversely,
in 10, the best-fit § is close to maximal CP-violating value
of 270° and disfavors the CP-conserving value by more
than 3.

Furthermore, the exact location for the octant of 0,3 is
still unresolved. It is true that the best-fit value for 6,5 is
found in the first octant for NO and the second octant

TABLE 1. Best-fit values of neutrino oscillation parameters
with their 1o error, taken from the 2024 NuFIT 6.0 ([54])
analysis [55].

Parameters NO 10

53 0.30870912 0.30879912
533 0.47050017 0.55070012
52, (higher minima) 0.575f8,‘81162 0.468f8'8112
sty 0.02215%55003 ~ 0.022311006058
Am2,/107 eV? 7.4910-19 7.497019
Am2,, /1073 eV? 2.513509% 2.484109%0
5/° 21212 274732
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for 10. However, current oscillation data cannot conclu-
sively exclude higher-minimum solutions for 8,5 in another
octant [55]. Specifically, these occur at 0,3 > 45° for NO
and 0,3 < 45° for 10O.

The choice of 0,3 octant is relevant for determining the
parameters in Egs. (20) and (21), as their values depend on
it. While it is impractical to show their explicit, lengthy
expressions, one can examine their term-by-term behavior
by expanding them in powers of a small parameter, such
as s3. Usually, an expansion up to O(s?,) is sufficient to
give a convergent result. For example, the leading terms for
(a,w) are found to be proportional to sec 6,3 in NO and to
csc 0,3 in 10; similar patterns are also observed in higher-
order terms. This finding, confirmed numerically, indicates
that larger values will be obtained when using higher
minima (i.e., 8,3 > 45° for NO and 6,5 < 45° for 10). This
is the choice that we adopt in our calculation.

We vary each oscillation parameter within its 2¢ uncer-
tainty. The exception is the Majorana phase a, which is
allowed to take the entire range of [0,2x]. Through
Eq. (24), parameters (a, b, v,w) are directly determined,
and the results are presented in Fig. 3. As expected, most
couplings are of O(1) in both mass orderings. Notable
exceptions are parameters a and w, which can reach the
magnitudes of 20 in IO. This value is reached at the 26 edge
of the CP phase 6. Future improvements that narrow this
uncertainty toward the maximal CP-violating value will
reduce the resulting magnitudes of a, w.

By employing Egs. (20) and (21), we determine their
impact on the lepton anomalous magnetic moments. For
this purpose, we choose the benchmark LQ masses of
M; = 1500 GeV and AM = 50 GeV, together with the
maximal LQ mixing (0 = z/4). These benchmark values
are consistent with current LQ direct searches at LHC [56].

C.TX 1

We now turn to discussing the implication on texture
TX 1. We start with the correction to muon g — 2, 5aﬂ. This
is primarily governed by 1%, and 4%, which are related to
the parameter v through Eq. (20). Given that € = 5.6 x
1077 and A% > 1072, the coupling A%, is strongly con-
strained. Considering the value of v, for a typical value of
AR | ~ 1, wefind |A%,| ~ O(107°). In contrast, A%, and A, are
only mildly constrained by the Z — yu~ and Z — 777~
decays. At 20 level, each process places |15, <2.79 and
|A%,] < 1.92, respectively, see Sec. IV C for a more detailed
discussion. However, in reality both couplings are simulta-
neously present, so we need to consider the constraints from
LFV tau decay bounds, such as 7 — uy or 7 — 3p.

With such a small 1%,, the supposedly top-enhanced term
only induces marginal effects on da,. The leading con-
tribution to this correction comes from the term with
external chirality flip, which is proportional to |A%,|°.

Considering the bound on /1§2, this implies that da,, cannot
exceed 11 x 107!, which is consistent with the recent
result of the TI based on various lattice calculations.
Similarly, the suppression of such top-enhanced contribu-
tion also weakens LFV tau decay constraints, with the
strongest coming from 7 — 3y decay. For a fixed
AR =192, this yields [A%)| <0.58.

The correction to the electron g — 2, éa,, depends on 4%,
and A%5. Again by virtue of Eq. (20), one can infer
2, =we(Vy,/V)A%. The resulting A%, differs signifi-
cantly between the two neutrino mass orderings, thanks to
the value of w. We find

NO: 1.4 x 1076 < |24, /28| < 1075
10: 3.2x 1070 < |24, /28] <29 x 1074, (27)

where the upper bound of the coupling ratio for 10 is
about 1 order of magnitude larger than that of NO.
Nevertheless, unlike da,, the contributions to Ja, are still
dominated by the internal chirality enhancement via the
charm-quark mass.

