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In a few years, the COMET experiment at J-PARC and the Mu2e experiment at Fermilab will probe the
μ − e conversion rate in the vicinity ofOð10−17Þ for an Al target with high experimental sensitivity. Within
the framework of the minimal supersymmetric extension of the Standard Model with local B-L gauge
symmetry (B-LSSM), we analyze the lepton flavor violating (LFV) process of μ − e conversion in nuclei.
Considering the constraint of the experimental upper limit of the LFV rare decay μ → eγ, the μ − e
conversion rates in nuclei within the B-LSSM can achieveOð10−12Þ, which is 5 orders of magnitude larger
than the future experimental sensitivity at the Mu2e and COMET experiments and may be detected in the
near future.
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I. INTRODUCTION

In search of new physics (NP) beyond the Standard
Model (SM), we previously studied lepton flavor violating
(LFV) decays lj → liγ, lj → 3li, and h → lilj in the
minimal supersymmetric extension of the Standard
Model with local B-L gauge symmetry (B-LSSM) [1,2].
In order to further study lepton flavor violating decay
processes, here we investigate muon conversion to an
electron in nuclei in the B-LSSM. The present upper limit
of the μ − e conversion rate in Ti nuclei is CRðμ → e∶TiÞ <
4.3 × 10−12 at 90% confidence level (C.L.) [3], and the
future experimental sensitivity of CRðμ → e∶TiÞ will be
Oð10−18Þ [4]. For μ − e conversion in nuclei, the best upper
limit is CRðμ → e∶AuÞ < 7 × 10−13 (90% C.L.), which is
given by the SINDRUM-II experiment [5]. The COMET
experiment at J-PARC and the Mu2e experiment at

Fermilab are next-generation experiments for μ − e con-
version in nuclei. In a few years, both Mu2e at FNAL [6]
and COMET at J-PARC [7] are expected to probe the μ − e
conversion rate in the vicinity of Oð10−17Þ for an Al target
with high experimental sensitivity [8].
The LFV decays are forbidden in the Standard Model

[9]. But they can easily occur in new physics models
beyond the SM. The μ − e conversion rate has been
calculated in the literature for various extensions of the
SM; for instance, seesaw models with right-handed
neutrinos [10–16], scalar triplets [17–19], fermion sin-
glets [20], and fermion triplets [21] can get the μ − e
conversion rate close to the experimental sensitivity.
There are some studies for μ − e conversion in models
of supersymmetry (SUSY), such as the minimum super-
symmetric Standard Model (MSSM) [22], R-parity vio-
lating SUSY [23], low-scale seesaw models of minimal
supergravity [24], the μ from the ν supersymmetric
Standard Model [25,26], the MSSM with local gauged
baryon and lepton number [27], and the minimal R-
symmetric supersymmetric standard model [28]. For
muon conversion to electron conversion in nuclei, there
are also some studies in models of non-SUSY, for
instance, the unparticle model [29,30], the littlest Higgs
model [31,32], left-right symmetric models [33], the 331
model [34], and so on. In this work, we analyze the LFV
process μ − e conversion in nuclei within the B-LSSM.
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The gauge symmetry group of the B-LSSM [35–42]
extends that of the MSSM [43–47] to SUð3ÞC ⊗ SUð2ÞL ⊗
Uð1ÞY ⊗ Uð1ÞB−L, where B stands for the baryon number
and L for the lepton number. The B-LSSM can provide
many more candidates for dark matter compared to the
MSSM, for example, new neutralinos corresponding to
the gauginos of Uð1ÞB−L, additional Higgs singlets, and
sneutrinos [48–51]. In the B-LSSM, magnetic and electric
dipole moments of leptons and quarks have been
analyzed [52–54].
The present experimental upper limit on the LFV

branching ratio of μ → eγ at the MEG experiment is given
as [55]

Brðμ → eγÞ < 4.2 × 10−13: ð1Þ

The best upper limit on the LFV decays for the branching
ratio of μ → eγ can give a large constraint on the
parameter space in the B-LSSM, compared to the other
LFV decays μ → 3e and h → eμ [1,2]. In this paper, the
LFV process μ − e conversion rates in Ti, Au, and Al

targets will be analyzed in the B-LSSM, considering the
constraint of the present experimental limits on the
branching ratio of μ → eγ.
The paper is organized as follows. In Sec. II, we mainly

introduce the B-LSSM, including its superpotential and the
general soft breaking terms. In Sec. III, we give an analytic
expression for the μ − e conversion rates in nuclei in the
B-LSSM. In Sec. IV, we give the numerical analysis, and
the summary is given in Sec. V. Finally, some tedious
formulas are collected in the appendixes.

