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1 Introduction

The long-standing discrepancy of the anomalous muon magnetic moment (g− 2) observed
at the Brookhaven National Laboratory [1] has been recently confirmed by Fermilab [2, 3].
The combined g − 2 anomaly is

∆aµ = aEXP
µ − aSM

µ = (25.1± 5.9)× 10−10, (1.1)

where aSM
µ is the standard model (SM) prediction of the (g − 2)/2 (See also refs. [4–

10]).1 aEXP
µ is the combined updated experimental value (See also refs. [1, 4, 13–15].) The

deviation is around 4.2σ. (If we adopt the R-ratio analysis in [7] it is at 4.5σ level.) There
are also anomalies relevant to B-physics, especially the lepton non-universality [16, 17]. For
concreteness, we mainly focus on the g− 2, while our mechanism can also apply to models
for explaining the lepton non-universality as will be discussed in the last section.

The g − 2 result strongly implies beyond SM (BSM) particle(s) coupled to the SM
leptons, especially the muon. The result, together with the non-observation of the charged
lepton EDM and the charged lepton flavor violation, provides a hint to the flavor and CP
structure of the BSM. On the other hand, in collider experiments, there is no evidence
of the direct productions of the BSM particles, which may suggest the BSM particles are
heavy. If the BSM particles are heavier than TeV, the sizable muon g−2 should be generated
via a process without a chirality suppression. This implies that a lepton Yukawa coupling
obtain a huge loop contribution from any diagram for the g − 2 by removing the photon
external line. Therefore, in this Letter, I would like to study the radiative generation of
the lepton Yukawa couplings in the context of the muon g − 2. See e.g. refs. [18–21] for
the SUSY and other theory relating the lepton g − 2 and the fermion mass hierarchy.

1See also ref. [7] for the lattice result of the muon g − 2, which is smaller than that from the R-ratio
approach. The explanation of the g − 2 within the SM is an important topic but we may need further
checks [11, 12].
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i = 1

 (direction of )i = 2 g − 2

Eigen vectors of lepton mass at tree level Eigen vectors of lepton mass with quantum effect

 i = 2 ≈ μ

i = 1 ≈ e0

0

Figure 1. The idea of the mass-interaction alignment mechanism is shown. We take the tree-
level mass eigenvectors towards arbitrary directions in the flavor space (left panel). If the only
one radiative induced mass, relevant to the g − 2 contribution, is dominant, the mass vector of the
heavier lepton (the vertical red allow) is automatically aligned with the interaction vector of the
“g − 2” (along the y-axis) in flavor space as shown in the left panel. If the heavier mass vector is
the muon and the lighter is the electron, the µ→ eγ and the electron EDM are highly suppressed.
The muon EDM may be generated which is a prediction of this mechanism.

In particular, I show that the µ → eγ rate and the electron EDM are naturally sup-
pressed when the muon g−2 is explained together with inducing the radiative lepton mass.
This is because the induced higher dimensional photon coupling is automatically aligned
with the eigenstate vector of the muon mass in the flavor space (See figure 1). We also
discuss the possible UV physics for enough suppressions to evade the experimental bounds
in the appendix.

2 Heavy lepton from radiative correction.

Let me give a general discussion to present the idea. For simplicity let us consider leptons
with two flavors. Later they will be identified as electron and muon. I will also assume
that the BSM particles couple to only one combination of the leptons without flavor/CP
symmetry. As an example of this type of model, we can consider a Lagrangian involving
the SM leptons,

Lint ⊃ −
∑

κ1κ2=1,2
ŷκ1,κ2H0

¯̂
Lκ1 êκ2 −

∑
κ=1,2

(cLκOBSM,LL̂κ + cRκO
BSM,Rêκ) (2.1)

where L̂κ (êκ) are the left (right) handed charged leptons in a generic basis, OBSM,L/R

(composite) operators of BSM fields and cL/R the coupling to the BSM operators. Our
“single family” assumption of the BSM coupling appears from that OBSM,L/R do not have
the flavor index κ, i.e. there are no copies of OBSM,L/R. Note that we did not assume
any flavor structure to get eq. (2.1), and thus this is a generic form. The absence of the
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flavor index in OBSM,L/R can be accidentally realized even if the BSM fields are many
(see the model in the next section). From this Lagrangian we can redefine the lepton
flavor so that L2 ≡ sin θLL̂1 − (cos θL)∗L̂2, e2 ≡ sin θRê1 − (cos θR)∗ê2. where (cos θL)∗ ≡
−cL2 /

