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1 Introduction

The Higgs discovery and the subsequent measurements of its properties at the LHC have
been a crucial confirmation of the Standard Model (SM) of particle physics. Using data
from Run I and Run II of the LHC, we know that the Higgs has SM-like properties and
that its couplings to SM gauge bosons and third generation fermions agree with the SM
predictions at the 10% − 20% level [1, 2]. Much less is known about the Higgs couplings
to first and second generation fermions. Only recently, the LHC showed the first evidence
for the Higgs coupling to muons [3, 4]. There is no evidence yet for the Higgs couplings to
light quarks and electrons.

At the same time, the origin of the large hierarchies in the SM fermion masses, as well
as the hierarchical structure of the CKM quark mixing matrix, constitute a long-standing
open question in particle physics: the so-called SM flavor puzzle. One dynamical approach
to this puzzle is to couple the first two generations exclusively to a new subleading source
of electroweak symmetry breaking, in the form of a second Higgs doublet or some strong
dynamics [5–7] (see also [8–10] for related ideas). Such a scenario adds new sources of flavor
universality breaking to the SM. This is an experimentally viable option due to our lack of
knowledge of the Higgs couplings to first and second generations. One concrete realization
of this scenario is the Flavorful-Two-Higgs-Doublet-Model (F2HDM) [11].

Recently, new measurements involving muons have been reported by precision experi-
ments. The LHCb collaboration has reported updated results on the ratio RK of the rare
B meson decay rates B → Kµµ and B → Kee [12], confirming earlier hints [13–15] for
lepton flavor universality violation in rare B decays. In addition, a new measurement of
the muon anomalous magnetic moment aµ ≡ (gµ − 2)/2 has been very recently reported
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by the Fermilab Muon g-2 collaboration, aFNAL
µ = 116 592 040(54)× 10−11 [16]. This mea-

surement is consistent with the previous measurement by the E821 experiment at BNL,
aBNL
µ = 116 592 089(63) × 10−11 [17]. The quoted combination of experimental results is
aexp
µ = 116 592 061(41)× 10−11 and deviates by 4.2σ from the SM prediction reported by

the white paper of the g-2 theory initiative, aSM
µ = 116 591 810(43) × 10−11 [18], based

on [19–53], where the main uncertainty of the SM prediction comes from the hadronic
vacuum polarization contribution. This leads to

∆aµ = aexp
µ − aSM

µ = (251± 59)× 10−11 . (1.1)

Although further scrutiny of this anomaly is needed (see e.g. [54–57]), it is interesting to
ask what this anomaly may imply for new physics [58–60]. In the SM, the contributions to
the muon anomalous magnetic moment are chirally suppressed by the muon mass. Such a
suppression can be lifted in the presence of new physics opening up the possibility to indi-
rectly probe high new physics scales. Known examples include lepto-quark contributions
that in some models can be enhanced by the ratio of top mass to muon mass, mt/mµ, or
contributions in the minimal supersymmetric Standard Model (MSSM) that are enhanced
by tan β, the ratio of the vacuum expectation values (vevs) of the two Higgs doublets of the
MSSM. Still, the typical scale of supersymmetric (SUSY) particles required to fully address
the anomaly is in the few hundred GeV range. A crucial limiting factor in the MSSM is an
upper bound on tan β that arises from demanding perturbative Yukawa couplings of the
bottom quark and the tau lepton.

In this paper, we formulate a new SUSY scenario, the flavorful supersymmetric Stan-
dard Model (FSSM). In this scenario, the contributions to aµ can be more than an order of
magnitude larger than in the MSSM. The scenario corresponds to the supersymmetrized
version of the F2HDM. Its richer Higgs sector can consistently accommodate Higgsinos
with O(1) couplings to muons, leading to a strong enhancement of 1-loop SUSY contribu-
tions to aµ. The paper is organized as follows: in section 2, we briefly review the MSSM
contributions to aµ and show that sleptons in the few hundred GeV mass range are gener-
ically preferred. In section 3, we present our model, a SUSY version of the SM with an
extended scalar sector, and discuss the features most relevant in the context of (g−2)µ. In
section 4 we detail the contributions to aµ in our model and show that smuons as heavy as
6TeV can be responsible for the observed discrepancy. In section 5 we comment on further
phenomenological implications of the model. We cover both indirect probes like lepton
flavor violating tau decays and direct searches for electroweak SUSY particles at the LHC.
Section 6 is reserved for conclusions and an outlook. In appendix A, we collect the loop
functions entering the several contributions to (g − 2)µ.

