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1 Introduction

The electron and muon magnetic moments are counted amongst one of the most accurately
measured quantities today. Their theoretical predictions within the Standard Model(SM)
have also been calculated with great precision. Exciting deviations between these quantities
have recently incited considerable interest within the fraternity. The measured value of the
muon anomalous magnetic dipole moment (MDM) [1] stands at ∼ 3.7σ deviation [2, 3]
from its value predicted from the SM

δaµ = aexp
µ − aSM

µ = 2.79(0.76)× 10−9. (1.1)

The ongoing experiment E989 at Fermilab [4] and the upcoming one at J-PARC [5] is
expected to achieve a four-fold increase in the accuracy of the experimental measurement.
If the central value of the measurement remains unchanged the discrepancy will stand
at about 7σ [6]. Very recently, the ∆aµ discrepancy has been confirmed by the lattice
calculation for the hadronic light-by-light scattering contribution [7]. The measurement of
the radiative corrections to the pion form factor also confirms the requirement of a beyond
SM contribution to aµ [8].

The situation with the anomalous magnetic moment of the electron, which agreed with
its SM prediction at 1.7σ until recently, is also intriguing. A recent improvement in the
measurement of the fine structure constant α,1 [11] changed the SM prediction of (g− 2)e,
which puts its experimentally measured value [12] at a ∼ 2.5σ deviation

δae = aexp
e − aSM

e = −8.8(3.6)× 10−13. (1.2)

The most striking feature of these results is the fact that the deviation in muon and electron
(g − 2) come with opposite signs and also violate the natural scaling of ∼ m2

µ/m
2
e. This

flies in the face of the Minimal Flavor-violation (MFV) hypothesis and is a clear indication
of lepton-flavor non-universality.

1A very recent measurement[9] of α contradicts this measurement at ∼ 5.4σ as well as their own past
measurement at ∼ 2.5σ. This predicts a δae at +1.6σ as opposed to −2.5σ deviation from SM. While we
await the resolution of this apparent tension[10], positive as well as negative values of δae at any magnitude
are very easily accommodated in the proposed model.
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The issue of the muon and electron anomalous magnetic moment have been addressed
with an additional Z ′ gauge boson [13–23]. However, the Z ′ contribution as the singu-
lar source of the lepton (g − 2) is always of the same sign unless the nature of the gauge
boson-lepton couplings switch over generations [24]. In tandem, there have also been ample
attempts to resolve the matter of electron and muon magnetic moments within a super-
symmetric framework [25–37]. Considering that the lepton (g − 2) from minimal SUSY
sources are also always of the same sign, these proposals utilize the effects of large flavor
non-universal A-terms [32–36] or flavor-violating SUSY-breaking terms [28, 37]. Notwith-
standing the fact that such effects could be challenging to incorporate in a consistent
SUSY-breaking mechanism, the former suffer from the possibilities of large fine-tuning in
the lepton mass matrix and charge-breaking minima of the scalar potential. The latter
are constrained by strong bounds on charged lepton flavor-violating processes, especially
τ → µγ and τ → eγ. It has been shown to be possible to explain both the anomalies
even without explicit charged lepton flavor violation in a 2HDM model with vector-like
fermions [38], or with an enlarged flavor structure [39]. However, the latter scenario re-
quires considerably large yukawa couplings possibly invoking non-perturbative regime.

Inspired by this tantalizing matter of the leptonic MDMs and the constraints on the
proposed models, we show that gauged U(1)Lµ−Lτ [40, 41] models embedded within a su-
persymmetric framework can satisfactorily explain both the electron and muon anomalous
magnetic moments simultaneously. And it does so without giving rise to any charged lepton
flavor-violating effects, with flavor-universal trilinear soft-terms. Neither does it incorpo-
rate any new interactions that could be in conflict with any stability considerations or may
have been probed by any present experiments.

We propose a very simple scenario where the sleptons have a certain hierarchy between
the generations driven by the corresponding soft SUSY-breaking masses, not unlike the
one we see among the leptons themselves. As a result, the µ̃ and the ν̃µ are heavier than
the selectron and the ν̃e and hence the SUSY contribution to muon (g − 2) is suppressed
compared to that for the electron. On the other hand, similar contribution to the (g−2)e is
quite sizeable owing to the light ẽ and ν̃e masses. The muon (g− 2) has a different source,
viz. the Lµ − Lτ gauge boson Z ′. This interplay allows us to explain both the muon
and electron anomalous magnetic moment measurements, otherwise impossible in either
U(1)Lµ−Lτ or SUSY models by themselves. We find a viable parameter space satisfying
the bounds on the masses of Sparticles from the LHC [3]. These bounds and the criteria
for satisfying both the lepton (g − 2) places an upper bound on the mass of the selectron,
subject to the choice of the µ-parameter and the ratio of Higgs VEVs, as well as a lower
bound on the smuon mass. Most importantly, the scenario can be probed most certainly
in the near future by the ongoing experiments at the LHC.