√∑
κ |cLκ |2, sin θL ≡ cL1 /

√∑
κ |cLκ |2, represent the rotation of the basis. We get the

definition of cos θR, sin θR with L replaced to R everywhere. L1 and e1 can be defined by
L1 ≡ cos θLL̂1 + (sin θL)∗L̂2, e1 ≡ cos θRê1 + (sin θR)∗ê2. Then we get the Lagrangian in
the BSM interaction basis,

Lint ⊃ −
∑
ij

yijH0L̄iej −
(√∑

κ

|cLκ |2OBSM,LL2 +
√∑

κ

|cRκ |2OBSM,Re2

)
(2.2)

Here yij is a function of θL, θR and ŷ. yij has non-vanishing off-diagonal components in
general. If each component of ŷκ1,κ2 is same order, θL,R = O(1) and there is no cancelations,
each component of yij is the same order.

To be more generic, we consider the interacting Lagrangian at the cutoff scale, µ ∼
Λcutoff , with normalized kinetic terms given as

Lint ⊃ −
∑
ij

yijH0L̄iej − LBSM[L2, e2,O] (2.3)

where Li (ej) are the left (right) handed charged leptons in the BSM interaction basis,
H0 = v+ h√

2 the Higgs VEV plus the Higgs boson,2 yij Yukawa matrix, and O a set of the
BSM and SM particles other than the leptons. LBSM[L2, E2,O] is a BSM interaction term
which can be integrated out at the mass scale Λ to induce the g − 2. The form of (2.3)
obviously includes eq. (2.2) but it is more generic than eq. (2.2). Our mechanism will work
in a class of the BSM models that can reduce to eq. (2.2) up to the field redefinition. 3

In this basis the Yukawa matrix yij naturally has a general flavor structure and I assume
yij = O(y) independent of i, j, where y represents a typical size of the Yukawa coupling.
This is taken to be

y � 1. (2.4)

By integrating out the heavy BSM particles in O, the relevant terms in the effective
Lagrangian at the scale µ ∼ Λ are

Leff ∼ L̄1∂µγ
µL1 + ZLL̄2∂µγ

µL2 + ē1∂µγ
µe1 + ZRē2∂µγ

µe2 (2.5)

− yijH0Liej − δY H0L2e2 (2.6)

− H0
Λ2 (<[Cγ ]L2σµνFµνe2 + i=[Cγ ]L2γ5σµνFµνe2) (2.7)

where ZL,R are the wave function renormalization, δY radiatively generated Yukawa terms,
and Cγ/Λ2 higher dimensional coupling in chiral representation. Here σµν ≡ i[γµ, γν ]/2,

2It is straightforward to add SU(2) partners for the gauge invariance.
3Strictly speaking, there are two classes of renormalizable models leading to the 1loop induced g − 2:

the loop is composed by only BSM particles, and the loop by BSM and SM particles. eq. (2.1) is a generic
Lagrangian of the former case with a single flavor coupling. On the other hand, eq. (2.3) also includes some
of the latter case (See the extension to the B-physics anomaly in the last section.)
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and Fµν is the field strength of photon. We have neglected the loop effects of order y2.
The weak boson loops and Higgs wave function renormalization are also neglected since
the effects are either chirality suppressed or flavor blind.

