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1 Introduction

The discrepancy of the lepton anomalous magnetic moment (g − 2) is one of the leading

candidates that indicate new physics beyond the standard model (SM). Both in the electron

and muon sectors, the anomaly has been reported as

∆ae = aEXP
e − aSMe = (−8.7± 3.6)× 10−13, (1.1)

∆aµ = aEXP
µ − aSMµ = (27.4± 7.3)× 10−10, (1.2)

where aSMµ is the SM prediction of the muon g − 2 [1, 2], and aEXP
µ is its experimental

result [3, 4]. Recently, a new discrepancy, ∆ae, was reported in the electron sector, due to

the new measurement of the fine structure constant. See refs. [5, 6] for the experimental

value of the electron g − 2, ref. [7] for its theoretical prediction, and ref. [8] for the new

result of the fine structure constant.

It is challenging to explain both anomalies theoretically. In a wide class of new physics

models, contributions to the lepton g − 2 are scaled by the lepton mass squared. Suppose

the muon g − 2 anomaly is a sign of new physics, the electron g − 2 is expected to receive

a contribution,

∆ae
∆aµ

∼ m2
e

m2
µ

' 2.4× 10−5. (1.3)

This is too small to explain the result (1.1). Thus, it seems to require very light new parti-

cles, which easily conflict with experimental constraints, e.g., from the LHC. In addition,

the sign of eq. (1.1) is opposite to eq. (1.2). Extra mechanisms may flip the sign. For

instance, flavor violations in the lepton sector can solve the problems, though they are

constrained tightly.

New physics models have been studied to explain both anomalies [9–13]. Within the

context of the supersymmetry (SUSY), lepton flavor violations are examined [12]. SUSY

contributions to the electron g − 2 are enhanced by the tau Yukawa coupling via the

mixings of the selectrons with the staus, instead of introducing very light SUSY particles.

Further, the sign is chosen appropriately by the mixings. However, it was argued that the

lepton-flavor violating τ → eγ restricts the system.
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In this letter, we propose a new mechanism to explain both anomalies within the

minimal supersymmetric standard model (MSSM). We assume the minimal flavor violation

(MFV) for the lepton sector, and thus, the model is free from the lepton flavor violations.

The key observation is threshold corrections to the lepton Yukawa couplings. They are

non-linear in SUSY particle masses so that even if the SUSY particle masses follow the

MFV hypothesis, the relation (1.3) can be changed drastically. In particular, the SUSY

electron Yukawa coupling can be enhanced, and its sign can be opposite to the muon one.

The scenario predicts flavor-dependent slepton masses. We will discuss the Higgs mediation

scenario as an explicit model [14].

2 Muon and electron g − 2

The SUSY Yukawa couplings of leptons, yi, are matched with the SM ones, mi/v, non-

trivially because of radiative corrections ∆i and a ratio of the Higgs vacuum expectation

values tan β ≡
〈
H0
u

〉
/
〈
H0
d

〉
as [15–17]

yi '
mi

v

√
1 + tan2 β

1 + ∆i
, (2.1)

where the Higgs vacuum expectation value is v2 =
〈
H0
u

〉2
+
〈
H0
d

〉2 ' (174 GeV)2. In this

Letter, we focus on a scenario with a large size of the Higgsino mass parameter, µ, and

large tan β. Then, the radiative corrections are dominated by threshold corrections from

Bino-slepton loop diagrams. In the mass-insertion approximation, they become [16]1

∆i ' µ tanβ
g2YM1

16π2
I(M2

1 ,m
2
ĩL
,m2

ĩR
), (2.2)

with i = e, µ, and its superpartner ĩ. Here, mX is a mass of X, gY is the gauge coupling

of U(1)Y , and M1 is the Bino mass. 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)
, (2.3)

which satisfies I(x, x, x) = 1/2x2.

By taking mĩL
= mĩR

= M1, one obtains

∆i ∼ −1

(
µ

−100 TeV

)(
tanβ

70

)(
2 TeV

M1

)
. (2.4)

When the Higgsino mass parameter is much larger than masses of the sleptons and the

Bino, |∆i| can be as large as O(1). It is enhanced by µ tanβ coming from the trilinear

coupling of yiµH
†
uĩLĩR.2 The sign of ∆i can be either positive or negative depending on

that of µ. When RG effects are neglected, ∆i depends on a relative size of the soft breaking

1In the numerical analysis, we use a general formula for evaluating ∆i, i.e., without assuming the mass-

insertion approximation [18].
2In general, there are also contributions from yiAiHd ĩL ĩR. We will omit this term for simplicity. The

extension with it is straightforward.
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Figure 1. ∆e (blue) and ∆µ (red) for varying the slepton soft mass. Here, mĩR
= mĩL

,M1 =

1.5 TeV,M2 = 500 GeV, tanβ = 70, with µ = −100 TeV (left) and µ = −500 TeV (right).

parameters and µ, and thus, does not change under the scaling, i.e., even by increasing the

SUSY scale.

