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Abstract The Standard Model, if extended to the energy
scale of O(1) TeV, the known particle spectrum could be
augmented with a scalar leptoquark. Within this minimally
extended framework, explaining the anomalous magnetic
moment and electric dipole moment simultaneously for the
three lepton generations over a parameter space consistent
with all the lepton flavor violating bounds is possible. Such
a model can be tested or falsified through the collider search
experiments and/or by probing the low-energy lepton phe-
nomena. This work studies the current prospects of the model
in the presence of recent experimental updates for the lep-
tonic observables.

1 Introduction

The Standard Model (SM) has already explained the color
and electroweak sectors up to a high degree of testable preci-
sion. Further, the discovery of the 125 GeV Higgs boson at the
Large Hadron Collider (LHC) has completed the proposed
particle spectrum of the SM [1,2]. However, certain experi-
mental observations and theoretical issues can’t be explained
within the framework of the SM and thus indicate the pres-
ence of some New Physics (NP) yet to be explored. For exam-
ple, the idea of gauge coupling unification hints at a more
fundamental theory corresponding to a single gauge group.
The SM gauge group, i.e., SU (3)C × SU (2)L ×U (1)Y can
be considered as its effective low-energy version obtained
via a particular symmetry-breaking chain. The list of such
Grand Unified Theories (GUT) includes SU (4) [3], SU (5)

[4], SO(10) [5,6], E6 [7,8], etc. It is interesting to note that
within a GUT structure, quarks and leptons can directly cou-
ple at the tree-level through a hypothetical mediator – Lepto-
quark (LQ) (for recent reviews, see Refs. [9–12]). Though, in
principle, within a local quantum field theory LQs can either
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be scalar or vector, the scalar LQs are more useful to study
the loop-induced Beyond Standard Model (BSM) contribu-
tions [13–15]. LQs are crucial from various phenomenolog-
ical aspects. For example, an extension of the SM with a
LQ can explain several B-meson anomalies [16–26] or can
contribute to the flavor violating processes like τ → μγ

and h → τμ [27]. LQs may also be significant for the dark
matter phenomenology [28–30] and the production of scalar
particles at the LHC [31–35]. Note that the simplest GUT
extensions assume a heavy LQ [36,37] to evade the proton
lifetime constraints, but they can’t be produced at the LHC.
However, there are GUT formulations that can explain the
stability of proton with a TeV-scale scalar LQ [38–43]. Thus,
in this paper, the later GUT motivation will be considered as
the gauge theoretical background for the new interactions,
i.e., the SM will be extended to an energy scale of O(1) TeV
to augment the observed particle spectrum with a scalar LQ.

Recent experiments have resulted in some remarkable
observations in the lepton sector, which may indicate towards
a possible BSM theory yet to be discovered. For example, in
2021 a combined result from the Fermilab-based Muon g−2
collaboration and Brookhaven National Laboratory (BNL)
showed a 4.2σ discrepancy between the predicted and mea-
sured values of the anomalous magnetic moment of muon
[44,45]. The result has been updated very recently on August
2023, enhancing the significance to 5σ [46].1 Moreover, a
precision measurement of the fine-structure constant using
either Cesium (Cs) [50] or Rubidium (Rb) [51] indicates a
similar anomaly in (g−2)e. However, note that a relative sign
between the two results leads to an experimental dispute that

1 A recent lattice calculation of the hadronic vacuum polariza-
tion (HVP) term by the BMW collaboration [47] and a preliminary
experimental update from the CMD-3 detector [48] indicate a signifi-
cant tension with the present data which may result in a smaller and less
significant discrepancy [49] between the predicted and observed values
of (g − 2)μ.
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can’t be settled with the present technologies. LQs can play a
vital role in explaining the discrepancy in (g − 2)μ [52–58].
Moreover, in the presence of a scalar LQ, various NP signa-
tures, e.g., the neutrino oscillation, W mass anomaly, lepton
flavor violating decays and dark matter can be connected to
the (g − 2)e, μ anomalies within a single BSM formulation
[29,59,59–67]. LQs can also have important implications to
explain the electric dipole moment (EDM) of leptons [68–
70].