2 Muon anomalous magnetic moment in the MSSM

We start by briefly reviewing the well known 1-loop slepton contributions to the anomalous
magnetic moment of the muon in the MSSM [61, 62]. We will neglect possible CP vio-
lating phases as they are strongly constrained by the non-observation of an electric dipole

– 2 –



J
H
E
P
0
7
(
2
0
2
1
)
1
1
8

moment of the electron. We will also assume that the slepton soft masses are flavor con-
serving. Large flavor mixing between smuons and staus could in principle lead to chirally
enhanced contributions to the anomalous magnetic moment of the muon [63, 64]. How-
ever, taking into account the stringent constraints from τ → µγ [65, 66] it is found that
flavor changing effects are negligibly small [67]. In presenting the MSSM contributions,
it is convenient to distinguish loops with binos and winos. For masses of supersymmetric
particles m2

SUSY � m2
Z , one finds to a very good approximation that the two contributions

are given by

∆aMSSM
µ = ∆ab̃µ + ∆aw̃µ , (2.1)

∆ab̃µ = g′ 2

192π2
m2
µ

m2
µ̃L

M1µ

m2
µ̃L

tβ
1 + ε`tβ

(
2f1(x1, xR) + f2(x1, xµ)− 2

x2
R

f2(y1, yµ)
)
, (2.2)

∆aw̃µ = 5g2

192π2
m2
µ

m2
µ̃L

M2µ

m2
µ̃L

tβ
1 + ε`tβ

f3(x2, xµ) , (2.3)

where, in the last equation, we have used the SU(2)L condition on the muon sneutrino mass
mν̃µ = mµ̃L . The mass ratios are given by x1 = M2

1 /m
2
µ̃L

, y1 = M2
1 /m

2
µ̃R

, xµ = µ2/m2
µ̃L

,
yµ = µ2/m2

µ̃R
, x2 = M2

2 /m
2
µ̃L

, and xR = m2
µ̃R
/m2

µ̃L
. In the above expressions g and g′

denote the SU(2)L and U(1)Y gauge couplings, M2 and M1 are the corresponding gaugino
masses, µ is the Higgsino mass, and mµ̃L , mµ̃R are the soft masses of the second generation
slepton doublet and singlet, respectively. The parameter tan β = tβ = vu/vd is the ratio
of the two Higgs vevs. We normalize the loop functions such that f1(1, 1) = f2(1, 1) =
f3(1, 1) = 1. For completeness, their explicit expressions are given in the appendix A.
The parameter ε` arises from tan β-enhanced threshold corrections to the muon mass. It
is given by [68, 69] (see also [70–73])

ε` = g′ 2

64π2
M1µ

m2
µ̃L

(
2g(x1, xR) + g(x1, xµ)− 2

xR
g(y1, yµ)

)
− 3g2

64π2
M2µ

m2
µ̃L

g(x2, xµ) , (2.4)

where the loop function is given in the appendix A and it is normalized such that g(1, 1) = 1.
For a generic point in MSSM parameter space ε` ∼ 10−3, and its effect becomes relevant
only for very large tan β.

The dominant contribution to (g − 2)µ typically comes from the wino loops. In the
limit that all SUSY masses are equal and neglecting the threshold corrections, the above
expressions give

∆aMSSM
µ ' 260× 10−11 ×

(
tβ
50

)
×
(500 GeV
mSUSY

)2
. (2.5)

As it is evident from the above equation, even for large values of tan β ' 50, the typical
mass scale of the involved supersymmetric particles (sleptons and electroweakinos) is below
1TeV. This is confirmed by our numerical results in figure 2 (see the blue and purple shaded
regions). The fact that an explanation of (g− 2)µ prefers a light spectrum of sleptons and
electroweakinos has been re-emphasized recently in several studies of the MSSM [74–88]
and of MSSM extensions [89, 90]. It is possible to accommodate the preferred value for
∆aµ for a somewhat heavier spectrum (mSUSY & 1TeV) in corners of parameter space with

– 3 –



J
H
E
P
0
7
(
2
0
2
1
)
1
1
8

either a very large µ term [75, 77, 85] or with very large values of tan β. However, for large
values of µ, the MSSM scalar potential can develop charge breaking minima and vacuum
stability considerations strongly constrain the parameter space. For very large values of
tan β & 70 the bottom and tau Yukawa couplings develop Landau poles before the GUT
scale, see e.g. [91].

In the following, we present a supersymmetric extension of the Standard Model that
can accommodate the measured (g−2)µ with multi-TeV sleptons. The corresponding region
of parameter space is completely safe from vacuum stability constraints and all Yukawa
couplings remain perturbative.