Significant corrections are all for the lepton with the index “2′′. In particular the
Yukawa matrix in the effective theory by assuming

|δY | � |y22| (2.8)

and neglecting y22 is

Y eff
ij ∝

 y11 y12/
√
ZR

y21/
√
ZL δY/

√
ZLZR

 (2.9)

with normalized kinetic terms. Here we can take y11, δY , to be real positive parameters by
performing a field redefinition via chiral rotations of the lepton fields. In this case y12y21
is in general a complex parameter. We can easily diagonalize this matrix to get the mass
eigenstates of the muon and electron as

Lα = ULL, and eβ = URR (2.10)

where UL,R are unitary matrices satisfying

(UL)αi ≈

 1 −
√
ZR

y∗
12
dY

√
ZR

y12
dY 1

 (2.11)

(UR)αi ≈

 1 −
√
ZL

y∗
21
dY

√
ZL

y21
dY 1

 . (2.12)

α = e, µ represents the Yukawa/mass eigenstate. The Eigen masses are found to be

me = y11v +O(y2/δY ), and mµ = δY v√
ZL
√
ZR

+O(y2/δY ). (2.13)

Here we call the heavier lepton the muon and lighter lepton the electron as usual (in
the effective theory by integrating out the tau lepton). We can see that eq. (2.8) is the
condition that the muon mass is radiatively generated. The effective Lagrangian of the SM
has additional terms4

Leff = − v

Λ2

(
<[Ĉγ ]αβL

ασµνFµνe
β + i=[Ĉγ ]αβL

αγ5σµνFµνe
β
)
, (2.14)

in the EW breaking phase. The coefficients satisfy

√
ZLZR ×

Ĉγ
Cγ
≈
(

y21y12
√
ZLZR

δY 2 −y12
√
ZR

δY

−y21
√
ZL

δY 1

)
(2.15)

=

 y12y21
y2
11

m2
e√

ZRZLm2
µ
−y12
y11

me
mµ
√
ZL

−y21
y11

me
mµ
√
ZR

1

 . (2.16)

4In general we may also have terms of L̄eēe contributing to µ → eee. In our scenario, this process is
highly suppressed.
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<[Ĉγ ]µµ is nothing but the coupling for the muon g − 2 and [22]

<[Cγ ]µµ
Λ2 = 1.03× 10−5 TeV−2

( ∆aµ
2.51× 10−9

)
. (2.17)

On the other hand, the µ→ eγ and electron EDM set bounds to the other components [22]√
|(Cγ)eµ|2 + |(Cγ)µe|2

Λ2 . 2.1× 10−10 TeV−2

√
Brbound

µ→eγ
4.8× 10−13 (2.18)

and
=[Cγ ]ee

Λ2 . 5.3× 10−12 |de|bound

1.1× 10−29ecm , (2.19)

respectively. Here we have used the bounds obtained by the MEG collaboration [23] and
the ACME collaboration [24] for the µ→ eγ and electron EDM, respectively. We arrive at√

|y12|2
y2

11ZL
+ |y21|2
y2

11ZR

|Cγ |
<Cγ

< 0.004
(

2.7× 10−9

∆aµ

)√
Brbound

µ→eγ
4.8× 10−13 (2.20)

and
=[Cγ y12y21

y2
11

]
<[Cγ ]

1√
ZLZR

. 0.02
(

|de|bound

1.1× 10−29ecm

)( ∆aµ
2.51× 10−9

)
. (2.21)

To our model, µ → eγ constraint is most restrictive. A necessary condition to satisfy the
constraint is

max
[ |y12|
y11
√
ZL

,
|y21|

y11
√
ZR

]
. 0.001− 0.01. (2.22)

This requires a large
√
ZR,
√
ZL or/and mild tunings on the off-diagonal components of

yij compared to the diagonal ones. This tuning may be related with UV physics. The
suppression may also due to a large value of

√
ZR and

√
ZL if the BSM model is strongly

coupled, e.g. in a conformal UV theory. We will discuss both cases based on concrete
models in the next section and the appendix. In figure 1, we summarize the idea of the
mechanism proposed in this paper. In the left panel the tree-level mass vectors of the
lepton are shown. Neither of the tree-level mass vectors is aligned with the vector of the
dimension 6 photon interaction (along y-axis), which is induced by the BSM loops. By
including the radiative induced mass (the right panel), the heavier lepton mass vector, i.e.
the muon, is aligned with the g− 2 direction (=y-axis) The orthogonal vector to the muon
mass direction (≈ the y-axis), is the electron. As a consequence the electron EDM and
µ→ eγ rate are highly suppressed.