Similar to A5, and 1%, cases, the coupling A, is also
loosely constrained. The Z — e e~ decay does not impose
a significant bound because the amplitude is suppressed
by m3/Mj ,, due to the charm quark loop. Similarly, the
T — pet e decay, where X, plays a role via box diagrams,
can be easily evaded by setting a sufficiently small %,.
Instead, the most significant constraint comes from the
high-p; dilepton search (via c¢¢ — ete™ channel) [57],
giving |4, < 1.4 with 36.1 fb~! dataset.

Another important observation is the electric dipole
moment of the electron, discussed in Sec. IV D. This
mainly constrains the complex phase of A%, requiring
arg(1%,) = arg(44,) + nz, with n being an unconstrained
integer. As a consequence, da, o |14,A5 |(=1)", allowing
da, to take positive or negative values. The ability to take
both signs is important because it allows the induced value
of da, to be directly checked against results from cesium
and rubidium experiments.

Figure 4(a) illustrates the results of our analysis. The
most relevant constraint for each coupling is indicated by
the horizontal and vertical lines. Of particular interest is the
constraint on A3, which arises mainly from neutrino
oscillation data, with the coupling A%, being fixed to its
maximum value of 1.92. The bound on 4%, is so strong
that it eliminates all but a small region consistent with the
a;® — a®® value (shaded area). On top of that, this bound
completely excludes the region associated with |ag" — aS¥|
(bordered by dashed lines), thereby favoring only the NP
scenario suggested by the rubidium measurement. Note
that this bound is derived based on the results in IO
context. For NO, as mentioned before, the bound will be
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FIG. 4. The allowed region presented in |44, | vs |45, | plane for TX 1 (a) and in |4%,] vs |A%,| plane for TX 2 (b). The darker (lighter)
shaded area corresponds to one- (two-) sigma allowed region of a; " — aR®, while the area bordered by the dashed lines correspond to

two-sigma allowed region of |ag® — aS|.

approximately 1 order of magnitude stronger, ruling out the
entire displayed region.

Future experimental results will significantly affect the
outcome of this analysis. First, the high-luminosity LHC
data (~3000 fb~!) are projected to improve the limit on
|A%,| to approximately 0.8, further shrinking the allowed
region. Second, precise determinations of the neutrino mass
ordering, the octant of 0,3, and the Dirac CP phase 6 will
be crucial for either validating or falsifying the present
scenario. For instance, a value of 6 near the maximal
CP-violating value of 270°, even in 10, will significantly
tighten the upper bound on 4%,. Similarly, if NO proves to
be the true mass ordering, our scenario would be unable to
induce a significant correction to the electron g — 2. Still,
a definitive clarification on the value of the electro-
magnetic fine-structure constant will be important for a
conclusive interpretation of the electron g — 2 within this
framework.

D. TX 2

The TX 2 scenario is analogous to TX 1. Using v and w
values inferred from Fig. 3, it is straightforward to
determine A" couplings. Specifically, we find [1},| =
ve(Vip/Vp)255| S 1.6 x 107 and |25 = [wedg]| <
2.1 x 1073, assuming 1O and the upper value of A%, = 1.92
set by the Z — 777z~ decay. On the other hand, the coupling
%, is practically unconstrained by neutrino data, thanks to
the presence of m, /m, suppression factor in the formula for
w. Therefore, in principle, it can take the maximum value
allowed by flavor constraints, which are Z — ete™,
7 — ey, T — 3e, and 7 — ey~ decays. These bounds
could be competitive to each other, depending on A%,
and 24, values. With A%, set to its maximum value and
241 <2.1x 1075, it is 7 — 3e decay that gives the
strongest constraint.

The strong bound on 45, prevents da, from receiving
significant enhancement from the charm-quark mass.
Instead, it is predominantly induced by terms proportional
to |A%,]%. The coupling A%,, like A, in TX 1, is constrained
by the high-p; dilepton search via ¢¢ — u*p~, resulting in
14%,| < 1.33. This leads to a predicted 5a, < 2.85 x 1071,
which is in a good agreement with the TI result.