II. B-LSSM

The B-LSSM is one of the extended models of the
MSSM. Compared with the MSSM, the B-LSSM [37–42]
adds two singlet Higgs fields η̂1 ∼ ð1; 1; 0;−1Þ and η̂2 ∼
ð1; 1; 0; 1Þ and three generations of right-handed neutrinos
ν̂ci ∼ ð1; 1; 0; 1=2Þ. The gauge symmetry group of the
B-LSSM is SUð3ÞC⊗SUð2ÞL⊗Uð1ÞY ⊗Uð1ÞB−L. At the
same time, the other chiral superfields and their quantum
numbers are given as

Ĥ1 ¼
�
H1

1

H2
1

�
∼ ð1; 2;−1=2; 0Þ; Ĥ2 ¼

�
H1

2

H2
2

�
∼ ð1; 2; 1=2; 0Þ;

Q̂i ¼
�
ûi
d̂i

�
∼ ð3; 2; 1=6; 1=6Þ; L̂i ¼

�
ν̂i

êi

�
∼ ð1; 2;−1=2;−1=2Þ;

Ûc
i ∼ ð3; 1;−2=3;−1=6Þ; D̂c

i ∼ ð3; 1; 1=3;−1=6Þ; Êc
i ∼ ð1; 1; 1; 1=2Þ: ð2Þ

Then, the superpotential in the model can be given by

W ¼ Yu;ijQ̂i Ĥ2 Ûc
j þμĤ1 Ĥ2 −Yd;ijQ̂i Ĥ1 D̂c

j −Ye;ijL̂i Ĥ1 Êc
j þYν;ijL̂i Ĥ2 ν̂

c
j − μ0η̂1η̂2 þ Yx;ijν̂

c
i η̂1ν̂

c
j ; ð3Þ

where ĤT
1 , Ĥ

T
2 , Q̂

T
i , and L̂T

i are SU(2) doublet superfields. Note that Ûc
i , D̂

c
i , and Êc

i represent up-type quarks, down-type
quarks, and charged lepton singlet superfields, respectively. The dimensionless Yukawa coupling parameter Y is a 3 × 3
matrix. Note that i, j ¼ 1, 2, 3 are the generation indices. The summation convention is implied on repeated indices.
Correspondingly, the soft breaking terms of the B-LSSM are generally given as

Lsoft ¼ −m2
q̃;ijQ̃

�
i Q̃j −m2

ũ;ijðũci Þ�ũcj −m2
d̃;ij

ðd̃ci Þ�d̃cj −m2
L̃;ij

L̃�
i L̃j −m2

ẽ;ijðẽci Þ�ẽcj
−m2

ν̃;ijðν̃ci Þ�ν̃cj −m2
η̃1
jη̃1j2 −m2

η̃2
jη̃2j2 −m2

H1
jH1j2 −m2

H2
jH2j2

þ ½−BμH1H2 − Bμ0 η̃1η̃2 þ Tu;ijQ̃iũcjH2 þ Td;ijQ̃id̃
c
jH1 þ Te;ijL̃iẽcjH1

þ Tij
ν H2ν̃

c
i L̃j þ Tij

x η̃1ν̃
c
i ν̃

c
j −

1

2
ðM1λ̃Bλ̃B þM2λ̃W λ̃W þM3λ̃gλ̃g

þ 2MBB0 λ̃B0 λ̃B þMB0 λ̃B0 λ̃B0 Þ þ H:c:�: ð4Þ

The SUð2ÞL ⊗ Uð1ÞY ⊗ Uð1ÞB−L gauge groups break to Uð1Þem as the Higgs fields receive vacuum expectation values
(VEVs),
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H1
1 ¼

1ffiffiffi
2

p ðv1 þ ReH1
1 þ iImH1

1Þ;

H2
2 ¼

1ffiffiffi
2

p ðv2 þ ReH2
2 þ iImH2

2Þ;

η̃1 ¼
1ffiffiffi
2

p ðu1 þ Reη̃1 þ iImη̃1Þ;

η̃2 ¼
1ffiffiffi
2

p ðu2 þ Reη̃2 þ iImη̃2Þ: ð5Þ

Here, u2 ¼ u21 þ u22; v
2 ¼ v21 þ v22, tan β

0 ¼ u2
u1
.

In addition, it is important to consider gauge kinetic
mixing, and here we give its covariant derivatives of the
form

Dμ ¼ ∂μ − iKTGA; ð6Þ

where KT ¼ ðY; B − LÞ, AT ¼ ðA0Y
μ ; A0BL

μ Þ, K is a vector
that contains Y and B-L corresponding to hypercharge and
B-L charge, and A0Y

μ and A0BL
μ are the gauge fields. Note that

G is the gauge coupling matrix given as follows:

G ¼
�

gY; g0YB
g0BY; gB-L

�
: ð7Þ

As long as the two Abelian gauge groups are unbroken, one
can have the freedom to perform a change of basis by
suitable rotation, and R is the proper way to do it:

�
gY; g0YB
g0BY; gB−L

�
RT ¼

�
g1; gYB
0; gB

�
: ð8Þ

Here g1 corresponds to the measured hypercharge coupling,
which is modified in the B-LSSM and given together with
gB and gYB [56]. Next, one can redefine the Uð1Þ gauge
fields through

R

 
A0Y
μ

A0BL
μ

!
¼
 

AY
μ

ABL
μ

!
: ð9Þ

An immediate interesting consequence of the gauge
kinetic mixing arises in various sectors of the model as
discussed in the subsequent analysis. First, the ABL boson
mixes at the tree level with the AY and V3 bosons. In the
basis ðAY; V3; ABLÞ, the corresponding mass matrix reads