In perturbation theory
√
ZL,R can be also large due to the RG running over a large

hierarchy, Λcutoff � Λ. One obtain

ZL,R = exp
[ ∫ Λ

Λcutoff
d lnµ× γL,R

]
. (2.23)

where γL,R are the anomalous dimension of the left handed and right-handed lepton of the
flavor “2”. Defining γ̄L,R ≡ (

∫ Λ
Λcutoff

d lnµ× γL,R)/ log (Λcutoff/Λ), this is√
ZL,R ∼ 400

log (Λcutoff/Λ)
30 ·

γ̄L,R
0.4 . (2.24)
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The anomalous dimension is a loop suppressed quantity, and γ̄L,R = O(0.1) requires a
relatively strong coupling constant of O(1) in the UV theory. As we will see in the next
section, a model can still satisfy the perturbative unitarity.

Since both the lepton flavor violation and CP-violation processes exist, this scenario
may be probed by them even if the mass scales of the BSM particles are high. A model
independent reach will be the regime with max [ |y12|

y11
√
ZL
, |y21|
y11
√
ZR

] > 10−4 − 10−3 since the
reach of the µ→ eγ is Brbound

µ→eγ ∼ 10−15 at MEG-II [25]. Given an O(1) CP phase of Cγ , the
µ → eγ rate and electron EDM have correlation. The both detections will be a smoking
gun signature of our scenario. Although it is absent for the model in the next section,
our scenario allows the muon to have a large EDM which can be tested in the future by
e.g. J-PARC [26–28]. Furthermore, all the g − 2 scenarios can be fully tested in muon
colliders [29–32] even if the heavy particles are beyond the muon collider’s reach [31, 32].
In case the BSM particles are within the reach, a particular model may be confirmed by
measuring the relevant cross-sections and decay channels of the BSM particles [31].

3 Lepton-slepton-bino-like system

To be more concrete, we consider a simplified model similar to the lepton-slepton-bino
system in the MSSM models (See refs. [33–37] for the muon g − 2 explanations, and the
both explanations of the muon and electron g− 2 [20] in this system). The purpose of this
section is to study how large the radiatively induced lepton masses and ZL, ZR could be in
a perturbative model. We will also discuss extra-dimensional theory embedding the model
with mild suppression of y12,21/y11 in the appendix.

The Lagrangian is given by

LBSM = −gLL̄2P̂LL̃aλ
a − gRē2P̂Rẽaλ

a −AH0L̃
∗
aẽ
a − Mλ

2 λ̄aλ
a + h.c.. (3.1)

Here I define the Lagrangian with normalized kinetic terms at around the renormalization
scale µ ∼ Λ; λa are N copies of majorana fermion, “bino”; L̃a, and ẽa are N copies of “slep-
tons” of left-handed type and right-handed type, respectively; gL,R, A,Mλ are couplings
and mass parameters. In addition, mL,R will be used for the mass of L̃ and ẽ, respectively.
The multiplicity of N are introduced for later convenience. Each of L̃, ẽ, λ is a N multiplet
of an unbroken ZN symmetry or of SU(M) gauge symmetry with M2 − 1 = N , i.e. N
is the adjoint representation (which is the only choice for canceling the gauge anomaly).
Thus those particles can only couple to a single linear combination of the leptons. This
Lagrangian is more explicitly obtained from eq. (2.1) (plus the Higgs-slepton-slepton in-
teraction) by taking OBSM,L = L̃aλ

a, OBSM,R = ẽaλ
a, where from the symmetry of ZN or

SU(M) we cannot have the flavor index of OBSM,L/R. The redefined Lagrangian (2.2) cor-
responds to eq. (3.1). We further perform a field redefinition to obtain positive Mλ and A.
In this basis, gLg∗R has a non-vanishing CP phase in general.