In addition, the low mass Z ′ which explains (g−2)µ are probed at the ongoing coherent
elastic neutrino-nucleus scattering experiments (CEνNS), e.g., COHERENT and Coherent
CAPTAIN-Mills (CCM). The recent data from the LAr [42] and CsI [43] detectors at the
COHERENT experiment provide important constraints alongside the existing constraints
emerging from CCFR [44], Borexino [45], BaBaR [46], supernova [47] etc. on the Z ′ mass
and coupling. The ongoing CCM experiment with its large fiducial mass liquid Argon de-
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Superfields L̂µ Êcµ L̂τ Êcτ η̂ ˆ̄η
U(1)Lµ−Lτ 1 -1 -1 1 -1 1

Table 1. Lµ − Lτ charge assignments for the chiral superfields that are not singlets under the
additional symmetry.

tector is projected to register a significantly large number of CEνNS events per year [48, 49]
and hence be able to probe much of the pertinent parameter space.

We describe the model in section 2 and discuss the additional sources of the lepton
magnetic moments in it in section 3. Section 4 discusses the constraints from LHC that are
pertinent to the parameter space where both lepton magnetic moments can be explained.
This section also describes the parameter ranges over which the numerical scans were con-
ducted as well as the motivations for the choices. Our results are summarized in section 5
alongside the figures from our numerical scans and finally, we conclude in section 6.

2 The model

A supersymmetric gauged U(1)Lµ−Lτ model requires at least two additional R-Parity even
superfields η̂ and ˆ̄η to be consistent with Z-boson decay observations and neutrino mixing
texture [50]. Scalars corresponding to these U(1)Lµ−Lτ charged additional superfields,
singlets under SM gauge symmetries and R-Parity even, acquire vacuum expectation values
(VEVs) to break the additional gauge symmetry spontaneously. The cancellation of chiral
anomalies require these superfields to always have equal and opposite charge under the
U(1)Lµ−Lτ symmetry. While R-Parity was not considered to be a global symmetry in [50],
we work in a simplified scenario where R-Parity is conserved and the superpotential is
given by

W = WMSSM − µηη̂ ˆ̄η (2.1)

where WMSSM is the MSSM superpotential with flavor-diagonal yukawa couplings in the
leptonic sector. The charge assignments for the chiral superfields charged under U(1)Lµ−Lτ
are given in table 1, the unlisted superfields are singlets under the additional gauged sym-
metry. Notably, yukawa terms like η̂L̂µĤU and ˆ̄ηL̂τ ĤU , although gauge singlets, break
R-Parity and hence are forbidden. Their presence by means of alternate R-Parity assign-
ments for the η̂/ˆ̄η superfields would lead to spontaneous breaking of R-Parity alongside
the U(1)Lµ−Lτ symmetry.

The soft SUSY-breaking terms for our specific choice of parameters is given by

−Lsoft =
(
M3
2 (ig̃)(ig̃)+M2

2 (iW̃ )(iW̃ )+M1
2 (iB̃)(iB̃)+M0

2 (iB̃′)(iB̃′)+h.c
)

−M10(iB̃)(iB̃′)+A
(
yiju HuQ̃jŨi−yijd HdQ̃jD̃i−yilHdL̃iẼi+h.c

)
+M2

Q

(
Q̃†Q̃+Ũ c†Ũ c+D̃c†D̃c

)
+
∑

l=e,µ,τ

(
M2
l̃L
L̃†l L̃l+M

2
l̃R
Ẽc†l Ẽ

c
l

)
+M2

Hd
H†dHd+M2

HuH
†
uHu+M2

η η
†η+M2

η̄ η̄
†η̄−(B0HdHu+Bηηη̄+H.c.) . (2.2)
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Conservation of R-Parity ensures that there is no generation-mixing between the slep-
tons, nor do they mix with the other scalars in the spectrum. Apart from the additional
gauge boson and its fermion superpartner, the fermions and bosons from the two addi-
tional superfields augment the MSSM neutralino, scalar and pseudoscalar spectrum. The
soft SUSY-breaking masses corresponding to the two Higgses (Hd and Hu) and the addi-
tional fields (η and η̄) are not independent parameters but are solved for by minimizing the
scalar potential. We list here the most pertinent mass matrices and the rotation relations
from mass to gauge eigenstate basis.