0
BB@

1
8
g21v

2 − 1
8
g1g2v2

1
8
g1gYBv2

− 1
8
g1g2v2

1
8
g22v

2 − 1
8
g2gYBv2

1
8
g1gYBv2 − 1

8
g2gYBv2 1

8
g2YBv

2 þ 1
8
g2Bu

2

1
CCA: ð10Þ

This mass matrix can be diagonalized by a unitary mixing
matrix, which can be expressed by two mixing angles θW
and θ0W as

0
B@

γ

Z

Z0

1
CA ¼

0
B@

cos θW sin θW 0

− sin θW cos θ0W cos θW cos θ0W sin θ0W
sin θW sin θ0W − cos θ0W sin θ0W cos θ0W

1
CA
0
B@

AY

V3

ABL

1
CA: ð11Þ

Then sin2θ0W can be written as

sin2θ0W ¼ 1

2
−

ðg2YB − g21 − g22Þx2 þ 4g2B
2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðg2YB þ g21 þ g22Þx4 þ 8g2Bðg2YB − g21 − g22x

2Þ þ 16g2B
p ; ð12Þ

where x ¼ v
u. The exact eigenvalues of Eq. (10) are given by

m2
γ ¼ 0;

m2
Z;Z0 ¼ 1

8

�
ðg21 þ g22 þ g2YBÞv2 þ 4g2Bu

2 ∓
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðg21 þ g22 þ g2YBÞ2v4 þ 8ðg2YB − g21 − g22Þg2Bv2u2 þ 16g4Bu

4

q �
: ð13Þ

III. μ− e CONVERSION IN NUCLEI WITHIN
THE B-LSSM

In this section, we analyze the μ − e conversion proc-
esses at the quark level in the B-LSSM. We give the
effective Lagrangian for the μ − e conversion in nuclei in
the following. Both penguin-type diagrams in Fig. 1 and

box-type diagrams in Fig. 2 have contributions to the
effective Lagrangian. The indices in the figures are
m; n ¼ 1;…; 6, I ¼ 1;…; 6, and η; σ ¼ 1;…; 7.
Figure 1 shows the γ-penguin-type and Z-penguin-type

diagrams for the μ − e conversion processes at the quark
level in the B-LSSM. The effective Lagrangian of the
γ-penguin-type diagrams is generally written as
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Lγ−p
int ¼ −

e2

k2
e½k2γαðAL

1PL þ AR
1PRÞ

þmμiσαβkβðAL
2PL þ AR

2PRÞ�μ
X
q¼u;d

Qq
emq̄γαq; ð14Þ

where PL ¼ ð1 − γ5Þ=2, PR ¼ ð1þ γ5Þ=2, Qu
em ¼ 2=3,

Qd
em ¼ −1=3, and mμ is the muon mass. The coefficients

Ai are

AL
1 ¼ 1

6m2
W
C
Scmχ∘η l̄i
R C

Sc�m ljχ̄∘η
L I1ðxχ∘η ; xScmÞ;

AL
2 ¼ mχ∘η

mμm2
W
C
Scmχ∘η l̄i
L C

Sc�m ljχ̄∘η
L ½I3ðxχ∘η ; xScmÞ − I2ðxχ∘η ; xScmÞ�;

AR
1;2 ¼ AL

1;2jL↔R; ð15Þ

where xi ¼ m2
i =m

2
W , Ii is the loop function, and C is the

coupling which can be found in the appendixes.
The effective Lagrangian of the Z-penguin-type diagrams

is generally written as

LZ−p
int ¼ e2

m2
Zs

2
Wc

2
W

X
q¼u;d

Zq
L þ Zq

R

2
q̄γαqēγαðBLPL þ BRPRÞμ;

ð16Þ

where

Zq
L;R ¼ Tq

3L;R −Qq
ems2W; ðq ¼ u; dÞ; ð17Þ

with Tu
3L ¼ 1

2
, Td

3L ¼ − 1
2
, and Tu

3R ¼ Td
3R ¼ 0. The contri-

butions to the coefficients BL;R are

BL ¼ 1

2e2
C
Scnχ0η l̄i
R CZScmSc�n

R C
Sc�m ljχ̄0η
L G1ðxχ0η ; xScm ; xScnÞ;

BR ¼ BLjL↔R: ð18Þ

Here Gi is the loop function which can be found in the
appendixes.
The effective Lagrangian of the box-type diagrams

shown in Fig. 2 is generally written as

Lbox
int ¼ e2

X
q¼u;d

q̄ γαqēγαðDL
qPL þDR

qPRÞμ; ð19Þ

with

DL
q ¼ 1

8e2m2
W
G3ðxχ0η ; xχ0σ ; xScm ; xq̃I Þ

h
C
Sc�m lj χ̄0η
R CScmχ0σ l̄i

R C
q̃Iχ0η q̄i
R Cq̃Iχ0σ q̄i�

R − C
Sc�m lj χ̄0η
R CScmχ0σ l̄i

R C
q̃Iχ0η q̄i�
L Cq̃Iχ0σ q̄i

L

i

−
mχ0η

mχ0σ

4e2m4
W
G2ðxχ0η ; xχ0σ ; xScm ; xq̃IÞ

h
C
Sc�m ljχ̄0η
R CScmχ0σ l̄i

R C
q̃Iχ

0
η q̄i

L Cq̃Iχ0σ q̄i�
L − C

Sc�m lj χ̄0η
R CScmχ0σ l̄i

R C
q̃Iχ

0
η q̄i�

R Cq̃Iχ0σ q̄i
R

i
;