By integrating out the BSM fields we obtain a radiatively induced Yukawa coupling
at the one-loop level:

δY√
ZLZR

= AN
gLg

∗
RMλ

16π2 I(M2
1 ,m

2
L,m

2
R). (3.2)

– 6 –
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Here the loop function is defined as I(x, y, z) = −xy ln(x/y)+yz ln(y/z)+zx ln(z/x)
(x−y)(y−z)(z−x) , which satisfies

I(x, x, x) = 1/2x and I[x, x, 0]→ 1/x.
Assuming Mλ ∼ mL ∼ mR ∼ A/ε ∼ Λ for simplicity, here and hereafter, we obtain

mµ ∼
|δY |√
ZLZR

v ∼ 0.1 GeV
(
εN |gLg∗R|

0.1

)
. (3.3)

We note that ε < 1 is needed for the vacuum stability of the “slepton” potential. In this
case, it is easy to generate the lepton mass around 0.1 − 10 GeV. On the other hand, the
higher dimensional photon coupling is estimated as (cf. [31])

Cγ√
ZLZRΛ2 ∼

1
(300 TeV)2

(
εNgLg

∗
R

0.1

)(10 TeV
Λ

)
. (3.4)

In the effective theory, we can remove the CP phases of both δY and Cγ simultaneously by
the field redefinition [18]. However, this is a specific feature of this model and is not satisfied
in general UV models for our alignment mechanism. In such a UV model that there is the
CP phase in Cγ , the muon EDM is predicted. In the following, we will take gL, gR to be
real positives to ease the analysis. Note that we still have the non-vanishing electron EDM
from the phase of y12y21. From eq. (2.17), surprisingly, the g − 2 can be explained when
the heavy physics mass scale to be even above O(10) TeV. This is the consequence of the
absence of the chirality suppression, i.e. (3.4) is not suppressed by small yij . As we argued
in the introduction, the radiative correction to the Yukawa coupling is neither suppressed
by the small coupling and a Yukawa coupling much larger than yij is radiatively induced
by the same loop.

As shown in the appendix the
√
ZL,R can be as large as O(10− 100) for N = 10− 103

even if the other couplings than gL and gR are negligible (and may be further suppressed
by UV dynamics). Therefore by including the full quantum effect, the simple model can
be flavor and CP safe if |y12,21/y11| < O(0.1). In the case of the introduction of the SU(M)
gauge group or when the SM gauge coupling become strong, the RG running is modified5

At the one-loop level, on the other hand, the form of γL,R does not change. Since the gauge
contributions slow down the runnings of gL, gR, we can estimate the maximized

√
ZL by

taking gL,R =
√

4π at any scale. Then we obtain

γ̄max
L,R = 0.24N (3.5)

in perturbation theory. In this case from (2.24) we can have
√
ZL,R � 10 − 100, which

shows that quantum effect relevant to the g−2 can fully solve the flavor and CP problems.
Before ending this section, let me mention that the symmetry, for the multiplicity N ,

stabilizes the lightest BSM particles. In particular λ should be a good candidate for dark
matter. If Λ is not very large, the dark matter can annihilate into the heavy leptons in

5In particular, we need to consider the effect when SU(M) is the SM gauge group, such as the color
group SU(3)c. In this case λa could be identified as the PQ fermion whose mass is from the PQ symmetry
breaking. As a result, the strong CP problem can be solved by the QCD axion. The axion may be even
heavier than the conventional one if N is large and sleptons are lighter than the binos (see the model in
the appendix of [38]).
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the early and present universe. This is because the lepton coupled to the dark matter
automatically becomes the heavy lepton due to the dark matter loop. Thus, we may have
the WIMP miracle, and the signal of heavy lepton pair in the indirect detection experiment
may be a good probe of this scenario.

4 Discussion and conclusions

Radiative tau and electron mass. So far we have focused on the simplified two flavor
model. It is straightforward to extend to the three flavor cases. We may introduce another
“family” of the BSM particles, e.g. ẽ3 and L̃3 in the concrete model, to generate the tau
lepton mass. It can be shown to be viable in eq. (3.3) (see also the appendix) that it is
easy to generate an O(1) GeV fermion mass, especially when the typical mass scale, Λ′, of
the sleptons are closer to Λcutoff .

6 To discuss the flavor and CP violations we can first take
the Yukawa matrix yij = O(mµ/v) for the i, j = 2 or 3 otherwise O(me/v) with L3, e3
being the leptons coupled to the BSM particles of ẽ3, L̃3. This is satisfied in the effective
theory that we have discussed by integrating out the family of L̃, ẽ for muon. By noting
that the photon coupling scales with Λ′, but the induced Yukawa coupling does not, one
can easily evade the bound for τ lepton with large Λ′ when we integrate out the ẽ3 and L̃3
to generate the tau mass. Therefore the tau mass can be also radiatively induced without
spoiling our mechanism. On the other hand, if Λ′ ∼ Λ, we get the g − 2 of the tau lepton,
|∆aτ | ∼ (mτ/mµ)2 × ∆aµ ∼ 10−7. Perhaps, the tau g − 2 is difficult to be tested in the
near future e.g. [39]. The rate of τ → µγ is around the current bound and this may be
tested e.g. in Belle-II experiment [40].