Figure 1 shows ∆i for varying the slepton soft masses with mĩL
= mĩR

, M1 = 1.5 TeV,

M2 = 500 GeV, and tan β = 70. Here, µ = −100 TeV (left) and µ = −500 TeV (right).

The red and blue lines denote ∆µ and ∆e, respectively. It is found that ∆i can be around

or smaller than −1. In the discontinuity region of the red line, an eigenstate of the smuon

becomes tachyonic.

The leading tan β-enhanced radiative corrections are taken into account in eq. (2.1),

and |∆i| can be large [16] (cf. ref. [15]).3 They include a resummation of the radiative

corrections in the form of (g2Y µ tanβ/MSUSY)n to all orders, where MSUSY is a typical

scale of SUSY particle masses in loops, while other corrections are suppressed.

When |µ| tanβ is large, the SUSY contributions to the lepton g − 2 of the i-th gen-

eration, (ai)SUSY, are dominated by the Bino-slepton diagrams. In the mass-insertion

approximation, they are represented as [20]4

(ai)SUSY '
(

1− δQED

1 + ∆i

)
g2Y

16π2
m2
iµ tanβM1

m2
ĩL
m2
ĩR

fN

(
m2
ĩL

M2
1

,
m2
ĩR

M2
1

)
, (2.5)

where fN (x, y) is the loop function defined in ref. [20] and satisfies fN (1, 1) = 1/6. QED

corrections beyond the leading order are taken into account by δQED [27]. The radiative

correction ∆i appears, because (ai)SUSY is proportional to the SUSY Yukawa coupling of

the lepton.

The SUSY contributions (2.5) are scaled by the lepton mass squared m2
i . It is noticed

that (ai)SUSY can be affected drastically by ∆i, when µM1 is large negative. For µM1 < 0,

3Such a large |∆i| has been discussed in the context of the muon g − 2 [19–22].
4In the numerical analysis, we use the formula in refs. [23–25] without the mass-insertion approximation

for the one-loop contributions. In addition, the formula in ref. [26] is used for δQED.
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Figure 2. (ae)SUSY/m

2
e (blue) and (aµ)SUSY/m

2
µ (red) for varying the slepton mass. The other

parameters are same as figure 1. In particular, µ = −100TeV (left) and µ = −500TeV (right).

The light blue (red) horizontal band represents the observed discrepancy for the electron (muon)

g − 2 at the 1σ level. The smuons on the pink vertical band are stable against the vacuum decay

at the tree level, where the model parameters are evaluated at the scale of the slepton soft mass.

∆i is negative. Since fN (x, y) is positive, (ai)SUSY becomes positive (negative) for 1+∆i <

0 (> 0). In addition, (2.5) is enhanced significantly around the cancellation point,

∆i = −1. (2.6)

Thus, (ai)SUSY/m
2
i can have different size and sign for different flavors, depending on 1+∆i.

It is noticed that lepton-flavor mixings are not necessary, and thus, there are no constraints

from the lepton flavor violations.

In figure 2 we show (ai)SUSY/m
2
i for the electron (blue line) and the muon (red line).

In the horizontal blue band, the observed discrepancy for the electron g−2 (see eq. (1.1)) is

explained at the 1σ level, and that for the muon (see eq. (1.2)) is shown by the red band. We

find that the electron g−2 discrepancy is explained around the cancellation point ∆e = −1,

corresponding to mẽL,R � 2.3TeV (6.0TeV) in the left (right) panel. The selectrons are

relatively heavy and satisfy the collider constraints easily. On the other hand, the muon

g− 2 anomaly is explained by lighter smuons, because (aµ)SUSY is required to be positive.