DR
q ¼ FL

q jL↔R ðq ¼ u; d and ũI ¼ Uþ
I ; d̃I ¼ D−

I Þ: ð20Þ

Using the expression for the effective Lagrangian of the μ − e conversion processes at the quark level, one can calculate
the μ − e conversion rate in a nucleus [57]:

CRðμ → e∶NucleusÞ ¼ 4α5
Z4
eff

Z
jFðq2Þj2m5

μ½jZðAL
1 − AR

2 Þ − ð2Z þ NÞD̄L
u − ðZ þ 2NÞD̄L

d j2

þ jZðAR
1 − AL

2 Þ − ð2Z þ NÞD̄R
u − ðZ þ 2NÞD̄R

d j2�
1

Γcapt
; ð21Þ

with

D̄L
q ¼ DL

q þ Zq
L þ Zq

R

2

BL

m2
Zs

2
Wc

2
W
;

D̄R
q ¼ D̄L

q jL↔Rðq ¼ u; dÞ; ð22Þ

FIG. 1. Penguin-type diagrams for the μ − e conversion proc-
esses at the quark level, where the contributions come from
neutral fermion χ0η and charged scalar Scm;n loops.
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where Z is the number of protons in the nucleus and N is
the number of neutrons in the nucleus. Note that Zeff is an
effective atomic charge [58,59], Fðq2Þ is the nuclear form
factor, and Γcapt is the total muon capture rate. In the
following numerical analysis, we consider the μ − e con-
version rate in 48

22Ti,
197
79 Au, and

27
13Al nuclei, where the

values of Zeff , Fðq2 ≃ −m2
μÞ, and ΓðcaptÞ for the different

nuclei can be seen in Table I and follow Ref. [60].

IV. NUMERICAL ANALYSIS

The relevant SM input parameters are chosen
as mW ¼ 80.385 GeV, mZ ¼ 90.1876 GeV, αemðmZÞ ¼
1=128.9, and αsðmZÞ ¼ 0.118. Considering that the
updated experimental data on searching Z0 indicate MZ0 ≥
4.05 TeV at 95% C.L. [61], we choose MZ0 ¼ 4.2 TeV in
the following. References [62,63] give an upper bound on
the ratio between the Z0 mass and its gauge coupling at
99% C.L. as MZ0=gB ≥ 6 TeV; then the scope of gB is
0 < gB < 0.7. LHC experimental data constrain tan
β0 < 1.5 [39]. Considering the constraint of the experiments
[64], we take M1 ¼ 500 GeV;M2 ¼ 600 GeV, B0

μ ¼ 5×
105 GeV2, Ae¼0.5TeV, mq̃ ¼ mũ ¼ md̃ ¼ diagð2; 2; 1.6Þ
TeV, Tu¼Yu×diagð1;1;1ÞTeV, Td ¼ Yd × diagð1; 1; 1Þ
TeV, and Tx ¼ diagð1; 1; 1Þ TeV, respectively.
We need to consider the constraint of the SM-like Higgs

boson mass. The remaining key parameters that affect
the Higgs boson mass are tan β, tan β0, gB, and gYB. By
constantly adjusting the parameters, the final numerical
analysis strictly conforms to the constraint of the SM-like
Higgs boson measured mass mh ¼ 125.09� 0.24 GeV in
3σ [64]. In addition, it should be noted that although the

B-LSSM can produce nonzero neutrinos, the mass of the
neutrinos is too small to affect the problem we study, so we
approximately consider the mass of neutrinos to be zero.
Although the B-LSSM contains LFV sources in the
neutrino Yukawa sector, such as the Yν matrix, the neutrino
oscillation causes Yν ∼Oð10−6Þ, which contributes very
little to the problem we study; thus, we approximately
ignore the influence of the neutrino Yukawa sector in the
numerical analysis.
Since we are studying the lepton flavor violating

processes, we have to consider the off-diagonal terms
for the soft breaking slepton mass matrices m2

L̄;ē and the
trilinear coupling matrix Te, which are defined by [65–70]

m2
L̃
¼

0
B@

1 δLL12 δLL13
δLL12 1 δLL23
δLL13 δLL23 1

1
CAm2

L; ð23Þ

m2
ẽc ¼

0
B@

1 δRR12 δRR13
δRR12 1 δRR23
δRR13 δRR23 1

1
CAm2

E; ð24Þ

Te ¼

0
B@ 1 δLR12 δLR13

δLR12 1 δLR23
δLR13 δLR23 1

1
CAAe: ð25Þ

We know that LFV processes are flavor dependent, just as
the LFV rate for μ − e transitions depends on the slepton
mixing parameters δXX12 ðX ¼ L; RÞ; thus, we only need to
consider the effect of slepton mixing parameters δXX12
ðX ¼ L; RÞ on the μ − e conversion rate. The other slepton
mixing parameters δXX13 ðX ¼ L;RÞ and δXX23 ðX ¼ L; RÞ have
no effect on the μ − e conversion rate, so we choose
δXX13 ðX ¼ L;RÞ ¼ 0 and δXX23 ðX ¼ L;RÞ ¼ 0.
In the subsequent numerical analysis, we not only give

different sensitive parameters on the effect of the μ − e
conversion rate in nuclei, but we also give the influence of
parameters on Brðμ → eγÞ in the B-LSSM. Constrained by
the Brðμ → eγÞ, the final magnitude of the μ − e conver-
sion rate can be achieved.