As we can expect, the electron mass can be also induced radiatively by further introduc-
ing a weakly coupled family of the BSM particles consistent with the alignment mechanism.
In this radiative generation of the Yukawa couplings, the hierarchy of (gL ·g∗R)α becomes the
hierarchy of the SM Yukawa couplings. In terms of gL ∼ gR the hierarchy becomes milder
√
me : √mµ : √mτ . The EDM or g− 2 of the electron induced by the BSM generating the

electron mass can be suppressed if the mass scale is high enough.

Suppression of yij. So far we have assumed the Yukawa coupling in the BSM model
satisfying y ∼ me/v � 1 which is small. However, the small electron mass may be chosen
by an anthropic selection [41]. Therefore given that yij ∼ y, yij may need to be all small
due to an anthropic reason.

Alternatively, volume suppression of more complicated manifolds than S1/Z2 in extra-
dimension may also explain the small y11,22 and even smaller y12,21.

Application to B-physics anomaly. One can also apply the mechanism to scenarios
explaining other anomalies, like the recently reported B-physics anomaly suggesting a lep-
ton non-universality [17]. Again the BSM generate such non-universality should not induce
too large µ → eγ rate and the electron EDM. Thus the result also implies the flavor/CP
structure of the BSM.

6We note here that the radiative generation of the tau mass is difficult in the MSSM due to the severe
vacuum stability bound for the stau cf. ref. [20].
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For instance, the lepton non-universality (and also the muon g − 2) can be explained
by a leptoquark e.g. [42, 43] with Lagrangian

L = (Q̄cλLiτ2L+ ūcλRe)Φ (4.1)

where λL, and λR are Yukawa matrices, and Φ is the leptoquark with charge 3̄, 1, and 1/3
under the representation of SU(3)c, SU(2)L, and U(1)Y . This is nothing but the La-
grangian (3.1) with the replacement L̃, ẽ, λ → Q̄c, ūc,Φ. Therefore with a general flavor
structure, the model should be constrained as well by the electron EDM and µ → eγ

induced by quark-leptoquark loop. Here we propose that if the heavy lepton masses
are dominantly generated through the quark-leptoquark loop proportional to top-quark
Yukawa coupling, the higher dimensional photon couplings are aligned with the heavy
lepton mass vectors. With only top coupling the system can be reduced to (2.3). As a
consequence, the lepton flavor and CP violations relevant to the electron are suppressed.
However, if several flavors of quarks are in eq. (4.1), the loops involving lighter quark are in
general not aligned to the loop induced by the top quark in the lepton flavor space. Thus
there should be suppressed but non-negligible flavor violation. We may need a more or less
special quark flavor structure in λL and λR. On the other hand, the quark masses are also
induced with lepton loops, but it is suppressed by y22 ∼ me/v and is negligible.

Conclusions. The large muon g − 2 but suppressed µ→ eγ and electron EDM is a hint
of the flavor and CP structure of the BSM. Here I studied that the g − 2 explanation
associated with the generation of masses of the heavy SM leptons. I showed that in a large
class of models, the µ→ eγ rate and electron EDM are naturally suppressed since the basis
of the higher dimensional operators and masses are automatically aligned. However, they
are non-vanishing and can give experimental signals. The further measurement of the g−2
together with flavor and CP violation may reveal the origin of the heavy lepton masses.