3 The MSSM with a flavorful Higgs sector

We supersymmetrize the flavorful 2HDM. Instead of the usual two chiral superfields Ĥu, Ĥd

of the MSSM, we introduce four chiral superfields Ĥu, Ĥ
′
u, Ĥd, Ĥ

′
d (see also [92–94] for other

models with more than two Higgs doublets). Under the SU(3)c × SU(2)L × U(1)Y gauge
symmetry, these superfields transform as Ĥu, Ĥ

′
u ∼ (1,2)+ 1

2
and Ĥd, Ĥ

′
d ∼ (1,2)− 1

2
. The

superpotential of the model is given by

W = µ1ĤuĤd + µ2Ĥ
′
uĤ
′
d + µ3Ĥ

′
uĤd + µ4ĤuĤ

′
d

+ (YuĤu + Y ′uĤ
′
u)Q̂Û c + (YdĤd + Y ′dĤ

′
d)Q̂D̂c + (Y`Ĥd + Y ′` Ĥ

′
d)L̂Êc . (3.1)

It contains four independent µ-terms as well as the Yukawa couplings Yf and Y ′f of the
Higgs doublets to the matter superfields. In the following we will denote this model as the
flavorful supersymmetric Standard Model or FSSM.

We assume that the neutral components of the Higgs scalars acquire vevs given by
vu, v′u, vd, and v′d, such that v2

u + v2
d + v′ 2u + v′ 2d = v2 = (246GeV)2. In addition to the

usual vev ratio tan β = tβ = vu/vd, we also introduce the ratios tan βu = tβu = vu/v
′
u

and tan βd = tβd = vd/v
′
d. Generic Yukawa couplings Yf and Y ′f violate the principle of

natural flavor conservation. They can lead to large neutral Higgs mediated flavor changing
neutral currents and are therefore strongly constrained. In the following we will consider
the “flavorful” ansatz for the Yukawa couplings as suggested in [5] that avoids the most
stringent flavor constraints due to an approximate flavor symmetry [5]. In this ansatz, the
doublets Ĥu, Ĥd couple exclusively to third generation fermions, while Ĥ ′u, Ĥ ′d provide
masses for the first and second generations. In particular, the muon mass is proportional
to the vev v′d and the corresponding muon Yukawa coupling Y ′µµ. The muon Yukawa is
thus enhanced by a factor tan β tan βd compared to the usual tan β enhancement present
in the MSSM.

In the case of all three leptons, we have (neglecting SUSY threshold effects)1

Y ′` '
√

2
v′d

 me xeµme xeτme

xµeme mµ xµτmµ

xτeme xτµmµ xττmµ

 , Y` '
√

2
vd

 0 0 0
0 0 0
0 0 mτ

 . (3.2)

The rank-1 Yukawa coupling Y` preserves an SU(2)2 = SU(2)L × SU(2)E flavor symmetry
acting of the first two generations of left-handed and right-handed lepton fields. The

1A similar structure can be implemented in the quark sector.
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structure of the second Yukawa coupling Y ′` follows the ansatz in [5]: a 2 × 2 block with
entries of the order of the muon mass with the remaining entries of the order of the electron
mass. The xij parameters indicate how much the Yukawa coupling Y ′` differs from such
an ansatz. Generically, one might expect the xij are of order one, but they can be much
smaller as well. Assuming that soft SUSY breaking is flavor universal, the SU(2)2 flavor
symmetry is minimally broken by the second Yukawa coupling Y ′` , implying that flavor
changing effects between the second and first generation leptons are strongly suppressed.
The parameters xτµ and xµτ can be constrained by the experimental bounds on flavor
violating tau decays like τ → µγ and τ → 3µ, while the corresponding parameters with
electrons, xτe and xeτ , can be constrained from data on τ → e transitions. Due to the
SU(2)2 flavor symmetry, the parameters xµe and xeµ are unobservable. Effects in the highly
constrained µ→ e transitions like µ→ eγ can be expected only if the products xµτxτe or
xeτxτµ are sizable (see section 5 for more details).

In addition to the leptonic Yukawa couplings shown above, the most relevant ingredi-
ents for the discussion of (g−2)µ are the smuon masses as well as the chargino and neutralino
masses. For the smuon mass matrix we find after electroweak symmetry breaking

M2
µ̃ =

 m2
µ̃L

−mµtβtβd(µ4 + µ2/tβu)

−mµtβtβd(µ4 + µ2/tβu) m2
µ̃R

 , (3.3)

where we have neglected the small D-term contributions, as well as the contributions from
soft trilinear terms. Neglecting the trilinear terms is a good approximation as long as
v′d � vu. Note that in eq. (3.3) we neglected left-right mixing between smuons and staus
proportional to xτµ and xµτ . Such mixing is of no relevance to the calculation of (g − 2)µ.
We will comment on its effect on τ → µγ in section 5.