Here, all the SUSY particles are set to satisfy the current collider/experimental bounds.5

Too large |µ| tanβ spoils the stability of the electroweak vacuum. In the analysis,

we used the formula provided in ref. [20] to derive the vacuum stability condition.6 The

trilinear coupling associated with µ tanβ is proportional to the SUSY Yukawa coupling of

the lepton. In the muon case, the vacuum is stable in the pink vertical band. There is

a lower bound on the smuon masses, because the potential is stabilized when the smuons

5Light smuons can satisfy the LHC bounds, e.g., by setting the LSP appropriately.
6The formula fits the result of CosmoTransitions 1.0.2 [28] at the tree level. It may suffer from a large

scale uncertainty [29]. In particular, an energy gap exists between the scales of the charge-color breaking

vacuum, � 108 GeV, and the electroweak vacuum, ∼ 100GeV. Since the potential can be lifted in a large

renormalization scale, the constraint might be alleviated.
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I II

µ −100 −500

tanβ 70 70

M1,M2 1.5, 1.0 1.5, 0.6

mẽL,R
2.4, 2.3 6.0, 6.0

mµ̃L,R
5.0, 5.0 0.7, 0.7

∆e −0.97 −0.99

∆µ −0.23 −23

(ae)SUSY −8.8× 10−13 −7.3× 10−13

(aµ)SUSY −0.1× 10−9 3.1× 10−9

Table 1. Two sample points which explain the electron g − 2 discrepancy. All masses are in units

of TeV. The upper parameters are input, while the results are given below.

become heavy. In addition, an upper bound is obtained when the pink band appears to

the left of the mass discontinuity region (see the right panel of figure 2). This is because,

as the smuon masses increase, |1+∆µ| decreases according to figure 1, and thus, the SUSY

Yukawa coupling, i.e., the trilinear coupling of the smuons, is enhanced. In figure 2, it is

found that the smuons are required to be heavier than 4.2 TeV for µ = −100 TeV, while

they are limited in 600 GeV . mµ̃ . 1 TeV for µ = −500 TeV by the vacuum stability

condition. In contrast, the vacuum stability constraint for the electron is highly alleviated

and does not affect our scenario, because its Yukawa coupling is tiny.

Two sample points are given in table. 1. In both cases, the electron g− 2 discrepancy

is explained. For the muon, in order to satisfy the vacuum stability constraint, the smuon

should be either heavier (left panel of figure 2) or lighter (right panel) than the selec-

tron. In the latter case, the muon g − 2 anomaly is explained with satisfying the vacuum

stability constraint.7 Our sample points are consistent with the current LHC bounds.8

Consequently, we conclude that both the discrepancies of the electron and the muon g− 2

can be explained simultaneously by choosing the slepton masses appropriately.

Let us give three comments on the mechanism. First of all, our analysis is almost

independent of the Wino mass. This is because the Wino diagrams relevant for ∆i and

(ai)SUSY internally exchange the Higgsino. The Higgsino is assumed to be so heavy that its

contributions are suppressed. It is interesting to mention that our model can be compatible

with the Wino LSP, which is a candidate of the dark matter.

Secondly, let us mention how to test the mechanism. There are two ways, direct

productions of the SUSY particles and indirect detections. The direct production of the

selectrons are challenging, because they tend to be heavy for realizing ∆e ' −1. Their

7The masses of stau, stop, and sbottom should also be large enough to avoid the vacuum stability bound,

though they are irrelevant to the electron and muon g−2. A scenario satisfying this setup will be discussed

in the next section.
8Large tan β as much as & 70 would not suffer from a Landau pole below the GUT scale ∼ 1016 GeV if

the gluino mass is large enough. The SUSY Yukawa coupling of the bottom quark can be suppressed by

threshold corrections.
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masses may exceed scopes of future collider experiments. In contrast, the smuons are as

light as O(0.1 − 1) TeV, which could be tested in the LHC and future experiments. In

particular, once the heavier smuon is produced, the branching fraction of its decay to the

lighter one with the Higgs boson becomes sizable because of the large trilinear coupling.

This may give a characteristic signature for the experiments.

The scenario may be tested by indirect searches. Since ∆i is close to −1 for the electron

or large negative for the muon, the branching fractions of the (semi-) leptonic B meson

decays are affected when the heavy Higgs bosons are relatively light [30, 31].9 The decays

can proceed by exchanging the heavy Higgs bosons, whose couplings to the leptons are

given by the SUSY Yukawa couplings. The SUSY contributions to the muon channels are

suppressed by large |∆µ|2, whereas those to the electron modes are enhanced by 1/|1+∆e|2.
Next, SUSY corrections to the SM Higgs boson decaying into lepton pairs are weak (see

ref. [32]). In fact, those to the muon channel are suppressed by large |∆µ|2. For the electron

channel, although the corrections are enhanced by 1/|1 + ∆e|2, they are still suppressed by

cos(β − α), where α is a Higgs mixing angle, and may be below sensitivities of the future

electron-positron colliders. Further, if the Wino-like neutralino is the dark matter, the

scenario can be tested from direct/indirect dark matter search experiments.