In this paper, a minimal extension of the SM has been
considered with a scalar LQ S1(3̄, 1, 1/3) at an energy scale
of O(1) TeV. In Refs. [66,71], it has already been studied in
detail that such a simple BSM framework can easily explain
all the possible NP signatures and experimental constraints
in the lepton sector. However, we shall see that the scenario
could be simplified further if formulated with a particular fla-
vor ansatz. The present work will try to constrain the param-
eter space for all the three lepton generations simultaneously
considering the current experimental updates on (g − 2)�
and EDM. However, due to experimental inadequacy, the
τ -sector is not at all interesting compared to e and μ. For e-
sector, both experimental possibilities (i.e., the results from
the Cs and Rb experiments) will be addressed through a com-
mon generic formulation. A direct consequence of augment-
ing the SM with a LQ is opening up the 2-body and 3-body
charged lepton flavor violating (CLFV) decay channels and
initiating a possibility for the lepton flavor violating Higgs
decays [27,72–74]. However, the experimental upper limits
associated with the non-observation of these processes can
easily be explained within the considered model by adjusting
the lepton-quark couplings in a 3 × 3 flavor basis, making
the parameter space consistent with the CLFV bounds. The
paper has been organized as follows. Section 2 introduces the
new interactions arising at the TeV scale. In Sect. 3, (g− 2)�
and EDM have been defined along with their recent exper-
imental bounds. Section 4 elaborates on the one-loop BSM
contributions to the ��γ vertex appearing in the presence of
S1, whereas in Sect. 5, the allowed parameter space has been
analyzed using numerical techniques. Finally, the outcomes
have been summarized in Sect. 6.

2 The model: a minimal extension of the SM

The considered model assumes a simple extension of the
SM at a NP scale � ∼ O(1) TeV, where the known particle
spectrum gets augmented with a scalar Leptoquark (LQ) of
electromagnetic (EM) charge 1/3 – usually labeled as S1 ≡
S1(3̄, 1, 1/3). Following the notations of Ref. [9], the NP
Lagrangian can be cast as,

L� =
[
λ
i j
L

(
Q̄Ciaβ

L εabL jb
L

)
Sβ

1 + λ
i j
R

(
ūCiβR Sβ

1 �
j
R

)

+ h.c.
]

+ M̄2
S1

(S†
1 S1) + κ(H†H)(S†

1 S1),

=
[{

ūCiβL

(
V

†λL

)i j
�
j
L − d̄CiβL λ

i j
L ν

j
L

}
Sβ

1

+ λ
i j
R

(
ūCiβR Sβ

1 �
j
R

)
+ h.c.

]

+ M̄2
S1

(S†
1 S1) + κ(H†H)(S†

1 S1). (1)

Here, the EM charge has been defined as QEM = T3 + Y.

QL ≡ (uL dL)T and LL ≡ (νL �L)T denote the left-
handed quark and lepton doublets, whereas uR and �R stand
for the right-handed up-type quarks and charged leptons,
respectively. The superscript C defines the charge conju-
gation. The indices {i, j} and {a, b} define the flavor and
SU (2) indices, respectively. β refers to the color index and
V defines the CKM matrix. Equation (1) assumes the down-
type quark and charged lepton Yukawas to be in the physical
basis. Since neutrinos are insignificant for the low-energy
phenomenology, the PMNS matrix has been set to identity.
After electroweak symmetry breaking (EWSB) only the SM
Higgs acquires a vacuum expectation value (VEV) as,

H = 1√
2

(
0

v + h

)
, (2)

where v = 246 GeV. Thus, the physical mass of S1 can be
cast as,

MS1 =
√
M̄2

S1
+ κv2

2
, (3)

where, M̄S1 is the bare mass term and κ is a dimension-
less coupling. In principle, one should consider the kinetic
term for S1 in Eq. (1). However, the NP contributions arising
through the interaction of S1 with the gauge bosons (gluon
and photon to be particular)2 are irrelevant in the lepton sec-
tor. Hence, the kinetic term can be dropped for simplicity.