The model features an extended electroweakino sector, because of the additional Hig-
gsinos. It contains three charginos and six neutralinos with the following mass matrices

Mχ± =


M2

g√
2vu

g√
2v
′
u

g√
2vd µ1 µ3
g√
2v
′
d µ4 µ2

 , Mχ0 =



M1 0 −g′

2 vd
g′

2 vu −
g′

2 v
′
d

g′

2 v
′
u

0 M2
g
2vd −

g
2vu

g
2v
′
d −

g
2v
′
u

−g′

2 vd
g
2vd 0 −µ1 0 −µ3

g′

2 vu −
g
2vu −µ1 0 −µ4 0

−g′

2 v
′
d

g
2v
′
d 0 −µ4 0 −µ2

g′

2 v
′
u −

g
2v
′
u −µ3 0 −µ2 0


, (3.4)

where we have considered the basis (W̃±, H̃±, H̃ ′±) and (B̃, W̃ 0, H̃0
d , H̃

0
u, H̃

′0
d , H̃

′0
u ) for

charginos and neutralinos, respectively. For the calculation of (g − 2)µ it is convenient
to rotate the Higgsino states to diagonalize the 2× 2 Higgsino sub-matrix:(

cd sd
−sd cd

)(
µ1 µ3
µ4 µ2

)(
cu su
−su cu

)
=
(
µ 0
0 µ̃

)
, (3.5)

where we have introduced the mixing angles cd,u ≡ cos θd,u, sd,u ≡ sin θd,u. For gaug-
ino and Higgsino masses sufficiently above the electroweak scale, the masses of the three
charginos and of the six neutralinos are approximately mχ±i

' (M2, µ, µ̃) and mχ0
i
'

(M1,M2, µ, µ, µ̃, µ̃). In the following section we will report the contributions to the anoma-
lous magnetic moment of the muon in terms of the Higgsino parameters θu, θd and µ, µ̃.
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4 FSSM contributions to (g − 2)µ

Similar to the MSSM, it is possible to split the contributions to the anomalous magnetic
moment of the muon into bino mediated and wino mediated contributions. For supersym-
metric particles that are sufficiently heavier than the electroweak scale, m2

SUSY � m2
Z ,

we find

∆aFSSM
µ = ∆ab̃µ + ∆aw̃µ , (4.1)

∆ab̃µ = g′ 2

192π2
m2
µ

m2
µ̃L

tβtβd
1 + ε`tβtβd

(4.2)

×
[
sd

(
cu −

su
tβu

)
M1µ

m2
µ̃L

(
2f1(x1, xR) + f2(x1, xµ)− 2

x2
R

f2(y1, yµ)
)

+ cd

(
su + cu

tβu

)
M1µ̃

m2
µ̃L

(
2f1(x1, xR) + f2(x1, xµ̃)− 2

x2
R

f2(y1, yµ̃)
)]

,

∆aw̃µ = 5g2

192π2
m2
µ

m2
µ̃L

tβtβd
1 + ε`tβtβd

[
sd

(
cu −

su
tβu

)
M2µ

m2
µ̃L

f3(x2, xµ) (4.3)

+cd

(
su + cu

tβu

)
M2µ̃

m2
µ̃L

f3(x2, xµ̃)
]
,

with the threshold correction parameter ε` given by

ε` = g′ 2

64π2

[
sd

(
cu −

su
tβu

)
M1µ

m2
µ̃L

(
2g(x1, xR) + g(x1, xµ)− 2

xR
g(y1, yµ)

)

+cd

(
su + cu

tβu

)
M1µ̃

m2
µ̃L

(
2g(x1, xR) + g(x1, xµ̃)− 2

xR
g(y1, yµ̃)

)]

− 3g2

64π2

[
sd

(
cu −

su
tβu

)
M2µ

m2
µ̃L

g(x2, xµ) + cd

(
su + cu

tβu

)
M2µ̃

m2
µ̃L

g(x2, xµ̃)
]
, (4.4)

where, similarly to xµ and yµ, we have defined xµ̃ = µ̃2/m2
µ̃L

and yµ̃ = µ̃2/m2
µ̃R

. Note that
the loop functions are identical to the MSSM case. In fact, the expressions above largely
resemble the MSSM result shown in section 2. The relevant Feynman diagrams containing
Higgsinos, binos, winos, and sleptons are shown in figure 1.2 As in the MSSM, the dominant
contribution typically comes from the loops containing a wino. If all SUSY masses are set
equal, the wino loops dominate over the bino loops by a factor 5g2/g′ 2 ' 17. In contrast
to the MSSM, we find two sets of contributions that are proportional to either one of
the Higgsino mass eigenvalues µ and µ̃. The main difference to the MSSM is the overall
proportionality to the product of the vev ratios tan β × tan βd = vu/v

