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Is the (g − 2)µ anomaly a threat to Lepton Flavor Conservation?

Julie Pagès
Physik-Institut, Universität Zürich, CH-8057 Zürich, Switzerland

Although the (g− 2)µ anomaly can be explained by New Physics (NP) involving only muons,
a more general flavor structure is usually expected for NP operators in the Standard Model
(SM) Effective Field Theory (SMEFT). In particular, if one wants to provide a combined
explanation of several beyond the SM effects, like Lepton Flavor Universality (LFU) Violation,
as indicated by the B anomalies, then a strong alignment of the NP operators in flavor space
is required to satisfy the bounds from observables featuring Lepton Flavor Violation (LFV),
like µ → eγ. We derived the tight bound of 10−5 on the flavor angle in the dipole operator
in the charged-lepton mass basis in the SMEFT. We found that misalignment in several
operators at high-scale could spoil the alignment at low-scale, through the Renormalization
Group Evolution (RGE) of the SMEFT. In particular, it imposes constraints on some 4-
fermions operators. We explored dynamical mechanisms as well as flavor symmetries to explain
this flavor alignment, and illustrated the difficulty to reach it in an explicit NP model. If the
(g − 2)µ anomaly is confirmed, the only natural explanation seems to lie in the individual
lepton number conservation. If this accidental symmetry of the SM is also present in higher-
order terms in the SMEFT, we are led to conclude that quark and lepton sectors behave quite
differently beyond the SM. This proceeding is based on arXiv:2111.13724.

1 Introduction

The SM of particle physics exhibits an approximate accidental symmetry in the lepton sector,
i.e. U(3)ℓ × U(3)e, broken down to U(1)Le × U(1)Lµ × U(1)Lτ by the charged leptons Yukawa
coupling. This has two important consequences on the expected behavior of elementary particles
with respect to leptons. First, we expect LFU, meaning each gauge boson should couple with
the same strength to each family of leptons. Secondly, LFV is forbidden. We know LFV must
happen in nature because of neutrino oscillations, however only a soft breaking proportional to
the neutrino masses, is needed, and in this case, individual lepton numbers remain a very good
approximate symmetry.

Recent anomalies in observables involving leptons, and in particular muons, will hopefully
help us shed light on the true behavior of lepton flavors. The muon anomalous magnetic moment,
aµ = (gµ − 2)/2, seems to deviate from the SM expectation [1]. The recent measurement by the
E989 experiment at FNAL [2], combined with the previous BNL result [3]:

∆aµ = aExpµ − aSMµ = (251 ± 59)× 10−11 , (1)

indicates a 4.2σ discrepancy. This result, taken alone, does not indicate violation of any sym-
metries mentioned above. However, the flavor anomalies in neutral and charged currents semi-
leptonic B-decays [4] challenge LFU. Since there have been attempts to explain all of them
together (see for example refs. [5, 6, 7]), one might ask what flavor structure a combined expla-
nation requires. Explanations for LFU violation can lead to LFV and experimental constraints
on charged LFV are already tight (as set by MEG [8])

B(µ+ → e+γ) < 4.2× 10−13 [90%C.L.] (2)

These indications imply a strong alignment of New Physics (NP) in flavor space which will be
described and quantified in the context of the SMEFT and its RGE in the following.

http://arxiv.org/abs/2205.14095v1


2 (g − 2)µ and Lepton Flavor Violation in the SMEFT RGE

2.1 Connection between (g − 2)µ and LFV

The SMEFT allows to study the effects of heavy NP, above the electroweak scale, on low-
energy observables without explicitly specifying the new heavy degrees of freedom. We can
write modifications of the SM Lagrangian as higher dimensional operators

LSMEFT = LSM +
∑

i

CiOi (3)

where each Wilson coefficient Ci has dimension 1/Λ[Oi]−4 where Λ is the NP scale and [Oi] is
the dimension of the operator Oi. In order to account for the deviation in (g − 2)µ, one must
add the dipole operator

Oeγ
rs

=
v√
2
ēLrσ

µνeRsFµν . (4)

This same operator can also mediate the LFV processes, e.g. µ → eγ. The contributions to the
two processes were calculated at tree-level and used to estimate the size, or put a bound, on the
corresponding Wilson coefficients:

∆aµ =
4mµv

e
√
2

Re C′
eγ
22

B(µ+ → e+γ) =
m3

µv
2

8πΓµ

(

|C′
eγ
12
|2 + |C′

eγ
21
|2
)

(5)

⇒ Re C′
eγ
22

= 1× 10−5 TeV−2 , ⇒ |C′
eγ
12
| < 2× 10−10 TeV−2 ,

where the prime denotes coefficients in the charged lepton mass basis. We see that the two
requirements above lead to a tight constraint on the off-diagonal elements in the 2 × 2 light
lepton sector:
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∣

< 2× 10−5 (6)

Similar bounds and considerations can also be applied to the µ− τ sector (see ref. [4]).

2.2 RGE of the SMEFT and mass diagonalization

When NP is integrated out at a scale µH , it will generate a certain set of operators and associated
Wilson coefficients Ci as in eq. 3. The coefficients then need to be run down to the low scale µL

using the RGE equations:

µ
d

dµ
Ci =

1

16π2
βi where βi =

∑

j

γij Cj (7)

with solution Ci(µL) = Ci(µH) − L̂ βi with L̂ = 1
16π2 log

(

µH

µL

)

. Notice, by looking at the

definition of βi, that the RGE can mix different operators in the SMEFT, possibly with some
not directly generated by the NP at the scale µH . Once the coefficients are expressed at µL, one
can go to the charged lepton mass basis by applying the rotation

ΘY
L(R) = −

[Ye]12(21)

[Ye]22

∣

∣

∣

∣

µL

(8)

giving the dipole coefficients

C′
eγ
12
(µL) = Ceγ

12
(µL) + ΘY

L Ceγ
22
(µL) , C′

eγ
22
(µL) ≈ Ceγ

22
(µL) . (9)



Notice that a sizable 22 entry of the dipole coefficients is necessary to explain the (g − 2)µ
anomaly, as seen in eq. 5, and will therefore bring a sizable contribution to the 12 entry in the
mass basis.

In the following table, we identified all operators in the SMEFT that can contribute to
spoiling the constraint on the ǫL12 ratio in eq. 6, either by operators mixing through RGE, eq. 7,
or by rotation to the mass basis, eq. 9, or both. We used the SMEFT RGE defined in ref. [9].

Broken phase Unbroken phase

Oeγ
rs

=
v√
2
ēLrσ

µνeRsFµν OeB
rs

= ℓ̄Lrσ
µνeRs HBµν

OeZ
rs

=
v√
2
ēLrσ

µνeRsZµν OeW
rs

= ℓ̄Lrσ
µνeRs τ

IHW I
µν

OYe
rs

=
v√
2
ēLreRs OYe

rs
= ℓ̄LreRs H

OYhe
rs

=
h√
2
ēLreRs OeH

rs
= ℓ̄LreRs H(H†H)

O(3)
eeuu
prst

, O(3)
νedu
prst

O
(3)
lequ
prst

= (ℓ̄jLpσ
µνeRr)ǫjk(q̄

k
LsσµνuRt)

O(1)
eeuu
prst

, O(1)
νedu
prst

O
(1)
lequ
prst

= (ℓ̄jLpeRr)ǫjk(q̄
k
LsuRt)

Table 1: Relevant operators for the analyses. For completeness, all operators have been included
but only the ones in black will be used in the discussion.

The change of basis from the unbroken phase to the broken phase is obtained by

(

Ceγ
CeZ

)

=

(

cθW −sθW
−sθW −cθW

)(

CeB

CeW

)

,

(

Ye

Yhe

)

=

(

1 −1
2

1 −3
2

)(

Ye

v2CeH

)

, (10)

where θW is the weak mixing angle.