The NP couplings λ
i j
L ,R play a crucial role in describing

the low-energy lepton phenomena. At this point, one can eas-
ily rotate the Yukawa matrix to the physical basis and con-
strain the parameter space through the leptonic observables.
However, the computational rigor can be reduced through
a careful analysis of �a� = (g − 2)�/2 and charged lep-
ton flavor violating (CLFV) processes. In Sect. 4, we shall
see that �a� can be decomposed into two terms – chirality-
conserving and chirality-flipping. The former contribution is
suppressed by m2

� whereas the latter is proportional to the
mass of the virtual fermion (here, the SM quarks) appearing
in the loop [see Fig. 2]. Therefore, the largest NP contri-
bution to �a� corresponds to the t-quark loop, and within

2 For a detailed study, see Ref. [31].
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the perturbative regime of Yukawa couplings, one can easily
neglect the u and c quark contributions to �a� considering
the mass hierarchy among the three quark generations. Thus,
to a good approximation, the mixing among the quarks can
be ignored.

Following the above discussion, one may be tempted to
assume a minimal flavor structure for enhancing the loop
contribution to �a� (� = e, μ, τ ) as follows:

λL ,R =
⎛
⎝

0 0 0
0 0 0

λ
t,e
L ,R λ

t,μ
L ,R λ

t,τ
L ,R

⎞
⎠ . (4)

However, it can be readily understood that the parame-
ter space presented in Eq. (4) will be strongly constrained
through the 2-body and 3-body lepton flavor violating decays.
For example, if one sets |λt,eL ,R | ∼ O(1), BR(μ → eγ ) <

4.2 × 10−13 [75] leads to an upper limit |λt,μL ,R | < 10−8,

making it impossible to explain �aμ within the assumed
parameter space. A similar argument goes for the τ -sector.
Therefore, the minimal flavor ansatz should be so chosen that
it can maximize the NP contribution to �a� while explain-
ing the non-observation of all the CLFV processes in the
most economical way. Equation (5) represents the minimal
Yukawa structure for this simplified model.

λL ,R =
⎛
⎝

0 0 λ
u,τ
L ,R

0 λ
c,μ
L ,R 0

λ
t,e
L ,R 0 0

⎞
⎠ . (5)

For Eq. (5) one could have equivalently chosen the diago-
nal line, i.e., λL ,R = diag(λ

u,e
L ,R, λ

c,μ
L ,R, λ

t,τ
L ,R). Though the

phenomenology of μ and τ -sector would remain mostly
unchanged, but due to the u-quark mass suppression, this
diagonal Yukawa structure would lead to non-perturbative
values of |λu,e

L ,R | for explaining the observed discrepancy in
(g − 2)e. Note that, the zeros in Eq. (5) are completely from
the phenomenological perspective.

3 New physics observables and experimental bounds

The most generic gauge invariant representation for the effec-
tive ��γ vertex corresponding to Fig. 1 is given by,



μ
��γ = γ μF1(q

2) +
{
iF2(q

2) + F4(q
2) γ 5

}(
σμνqν

2m�

)

+ F3(q
2)(qμ

/q − q2γ μ)γ 5, (6)

where F(1,2,3,4) are the form factors and q represents the
photon momentum.

However, in the case of an off-shell photon, there should be
additional contributions in Eq. (6). Note that the form factors

�

�

p1

p2

γ

Fig. 1 Effective ��γ vertex. p1, 2 represent the external momenta, with
q = p1 − p2 being the photon momentum

F3 andF4 must vanish in any parity-conserving theory (e.g.,
QED) and can only arise through the diagrams where elec-
troweak (EW) gauge bosons appear as the virtual particles.
Thus, the renormalized vertex correction in QED results in
[76],

F1(0) = 0, F2(0) = αEM

2π
, (7)

where F1(0) corresponds to the correction in EM charge
while F2(0) represents the QED contribution to the anoma-
lous magnetic moment of leptons at O(αEM). However, in
the presence of the weak gauge bosons, the ��γ vertex gets
modified as [77],3



μ
EW = e

[ (
1 + δe

e

)
γ μ + iσμνqν

2m�

{αEM

2π
+ F EW

2 (0)
}

+ σμνqν

2m�

γ 5F4(0)

]
, (8)

where δe denotes the sum of the charge correction at one-
loop order and the corresponding counterterm. The addi-
tional contribution to the anomalous magnetic moment can
be parametrized as [79],