′
d. The additional

factor tan βd can increase the contributions in our setup by an order of magnitude or more
compared to the MSSM. Note that the threshold correction remains of order ε` ∼ 10−3 in

2In addition, the model also predicts contributions from 1-loop diagrams containing leptons and Higgs
bosons. However, such contributions to ∆aµ are not chirally enhanced by tan β factors and therefore can
be neglected.
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µR µL

µ̃R µ̃L

B̃

M1

vu, v
′
u

µ, µ̃

γa)

µR µL

µ̃L

H̃

B̃
µ, µ̃

vu, v
′
u

M1

γb)

µR µL

µ̃R

B̃

H̃
M1

vu, v
′
u

µ, µ̃

γc)

µR µL

µ̃L, ν̃L

H̃

W̃
µ, µ̃

vu, v
′
u

M2

γd)

Figure 1. The leading 1-loop contributions to the anomalous magnetic moment of the muon. The
external photon has to be attached in all possible ways to the loops. Diagrams a), b), and c) involve
binos, while diagram d) involves winos. The threshold corrections to the muon mass correspond to
analogous diagrams without the external photon.

our setup. However, as it is multiplied by the product tan β× tan βd (see eqs. (4.1), (4.3)),
it can have an O(1) impact on the contribution to the (g−2)µ (we show its effect explicitly
in figure 2 below). Setting all SUSY masses equal and assuming maximal mixing in the
Higgsino sector sd = cd = su = cu = 1/

√
2, the threshold correction corresponds to the

following 1-loop correction to the muon mass

∆m1-loop
µ

mtree
µ

= ε`tβtβd ' −0.54×
(
tβ
20

)
×
(
tβd
15

)
. (4.5)

Note that for this benchmark case, the correction is identical to the correction in the
MSSM (see e.g. [69]) up to the additional factor tan βd. Away from the limit sd =
cd = su = cu = 1/

√
2, the correction to the muon mass is modified by the factor

(sd(cu − su/tβu) + cd(su + cu/tβu)) ∼ O(1).

A relevant bound on the size of tan βd is given by perturbativity considerations.
Yukawa couplings that are larger than O(1) at the TeV scale develop Landau poles be-
fore reaching the GUT scale. Requiring that the muon Yukawa of the Higgs field H ′d stay

– 7 –



J
H
E
P
0
7
(
2
0
2
1
)
1
1
8

perturbative up to the GUT scale, leads to the approximate bound3

Y ′µµ '
√

2mµ

v

tβtβd
1 + ε`tβtβd

. 0.7 . (4.6)

Differently from the MSSM, the requirement of perturbativity of the tau and bottom
Yukawa couplings sets weaker bounds on the values of tan β and tan βd. In the limit
that all SUSY masses are equal and assuming maximal mixing in the Higgsino sector
sd = cd = su = cu = 1/

√
2, we find

∆aµ ' 220× 10−11 ×
(
tβ
20

)
×
(
tβd
15

)
×
(

0.46
1 + ε`tβtβd

)
×
(2.0 TeV
mSUSY

)2
(4.7)

' 240× 10−11 ×
(
Y ′µµ
0.7

)
×
(2.5 TeV
mSUSY

)2
. (4.8)

Analogously to the corrections to the muon mass in (4.5), for generic O(1) mixing of
the FSSM Higgsinos, the results in (4.7) and (4.8) have to be multiplied by the factor
sd(cu − su/tβu) + cd(su + cu/tβu). In the MSSM, similar equations for ∆aµ hold up to the
additional factor tan βd. Comparably large contributions to ∆aµ are therefore in principle
possible in the MSSM in the ultra-large tan β limit (see e.g. [69]). However, as mentioned
in section 2, the required values of tan β for multi-TeV SUSY particles are very strongly
constrained by perturbativity considerations [91]. Those constraints are relaxed in the
FSSM, and very large values for the product tan β tan βd are viable.

Keeping in mind the estimated bound on the muon Yukawa discussed above, we find
that the generic scale of supersymmetric particles can be larger by a factor of ' 5 compared
to the MSSM, while still producing the desired effect in the anomalous magnetic moment
of the muon.