The results for this texture are summarized in Fig. 4(b).
Similar to TX 1, only a small portion of region associated
with the rubidium value is allowed, whereas that corre-
sponding to the cesium measurement is entirely ruled out.
This reaffirms the significant role of neutrino data in
constraining the allowed parameter space. Future measure-
ments of neutrino oscillation parameters will impact this
texture the same way they affect TX 1.

Interestingly, in the correlation with LFV, the allowed
region further suggests that LFV tau decays, such as t — ey
and 7 — 3e, should be observed by next-generation experi-
ments. Specifically, we find BR(z — ey) 2 6 x 10~ and
BR(z — 3e) = 1.5 x 1078, which are within future sensi-
tivity rates; see Table II. A failure to observe these LFV
decays within the projected limits would imply the

TABLE II. Current experimental upper bounds on branching
ratios of LFV decays relevant for the present discussion.

Process Present bound Future bound
u— ey 1.5 % 1071 [61] 6 x 10714 [62]
T ey 3.3 x 1078 [63] ~1070 [64]
Ty 42 x 1078 [65] ~107 [64]
1= 3e 1.0 x 10712 [66] ~10716 [58]
T - 3e 2.7 x 1078 [67] ~1070 [64]
73y 2.1 x 1078 [67] ~1077 [64]
T peten 1.8 x 1078 [67] ~107 [64]
T eutp 2.7 x 1078 [67] ~1077 [64]
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exclusion of this scenario. In this context, LFV muon
decays are suppressed. 4 — ey suffers from the GIM-like
cancellation (see Sec. IV B), while y — 3¢ and pu—e
conversion in nuclei are suppressed because the corre-
sponding couplings, 43;, 43, (both are correlated with 433
via neutrino mass matrix parameters a and b) are small due
to the assumption of LQ maximal mixing. If the mixing is
allowed to be small, 43; couplings could be large, leading to
sizable rates for 4 — 3e and y — e conversion. We find that
BR(u — 3¢) $1.4x 107" and R, (Al) $<3.5x107'%,
which are within the sensitivities of next-generation
experiments [58-60].

R

dAj; . 13
162 T = (VTY38),, 4 2085 4%) ; + [ TH(AE) + Te(R )] - <? e 4gg>ue

L

ik
1672 —4 = =
a2
dy, 9 . 1 17 9
16ﬂ2d—; = Ey? T3 (455)%y: = (Ef + 192 + 89%))%,
dg;
1672 —2 = b,g3.
" iJi

Here, Y, is the up-type Yukawa coupling matrix, of which
only the top Yukawa coupling is kept, while {b,, b,, b3} =
{21/3,-8/3,—-13/2} are the coefficients for the three
gauge couplings ¢, g, g;. Other Yukawa couplings are
neglected due to their small values, with the excep-
tion of the term proportional to Y,ARY i in the beta func-
tion of AL,

Numerical evaluation of these RGEs demonstrates that
this model is indeed perturbative and technically natural for
a broad range of energies. For instance, 45, will not hit the
perturbative limit of v/4z up to approximately 100 TeV.
While this indicates the need for a UV completion at or
below this scale, this cutoff is sufficiently high to ensure
that the phenomenological results presented here—which
are evaluated at the TeV scale—remain robust. In addition,
the RGEs show that AiLj couplings do not receive large
corrections across this energy range; their running either is
proportional to /Il-Lj or is driven by the term proportional to

YiaR Y, highly suppressed by the small SM Yukawa
couplings.

F. Coupled electron and muon sectors

Before we end this section, we would like to discuss the
situation where both éa, and éa, are induced via chiral
enhancement of the same internal up-type quark, e.g., the
top quark. The nonzero elements of 1%, i.e., 15, 4%,, are
linked to the neutrino mass matrix parameters through

E. Perturbative cutoff

Our analysis requires the simultaneous presence of one-
and two-loop neutrino mass terms. As mentioned earlier,
the two-loop contributions will maintain their significance
as long as the LQ masses do not exceed approximately
10 TeV. Furthermore, some Yukawa couplings are con-
strained to be of order 1, with A%, being as large as 1.92,
whereas the others, e.g., /I?j (or A in the original basis) are
very restricted. Thus, it is important to verify the ultraviolet
(UV) consistency of the model. We evaluate the renorm-
alization group (RG) evolution of these couplings using the
following f functions:

ij’

6 2

5 9
(YRYEAR),; + 2(AA5T28),; + [2 Te(2R128) + Tr(2R12R)] AL + 2(YEARYD), - <— g+ =g+ 4g§) i