The neutralino mass matrix written in the basis:
(
iB̃, iW̃ , H̃0

d , H̃
0
u, iB̃

′, η̃, ˜̄η
)
is,

mχ̃0 =



M1 0 −1
2g1vd

1
2g1vu M10 0 0

0 M2
1
2g2vd −1

2g2vu 0 0 0
−1

2g1vd
1
2g2vd 0 −µ −1

2gY Xvd 0 0
1
2g1vu −1

2g2vu −µ 0 1
2gY Xvu 0 0

M10 0 −1
2gY Xvd

1
2gY Xvu M0 −gXvη gXvη̄

0 0 0 0 −gXvη 0 µη
0 0 0 0 gXvη̄ µη 0


(2.3)

This matrix is diagonalized by the unitary matrix N :

N∗mχ̃0N † = mdia
χ̃0 (2.4)

with

B̃ =
∑
j

N∗j1χ̃
0
j , W̃ 0 =

∑
j

N∗j2χ̃
0
j , H̃0

d =
∑
j

N∗j3χ̃
0
j , H̃0

u =
∑
j

N∗j4χ̃
0
j

B̃′ =
∑
j

N∗j5χ̃
0
j , η̃ =

∑
j

N∗j6χ̃
0
j , ˜̄η =

∑
j

N∗j7χ̃
0
j . (2.5)

The chargino mass matrix is exactly same as the one for MSSM. Written in the basis:(
W̃−, H̃−d

)
,
(
W̃+, H̃+

u

)
, the mass matrix mχ̃± is diagonalized by the unitary matrices U

and V such that,
U∗mχ̃±V

† = mdia
χ̃± (2.6)

with

W̃− =
∑
j

U∗j1χ̃
−
j , H̃−d =

∑
j

U∗j2χ̃
−
j

W̃+ =
∑
j

V ∗1jχ̃
+
j , H̃+

u =
∑
j

V ∗2jχ̃
+
j . (2.7)

The slepton mass-squared matrices are given by,

m2
l̃

=

 m2
l̃L l̃
∗
L

ml

(
A− µ tan β

)
ml

(
A− µ tan β

)
m2
l̃R l̃
∗
R

 (2.8)
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where

m2
l̃L l̃
∗
L

= M2
l̃L

+QlXM
2
Z′ cos (2γ) +

(1
2 − c

2
W

)
M2
Z cos (2β) ,

m2
l̃R l̃
∗
R

= M2
l̃R

+QlXM
2
Z′ cos (2γ)−

(
1− c2

W

)
M2
Z cos (2β) . (2.9)

Here tan γ = 〈η〉/〈η̄〉 and tan β = 〈hu〉/〈hd〉 are the ratio of the corresponding scalar VEVs.
QlX are the charges of the respective leptons under the gauged U(1)Lµ−Lτ symmetry.

This matrix is diagonalized by unitary matrices X l:

X lm2
l̃
X l† = m2

l̃,dia
(2.10)

with

l̃L =
∑
j

X l∗
j1 l̃j , l̃R =

∑
j

X l∗
j2 l̃j . (2.11)

The sneutrino mass matrix is diagonal in the gauge eigenstate basis itself.
While most of the parameters were left free, the sign of the µ-term is kept negative

to get a negative SUSY contribution to the lepton magnetic moments. The squark and
gluino masses have been set to be decouplingly large and the stau masses are kept ∼ 17.8
times the smuon masses,2 replicating the corresponding lepton hierarchy. We assume zero
tree level kinetic mixing (gY X), however it is unavoidably generated radiatively via loops
involving the second and third generation leptons and sleptons.

3 Anomalous magnetic moment

Supersymmetry unavoidably tacks on additional contributions to the SM corrections to the
lepton magnetic moments. Even the Minimal Supersymmetric Standard Model (MSSM)
adds contributions to g− 2 that have been shown to be enough to explain the discrepancy
of the (g − 2)µ from its SM prediction. Although the lack of vindication from various
experimental SUSY searches constricts the domain of validity of this statement over time,
the muon g − 2 is an ideal observable to constrain some parameters of the model. For
instance, the sign of the “µ-term”, the ratio of the Higgs VEVs (tan β)and the mass scale of
the sparticles crucially determine the sign and magnitude, respectively, of the lepton (g−2).

The two main components of the SUSY contribution to the lepton (g − 2) are the
slepton-neutralino and the chargino-sneutrino loops shown in figures 1(a) and 1(b). When
the mass scale of the superpartners are roughly of the scale MSUSY, the total contribution
is given in the MSSM by [25, 27],

∆aMSSM
l = 14m

2
l

m2
µ

Sign(µ) tan β
(100 GeV
MSUSY

)2
10−10. (3.1)

Note that the dominant supersymmetric lepton (g−2) contributions are from the chargino-
sneutrino loop. Additionally, they are of the same sign and scale exactly by the mass
squared of the corresponding lepton, flying in the face of the present experimental
observations.

2Changing this ratio does not affect our analysis or our results as long as mτ̃ & mµ̃. Its effect on the
Lµ − Lτ parameter space is discussed in section 3.
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γ

ll

χ̃±

ν̃

(a)

γ

ll

l̃

χ̃0

(b)

γ

µµ

µ

Z ′

(c)

Figure 1. Figures 1(a) and 1(b) constitute the SUSY contribution to general lepton magnetic
moments. Figure 1(c) contributes solely to the anomalous magnetic moment of the muon.