In figure 2, we show the regions of SUSY masses that are preferred by the anomalous
magnetic moment of the muon in several benchmark cases. For simplicity, we assume that
the masses of the left-handed and right-handed smuons are equal, as do we for the masses of
the bino, the wino, and the Higgsinos. In the colored bands we find agreement with (1.1) at
the 1σ and 2σ level. The purple and blue bands correspond to the MSSM with tan β = 20
and tan β = 50, respectively. We see that for tan β = 50, sleptons can be at most at around
1TeV, if gauginos and Higgsinos are in the few hundred GeV range. The yellow and orange
bands show two benchmark scenarios in the FSSM assuming a generic O(1) mixing in the
Higgsino sector sd ∼ cd ∼ su ∼ cu ∼ 1/

√
2. The yellow band corresponds to moderate

values for tan β = 20 and tan βd = 15. In such a scenario the smuons can be as heavy
as 3TeV while still explaining (g − 2)µ. The dashed yellow lines show the region favored
by (g − 2)µ in this FSSM scenario neglecting the SUSY threshold corrections to the muon

3We estimate that the perturbativity bound on the muon Yukawa in our model will be similar to the
bound on the tau Yukawa in the MSSM. In eq. (4.6), we therefore quote the bound on the tau Yukawa
coupling at a scale of 1TeV that has been found in the MSSM requiring the Yukawa coupling to be smaller
than

√
4π at the GUT scale [91]. A dedicated renormalization group study of the full set of third and

second generation Yukawa couplings and of the gauge couplings would be required to establish a precise
bound on the muon Yukawa coupling in our model, but we do not expect the result to change significantly.
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Figure 2. Regions of SUSY parameter space that are preferred by the anomalous magnetic moment
of the muon at the 1σ and 2σ level in several benchmark models. Above the dashed diagonal line,
the smuons are lighter than any of the gauginos and Higgsinos. In blue and purple, we present
two MSSM scenarios; in yellow and orange two FSSM scenarios. The dashed yellow lines show the
corresponding FSSM scenario neglecting the SUSY threshold corrections to the muon mass.

mass (i.e. ε` is set to zero). We clearly see that the threshold corrections have an order
1 impact and cannot be neglected.4 Finally, the orange band shows a scenario in which
we choose a large muon Yukawa coupling, Y ′µµ = 0.7, that we estimate to be close to the
bound from demanding perturbativity up to the GUT scale. In this case, smuons can be
as heavy as 6TeV.

5 Phenomenological implications

In addition to the contributions to ∆aµ, the FSSM predicts contributions to the anomalous
magnetic moments of the electron and of the tau, ∆ae and ∆aτ . Due to the minimally
broken SU(2)2 lepton symmetry, the setup predicts the relation

∆ae '
m2
e

m2
µ

∆aµ ' 5.8× 10−14 ×
( ∆aµ

251× 10−11

)
, (5.1)

which is almost an order of magnitude smaller than the uncertainties of the experimental
determination [96], as well as the uncertainties of the SM prediction that depends crucially

4In this context, it might be interesting to consider a scenario in which the entire muon mass is radiatively
generated. In such a case one expects that the (g− 2)µ anomaly can be explained with new physics masses
at around 2TeV. The radiative muon mass scenario has been analyzed in the MSSM [69, 95] and it is
strongly constrained by perturbativity arguments.
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on the value of the fine structure constant [97, 98]. There is no strict correlation of ∆aµ
and ∆aτ , but generically we expect

∆aτ ∼
m2
τ

m2
µ

1
tβd

∆aµ ' 4.7× 10−8 ×
(

15
tβd

)
×
( ∆aµ

251× 10−11

)
, (5.2)

which is far below foreseeable experimental sensitivities [99].
Similar to the 1-loop slepton contributions to anomalous magnetic moments, the FSSM

setup also gives contributions to the radiative lepton decays τ → µγ, τ → eγ, and µ→ eγ.
While the relevant off-diagonal couplings xτe, xeτ , xτµ, and xµτ in the lepton Yukawa
matrix (3.2) do not enter the predictions for ∆aµ at the considered level of accuracy, it is
nonetheless interesting to explore their implications. In the limit in which both left-handed
and right-handed smuons and staus have equal masses we find simple relations between
the 1-loop slepton contributions to the anomalous magnetic moment of the muon and the
branching ratios of the decays τ → µγ, τ → eγ, and µ→ eγ

BR(τ → µγ) ' 24π3αem
v4

m4
µ

(∆aµ)2 (x2
τµ + x2

µτ

)
× BR(τ → µντ ν̄µ)