F EW
2 (0) = GF m2

�

8
√

2 π2

[
5

3
+ 1

3
(1 − 4 sin2 θW )2 + O

(
m2

�

M2
W

)]
,

(9)

where, GF , θW , and MW signify the Fermi constant, weak
mixing angle, and mass of the W -boson, respectively. More-
over, considering the leading order (LO) hadronic contribu-
tion, one obtains [80],

F2(0)Had[LO] =
(

αEM

π
√

3

)2 ∫ ∞

m2
π

K (s)

s
R(0)(s) ds, (10)

3 The axial vector coupling associated with the form factorF3 vanishes
for on-shell photons as a consequence of the Ward identity [78].
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where, K (s) stands for the QED kernel function [81] and
R(0)(s) represents the ratio of electron–positron bare annihi-
lation cross into the hadrons to the cross section of muon-pair
production with center of mass energy

√
s. However, this

leading order hadronic contribution F2(0)Had[LO] includes
a significant amount of uncertainty which might be resolved
soon through the updated lattice calculations [47].

The last term in Eq. (8), i.e., F4(0) represents the leading
order SM contribution to the electric dipole moment (d�) of
leptons. As already mentioned in Sect. 1, despite considering
all the SM contributions these leptonic observables exhibit a
sharp discrepancy with the experimental results.

3.1 Anomalous magnetic moment

The best available SM prediction for the anomalous magnetic
moment of muon is given by aSM

μ = 116591810(43)×10−11

[82], whereas the recent experimental data from Muon
g − 2 collaboration results in a world average of aExp

μ =
116592059(22) × 10−11 [46], leading to a discrepancy,

�aμ = aExp
μ − aSM

μ = (2.49 ± 0.48) × 10−9 (5.0 σ). (11)

As discussed, it can be one of the most remarkable signatures
of a possible BSM sector. Further, in the context of electrons,
experiments indicate a similar anomaly in (g − 2)e. A pre-
cision measurement of the fine structure constant through
the recoil of Cs133 atoms has yielded a notable contradiction
between the measured and predicted values of ae as [50],

�a(Cs)
e = aExp (Cs)

e − aSM
e = (−8.8 ± 3.6) × 10−13 (2.4 σ).

(12)

However, for the same ae a Rubidium based experiment
results in [51],

�a(Rb)
e = aExp (Rb)

e − aSM
e = (4.8 ± 3.0) × 10−13 (1.6 σ).

(13)

Note that, despite having a significant expectation value, the
experimental measurements for �ae have large error bars.
However, this paper is able to address both of the results for
�ae, along with the non-zero value of �aμ within a common
BSM framework.

Unlike the first two generations, measuring the anomalous
magnetic moment of τ is extremely challenging due to its
short lifetime. Thus, aExp

τ can only be traced back from the
secondary particles produced through the decay of τ. The
latest experimental bound (95% CL) can be quoted as [83,
84],

−0.052 < aτ < 0.013, (14)

whereas, the corresponding SM prediction is given by,aSM
τ =

117721(5) × 10−8 [85].

3.2 Electric dipole moment

The precision measurement of the electric dipole moment
of leptons can be crucial to search for the NP. EDM can be
related to the form factorF4 as, d� = eF4(0)/m�, for which
the SM predicts |F e

4 (0)| < |Fμ
4 (0)| < |F τ

4 (0)| ≈ 10−23

[86–89], i.e., |dSM
τ | � 10−37 e cm. It is much smaller than

the experimental sensitivity. Thus, any observation of lepton
EDM can be treated as a direct evidence of some New Physics
interaction. The experimental upper limits for the three lepton
generations can be read as [90–92],

|de| < 0.11 × 10−28 e cm (90% CL),

|dμ| < 1.8 × 10−19 e cm (95% CL),

Re [dτ ] ⊃ [−0.220, 0.45] × 10−16 e cm (95% CL),

Im [dτ ] ⊃ [−0.250, 0.08] × 10−16 e cm (95% CL). (15)

These experimental bounds on �a� and d� will be simulta-
neously considered to constrain the chosen parameter space
for each lepton generation.