Using the mixing matrices in section 2, the neutralino-slepton loop contribution to the
lepton (g − 2) was found to be [25, 27],

aχ
0

l = − ml

16π2

7∑
i=1

2∑
j=1

[(
|nLij |2 + |nRij |2

) ml

12m2
l̃ j

FN1 (xij)

+
mχ̃0

i

3m2
l̃ j

Real
(
nLijn

R
ij

)
FN2 (xij)

]
(3.2)

where,

FN1 (x) = 2(1− 6x+ 3x2 + 2x3 − 6x2 log x)
(1− x)4

FN2 (x) = 3(1− x2 + 2x log x)
(1− x)3 (3.3)

with

xlij =
mχ̃02

i

m2
l̃ j

and

nLij = −ylN∗i,3X l∗
j,1 −

√
2g1N

∗
i,1X

l∗
j,2 +

√
2gXN∗i,5X l∗

j,2

nRij = −ylNi,3X
l∗
j,2 +

(
g1√

2Ni,1 + g2√
2Ni,2 −

√
2gXNi,5

)
X l∗
j,1.

The contribution of the chargino-sneutrino loop to the lepton (g − 2) is [25, 27],

aχ̃
±

l = ml

16π2

2∑
k=1

[
ml

12m2
ν̃l

(
|cLk |2 + |cRk |2

)
FC1 (ylk)

+
2mχ̃±

k

3m2
ν̃l

Real
(
cLk c

R
k

)
FC2 (ylk)

]
(3.4)
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where,

FC1 (x) = 2(2 + 3x− 6x2 + x3 + 6x log x)
(1− x)4

FC2 (x) = −3(3− 4x+ x2 + 2 log x)
2(1− x)3 (3.5)

with

ylk =
m2
χ̃±
k

m2
ν̃l

and
cLk = ylU

∗
k2, cRk = −g2Vk1.

Apart from the supersymmetric contribution to ∆al, the Z ′ boson adds an essential
part to the muon magnetic moment, as shown in figure 1(c). It is given by [13–15]

∆aZ′µ =
g2
Xm

2
µ

4π2

∫ 1

0
dz

z2(1− z)
m2
µz +M2

Z′(1− z)
. (3.6)

This contribution to (g − 2)µ is always positive.
In our analysis we have kept the sign of the µ-term to be negative, resulting in a nega-

tive SUSY contribution to δal. In order for this to be able to explain the (g−2)e (∼ 10−12),
we require the first generation sleptons to be as light as a few hundred GeV. If this were the
general mass scale of all the sleptons, notwithstanding the collider constraints, the negative
SUSY contribution to the (g − 2)µ would totally swamp the positive Z ′ contribution. It is
imperative then that to satisfy both lepton anomalous magnetic moments, we require the
first generation sleptons to be sufficiently light and, at the same time, the second gener-
ation sleptons be heavy enough. This means that the region of Lµ − Lτ parameter space
satisfying (g − 2)µ in this case is the same as that for non-SUSY U(1)Lµ−Lτ models (see
figure 2). Yet, it is now possible to satisfy (g− 2)e as well within that region. For a recent
study of the present constraints on this class of models and the parameter space yet to be
explored by proposed future experiments see, for example, ref. [51].

The COHERENT collaboration recently published the full set of data corresponding
to their observation of coherent neutrino nucleus scattering (CEνNS) on both CsI and Ar
detectors [42, 52, 53]. A rigorous likelihood analysis [54] of the data including energy, timing
as well as the pulse shape discriminator (PSD) data led to the exclusions shown in figure 2.
The Collaboration has recently announced the imminent release of additional data from
its CsI detector. The additional data finds a best fit CEνNS count of 306 events against
a SM prediction of 333. While the preference for reductive BSM effect persists in this
updated dataset, the SM deviation seems to be smaller. This should lead to the combined
exclusions getting stronger, however, whether it will be able to probe the unconstrained
region requires an analysis with the awaited full data. A similar likelihood based approach
was used to show projected exclusions from the CCM experiment that is presently running
at the Los Alamos National Laboratory [48, 49]. The experiment uses neutrinos produced
by an 800MeV proton beam at 20 Hz (∼ 80 kW) impinged on a tungsten target to detect
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0.5 1.0 1.5 2.0 2.5 3.0
log10(MZ ′/MeV)

4.0

3.5

3.0

2.5

2.0

1.5

1.0

lo
g 1

0(
g X

)

Borexino 95% C.L.
CCFR 95% C.L.
BABAR 95% C.L.
CsI 2  C.L.
Ar 2  C.L.
CCM 2  C.L.
CsI+Ar 2  C.L.
(g 2)  2

Figure 2. The parameter space of interest in U(1)Lµ−Lτ
models where (g − 2)µ can be explained

by the Z ′ contribution alone is highlighted in blue. Strongest present constraints [44–46, 55] are
shown alongside the highlighted region. The COHERENT CsI, Ar and combined limits are from
a likelihood analysis [54] of the recently released full data. The Coherent CAPTAIN-Mills (CCM)
exclusion is shown assuming 3 years of data taking at the running experiment.