Lastly, let us comment on a parameter tuning for 1 + ∆e = O(0.1 − 1)%. This

cancellation can be linked with the mass hierarchy between the electron and the muon,

me/mµ = O(0.1)%. The electron mass is realized by the SUSY Yukawa coupling, ye,

which is comparable to the muon one, because the Yukawa couplings satisfy the relation,

ye
yµ
' me

mµ

1 + ∆µ

1 + ∆e
. (2.7)

In general, the small electron mass may be chosen by an anthropic selection [33]. Then, in

our scenario, the selectron mass might be chosen to obtain the tiny electron mass.

3 Higgs mediation scenario

In order to explain the current discrepancies of the electron and muon g − 2, the smuons

are required to be lighter than the selectrons. In this section, we provide UV models to

realize such a slepton spectrum. Let us assume the MFV for the slepton soft-breaking

masses [34–38],10

m2
ĩL
' dL + cLy

2
i ,

m2
ĩR
' dR + cRy

2
i , (3.1)

where higher order terms of yi are omitted. The first terms, dL and dR, in the right-

hand side are flavor-blind contributions, e.g., by SUSY-breaking mediations via gauge

9The quark sector also receives threshold corrections similarly. The SUSY Yukawa couplings of the

down-type quarks can be enhanced with certain squark and gluino/Bino masses, and large |µ| tanβ. Such

effects may be observed in the quark flavor physics.
10The smuons can also be embedded in N = 2 SUSY multiplets [39, 40]. Here, SUSY breaking effects

are suppressed due to the N = 2 non-renormalization theorem. The smuons tend to be lighter than other

sleptons.
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interactions. The second terms, cL and cR, depend on the lepton Yukawa couplings, i.e.,

depend on lepton flavors. Such contributions are yielded by SUSY-breaking mediations via

the Higgs sector, as we will discuss below. Here, the lepton Yukawa matrix is diagonalized

without loss of generality, and hence, the slepton soft mass matrices are aligned to the

Yukawa matrix. Then, there are no lepton-flavor violations.11 In this Letter, we do not

assume anything special for the squarks and the gluino. Their masses depend on details of

the UV models.

Let us discuss a Higgs mediation scenario to realize the flavor-dependent mass spec-

trum, cL and cR. The scenario was first identified in a non-universal Higgs masses

model [14], where radiative corrections with negative large Higgs mass squares provide

positive contributions to the squark and slepton masses which depend on the Yukawa cou-

plings, i.e., flavors. By taking m2
Hu
' m2

Hd
< 0, the slepton masses are estimated by RG

running as (cf., ref. [44]),

cR ' 2cL '
1

4π2
m̄2 log

(
MGUT

m̄

)
, (3.2)

at the leading logarithmic approximation. Here, MGUT ∼ 1016 GeV is the GUT scale,

and m̄2 ≡ −m2
Hd

. Tachyonic mass spectrum is avoided for the pseudo-Higgs boson by

assuming [14, 45]

µ ∼ −m̄, tanβ & 50. (3.3)

This setup is favored to realize large |∆i|. On the other hand, dL and dR depend on flavor-

blind mediation mechanisms.12 In the following, we do not specify the mechanism and

leave them as free parameters.

There are two types of mass spectra for smuons and selectrons which are consistent

with the Higgs mediation. According to the previous section, when mµ̃ � mẽ, one obtains

|∆µ| � 1 and |yµ| & |ye|. On the other hand, when mµ̃ � mẽ, |∆µ| can be so large that

11This is not the case beyond the MSSM, e.g. when strongly-coupled right-handed neutrinos are in-

troduced to explain the neutrino masses [41]. This may be supported by the thermal leptogenesis [42].