Note added: while completing the first version of this paper, I found ref. [44], in which
the authors classify the minimal models for both generating a one-loop radiative mass of
the muon and the g − 2. On the contrary, we show that the lepton flavor violation and
electron EDM are generically suppressed when the g − 2 operator and muon mass are
radiatively induced at the same time.
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A RG analysis of the wave function renormalization

The µ→ eγ and electron EDM bounds, (2.20) and (2.21), can be satisfied if (2.22) is sat-
isfied. Let us explicitly estimate ZL,R. In the renormalization scale µ & Λ, the anomalous
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Figure 2. The
√
ZL(=

√
ZR) (red lines) and |gLgR|N at µ = Λ (blue lines) by varying the

multiplicity N . The solid (dashed) lines are for the hierarchy log Λcutoff/Λ = 30 and 10 respectively.

dimension for L2(e2) is

γL(R) ∼ −
3Ng2

L(R)
16π2 (A.1)

by neglecting other couplings than gL, gR. Also the beta function of gL,R can be obtained as

dgL
d logµ ∼

gL
16π2

(3N − 1
2 g2

L + 3g2
R

)
, (A.2)

dgR
d logµ ∼

gR
16π2 gR

3g2
L + (3N + 2)g2

R

2 (A.3)

by again neglecting other couplings in this appendix as the minimal scenario. One can
solve the RGE to calculate gL and gR and estimate ZL and ZR.

To solve the RGE, I take Λcutoff to be the scale at which gL = gR =
√

4π.7 This
should give the largest ZL,R for a given Λcutoff/Λ. Figure 2 displays

√
ZL(=

√
ZR) with

Λcutoff/Λ ≈ 1013, and 2.2× 104 for red solid and dashed lines, respectively. We also show
the corresponding NgLgR at the renormalization scale µ = Λ. This quantity is important
for both the induced mass (3.3) and the photon coupling (3.4). One can see that the lepton
mass can be as large as a few GeV with Λcutoff in an intermediate scale or/and N is large.
The

√
ZL,R can be as large as O(10 − 100) for N = 10 − 103 when the other couplings

than gL and gR are negligible. Such a large multiplicity may result from an SU(M) gauge
theory. For instance, the adjoint representation of SU(5) has N = 24. However, N � 100
may not be natural, and the 1loop analysis may not be valid. Thus, to evade the µ→ eγ

bound (2.20), we need a mild-tuning of max [|y12|/y11, |y21|/y11] < O(10)% unless we take
account of other coupling effects like the SU(M) or SM gauge coupling (see eqs. (2.24)
and (3.5)). The O(1− 10)% tuning region can be tested in the MEG-II experiment.

y12/y11 can also be mildly suppressed by UV dynamics. For instance, we can consider
that a set of lepton Lbulk, ebulk, H0 live in a bulk in a 5D model of orbifold S1/Z2 at high

7gL = gR is a (pseudo) IR fixed point, representing an approximate SO(3) symmetry.
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energy. Then from gauge invariance, the SM gauge bosons (of SU(2)L × U(1)Y ) also live
in the bulk. We assume that there is also Yukawa interaction among those particles in
the bulk. The other leptons and λ, ẽ, L̃ are supposed to live on a brane at the orbifold
singularity. This means the slepton-lepton-bino interaction is localized on the brane. Then
one finds at the compactification scale, 1/R, of the 4D effective theory that the bulk fields
acquire wave functions of ∼ R × Λ5, with Λ5 being the 5D cutoff scale, which we take to
be universal for all bulk fields, R the volume of the extra dimension, which is related to
the 4D cutoff scale, R ∼ 1/Λcutoff . Performing a compactification at µ ∼ 1/R and normal-
izing the kinetic term, we find that the brane leptons are ∼ L2, e2 and the bulk leptons
are Lbulk ∼ L1, ebulk ∼ e1 since the bino-bulk [brane] lepton-bulk slepton interaction is
suppressed by (RΛ5)−1/2[(RΛ5)0]. One also gets y12, y21 ∝ (RΛ5)−1/2, y11, y22 ∝ (RΛ5)0.

This means y12/y11, y21/y11 is naturally suppressed by (RΛ5)−1/2. For the 5D gauge
coupling to be weakly coupled at µ ∼ Λ5, we need Λ5R . 24π2

g2
2(1/R) ∼ 103.8 Thus the

|y12,21/y11| & 10−2-10−1 can be realized in the perturbative regime naturally. This UV
model can successfully explain the muon mass as well as the g − 2 with N = O(1).

Open Access. This article is distributed under the terms of the Creative Commons
Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.
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