(a) (b)

FIG. 2. Box-type diagrams for the μ − e conversion processes at the quark level, (a) and (b) represent the contributions from neutral
fermion χ0η;σ , charged scalar Scm, and squark q̃I (q ¼ u; d and ũI ¼ Uþ

I , d̃I ¼ D−
I ) loops.

TABLE I. Values of Zeff , Fðq2 ≃ −m2
μÞ, and Γcapt for different

nuclei.

A
ZNucleus Zeff Fðq2 ≃ −m2

μÞ Γcapt (GeV)
48
22Ti 17.6 0.54 1.70422 × 10−18

197
79 Au 33.5 0.16 8.59868 × 10−18

27
13Al 11.5 0.64 0.464079 × 10−18
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(a) (b)

(c) (d)

FIG. 3. (a) CRðμ → e∶TiÞ, (b) CRðμ → e∶AuÞ, and (c) CRðμ → e∶AlÞ versus the slepton flavor mixing parameter
δLL12 , where the dashed lines in panels (a) and (b) stand for the upper limits on CRðμ → e∶TiÞ and CRðμ → e∶AuÞ, respectively,
and the dot-dashed line in panels (a) and (c) represents the sensitivity of future experiments on CRðμ → e∶TiÞ and CRðμ → e∶AlÞ,
respectively. (d) Brðμ → eγÞ versus slepton mixing parameter δLL12 , where the dashed line denotes the present limit of Brðμ → eγÞ at
90% C.L. as shown in Eq. (1). Here, the red solid line is ruled out by the present limit of Brðμ → eγÞ, and the black solid line is
consistent with the present limit of Brðμ → eγÞ.

(a) (b)

(c) (d)

FIG. 4. (a) CRðμ → e∶TiÞ, (b) CRðμ → e∶AuÞ, (c) CRðμ → e∶AlÞ, and (d) Brðμ → eγÞ versus the slepton flavor mixing
parameter δRR12 .
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(a) (b)

(c) (d)

FIG. 5. (a) CRðμ → e∶TiÞ, (b) CRðμ → e∶AuÞ, (c) CRðμ → e∶AlÞ, and (d) Brðμ → eγÞ versus the slepton flavor mixing
parameter δLR12 .

(a) (b)

(c) (d)

FIG. 6. (a) CRðμ → e∶TiÞ, (b) CRðμ → e∶AuÞ, and (c) CRðμ → e∶AlÞ versus parameters ME, where the dashed lines in panels (a)
and (b) stand for the upper limits on CRðμ → e∶TiÞ and CRðμ → e∶AuÞ, respectively, and the dot-dashed lines in panels (a) and
(c) represent the sensitivity of future experiments on CRðμ → e∶TiÞ and CRðμ → e∶AlÞ, respectively. (d) Brðμ → eγÞ versus parameters
ME, where the dashed line denotes the present limit of Brðμ → eγÞ at 90% C.L. as shown in Eq. (1). Here, the red solid line is ruled out
by the present limit of Brðμ → eγÞ, and the black solid line is consistent with the present limit of Brðμ → eγÞ.
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A. Effect of slepton mixing parameters δXX12 ðX =L;RÞ
on the μ− e conversion rate

In this subsection, we plot the influence of slepton mixing
parameters δXX12 ðX ¼ L;RÞ on the μ − e conversion rate and
Brðμ → eγÞ. Here, we choose tan β ¼ 11, tan β0 ¼ 1.3,
gB ¼ 0.5, gYB ¼ −0.4, and mL ¼ mE ¼ 1 TeV as fixed

values to study the influence of δXX12 ðX ¼ L; RÞ on the μ − e
conversion rate in different nuclei. When the variable
is δXX12 ðX ¼ L;RÞ in the figures, the other two are
δXX12 ðX ¼ L;RÞ ¼ 0. In the figures, the dashed and dot-
dashed lines denote the present limits and future sensitivities,
respectively; the red solid line is ruled out by the present

(a) (b)

(c) (d)

FIG. 7. (a) CRðμ → e∶TiÞ, (b) CRðμ → e∶AuÞ, (c) CRðμ → e∶AlÞ, and (d) Brðμ → eγÞ versus parameters tan β0.