3.3 CLFV processes

In general, the CLFV decays are allowed in a S1-LQ exten-
sion of the SM. However, there is no positive signal from
the ongoing experiments [75,93,94,94–101] supporting the
lepton flavor violating processes and thus only leads to
upper bounds on the Yukawa couplings. Therefore, the non-
observation of the 2-body and 3-body CLFV decays can eas-
ily be accommodated in this considered model if one follows
the Yukawa structure defined by Eq. (5) without any con-
flict with the experimental data. Thus, the minimal parame-
ter space chosen here is automatically consistent with all the
CLFV bounds.

4 BSM contributions to (g − 2)� and EDM

As already stated in Sect. 1, in the presence of a scalar LQ,
there can be new contributions to the ��γ vertex at one-loop
order. Figure 2a shows the case where the photon couples
to the up-type quarks, while Fig. 2b represents the situation
when photon touches the S1 propagator (magenta line). The
former will be referred to as Type-1 diagram, while the latter
will be called Type-2 for convenience.
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�j

ui

�jS1

γ

p1 p2k

p1 − k p2 − k

(a)

�j �j

γ

p1 p2k

p1 − k p2 − k

S1

ui

(b)

Fig. 2 BSM contributions to the ��γ vertex, where a the up-type quarks couple to the photon (Type-1 diagram), and b the LQ S1 couples to the
photon (Type-2 diagram). p1, p2 represent the external momenta

4.1 Type-1 diagram

The correction term to � j� jγ vertex due to the Type-1 dia-
gram can be computed as,

�
σ
1 = i NC

∫
d4k

(2π)4

[
(−λ

i j
L PL + λ

i j
R PR)

× (/p2 − /k + mi )

(k − p2)2 − m2
i

(Qi
EMγ σ )

(/p1 − /k + mi )

(k − p1)2 − m2
i

× 1

k2 − M2
S1

{−(λ
i j
L )∗PR + (λ

i j
R )∗PL}

]

≡ i Qi
EM NC

∫
d4k

(2π)4

[
N σ

1

D1

]
. (16)

Here NC = 3 defines the color degeneracy factor, and
Qi

EM = 2/3 represents the EM charge of up-type quarks in
the unit of electronic charge e. mi denotes the up-type quark
masses for i = u, c, t. The numerator can be rearranged as,

N σ
1 = 1

2

[
A1

{
(/p2 − /k)γ σ (/p1 − /k) + m2

i γ
σ
}

+ A2mi

{
(/p2 − /k)γ σ + γ σ (/p1 − /k)

}

+ A3γ
5
{
(/p2 − /k)γ σ (/p1 − /k) + m2

i γ
σ
}

+ A4 miγ
5
{
(/p2 − /k)γ σ + γ σ (/p1 − /k)

}]
, (17)

where,

A1 = |λi jR |2 + |λi jL |2, A2 = −2 Re[(λi jL )∗λi jR ],
A3 = |λi jR |2 − |λi jL |2, A4 = −2 Im[(λi jL )∗λi jR ]. (18)

After Feynman parametrization, the denominator can be cast
as,

D1 = n2 − �1(x), (19)

where n = k− yp1 − zp2 and �1(x) = M2
S1

[
x+ρi (1− x)

]
.

x, y, z are the Feynman parameters and ρi = (mi/MS1)
2.

This calculation assumes an on-shell photon and the physi-
cally viable approximation of (m�/MS1)

2 → 0. m� denotes
the mass of the SM leptons. Integrating over the loop momen-
tum n, the BSM contributions to the anomalous magnetic
moment (�a�

1) and electric dipole moment (d�
1) of the SM

leptons can be defined as,

�a�
1 = 1

8π2

[
A1

(
m�

MS1

)2

G1(ρi ) + A2

(
m� mi

M2
S1

)
G2(ρi )

]
,

(20)

d�
1 = e

8π2

[
A3

(
m�

M2
S1

)
G1(ρi ) + A4

(
mi

M2
S1

)
G2(ρi )

]
,

(21)

where, the functions G1 and G2 are given by,

G1(w) =
∫ 1

0

[
x(1 − x)2

x + (1 − x)w

]
dx

= 2 + 3w − 6w2 + w3 + 6w ln w

6(1 − w)4 ,

G2(w) =
∫ 1

0

[
(1 − x)2

x + (1 − x)w

]
dx = −3 + 4w − w2 − 2 ln w

2(1 − w)3 .