Even in this case, one can introduce a flavor symmetry in the lepton Yukawa couplings, yNi HuLiNi,

where Ni is the right-handed neutrinos. The neutrino oscillations are realized if the neutrino mass term,

W =
∑

ij M
N
ij NiNj , breaks the flavor symmetry. Flavor-violating effects from the neutrino Yukawa cou-

plings should be suppressed. Also, the neutrino masses can be obtained by introducing the dimension five

operator, W = 1/M(LjHu)(LiHu), in a high energy scale. Then, the scenario does not change. The baryo-

genesis works with active neutrino oscillations when an inflaton decays to either the left-handed leptons

flavor-dependently or the Higgs boson [43].
12The anomaly mediation has been discussed within the context of the Higgs mediation, which is called

the Higgs-anomaly mediation [44–46]. The anomaly mediation provides flavor-blind masses. Such a setup

can be realized by sequestering sfermions and gauginos away from the SUSY breaking sector, while the two

Higgs multiplets are not. Then, the soft mass parameters are vanishing for the sfermions and the gauginos

at the input scale, but are not for the Higgs. The former masses are generated at loop levels. Although this

scenario can explain the muon g− 2 anomaly, it is not possible to explain both the electron and muon g− 2

anomalies simultaneously. This is because the squarks in the first two generations become tachyonic when

m̄ becomes too large compared with the gaugino masses. Such a difficulty is avoided if we take account of

additional flavor-blind mediation. The additional contribution can induce large squark masses.

– 7 –
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I II III

m̄ 100 350 350

tanβ 70 80 80
√
dL 2.0 0.28 0.28
√
dR 2.0 0.28 0.28

M1,M2 1.0, 0.6 1.6, 0.6 1.6, 0.6

mẽ1,2 2.0, 2.0 6.4, 4.5 6.4, 4.5

mµ̃1,2
4.9, 3.7 0.99, 0.64 16, 12

mτ̃1,2 56, 39 220, 150 220, 150

∆e −0.96 −0.99 −0.99

∆µ −0.23 −15 −0.19

|ye| 0.005 0.023 0.023

|yµ| 0.06 0.003 0.062

(ae)SUSY −6.9× 10−13 −5.6× 10−13 −5.6× 10−13

(aµ)SUSY −0.2× 10−9 2.6× 10−9 −0.01× 10−9

Table 2. Higgs mediation sample points. All masses are in units of TeV. The model input

parameters are provided above, and the results are given in middle and below. The selectron,

smuon, and stau masses are shown in the middle.

|yµ| becomes smaller than |ye|. These two spectra can be realized by the Higgs mediation.

In fact, when m̄2 > 0 they satisfy the following relation,(
m2
µ̃L,R
−m2

ẽL,R

y2µ − y2e

)
> 0. (3.4)

Let us provide three data points of the Higgs mediation scenario in table 2. The

model parameter m̄ is input at the GUT scale, and the flavor-dependent contributions to

the slepton masses are derived by solving the RG equations, i.e., by using eq. (3.2). On

the other hand, the flavor-blind contributions, dL and dR, as well as the gaugino masses,

M1 and M2, are free parameters in our analysis. Their values at the scale m̄ are also

provided in table 2. Then, the soft masses and the SUSY Yukawa couplings are derived

by using eq. (3.1) with the threshold corrections, ∆i. Points I and III explain the electron

g − 2 discrepancy, while the muon g − 2 anomaly is not. On the other hand, both are

explained at Point II. In all cases, the vacuum stability condition is satisfied for the stau

as well as the smuon, because the staus become heavy in the scenario. It is noticed that

Points II and III have the same dimensionful input parameters, despite that the results

are different. This is because multiple sets of the smuon SUSY-breaking masses satisfy

eq. (2.1). Then, the dimensionless parameters, particularly yµ, become different due to

large threshold corrections.

Before closing this section, let us mention about the stop and sbottom masses. They

are likely to be as large as O(10− 100) TeV by the Higgs mediation similarly to the stau.

Such a setup can be consistent with the SM Higgs boson mass and the vacuum stability

– 8 –
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condition in the squark sector particularly by assuming the gluino mass appropriately [47].

However, we face with a severe little hierarchy problem due to the large stop masses. The

discussion on this problem is beyond the scope of this letter and will be studied elsewhere.

4 Conclusions

We proposed an MSSM scenario to explain both the electron and muon g−2 discrepancies

without introducing lepton flavor mixings. The discrepancies are different in scale and

sign. The electron g − 2 requires larger SUSY contributions than the muon g − 2 with

an opposite sign. In our scenario, this is realized by the threshold corrections to the

SUSY Yukawa interactions with the flavor-dependent slepton mass spectrum. The electron

Yukawa coupling becomes enhanced by them, and its sign can be opposed to the muon

one. In order to explain both anomalies, the smuons are required to be (much) lighter

than the selectrons. We discussed that such a mass spectrum is consistent with the Higgs

mediation scenario.
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