CEνNS with a liquid Argon detector of large fiducial mass (7 tons) kept at 20m. We assume
5000 hours of operation per year, equivalent to ∼ 3 × 1022 protons-on-target with 0.0425
neutrinos per proton for each flavor, for three years and a nuclear recoil energy detector
window of 25–150 KeV. Although the exclusions here are shown for mτ̃/mµ̃ = mτ/mµ,
this ratio has only a very mild effect on them since the kinetic mixing parameter has a
logarithmic dependence on it [56]. Larger values of this ratio excludes a larger region of
the parameter space. Changes in the kinetic mixing parameter arising due to changes in
this ratio could, in general, affect the exclusions from Borexino as well but this dependence
is also mild.

4 Constraints from LHC and numerics

The requirement for the first generation sleptons to be considerably light in order to explain
the (g−2)e imposes strong constraints on the model from the LHC 2l+3l final state searches.
We discuss the nature of these constraints and the parameters of the numerical scans used
to find a viable scenario in this section.

The strongest bounds on the lightest neutralino-lighter chargino mass-plane come from
the searches for the electroweak production of charginos and neutralinos decaying into two
lepton and three lepton final states (see figures 3(a) and 3(b)) at the ATLAS detector [57,
58]. There are two different situations to consider in this case, and depending upon the
scenario in question, the constraints change. The most severe constraints come from the
combined 2l + 3l searches assuming χ̃0χ̃± pair production and their subsequent decay
via l̃/ν̃. The lower bounds on the χ̃0 and χ̃± masses in this case are sometimes as high as
700GeV and 1.2TeV respectively. However the constraints are much weaker if one considers
the case where the l̃/ν̃ is heavier than the lightest χ̃±. In such situations the same final
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p
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χ̃±

1 /χ̃
0

2

χ̃±

1

W/Z

W

χ̃0

1

χ̃0

1

ν/l

l

ν

l

(a)

p

p

χ̃±

1 /χ̃
0

2

χ̃±

1

l̃

l̃/ν̃

ν/l

χ̃0

1

l

l/ν

χ̃0

1

ν/l

(b)

p

p

l̃

l̃

l

l

χ̃0

1

χ̃0

1

(c)

Figure 3. Diagrams corresponding to the SUSY searches at the ATLAS detector, with two and
three leptons in the final state alongside missing energy, which put the strongest constraints on the
model: 3(a)W/Z mediated decays, 3(b) l̃/ν̃ mediated decays and 3(c) direct slepton pair production.
Ref. [57] includes jets from W -decays in their analysis alongside figure 3(a) when considering the
pair production of χ̃±1 and χ̃0

2. Ref. [58] includes intermediate ν̃’s in their analysis of χ̃±1 pair
production.. We also use bounds from W/h mediated decays of a chargino/neutralino pair [59] that
proceeds via the same diagram as figure 3(a) with one of the gauge boson fields replaced by the
higgs boson. Diphoton and bb̄ decay modes of the higgs boson have been considered.

states occur through W/Z or W/h mediated decays (see figure 3(a)) [59, 60]. The bounds
for scenarios involving compressed spectra need to be adapted separately [61].

Similarly, the strongest bounds on the lightest neutralino-slepton mass-plane come
from the searches of direct slepton pair production and their subsequent decay into two
lepton final states as shown in figure 3(c) from the same study [57, 58, 61]. We use
single generation bounds on combined left and right-handed sleptons in order to constrain
selectron and smuon masses. This distinction is crucial in our study as the premise of
explaining both lepton MDM’s require light selectrons and heavy smuons. Constraints on
chargino, neutralino and slepton masses from similar searches at the CMS detector [62–65]
are either weaker or of a similar nature. Additionally, we incorporate bounds on the lightest
chargino mass and lifetime from long-lived charged particle searches [66–68].

The exclusions on slepton masses assume mass degenerate sleptons and their MSSM
decay modes only. In our model however, the decays of the second and third generation
sleptons may be modified through their couplings with the additional gauge boson. The
decay width of the slepton due to effects beyond the MSSM in our model is given by [69],

ΓNP[l̃→ lχ̃0] = g2
X |N15|2

pf
8πM2

l̃

 2∑
i,j=1
|X l

ij |2
(M2

l̃
−m2

l −M2
χ̃0

)

− 4mlMχ̃0Re
[ 2∑
i=1

X l∗
i1X

l
i2

] . (4.1)

pf being the magnitude of the three-momentum of the decay products in the rest frame of
the slepton and N15 is the B̃′ mixing element in the lightest neutralino. This implies that,

ΓNP
ΓMSSM

∼ g2
X

4πα . 2.7× 10−6, (4.2)
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that is, the modification to the branching ratio of the sleptons due to the additional gauge
boson is all but negligible.