2.3 Flavor alignment definition

In the following, we will make a few assumptions to isolate the leading contributions to ǫL12. We
will neglect all contributions proportional to gauge coupling squared, the quartic of the Higgs
and all the Yukawa couplings but the top. Furthermore, we will assume CeH and Ye to be flavor
aligned at the high-scale. The full RGE equations are presented in the paper ref. [4]. Here we

summarize the main results. The 4-fermion operator O
(3)
lequ mix directly with the dipole operator

Oeγ , while the 4-fermion operators O
(1)
lequ mix with the Yukawa Ye, which after rotation to the

mass basis can spoil ǫL12 bound. From our initial assumptions, both 4-fermion operator are with
the top quark only, i.e. s = t = 3. Finally the flavor alignment master formula can be written
as

ǫL12 ≡
C′
eγ
12

C′
eγ
22

∣

∣

∣

∣

∣

∣

µL

=
(

θeγL − θYL
)

+
(

θlequ
(3)

L − θeγL

)

∆3 +
(

θlequ
(1)

L − θYL

)

∆1 (11)

where ∆3 =
−16L̂eyt
Ceγ
22
(µL)

C
(3)
lequ
2233

(µH) and ∆1 =
−6L̂y3t v

2

[Ye]22(µL)
C

(1)
lequ
2233

(µH) and we defined the flavor angles

or flavor phases as

θXL =
CX
12

CX
22

∣

∣

∣

∣

∣

∣

µH

. (12)



The full expression for ǫL12 have to satisfy the bound eq. 6, implying alignment of the different

flavor phases involved θYL , θ
eγ
L ,θlequ

(3)

L and θlequ
(1)

L . In the next section, we will discuss how to
reach this alignment, either dynamically or with the help of flavor symmetries.

3 Flavor alignment mechanisms

3.1 Dynamical conditions

We will discuss three scenarios to reach the flavor alignment required in the previous section.

A. In the case where both the Yukawa coupling Ye and the dipole coefficient Ceγ are not gen-
erated at the high-scale µH , this is equivalent to setting θeγL = θYL = 0. Then the muon

Yukawa coupling and the dipole operator gets generated at low-scale µL by C
(1)
lequ and C

(3)
lequ,

respectively, implying ∆3 = −∆1 = 1. Now, if additionally the same NP dynamics generate

C
(1)
lequ and C

(3)
lequ at high-scale, then θlequ

(3)

L = θlequ
(1)

L and we finally reach the required flavor
alignment.

B. In the case where the Yukawa coupling and the dipole coefficient are generated at the high-
scale, then they should be generated by the same NP dynamics to obtain θeγL = θYL . A
simple option at this point is that the 4-fermions operators in table 1 are not generated at
high-scale, leading to ∆3 = ∆1 = 0, which removes the need to align the remaining flavor
phases.

C. Finally, the third straightforward option is to generate all four operators with the same NP
dynamics, leading to all the flavor phases being aligned at the high-scale, i.e. θeγL = θYL =

θlequ
(3)

L = θlequ
(1)

L .

The three options are summarized in table 2.

Scenario A B C

Constraints at µH Ceγ = Ye = 0 C
(1)
lequ = C

(3)
lequ = 0 none

Alignment condition θlequ
(3)

L − θlequ
(1)

L θeγL − θYL full expr. eq. 11

Table 2: Dynamical mechanisms for flavor alignment. The remaining alignment condition in
the last row is simply the ǫL12 expression from eq. (6) after applying the constraints at µH coming
from our scenario assumption.

In all three cases, the flavor alignment seems rather unnatural and requires many non-trivial
assumptions.

3.2 Flavor symmetries

We also explored if and how lepton flavor symmetries can help with the alignment of the flavor
phases.

A. U(2)ℓ × U(2)e symmetry
This symmetry, as originally presented in ref. [10], assumes that light families of leptons are
massless and indistinguishable. It needs to be minimally broken by two spurions Vℓ ∼ (2,1)
and ∆e ∼ (2, 2̄) such that the charged-lepton Yukawa coupling assumes the form

Ye = yτ

(

∆e Vℓ

0 1

)

(13)



with Vℓ =

(

0
ǫℓ

)

and ∆e =

(

ce −se
se ce

)(

δ′e 0
0 δe

)

with |δ′e| ≪ |δe| ≪ |ǫℓ| ≪ 1. We expect

ǫℓ ∼ O(10−1) from the B anomalies (see ref. [11]) and a natural expectation for the angle
is se & O

(√

me/mµ

)

. Generically we can factorize the flavor structure of the semi-leptonic
operators discussed in table 1 and express them in terms of the spurions (see ref. [12]), up
to order O(V 2

ℓ ∆e), as

Xn
αβ

(

ℓ̄αΓ
neβ
)