' 1.7× 10−8 ×
( ∆aµ

251× 10−11

)2 [( xτµ
0.01

)2
+
(
xµτ
0.01

)2
]
, (5.3)

BR(τ → eγ) ' 24π3αem
v4

m4
µ

m2
e

m2
µ

(∆aµ)2 (x2
τe + x2

µe

)
× BR(τ → eντ ν̄µ)

' 4.1× 10−9 ×
( ∆aµ

251× 10−11

)2 [(xτe
1.0

)2
+
(
xeτ
1.0

)2
]
, (5.4)

BR(µ→ eγ) ' 24π3αem
v4

m4
µ

m2
e

m2
τ

(∆aµ)2 (x2
eτx

2
τµ + x2

µτx
2
τe

)
' 8.2× 10−15 ×

( ∆aµ
251× 10−11

)2 [(xeτxτµ
0.01

)2
+
(
xµτxτe

0.01

)2
]
, (5.5)

where we used BR(τ → µντ ν̄µ) ' 17.4% and BR(τ → eντ ν̄µ) ' 17.8% [100].
We can compare these predictions to the current experimental bounds. From the

bound BR(τ → µγ)exp < 4.2 × 10−8 [65, 66] we see that the couplings xτµ and xµτ have
to be of order 10−2 in order not to violate the bound from τ → µγ. The smallness of
these couplings suggests that an additional lepton flavor symmetry gives structure to the
lepton Yukawa coupling Y ′` . If the coupling xτe or xeτ is of order 1, the branching ratio
of τ → eγ is predicted below the current bound, BR(τ → eγ)exp < 3.3 × 10−8 [65, 66],
but in reach of the Belle II experiment [101]. Once the bound from BR(τ → µγ) is taken
into account, the µ → eγ branching ratio is predicted well below the current constraint
BR(µ→ eγ)exp < 4.2× 10−13 [102].

In the FSSM, we also find tree level neutral Higgs contributions to lepton flavor vi-
olating decays τ → 3µ, τ → 3e, and µ → 3e. The most constraining decay is expected
to be τ → 3µ as it involves the largest Yukawa couplings enhanced by the product tβtβd .
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Neglecting mixing among the Higgs bosons and using the results from [103], we find

BR(τ → 3µ) '
m4
µ

4m4
H′
d

t4βt
4
βd

(1 + ε`tβtβd)4
(
x2
τµ + x2

µτ

)
× BR(τ → µντ ν̄µ)

' 1.0× 10−9 ×
(
Y ′µµ
0.7

)4

×
(

1.0 TeV
mH′

d

)4

×
[(

xτµ
0.01

)2
+
(
xµτ
0.01

)2
]
. (5.6)

Comparing to the experimental bound obtained by the Belle collaboration,
BR(τ → 3µ)exp < 2.1 × 10−8 [104] (see also [105, 106]), we see that TeV scale Higgs
bosons are viable and could lead to branching ratios that are accessible at Belle II and
LHCb [101, 107].

Finally, we comment on the prospects of testing the SUSY parameter space favored
by (g − 2)µ at the LHC. The sleptons necessary for addressing the (g − 2)µ anomaly are
being searched for by the ATLAS and CMS collaborations. Particularly, the most relevant
slepton signature is the slepton pair production pp → ˜̀̀̃ , followed by the decay into a
lepton and the lightest neutralino ˜̀̀̃ → (`χ̃0)(`χ̃0). The most stringent bounds on the
slepton parameter space come from the analyses [108, 109] performed with the full Run
II data set. These searches show that, in the case of degenerate left-handed and right-
handed smuons, slepton masses as large as ∼ 600GeV are now generically probed if the
mass splitting with the lightest neutralino m˜̀−mχ̃0 is sufficiently large. In the case of a
compressed spectrum, the limits are weaker and allow sleptons as light as ∼ 250GeV for
mass splitting m˜̀−mχ̃0 . 30GeV [110].

The existing searches probe already part of the MSSM parameter space that is able
to explain the (g − 2)µ anomaly. However, depending on the specific electroweakino spec-
trum, sizable regions of parameter space are left unexplored. For example, for the specific
spectrum fixed in figure 2 (M1 = M2 = µ), the aforementioned LHC slepton searches can
only set a weak bound because of the dilution of the branching ratio of the slepton into
the lightest neutralino and a lepton. For that spectrum, additional slepton decay modes
arise including µ̃ → µχ̃0

2, νχ̃
±
1,2 with the subsequent decay of χ̃0

2 and χ̃±1,2 to the lightest
neutralino and jets or leptons. It will be interesting to search for these new slepton cascade
decays in the coming years at the LHC to probe further regions of MSSM parameter space
that can address the (g − 2)µ anomaly.