Although the η̃/˜̄η dominated neutralinos are decoupled, the B̃′ mass is left unrestricted.
This may, in principle, modify the decay chains assumed in the above exclusions. However,
the couplings between the MSSM-like fields and B̃′ is negligible in comparison with their
other couplings. Its presence, thus, goes largely unnoticed in both the collider and the
(g − 2) analysis. Still, when the lightest supersymmetric particle (LSP χ̃0

1) is B̃′-like, the
NLSP(χ̃0

2), which is then necessarily MSSM-like, can decay radiatively into a photon and
the LSP. This decay width is given by [70],

Γ(χ̃0
2 → χ̃0

1γ) = (gχ̃0
2χ̃

0
1γ

)2
(M2

χ̃0
2
−M2

χ̃0
1
)3

8πM5
χ̃0

2

, (4.3)

where gχ̃0
2χ̃

0
1γ

is computed by evaluating all the relevant one-loop diagrams. Depending on
the lifetime of the χ̃0

2, this decay may affect the Big Bang Nucleosynthesis (BBN) and the
Cosmic Microwave Background (CMB). Considering, we exclude scenarios that predict a
lifetime greater than ∼ 0.1 seconds for the NLSP under these circumstances. We also note
in conjunction that this lifetime never falls below ∼ 10−5 seconds. This ensures that the
MSSM-like NLSP is stable within collider scales and thus behaves like the LSP when it
comes to the LHC while still not modifying the CMB or BBN in any way. The NLSP hence
sets the mass scale for the rest of the spectrum as well in this scenario, which in turn results
in an upper limit on its mass that comes from the requirement to explain the (g − 2)e.

The exclusions mentioned above are all for various simplified scenarios assuming 100%
branching ratios. We recast them with our model specific mixing elements and branching
ratios which are all functions of the choice of parameters. The predicted cross section for
a specific process is given by,

σX = σG × FM ×
(∏

BR
)

(4.4)

where σG is the pair production cross section for pure gauge eigenstates [71–76]. This cross
section is modified by the mixing element factor FM that gives us the production cross
section for the physical states. We multiply this with the product of all the branching
ratios for a given process to obtain the final predicted cross section σX . This can then be
compared with the upper limits [77–81] on the cross section for the process. We exclude
those parameter points that give a predicted cross section larger than the upper limit.

While the constraints on the sleptons and those pertaining to cosmological observations
are always applicable, the LHC bounds on the electroweakinos are not all equally pertinent
under all circumstances. Considering, we segregate parameter choices into four classes,
each of which call for distinct combinations of the described constraints.

1. M2 < (M1, |µ|): Constraints on the long-lived wino-like lightest chargino are applica-
ble. The heavier higgsinos may be produced in pairs. Constraints considering their
subsequent decays via SM gauge/Higgs bosons are also applicable.
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2. M1 < M2 < |µ|: Strong bounds on the lightest wino-like chargino and associated
neutralino from their pair-production scenarios with decays via either sleptons or SM
gauge bosons. Constraints on the heavier higgsinos are negligible.

3. M1 < |µ| < M2: Similar constraints as the previous case apart from the fact that
constraints on both the lightest higgsino-like and heavier wino-like chargino and their
associated neutralinos need to be considered.

4. |µ| < (M1,M2): Weak constraints on the lightest nearly degenerate higgsino triplet.
Constraints on the heavier wino-like chargino and the associated neutralino are not
negligible and are considered.

All the soft SUSY-breaking masses for the gauginos as well as the sleptons and the
negative µ-parameter were allowed to vary between 100GeV–1TeV in the numerical scan.
The scan implements the above constraints and checks if both (g− 2)µ and (g− 2)e can be
explained. tan β was allowed to vary between 10 to 50. The other parameters, like the A and
B-parameters were allowed to vary between 500GeV–1TeV. The squarks, gluinos and the
fermions corresponding to the η and η̄ superfields were kept decouplingly heavy at 4TeV.
All the parameters were sampled over uniform prior distributions within their specific
ranges and no biases were applied on any subset of the scanned parameters. The numerical
scan was executed using our own code written in Python. All the constraints incorporating
the respective mixing elements and branching ratios were built into this script.