ηn with Xn
αβ = an(∆e)αβ + bn(Vℓ)α(V

†
ℓ )γ(∆e)γβ (14)

where Γn is the Dirac structure of the fermion product and ηn is the lepton-independent part
of the operator n, while an and bn are O(1) coefficients. The flavor phases in this framework
then read

θnL ≈ se
ce

(

1− bn
an

ǫ2ℓ

)

(15)

Notice that the flavor phases are exactly aligned in the case of fully minimal U(2)ℓ × U(2)e
symmetry, i.e. bn = 0. However, some misalignment can be reintroduced by the sub-leading
spurionic contribution, e.g.

|θeγL − θYL | =
∣

∣

∣

∣

se
ce

∣

∣

∣

∣

ǫ2ℓ

∣

∣

∣

∣

bY
aY

− beγ
aeγ

∣

∣

∣

∣

≤ 2× 10−5 (16)

We therefore expect a mild tuning of 10−2 in the difference of the ratio of O(1) coefficients
an and bn. The U(2)ℓ ×U(2)e symmetry is therefore helping the flavor alignment but is not
enough to completely protect from LFV in the 1-2 sector. Note also that since se is not
fixed, one could also assume a smaller se spurion from the start to satisfy the bound without
the need to tune the O(1) coefficients. Extrapolating this direction by taking se → 0 brings
us to the next flavor symmetry we considered in this work.

B. U(1)Le × U(1)Lµ × U(1)Lτ symmetry
In this symmetry, the charged-lepton Yukawa coupling and all flavor structures Xn

αβ can only
assume a fully diagonal form. Therefore, all flavor phases vanish and no alignment is needed.
One can also use the anomaly free combination U(1)L×U(1)Le−Lµ×U(1)Lµ−Lτ where U(1)L
is lepton number. In particular, any combination of U(1)Lµ and U(1)Lτ is enough to protect
the µ− e mixing.

3.3 Example: an explicit NP model

In this last part, we add two simple mediators to the SM Lagrangian which will generate at
tree-level, the 4-fermions operators in table 1, namely, a scalar leptoquark S1 ∼ (3̄,1)1/3 and a
Higgs-like field Φ ∼ (1,2)1/2.

The full Lagrangian reads

L = LSM + (DµS1)
†(DµS1)−M2

S1
S†
1S1 −

[

λL
iα(q̄

c
i ǫℓα)S1 + λR

iα(ū
c
ieα)S1 + h.c.

]

(17)

+ (DµΦ)
†(DµΦ)−M2

ΦΦ
†Φ−

[

λe
αβ(ℓ̄αeβ)Φ + λu

ij(q̄iuj)Φ̃ + h.c.
]

.

The precise SMEFT matching coefficients after integrating out S1 and Φ are presented in the
paper ref. [4]. Here we discuss how to reach the flavor alignment in this specific model by
illustrating the different contributions and describing what assumptions are necessary to align

the flavor phases.- The scalar leptoquark S1 generates C
(1)
lequ and C

(3)
lequ at tree-level, at the same

time via fierzing:

µR

tR tL

µL/eL

λ∗

L λR

S1



as well as Ceγ at the one-loop level:

µR µL/eL

S1

λR λ∗

L

γ

H

λR λ∗

R λL λ∗

L

while the Higgs-like Φ only generates C
(1)
lequ:

µR µL/eL

tR tL
λu

λe

• The first observation is that in the decoupling limit MΦ ≫ MS1 , only the first Feynman
diagram contribute to the 4-fermion operators. Since fierzing preserves the flavor alignment

of the original operator (with quark-lepton currents), we obtain θlequ
(3)

L = θlequ
(1)

L .

• The second assumption we can make is that the scalar leptoquark couples dominantly to
left-handed tops. In that case, we can neglect the middle diagram in the loop-generated
dipole and only the top runs inside the loop. We found with this that we obtain the

alignment θeγL = θlequ
(3)

L .

• Finally, the simplest assumption we can make for the Yukawa coupling is that of a U(2)
flavor symmetry. Unfortunately, since the leading U(2) spurion is not generated by inte-
grating out the leptoquark, the misalignment we are left with is θYL − θeγL ≈ se and it can
only satisfy the LFV bounds by requiring the unnatural condition se . 10−5.

More generally, in this model we observed a tension in trying to align θeγL with θYL and, at the

same time, with θlequ
(3)

L .
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