(28)

u R
15 mi
- R

€33

_ Ly mo A

v —_— —
R
€ A5,

29
m, /1§3 (29)

m, AR
To address the electron g — 2, one needs the chiral enhance-
ment, so both A%, and 2%, must be present. On the contrary,
muon g — 2 does not need a new physics, as implied the
current lattice findings. However, the 4 — ey decay cannot
be arbitrarily suppressed because both 1%, and 4%, cannot be
simultaneously zero, thanks to v ~ 1 from oscillation data.
To see this more transparently, we express the branching
ratio of 4 — ey in terms of éa, and da, through [46,51]

T,o0m> (Sa? da’ 1
BR = T (0% oy O L) (30
i er) =25 (20 4 2 ). (a0

where 7, = 2.19 x 107%s is the lifetime of the muon and
x=24%/24%. Now, let us suppose A5, =0, so A%, =
vedf; < O(107°). Consequently, [5a,| < 107", and thus
it can be dropped from Eq. (30). Due to m,/m, factor, A%,
practically has negligible impact on w, so it is a good
approximation to take x ~ v/w, whose value is between
0.087 and 4.7. With such values, one cannot satisfy the
recent bound of BR(u — ey) < 1.5 x 10713 [61], unless
da, <1071, 2 orders of magnitude smaller than the recent
values implied by both cesium and rubidium experiments.
This shows that, even with the muon g — 2 anomaly gone,
the tension between neutrino data and p — ey bound
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restricts the electron g—2 from getting a significant
correction of new physics.

IV. EXPERIMENTAL CONSTRAINTS

A. Lepton anomalous magnetic moment

The scalar leptoquarks in this model can induce a
correction to the anomalous magnetic dipole moment of
a lepton, which proceeds via penguin diagrams, in which
the photon can be emitted from internal quark and lepto-
quark lines. Using Eq. (9), it is found that

da, = S M {(Wézz + A8 1)k (xka)

my

+

kReuz;zf»x%xka)} (31)
nmy

where ¢1(¢,) = ¢3(s3), xu = mi, /M3. The loop functions
k(x),x’(x) are given by

_ —1—4x+5x" -2x(2 4 x)Inx

Kk(x)

12(1 —x)* ’
7—8x+ x>+ (4+2x)Inx
/(x) = . 32
K () ST (32)
Note that in Eq. (31) only contributions from X,l/ ? and

up-type quark exchange are shown. Other contributions
involving R*® and d; quarks exchange (driven by 1;;
couplings) are negligible. This can be explained as follows.
In the limit of m;, = 0, the loop function of the diagram
with photon attached to the down-type quark line is 2 times
larger than the one with photon attached to the leptoquark
R?/3 line, whereas the b-quark electric charge is 2 times
smaller and opposite in sign to that of leptoquark. Adding
the two contributions will result in a vanishing amplitude
at the leading order, similar to the GIM cancellation.
Nonzero terms, i.e., the analog of x(x) function for this
LQ exchange, will be proportional to mj /M7 ,, which are
very suppressed.

The last term of Eq. (31) is induced by an internal quark
chirality flip. This is possible because within this model the
X\ LQs can couple to charged leptons with different
chirality. Thus, it will induce a significant correction if the
internal quarks are heavier than external leptons; in the
present model this can be achieved by having the top quark
or the charm quark inside the loop.

B. Lepton-flavor-violating decays

1. ¢; — €y decays

Lepton-flavor-violating decays in general are expected to
occur within this model. The first process we consider is the

radiative lepton decay ¢; — ¢; + y. Its transition amplitude
is driven by the following Lagrangian:

eff _ mfi ) ¢ ¢
Ef-—’fﬂry = fJU _AZRPR + _AZLPL LﬂiFW, +H.c.,
: Vew 2 2

(33)

where F,, = 9d,A, — d,A, is the electromagnetic strength
tensor. The branching ratio is determined as

5

Tfiamfi
1 (|A2L|2+|A2R|2)v (34)

4vEw

with 7, denoting the lifetime of the decaying particle ;.