(a) (b)

(c) (d)

FIG. 8. (a) CRðμ → e∶TiÞ, (b) CRðμ → e∶AuÞ, (c) CRðμ → e∶AlÞ, and (d) Brðμ → eγÞ versus parameters gYB.
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limit of Brðμ → eγÞ, and the black solid line is consistent
with the present limit of Brðμ → eγÞ.
In Fig. 3, we plot the μ − e conversion rate in

the different nuclei and Brðμ → eγÞ versus δLL12 for
δRR12 ¼ δLR12 ¼ 0. It is obvious that LFV rates increase with
the increase of the slepton flavor mixing parameter δLL12
because the LFV processes are flavor dependent, and the
LFV rate for μ − e transitions depends on the slepton
mixing parameters δXX12 ðX ¼ L;RÞ. It can be seen from the
figure that Brðμ → eγÞ can reach the experimental upper

limit, but the μ − e conversion rate in the nuclei cannot.
When we consider the constraint of Brðμ→eγÞ to the μ − e
conversion rate, from Figs. 3(a) and 3(c), CRðμ → e∶TiÞ
and CRðμ → e∶AlÞ can exceed Oð10−15Þ and above their
respective future experimental sensitivities. Thus, there is
still hope that the high future experimental sensitivities will
detect CRðμ → e∶TiÞ and CRðμ → e∶AlÞ. From Fig. 3(b)
CRðμ → e∶AuÞ can exceed Oð10−16Þ. Therefore, it can be
seen that the limit of Brðμ → eγÞ to the μ − e conversion
rate in the nuclei is very strict.
Figures 4(a)–4(c) represent the relationship of

CRðμ → e∶TiÞ, CRðμ → e∶AuÞ, and CRðμ → e∶AlÞ with
changes of the slepton flavor mixing parameter δRR12 ,
respectively, and Fig. 4(d) represents the relationship
of Brðμ → eγÞ with changes of δRR12 . The general trend
shown in the four graphs is that as δRR12 continues to
increase, CRðμ → e∶TiÞ, CRðμ → e∶AuÞ, CRðμ → e∶AlÞ,
and Brðμ → eγÞ also increase. As can be seen from
Figs. 4(a), 4(b), and 4(d), CRðμ→e∶TiÞ, CRðμ→e∶AuÞ,
and Brðμ → eγÞ can all exceed their respective present
experimental limits, but due to the restriction of the limit of
Brðμ → eγÞ, CRðμ → e∶TiÞ and CRðμ → e∶AuÞ can only
be far below the experimental limits. For Figs. 4(a) and 4(c),

TABLE II. Scanning parameters for Figs. 9–11.

Parameters Min Max

tan β 1 50
gYB −0.7 −0.1
gB 0.1 0.7
tan β0 1 1.5
ME=TeV 0.5 2

δLL12 0 0.05

δRR12 0 0.05

δLR12 0 0.002

(a) (b)

(c) (d)

FIG. 9. (a) CRðμ → e∶TiÞ, (b) CRðμ → e∶AuÞ, (c) CRðμ → e∶AlÞ, and (d) Brðμ → eγÞ versus δLL12 after randomly scanning Table II,
where the dashed and dot-dashed lines denote the present limits and future sensitivities respectively. Here, the red triangles are ruled out
by the present limit of Brðμ → eγÞ, and the black dots are consistent with the present limit of Brðμ → eγÞ.
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CRðμ → e∶TiÞ and CRðμ → e∶AlÞ can exceed the sensi-
tivity of future experiments under the limit of Brðμ → eγÞ.
Because the LFV processes are flavor dependent, δLR12

also has a greater influence on the μ − e conversion rate in
the different nuclei and Brðμ → eγÞ. As δLR12 increases,
CRðμ → e∶TiÞ, CRðμ → e∶AuÞ, CRðμ → e∶AlÞ, and
Brðμ → eγÞ also increase. As seen from Fig. 5, Brðμ → eγÞ
can quickly exceed the experimental limit. Figure 5(d)
shows that the present experimental limit bound of
Brðμ → eγÞ constrains δLR12 < 10−4. Considering the con-
straint of Brðμ → eγÞ to the μ − e conversion rate in
different nuclei, CRðμ → e∶TiÞ and CRðμ → e∶AuÞ can-
not reach their respective current experimental upper limits,
and neither CRðμ → e∶TiÞ nor CRðμ → e∶AlÞ can reach
the sensitivity of their respective future experiments, which
indicates that the constraint of Brðμ → eγÞ to the μ − e
conversion rate in different nuclei is very obvious for the
slepton flavor mixing parameter δLR12 .

B. Effect of ME, tan β0, and gYB on the μ − e
conversion rate

In this section, we study the influence of other basic
parameters on the μ − e conversion rate and Brðμ → eγÞ.
We first set appropriate numerical values for slepton flavor
mixing parameters, such as δLL12 ¼ 0.01, δRR12 ¼ 0.006,

and δLR12 ¼ 1 × 10−4. We also keep neutral fermion
masses mχoη > 200 GeV (η ¼ 1;…; 7), the scalar masses
mScm;n

> 500 GeV ðm; n ¼ 1;…; 6Þ, and the SM-like Higgs
boson mass mh ¼ 125.09� 0.24 GeV in 3σ to avoid the
range ruled out by the experiments. Then we research the
influence of the basic parameters mL ¼ mE ≡ME, tan β0,
and gYB on the μ − e conversion rate and Brðμ → eγÞ,
respectively.
We plot the μ − e conversion rates in the different nuclei

and Brðμ → eγÞ versus ME in Fig. 6. When we study the
influence of ME on the μ − e conversion rate and
Brðμ → eγÞ, the values of other basic parameters are
tan β ¼ 10, tan β0 ¼ 1.4, gB ¼ 0.5, and gYB ¼ −0.5,
respectively. In Fig. 6, it is obvious that the μ − e
conversion rate and Brðμ → eγÞ decrease with the increase
ofME, due to the fact that the mass of sleptons increases as
ME increases, which indicates that heavy sleptons play a
suppressive role in the rates of LFV processes. Although
CRðμ → e∶TiÞ and CRðμ → e∶AuÞ cannot reach their
current upper limit under the constraint of Brðμ → eγÞ,
CRðμ → e∶TiÞ and CRðμ → e∶AlÞ can reach the high
future experimental sensitivities with small ME.
In order to see the effect of tan β0, which includes new

parameters in the B-LSSM beyond the MSSM, we plot
the μ − e conversion rate in the different nuclei and