(22)

4.2 Type-2 diagram

Figure 2b contributes to the � j� jγ vertex as follows.

�
σ
2 = i NC

∫
d4k

(2π)4

[
(−λ

i j
L PL + λ

i j
R PR)

× (/k + mi )

k2 − m2
i

.
1

(k − p1)2 − M2
S1

. QS1
EM(p1 + p2 − 2k)σ
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× 1

(k − p2)2 − M2
S1

{−(λ
i j
L )∗PR + (λ

i j
R )∗PL }

]
,

≡ i QS1
EM NC

∫
d4k

(2π)4

[
N σ

2

D2

]
. (23)

Here QS1
EM = 1/3 is the EM charge of S1. Recasting the

numerator of Eq. (23), one gets,

N σ
2 = 1

2

[
{A1/k + A2mi } + γ 5{A3/k + A4mi }

]

× (p1 + p2 − 2k)σ . (24)

Feynman parametrization recasts the denominator as,

D2 = (k − yp1 − zp2)
2 − M2

S1

[
xρi + (1 − x)

]

= n2 − �2(x). (25)

Thus, the NP contributions to the anomalous magnetic
moment and EDM, arising from the Type-2 diagram, can
be formulated as,

�a�
2 = − 1

16π2

[
A1

(
m�

MS1

)2

G3(ρi ) + A2

(
m� mi

M2
S1

)
G4(ρi )

]
, (26)

d�
2 = − e

16π2

[
A3

(
m�

M2
S1

)
G3(ρi ) + A4

(
mi

M2
S1

)
G4(ρi )

]
, (27)

where,

G3(w) =
∫ 1

0

[
x(1 − x)2

xw + (1 − x)

]
dx

= 1 − 6w + 3w2 + 2w3 − 6w2 ln w

6(1 − w)4 ,

G4(w) =
∫ 1

0

[
x(1 − x)

xw + (1 − x)

]
dx

= 1 − w2 + 2w ln w

2(1 − w)3 . (28)

Therefore, within this minimally extended BSM framework,
the complete NP contribution to the leptonic observables can
be defined as,

�a� = �a�
1 + �a�

2, |d�| =
∣∣∣d�

1 + d�
2

∣∣∣ . (29)

5 Numerical analysis and results

In this section, we shall try to identify the allowed region of
the parameter space through flavor-specific constraints. �a�

and the experimental upper bound on EDM will be consid-
ered simultaneously as the constraining factors for each gen-
eration. For completeness, one can enlist the free parameters

of this model as follows:

{
MS1 , λ

u,τ
L ,R, λ

c,μ
L ,R, λ

t,e
L ,R

}
.

Note that, respecting the LHC constraints at
√
s = 13 TeV

one has to choose MS1 ≥ 1.5 TeV [102–106]. However,
the NP couplings can be varied freely within the bounds of
perturbative unitarity [107].

Figure 3a shows the allowed parameter space in the λ
t,e
L −

λ
t,e
R plain for a set of four MS1 values: MS1 = 1.5 TeV (vio-

let), 2.0 TeV (golden), 2.5 TeV (sky blue), and 3.0 TeV (red).
The depicted region simultaneously satisfies the observed
�a(Cs)

e value and the experimental bound on |de|. However,
it is a notable feature of this considered framework that even if
one assumes the �a(Rb)

e results instead of Cs, a valid param-
eter space can be obtained [see Fig. 3b]. Similarly, for the
muon sector λ

c,μ
L − λ

c,μ
R plain has been constrained through

the μ-specific observables, i.e., �aμ and |dμ| [see Fig. 3c].
Note that, numerically, the same exercise can be repeated for
the τ -sector to constrain the λ

u,τ
L − λ

u,τ
R region. However,

the present experimental sensitivity is inadequate to probe
the NP effects to aτ and dτ that one can obtain from Fig. 2.
Thus, no significant conclusion can be drawn in this case and
the entire parameter space is effectively available.