At the lowest order, this process arises through one-loop
penguin-type diagrams exchanging X3 LQs. The Wilson
coefficients A,p,; are found as

~ 1622 M? .

i

3 gﬂvz * mfj *
e [(%i’% + m, ﬂfi’%%)’c(xka)

m *
+ m—;zgzgijka)] ,
AZL = (ﬂ,u <> )/R) (35)

As with the a, case, contributions induced by 4;; are not
included because they suffer from the GIM-like cancella-
tion. Consequently, the u — ey rate, which can only be
driven by A couplings here, is found several orders of
magnitude lower than the current bound. Meanwhile,
considering A" structures given in Eqs. (16) and (17), only
its element involving the top quark (i.e., A%, in TX 1 and A%,
in TX 2) generates 7 — u/e + y decays through internal
chirality flip. Even so, due to neutrino data constraint, such
a term does not significantly affect the parameter space of
the model. The summary of relevant LFV decays is given in
Table II.

2. ¥; — 3¢; decays

In addition to #; — ¢y, LFV decays can also occur in
the form of #; — 3¢;. We will focus on decays to lighter
leptons of the same flavor. The diagrams of these pro-
cesses occur at one-loop level via penguin-type diagrams
exchanging photon, the Z boson, and the Higgs boson,
together with the box diagrams. However, since the
penguin Higgs exchange diagrams are proportional to out-
going lepton masses, they are practically negligible and are
not considered here. Following the notation of [68], the
general form of the effective Lagrangian is given by
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1 - e e — _ _ _
ﬁeff,.f_gfj = @ [mffjﬂ’” <§A2LPR +§A2RPL)fiF;w + 91(€;PRE)(EGPRE }) + 9o(CiPLE) (€GP LE )

+ g3 (C" PRE) (€1, PRE ) + 94(€ /" PLE ) (C 7, PLE ) + 95(€ 7" PR ) (€ v, PLE })

+ gﬁ(ZﬂMPLft)(fﬂ/yPRf ) + H. C:|

from which one can write the branching ratio [68],

5
Tf[mf

g (P + P

|
+§(\93|2+|g4|2)+§(|95|2+ |96/%)
8/ mi 11
+§ <lnm§1 4>(|62A2R|2 + |e*Ay|?)

J

8
— gRe(ezAzRgZ + €2A2Lg§)
4
- gRe(ezAzRgé + ezAngé)] . (37)

We ignore contributions of A, except that inducing

chirality flip in the dipole coefficient A,z. Effective
couplings ¢;(i = 1, ..., 6), therefore, are given as

91207 92:0,

1
gy =é? (AIR + Zrdy +§BR>’

1
gy =€* <A1L +Zr9] +§BL>’
gs = e*(Aig + Zgrygy).
g6 = (AL + Z1gk). (38)

where Ay, 1z, Z; g, and Bj p denote contributions from
photon, Z, and box diagrams. They are found as

Ag = 163 C“]‘Z'iw/lﬁﬂ?f (X1a)s

Ay = 16?)221}\}2/31\72\//13/1211%1‘()(}’)

Zn = o A A = o V().
Z =3 U — (),

167° mzcyy sy

3 L0t
2B a EW
CORT V62 M2

Angj*M |2b(xtuv rba)

3 03
¢’B; = o2 A‘;‘;V,13,,1;]|13]|2b(0 1), (39)

(36)

|
My /M3, and gpy = —gp5" =
F(x), and b(x, y)

with x, = m?/M3, rp, =

—[T5(fLRr) — Qfs%v].2 Functions &; g(x),
are given by

=10 +27x — 18x> + x> +2(=4 + 6x + x*) Inx
36(1 - x)* ’
—44+9x —5x% + (=4 + 6x +4x°) Inx
36(1 —x)* '
x(I —x+1nx)
(I-x?

Rp(x) =

R (x) =

F(x) =

2

1 e}
b(x,y) = _5/0 TR TS T

(40)

Besides #; — 3¢; decays, there are also ; — £,£ ¢y
(j # k) decays. This type of processes is similar to
¢; — 3¢; decays, but the flavor of £ ¢y pair is different
from the other outgoing particle. The branching ratio
formula is then given as [69]

5
Tf[ mfi

1
5P+ )
1 2 2y, 1 2 2
+3 (19317 +194%) +5 (lgsI” + g6 )
8/ m:
+§<lnm—2'_3>(|€2A2R|2+|92A2L|2)
‘k
4 2 * 2 *
—gRC(e A2R94+€ A2Lg3
+ e*Aorgs + 62A2LQ§)} . (41)

The definitions of effective couplings are the same as the
one given in Eq. (39), with some modification,

2R 3 CaCbUEW

€ brp = 16 M2 /1 M |2b(xta’rba)