5 Results

The results of the numerical scan are illustrated in figure 4. Figures 4(a) and 4(b) describe
the allowed region of the M1, M2, |µ| and tan β parameter space. The figures are binned
in the gaugino and higgsino mass parameters while the color code signifies the minimum
encountered value of tan β for each bin. Figures 4(c) and 4(d) show the allowed values of
the lightest physical neutralino, chargino and selectron masses. They are binned in the
χ̃0

1, χ̃±1 and ẽL/R masses. The color code in these figures denote the minimum encountered
value of the ratio of second to first generation slepton masses in each bin. White regions
are bins where our scan could not find parameter choices that can explain the (g − 2)
observations or are excluded by any of the constraints explained in section 4. The bin
widths in all the figures are adjusted so that we have 100 bins along each axis.

Figures 4(c) and 4(d) illustrate the upper bounds on the selectron and the lightest
neutralino masses listed in table 2. These upper limits come from the necessity to explain
the (g − 2)e that requires these fields to be light enough. In addition, there are gaps in
the allowed lightest chargino spectrum which arises due to a combination of both LHC
and (g − 2) observations. Heavier chargino masses require the neutralino to be lighter so
as to explain (g − 2)e. However, a larger mass gap between these two fields beget strong
exclusions from collider observations that study chargino decay modes into leptons and the
lightest neutralino. These constraints restrict chargino masses unless they are heavy enough
that their production cross section falls below the corresponding upper limits. Parameter
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Figure 4. Parameter regions explaining both electron and muon anomalous magnetic moment
observations: 4(a) shows the allowed regions in M1-M2 bins with the colors denoting minimum
tan β encountered in the respective bins. Figure 4(b) plots the allowed bins of |µ| and M2 with
the same attribute for the color. 4(d) and 4(c) plot the viable spectrum of the lightest neutralino,
chargino and slepton masses with the minimum encountered smuon to selectron mass ratio denoted
by the colors. 4(e) shows the allowed selectron masses against the ratio of smuon to selectron
masses, the colors denote the density of points. 4(f) shows parameter points where the LSP is B̃′
dominated against the mass gap between it and the NLSP.
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Label Mχ̃0
1
(GeV) Mẽ (GeV) Mµ̃ (GeV) MZ′ (MeV) gX/10−4

Allowed Range < 400 < 385 > 605 10–210 3.76–10

Table 2. Allowed physical neutralino, selectron and smuon masses as well as additional gauge
boson mass and coupling that can explain both electron and muon (g − 2). Unlisted physical
states/ parameters remain viable throughout their scanned ranges.

regions with such large values of chargino masses require light selectrons and neutralinos
to be able to explain the electron magnetic dipole moment.

In the light of these observations, we can classify the allowed parameter space into four
broad categories.

1. Light wino light higgsino: This region is represented by BP1 in table 3. The LSP is
either wino-like or a wino-higgsino admixture. The lightest chargino can be nearly
degenerate with the wino-like LSP which might make it stable enough to show up in
long-lived charged particle searches at the LHC. The presence of a large number of
light fields in a mildly compressed scenario makes it relatively easy to satisfy (g−2)e.
The same feature makes it difficult to compensate for the negative SUSY contribution
to (g − 2)µ. This allows for a relatively low value of tan β. Apart from constraints
on long-lived charginos, bounds from the LHC are weak for this choice of parameters
because of the compressed nature of the lighter side of the spectrum.

2. Light wino heavy higgsino: Represented by BP2 in table 3, this class of parameter
choice is marked by a light wino-like neutralino and lightest chargino. The LSP is
mostly bino-like which, along with comparatively larger values of tan β, is necessitated
by the need to explain the (g − 2) observations. LHC constraints on the light wino
and the bino-like LSP may be severe depending on slepton masses. This forces the
LSP, NLSP and the lightest chargino to be within . 100GeV of one another.

3. Heavy wino light higgsino: This class of allowed parameter choice is marked by a
light higgsino triplet, one of which may also be the LSP. While the constraints on
such a scenario are very weak indeed, it requires a very light bino-like neutralino and
quite large values of tan β to be able to explain the lepton (g − 2). The LSP is often
a bino-higgsino mixed state but may as well be either bino or higgsino dominated.
This is represented by the BP3 in table 3.

4. Heavy wino heavy higgsino: BP4 in table 3 illustrates a sample point for this choice of
parameters. This class of parameters would be able to bypass most LHC constraints
as most of the fields remain quite heavy. The (g − 2) requirements are met entirely
by a light Bino-like LSP and a very light selectron even with tan β as low as 20.
However, this scenario requires the mass gap between these two fields to be small
enough to have evaded detection at the LHC.