Figure 3 leads to two interesting observations:

• With increasing MS1 value, the magnitude of the cou-
plings shifts to the higher side. This particular behav-
ior can be understood by analyzing the MS1 -dependence
of �a� and d� for a fixed set of fermion masses. From
Eqs. (20)–(21) and (26)–(27) it is clear that there is an
overall M2

S1
suppression. However, the complete MS1 -

dependence can only be noted by studying the individual
variation of the functions G{1,2,3,4}. Figure 4 shows the
variation of the G functions with respect to MS1 . For
illustration, m� = mμ = 0.105 GeV and mi = mc =
1.275 GeV have been assumed [84]. Figure 4 clearly
indicates that G1, G3, G4 do not exhibit any notable
variation with the increasing MS1 value, while G2 shows
only a slight increment. Thus, to a good approximation,
one can conclude that for a given set of quark and lepton
masses, �a� and |d�| decreases quadratically with MS1 .

Therefore, for compensating this suppression, the cou-
plings must rise to match the experimental observations.

• InFig.3a the productλt,eL ×λ
t,e
R is positive,whereas it flips

to a negative value in Fig. 3b. This is a direct consequence
of the oppositely aligned values of �a(Cs)

e and �a(Rb)
e .

From Fig. 4, one can see that the function G2 produces
the leading contribution over the entire parameter space.
The effect is further enhanced due to the chosen flavor
ansatz [see Eq. (5)] as it connects the lightest lepton with
the heaviest quark and vice versa. Thus, the sign of the
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Fig. 3 Allowed parameter space for the first two lepton generations constrained through a �a(Cs)
e and |de|, b �a(Rb)

e & |de|, and c �aμ and |dμ|.
The four different colors correspond to MS1 = 1.5 TeV (violet), 2.0 TeV (golden), 2.5 TeV (sky blue), and 3.0 TeV (red)

term A2

(
m� mi
M2

S1

)
G2(ρi ) [see Eq. (20)], or to be more

specific, the sign of A2 effectively decides the sign of
�ae in the theory. The same argument is valid for the
negative values of λ

c,μ
L × λ

c,μ
R in Fig. 3c.

6 Conclusions

This paper has considered a minimal extension of the Stan-
dard Model with a TeV-scale scalar Leptoquark S1 transform-
ing as (3̄, 1, 1/3) under the SM gauge group. In the pres-
ence of S1, there can be corrections to the ��γ vertex at the
one-loop level, which may lead to new physics contributions
to the lepton (g − 2) and EDM. A particular flavor struc-
ture has been chosen to suppress the CLFV processes while
enhancing the BSM contributions to other low-energy lep-
ton phenomena. The new one-loop contributions have been
computed analytically, followed by a numerical scan to deter-

10-1

100
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 1500  2000  2500  3000  3500

G
 F

un
ct

io
ns

MS1
 [GeV]

G1(ρc)
G2(ρc)
G3(ρc)
G4(ρc)

Fig. 4 Variation of G1, G2, G3 and G4 as a function of MS1 for m� =
mμ = 0.105 GeV and mi = mc = 1.275 GeV. Here, ρc = (mc/MS1 )

2

mine the parameter space allowed under the recent (g − 2)�
and EDM constraints for each of the lepton generations.
Four different LQ masses have been considered to under-
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stand the phenomenological implication of the NP scale on
flavor-specific low-energy observables. For the electron sec-
tor, viable parameter spaces have been found corresponding
to both of the experimental results, i.e., �a(Cs)

e [see Eq. (12)]
and �a(Rb)

e [see Eq. (13)]. Note that it is a significant feature
of this work that it can explain both positive (�a(Rb)

e and
�aμ) and negative (�a(Cs)

e ) discrepancies in the anomalous
magnetic moment of leptons by simply rotating the parameter
space while keeping the entire scenario consistent with the
respective EDM discovery limits. Though the τ -sector has
also been analyzed but due to lower experimental sensitivity
the complete parameter space is allowed within the pertur-
bative bounds. However, the assumed model structure can
explain any future update on aτ and/or dτ which can probe
the BSM contributions to the τ phenomenology. Collider-
based experiments searching for the TeV-scale scalar LQs
and/or any experimental update on the low-energy lepton
phenomena can be used to test or falsify the proposed frame-
work.
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