3
”EMZA;Mszb(o 1). (42)

2
B
LT 682 M2

’One should not be confused with the notations my, and My;
the former refers to the bottom-quark mass, while the latter to the

mass of X,l,/3.
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The Z-loop corrections, Z; p, are proportional to
(my/mzswcw)?. In the case of Z;, it is suppressed by
the bottom-quark mass, so it is practically zero. In contrast,
Zy gains a significant enhancement by a factor of 16 from
the top mass. This indicates that Z contributions with top
exchange can dominate over photon and box diagrams,
especially when A%, or 1%, is very small (no internal
chirality enhancement), due to neutrino oscillation
constraints.

However, when these couplings are sufficiently large—a
condition typically outside the region allowed by neutrino
oscillation data—the corresponding dipole terms start to
become significant. This explains the behaviors of LFV
constraints from 7 — ey and r — 3e illustrated in Fig. 4(b).
Since the 7 — 3e amplitude has an additional power of
electromagnetic coupling compared to 7 — ey, itis ¢ — ey
that provides better constraints on the parameter space for
that region of 15, value. We observe an analogous situation
when comparing 7 — uy and = — 3u decays.

3. p —e conversion in nuclei

Another bound that may affect the parameter space of the
model is the one coming from the conversion of muon to
electron in nuclei. This process bears similarity with the
u — ey process but with off shell photon converted into gg
pair. In addition, there are also Z-mediated and box dia-
grams, as well as tree-level diagrams. We will be particu-
larly interested in the so-called coherent process, where the
final state of the nucleus is the same as the initial one. At the
quark level, the effective Lagrangian is written as [70]

‘czf—feconv = 2—2 [emﬂédﬂyA2RPR,quu - gZS<éPR,u) (ZIQ)
VEw
— giv(er'PLp)(@r'q)] + (L < R) +Hec.
(43)

Note that we do not include pseudoscalar, axial-vector, and
tensor quark operators as they do not contribute to the
coherent process.

Considering the coupling textures presented, only A
couplings (via R?? exchange) can induce the u—e
transition. However, as we have seen before, the corre-
sponding dipole coefficients suffer from the GIM-like
cancellation, rendering them negligible. Similarly, the
scalar operators cannot be induced because this particular
couplings can only connect muon and electron with the
same chirality.

Consequently, only the left-handed vector operator
contributes to the process. This operator needs to be
matched to the nucleon level, giving (N|gy*q|N) =
n NNy N, with n(@N) denoting the number of valence
quark ¢ in nucleon N. As a result, box and tree-level
exchanges can be omitted as they contain only b-quark
flavor. The effective coupling is given by

giy = €0, AL — 2 [T5(q) —20,5%]Z;.  (44)

where gh, = ghs = g = 0, and the coefficients A;; and
Z; are defined in Eq. (39).
From here, the conversion rate is found as [70]

5

m
(4 —econv) = 04—” (2g%y + gy) VP
EW

2
+ 29y + giy)V'[, (45)

with VP being overlap integrals for the proton and
neutron. Their definitions and values for various atomic
nuclei are given in Ref. [70]. It is worth noting that the Z
contribution is suppressed by mj/m3, so it would induce
merely a negligible correction. The dominant contribution
is driven by the photon exchange, which is proportional
to the electric charge of the valence quarks. Because of
that, the term associated with the neutron will be effec-
tively zero.

Today, the strongest constraint of such a conversion
comes from the search in the gold nucleus by SINDRUM II
Collaboration [71], i.e., R,, =T'(u—econv)/I"(captured) <
7x10783,  with T'(captured) = 13.06 x 107 s=!  and
VP = 0.0974. Future experiments, such as COMET [59]
and Mu2e [60], are projected to reach the sensitivities of the
order O(10~'%) using aluminum target.

C. Constraints from Z — £*¢~ decays

Leptoquark Yukawa interactions, given in Eq. (9), can
induce corrections to the Zf f couplings. These interactions
are described by the Lagrangian,

L, = %f}/" (gL PL + ghPR)fZ, + He.,  (46)

where g{» R = g{"iM + 69,{’ r represent the effective left- and

right-handed couplings.