(a) (b)

(c) (d)

FIG. 10. (a) CRðμ → e∶TiÞ, (b) CRðμ → e∶AuÞ, (c) CRðμ → e∶AlÞ, and (d) Brðμ → eγÞ versus δRR12 after randomly scanning Table II.
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Brðμ → eγÞ versus tan β0 in Fig. 7, choosing the values of
the other basic parameters as tan β ¼ 11.2, gB ¼ 0.2,
gYB ¼ −0.1, and mL ¼ mE ¼ 1 TeV. Figure 7 shows
that LFV rates increase with the increasing of tan β0.
Brðμ → eγÞ can reach the experimental upper limit,
but CRðμ → e∶TiÞ and CRðμ → e∶AuÞ cannot. When
tan β0 ≤ 1.37 under the constraint of Brðμ → eγÞ, although
CRðμ → e∶TiÞ and CRðμ → e∶AuÞ cannot reach their
current upper limits, CRðμ → e∶TiÞ and CRðμ → e∶AlÞ
can exceed the sensitivity of future experiments. This
shows that in the near future, with the continuous improve-
ment of experimental accuracy, the μ − e conversion rate in
the different nuclei can be detected.
In Fig. 8, we draw the influence of gYB on the μ − e

conversion rate and Brðμ → eγÞ, where gYB is also a new
parameter in the B-LSSM beyond the MSSM. We choose
the values of other basic parameters except gYB as
tan β ¼ 20, tan β0 ¼ 1.15, gB ¼ 0.5, and mL ¼ mE ¼ 1
TeV, respectively. It can be seen from Fig. 8 that the
μ − e conversion rate and Brðμ → eγÞ decrease with the
increase of gYB. When gYB is small, Brðμ → eγÞ can reach
the experimental upper limit, but CRðμ → e∶TiÞ and
CRðμ → e∶AuÞ cannot. Note that gYB affects the numerical
results through the new mass matrix of sleptons, Higgs
bosons, and neutralinos, which can make contributions to
these LFV processes.

C. Scanning diagram of the effect of slepton mixing
parameters δXX12 ðX =L;RÞ on the μ − e conversion rate

In the above subsections, we show only the effect of
parameters on the μ − e conversion rate and Brðμ → eγÞ. In
this subsection, we scan the parameter space shown in
Table II, in order to clearly see the constraints of Brðμ → eγÞ
on the μ − e conversion rate at more parameter space.
Under the condition that the SM-like Higgs boson mass
mh ¼ 125.09� 0.24 GeV in 3σ, neutral fermion masses
mχoη > 200 GeV (η ¼ 1;…; 7) and the scalar masses
mScm;n

> 500 GeV ðm; n ¼ 1;…; 6Þ are satisfied. By ran-
domly scanning 20,000 points, we obtain the relation of the
μ − e conversion rate in the different nuclei and Brðμ → eγÞ
versus δXX12 ðX ¼ L;RÞ, respectively. When the variable is
δXX12 ðX ¼ L;RÞ in the figures, the other two are δXX12
ðX ¼ L; RÞ ¼ 0.
In Fig. 9, we plot CRðμ → e∶TiÞ, CRðμ → e∶AuÞ,

CRðμ → e∶AlÞ, and Brðμ → eγÞ versus the slepton flavor
mixing parameter δLL12 , after randomly scanning Table II.
By observingFig. 9,we can find that the constraint ofBrðμ →
eγÞ to the μ − e conversion rate is relatively large. Looking at
Fig. 9(a), we find that CRðμ → e∶TiÞ can go to Oð10−12Þ
under the constraint of the upper limit of Brðμ → eγÞ.
Although CRðμ → e∶TiÞ does not exceed the upper limit
of the current experiment, it obviously exceeds the sensitivity

(a) (b)

(c) (d)

FIG. 11. (a) CRðμ → e∶TiÞ, (b) CRðμ → e∶AuÞ, (c) CRðμ → e∶AlÞ, and (d) Brðμ → eγÞ versus δLR12 after randomly scanning Table II.
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of future experiments. In Fig. 9(b), CRðμ → e∶AuÞ can go
beyond Oð10−13Þ under the constraint of Brðμ → eγÞ. In
Fig. 9(c), CRðμ → e∶AlÞ can exceed its sensitivity to future
experiments under the constraint of Brðμ → eγÞ and can also
reach Oð10−12Þ. It is likely that the μ − e conversion rate in
48
22Ti and 27

13Al will be detected in the near future with
increasing experimental accuracy.
We also plot CRðμ → e∶TiÞ, CRðμ → e∶AuÞ, CR