Figure 4(e) serves to illustrate a significant observation: a lower limit on the second
generation slepton mass and an upper limit on the first generation slepton mass. It is
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Label M0 M1 M2 |µ| tan β Mχ̃0
1

Mχ̃0
2

Mχ̃0
3

Mχ̃0
4

Mχ̃0
5

Mχ̃±1
Mχ̃±2

Mẽ Mµ̃ MZ′ gX

(GeV) (GeV) (GeV) (GeV) (GeV) (GeV) (GeV) (GeV) (GeV) (GeV) (GeV) (GeV) (GeV) (MeV) ×10−4

BP1 606 781 180 223 27 149 233 261 606 783 151 269 170 845 27 8.26
BP2 991 192 244 911 35 192 243 915 917 991 243 918 201 773 86 9.74
BP3 490 156 977 223 45 146 228 231 490 984 222 984 169 647 17 7.91
BP4 184 140 953 758 23 139 184 746 761 969 746 969 160 731 11 7.09

Table 3. Sample benchmark points representing four different classes of allowed parameter choices.

binned in the selectron mass and the second to first generation slepton mass hierarchy.
The color code shows the number of hits in that bin from the parameter scan. The visible
lower limit on the slepton mass hierarchy translates to a corresponding lower limit on the
second generation slepton mass as listed in table 2. As mentioned earlier, the upper limit
on selectron masses come from the (g − 2)e observations. The lower limit on the smuon
masses arise due to the necessity to suppress the negative SUSY contribution to (g − 2)µ.

Figure 4(f) is binned in the mass of the LSP and the mass gap between it and the
NLSP. However, this figure considers only the cases when the LSP is B̃′ dominated, which
also means that the NLSP is necessarily an MSSM-like neutralino. In this scenario, the
NLSP sets the scale for the rest of the particle spectrum. The need to explain the electron
(g − 2) thus sets an upper limit on the NLSP-LSP mass gap.

6 Conclusion

We found that it is possible to explain the discrepancies between the theoretical and ex-
perimental values of both the electron and muon magnetic moments simultaneously in a
supersymmetric gauged U(1)Lµ−Lτ model. Not only is it possible, but it is rather simple
to obtain a viable parameter space bypassing even the most conservative of bounds from
present SUSY searches. A large variety of parameter choices with a possible mass spectrum
spanning the entire sub-TeV range may be able to explain the lepton magnetic moments
in tandem. In spite of imposing no particular hierarchy on the parameters scanned nu-
merically, a clear hierarchy is observed between the first and second generation sleptons.
The first generation sleptons are required to be quite light (. 400GeV), yet, unlike mod-
els explaining both lepton MDMs with modifications of MSSM parameters, they are not
limited to be as light as to be barely above the old LEP bounds. Neither do we require
tremendously large values of tan β or the µ-parameter in order to satisfy the (g − 2)e. In
fact, viable choices of the parameter space include values of tan β as low as 20 and sce-
narios where the higgsinos form a light, nearly degenerate triplet at the lower end of the
spectrum. There are gaps in the χ̃±1 spectrum which are ruled out by a combination of
(g − 2) requirements and collider results. Satisfying the (g − 2) observations in scenarios
with the χ̃±1 mass exceeding ∼300GeV requires the χ̃0

1 to be light enough that they get
excluded by LHC results. These bounds can be evaded when χ̃±1 masses are greater than
about 650GeV.

In contrast to supersymmetric models explaining the lepton (g − 2) by introducing
flavor-violating SUSY-breaking terms, our model does not predict any charged-lepton fla-
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vor violation. The mystery of the lepton magnetic moments that had us bewildered by
violating both the natural sign and mass hierarchies amongst themselves seems almost nat-
urally solvable when we embed the gauged Lµ −Lτ symmetry in a SUSY framework. The
premise becomes even more exciting when we consider the fact that a very narrow slice
of the additional gauge boson mass-coupling parameter plane is actually used to explain
the MDMs. This narrow slice could be explored by the ongoing COHERENT and CCM
experiments and by the future experiments, e.g., DUNE [82–84], BELLE-II [56, 85–88] etc.

Current projections for the High-Luminosity LHC [89] show that the Wh channel with
a l + bb̄+ MET final state may be the strongest probe of the electroweakinos [90], however
it still cannot probe many of the scenarios described in this work. Especially, the parame-
ter choices involving mildly compressed spectra amongst the lightest electroweakinos and
sleptons would remain unconstrained. The possibility to explain both lepton (g − 2) with
heavy charginos would be restricted as the lower limits on their masses are expected to
rise in case there are no significant observations by the HL-LHC. The absence of projec-
tions for slepton or sneutrino mediated decays of charginos or neutralinos pair produced
in pp collisions stands out in this regard, as does that of direct selectron/smuon produc-
tion, which lay the strongest exclusions on their respective particle masses from the latest
LHC 13TeV data [57, 58]. A larger analysis that can extend the HL-LHC projections
from 3l + MET final states probes via WW/WZ mediated decays of the pair produced
charginos/neutralinos to sub-500GeV χ̃±1 masses is key to understanding whether we will
be able to probe the proposed scheme at the Large Hadron Collider in the recent future.
We leave this alongside projections from considering direct production of selectron/smuon
pairs to a future work.
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