We are particularly interested in corrections to leptonic
couplings gf’ > determined from Z — £~ decays. These
decays have been precisely measured by the LEP experi-
ment, giving the following values [72]:

g5 = —0.26963 + 0.00030,
d; = —0.2689 £ 0.0011,
gt = —0.26930 + 0.00058,

g% = 0.23148 + 0.00029
dr = 0.2323 £0.0013
g% = 0.23274 1+ 0.00062.
(47)
Corrections to these couplings arise at one-loop level from
Z-penguin diagrams, in the similar manner as ¢; — 3¢;

decays. The difference is here there is a significant correc-
tion from the Z momentum, leading to [73]
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Aae|x 1 1
5q = Pz [gfe <6+ iﬂ—lnxz3> +69i]’

1622
AL, T e e 1
o =252 (o = )P (5) + 5320 ()|
AR p 1 . 1
121:2 1622 9L g—i—m’—lana +691€»
(48)

with xz3 = m%/M3 and

c(1=x)(=84+7x=5x?) =22+ x*) Inx

f(x) =49 (1—)()4
N o (1=x)(2+5x—x*) + 6xInx
Ik (1—x)*
1—=x)(2=T7x+ 11x3) +6x3Inx

Again, contributions from 4, couplings are ignored, and all
fermion masses except the top mass are set to zero.

D. Electric dipole moment of electron

Another important observable for our discussion is the
electric dipole moment of electron (electron EDM) d,,
defined through the Lagrangian term,

d
L= —?e (ec™iyse)F,,. (50)

Within this model, such a quantity can only be induced at
one-loop level via internal chirality flip and is given by

3e {,m, N
de:167r2 M2AI m(AF 4K (Xka)- (51)

The current limit on this quantity is |d,| < 4.1 x 107° ecm
[48]. For a specific M| = 1500 GeV, AM = 50 GeV, and
maximal LQ mixing, the experimental bound on d, trans-
lates to

| Tm(A8,245)| < 5.0 x 10 for TX 1,
|Im(AR 245)| < 8.4 x 10711 for TX 2. (52)

These stringent limits suggest either extremely tiny values
for A5,, 2%, or highly aligned phases such that arg(4%,) =
arg(A{,) + nz, where n is an arbitrary integer. Similar
observations are also seen in the case of the muon EDM.

E. High-p; dilepton tails

Some couplings within this model can also contribute to
dilepton production pp — £7¢~ at the LHC, i.e., via the
tree-level LQ exchanges. This finds its relevance when the
corresponding quarks are of first or second generation.

Since the LQ masses we consider are well above the
electroweak scale, we can adopt the effective theory
approach. We are particularly interested with the following
flavor-conserving dim-6 operators involving right-handed
up-type quark,

) 2
LM = ———CFR (g, Prq;) (€7, PRC;).  (53)
VEw

with

CER —”%—W<C5 2)u 12 (54)
o= s

Other operators with left-handed quarks or leptons, i.e.,

CiLjL or Cf;L, are not considered. This is because these

operators involve A* couplings, which are constrained to be

small by neutrino oscillation data.

Two particular coefficients that are relevant for our
discussion are C5F in TX 1 and CEF in TX 2. The
magnitudes of these coefficients have been tabulated in
Ref. [57] based on high-p; dilepton search by ATLAS
Collaboration. Their conservative bounds are found to be
|CER| < 0.0127 (0.00417) and |CXE| < 0.0162 (0.00632)
for 36.1 fb=! (3000 fb~!) luminosity.

F. Flavor constraints in the quark sector

So far, we have only discussed the effects on LQ
interactions in the lepton sector. In principle, these inter-
actions may induce flavor-changing processes in the quark
sector. However, in general, those effects are negligible.
This is primarily due to the suppression of A* elements
by neutrino data, which are related to down-type couplings
via 14 =VT)* and the TeV-scale of LQ masses. In
addition, texture choices of Yukawa coupling matrices, A
and A%, allow us to explicitly avoid certain flavor-changing
processes.