ðμ → e∶AlÞ, and Brðμ → eγÞ versus the slepton flavor
mixing parameter δRR12 in Fig. 10. By observing the black
spots that conform to the constraint of Brðμ → eγÞ in
Fig. 10, we find that CRðμ → e∶TiÞ and CRðμ → e∶AuÞ
can achieve Oð10−12Þ, which can reach the upper limit of
current experiments. In addition, CRðμ → e∶AlÞ can also
attainOð10−12Þ, which is 5 orders of magnitude larger than
the future experimental sensitivity at the Mu2e and
COMET experiments.
In Fig. 11, the μ − e conversion rate and Brðμ → eγÞ

versus the slepton flavor mixing parameter δLR12 are plotted.
The numerical results show that the upper limit of Brðμ →
eγÞ is very strict on the μ − e conversion rate in the different
nuclei through the slepton flavor mixing parameter δLR12 . By
observing black dots in Fig. 11, it can be found that under
the constraint of Brðμ → eγÞ, the μ − e conversion rate in
nuclei can be aboutOð10−19Þ, which is under the sensitivity
of future experiments. This means that the effect of the
slepton mixing parameter δLR12 on the μ − e conversion rate
in the different nuclei is small, constrained by the upper
limit of Brðμ → eγÞ.

V. SUMMARY

In this work, we have studied the lepton flavor violating
process of μ − e conversion in nuclei within the framework
of the B-LSSM. The numerical results show that the μ − e
conversion rate in nuclei depends on the slepton flavor
mixing parameters δXX12 ðX ¼ L;RÞ because the lepton
flavor violating processes are flavor dependent. Under
the constraint of the experimental upper limit on the
LFV branching ratio of μ → eγ, the μ − e conversion rate
in 48

22Ti and
197
79 Au nuclei can attain Oð10−12Þ, which can

reach the experimental upper limits. The μ − e conversion
rate in 27

13Al nuclei can also reach Oð10−12Þ, which is 5
orders of magnitude larger than the future experimental
sensitivity at the Mu2e and COMET experiments.
Compared with the MSSM, exotic two singlet Higgs

fields and three generations of right-handed neutrinos in the
B-LSSM induce new sources for the lepton flavor violation.
Note that tan β0 and gYB are new parameters in the B-LSSM
beyond the MSSM, which can affect the numerical results
through the new mass matrix of sleptons, Higgs bosons,
and neutralinos. Numerical results indicate that the new
physics corrections dominate the evaluations on the μ − e
conversion rates in nuclei in some parameter space of the
B-LSSM. The theoretical predictions on the μ − e

conversion rates in 48
22Ti and

27
13Al nuclei can easily exceed

the future experimental sensitivities and may be detected in
the near future.
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APPENDIX A: LOOP FUNCTION

The loop function Ii and Gi are written by

I1ðx1;x2Þ¼
1

96π2

�
11þ6 lnx2
ðx2−x1Þ

−
15x2þ18x2 lnx2

ðx2−x1Þ2

þ6x22þ18x22 lnx2
ðx2−x1Þ3

þ6x31 lnx1−6x32 lnx2
ðx2−x1Þ4

�
; ðA1Þ

I2ðx1; x2Þ ¼
1

16π2

�
1þ ln x2
ðx2 − x1Þ

þ x1 ln x1 − x2 ln x2
ðx2 − x1Þ2

�
; ðA2Þ

I3ðx1; x2Þ ¼
1

32π2

�
3þ 2 ln x2
ðx2 − x1Þ

−
2x2 þ 4x2 ln x2
ðx2 − x1Þ2

−
2x21 ln x1
ðx2 − x1Þ3

þ 2x22 ln x2
ðx2 − x1Þ3

�
; ðA3Þ

G1ðx1; x2;x3Þ ¼
1

16π2

�
x21 lnx1

ðx1− x2Þðx1− x3Þ

þ x22 lnx2
ðx2− x1Þðx2− x3Þ

þ x23 lnx3
ðx3− x1Þðx3 − x2Þ

�
;

ðA4Þ

G2ðx1; x2; x3; x4Þ ¼
1

16π2

�
x1 ln x1

ðx1 − x2Þðx1 − x3Þðx1 − x4Þ
þ x2 ln x2
ðx2 − x1Þðx2 − x3Þðx2 − x4Þ

þ x3 ln x3
ðx3 − x1Þðx3 − x2Þðx3 − x4Þ

þ x4 ln x4
ðx4 − x1Þðx4 − x2Þðx4 − x3Þ

�
; ðA5Þ
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G3ðx1; x2; x3; x4Þ ¼
1

16π2

�
x21 ln x1

ðx1 − x2Þðx1 − x3Þðx1 − x4Þ

þ x22 ln x2
ðx2 − x1Þðx2 − x3Þðx2 − x4Þ

þ x23 ln x3
ðx3 − x1Þðx3 − x2Þðx3 − x4Þ

þ x24 ln x4
ðx4 − x1Þðx4 − x2Þðx4 − x3Þ

�
: ðA6Þ

APPENDIX B: COUPLINGS

The coupling C can be written as

C
Scmχoη l̄i
L ¼ CScmχoσ l̄i
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