The slepton phenomenology in the FSSM is even richer. Due to the extended elec-
troweakino sector, several cascade decays are possible, giving rise to signatures with multi-
leptons (or jets) and missing energy. We leave the study of such signatures for future work.
Due to the generically heavier slepton masses in the FSSM to address the (g−2)µ anomaly,
the sleptons that we considered in this paper are outside the reach of the LHC. We expect
some of the scenarios favored by (g − 2)µ to be probed at a 100TeV collider through a
pp→ ˜̀̀̃ → (`χ̃0)(`χ̃0) search [111].

6 Conclusions and outlook

The recent result of the Fermilab Muon g-2 collaboration confirms the longstanding dis-
crepancy in the anomalous magnetic moment of the muon, (g − 2)µ. Motivated by this
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result, we constructed a supersymmetric extension of the Standard Model that can give
more than an order of magnitude larger contributions to the (g − 2)µ than the MSSM.
The model, that we dub flavorful supersymmetric Standard Model (FSSM), is based on
an extended electroweak breaking sector with Yukawa couplings that follow the flavorful
ansatz suggested in [5].

One set of Higgs doublets couples exclusively to the third generation through a rank-1
Yukawa coupling, while a second set of Higgs doublets couples also to the first and second
generations. One of the Higgs fields can have an O(1) coupling to muons. Loop contribu-
tions to (g − 2)µ that contain the corresponding Higgsino state are strongly enhanced. In
contrast to the MSSM, where the SUSY particles generically have to be below the 1TeV
scale, in the FSSM, the (g − 2)µ result can be comfortably explained by sleptons in the
multi-TeV mass range.

We explored further phenomenological implications of the model, in particular for the
anomalous magnetic moments of the electron and the tau, as well as for lepton flavor
violation. We found that existing bounds on τ → µγ already give relevant constraints on
the lepton flavor violating Yukawa couplings of the model. The τ → 3µ and τ → eγ decays
might be in reach of running experiments.

While LHC searches for sleptons already constrain some of the MSSM explanations of
the (g− 2)µ discrepancy, directly probing the multi-TeV sleptons of the FSSM will require
a future higher energy collider.

There are several possible future directions to further explore the FSSM. The rank-1
ansatz for the Yukawa couplings has been successfully implemented in the quark sector
in non-supersymmetric versions of the model [5, 11, 112–114]. It has been shown that in
the considered scenarios quark flavor changing neutral currents can be relatively easily in
agreement with experimental bounds. In a supersymmetric version, we expect interesting
Higgsino mediated effects in chirality suppressed processes like b → sγ and Bs → µ+µ−

and possibly even for the lepton flavor universality ratios RK and RK∗ . A study of those
effects will be presented elsewhere.

If the rank-1 ansatz for the Yukawa couplings is implemented both in the lepton and
quark sectors, a scenario with tan β ∼ 50, tan βu ∼ 100, and tan βd ∼ 10 can address all
hierarchies among the third and second generation quark and lepton masses without any
pronounced hierarchy in Yukawa couplings. These are the values of tan β and tan βd that
allow multi-TeV sleptons to address the (g − 2)µ anomaly. In such a region of parameter
space, third and second generation Yukawa unification might be possible at the GUT scale.
For the first generation, one could entertain the possibility of radiative mass generation
to explain the smallness of the up quark, down quark, and electron mass. We leave these
studies to future work.
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A Loop functions

In this appendix, we collect the loop functions that enter the expressions for the SUSY
contributions to (g − 2)µ discussed in sections 2 and 4

f1(x, y) = 6(y − 3x2 + x(1 + y))
(1− x)2(x− y)2 − 12x(x3 + y − 3xy + y2) log x

(1− x)3(x− y)3 + 12xy log y
(1− y)(x− y)3 ,

f2(x, y) = 6(x+ y + xy − 3)
(1− x)2(1− y)2 −

12x log x
(1− x)3(x− y) + 12y log y

(1− y)3(x− y) , (A.1)

f3(x, y) = 6(13− 7(x+ y) + xy)
5(1− x)2(1− y)2 + 12(2 + x) log x

5(1− x)3(x− y) −
12(2 + y) log y

5(1− y)3(x− y) .

The loop function entering the threshold corrections to the muon mass reads

g(x, y) = 2x log x
(1− x)(y − x) −

2y log y
(1− y)(y − x) . (A.2)

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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