To illustrate this, let us examine the b — svv transition.
In the SM, such a AB = 1 (not to be confused with baryon
number B mentioned in earlier section) process is expected
to be suppressed, as its leading contributions only arise at
one-loop level via Z-penguin and box diagrams. Within the
present LQ framework, it can appear at tree level driven by
24 couplings. (Another tree-level contribution induced by A
does not occur because, in the present discussion, this
coupling matrix only couples to the b quark.) The corre-
sponding effective Hamiltonian can be expressed as

4G
Heip = ﬁF Vi Vi CL O}, (55)
where
Wi aem -
OL 4n (SJ’”PLb) (%‘h(l _75)1/]'), (56)
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and CY = CSM 4 C¥™Y. The SM Wilson coefficient is
given by CvSM = —X(m?/m3,) /5%, with the function X (x)
defined in [74], whereas the new contribution is found as

\/iﬂlgﬂg}f
4GFM%Q th V;ks Xeom ’

v,new __
=

(57)

In deriving the above relation, we have assumed a maximal
LQ mixing angle and M, ~M, =M LO- Numerically,
C‘Z’SM = —6.38 = 0.06 [75]. Using the coupling values from
Fig. 4 with M, , = 1.5 TeV, it follows that | ;""" / C M| ~
O(1078) for both TX 1 and TX 2, indicating that the
b — svp transition receives no significant correction from
the LQ sector. Consequently, the rates for related processes,
such as B — Kvv, remain consistent with SM predictions.
The suppression of NP effects in kaon decays can also be
explained in an analogous way.

We now turn to the b — sZT¢~ transition, whose
effective Hamiltonian is stated as

4G y
Hegr = _TZF Vi Vi [Cgfogf +Ci§ O'iﬂ(ﬂ’ (58)

with Off,) = (aen/47)[57"PLb)[C7,(15)¢] and C); =

Colioy' + Coio}" For the SM, we have C5™M =
—CiM = Y(m2/m3,) /53, with the expression of Y(x)
given in [74]. The LQ contributions arise through box

diagrams, given by

Cff,new _ Cff,new — _ \/E(’ld’ld‘)ﬂ(ﬂmlfe)ff ) (59)
? 10 1287G M3 5V 1, Vil
Although ¥ ~ (1), these new contributions are still
orders of magnitude smaller than the SM values. Thus,
no significant deviations from the SM predictions are
expected for B — K£t¢~ and B, — £t¢~ decays.
Furthermore, decays into different light lepton flavors,
e.g., B — Ke*u™, can be trivially satisfied, thanks to the
decoupling nature of the electron and muon sectors. Also,
the new effects on AB = 2 and AS = 2 processes, such as
By, — B,, and K-K mixings, are expected to be more
suppressed due to having more power of A;fj in their

diagrams.

The above analysis can be extended to cases involving
charm quarks, relevant for B — D7v or D — £v decays.
We start with b — ctv transition, whose effective
Hamiltonian is given by

4Gr

V2

+ C§ (¢Pb)(TPLv) + C] (¢6* P b) (%0, Prv)],
(60)

7_{eff = Vcb [(1 + CZ)(EyﬂPLb) (%nyLU)

with Wilson coefficients,

oy = SENV2 s gor  KEV2
b8GVLMY, ‘ 8G VMg
(61)

Again, no deviations from SM values are expected to occur:
|CY| = 0, thanks to A%, = 0 in these specific textures, while
I8 ~1, although allowed by neutrino oscillation data,
cannot compensate for the suppression of Agii, resulting
in |C5| < 1. The same behavior is also observed in
decays involving light leptons b — cfv (£ = e, p) and
D — ¢v. The former, in particular, leads to R, =
BR(B — D"1z)/BR(B — D*)£v) values that remain
consistent with the SM.

V. CONCLUSIONS

In this paper, we analyzed a radiative neutrino mass
model featuring two scalar leptoquarks S(3,1,—1/3) and
R(3,2,1/6) in the context of recent lepton g — 2 observa-
tions. By employing flavor textures that decouple the
electron and muon sectors, we ensured that the anomalous
magnetic dipole moments are induced by different up-type
quarks, thereby suppressing dangerous y — ey decay. In
the minimal scenario, consistency with neutrino oscillation
data requires the simultaneous presence of one- and two-
loop neutrino mass contributions.

The model predicts a massless lightest neutrino, accom-
modates both normal and inverted orderings, and estab-
lishes a direct link between neutrino oscillation data and
the lepton g — 2 values. We find that while neutrino data
prevent a large new correction to the muon g—2, the
electron g — 2 discrepancy (as implied by the Rb experi-
ment) can be resolved within 20, achievable only for
the inverted neutrino mass ordering. Furthermore, our
analysis indicates that the model remains perturbative
and technically natural up to 100 TeV. Finally, the predicted
rates for LFV processes, such as 7 — ey and 7 — 3e, lie
near current experimental limits. Future results from
neutrino oscillations, high-luminosity colliders, and LFV
searches will provide critical tests to confirm or falsify this
scenario.
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