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Abstract: In a supersymmetric extension of the Standard Model (SM) where baryon and lepton numbers are local

gauge symmetries (BLMSSM), we investigate the charged lepton flavor violating (CLFV) processes Z→ l±i l∓j after

introducing new gauginos and right-handed neutrinos. In this model, the branching ratios of Z→ l±i l∓j are around

(10−8–10−10), which approach the present experimental upper bounds. We hope that the branching ratios for these

CLFV processes can be detected in the near future.
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1 Introduction

Neutrinos have tiny masses and mix with each other,
as has been proved by the neutrino oscillation experi-
ments [1–4]. This shows that lepton flavor symmetry
is not conserved in the neutrino sector. A new parti-
cle around 125 GeV has been detected by the LHC [5–
7], with properties close to those of the Higgs boson, a
great success for the Standard Model (SM). However, due
to the GIM mechanism, the expected rates for charged
lepton flavor violating (CFLV) processes [8–10] are very
tiny in the SM with massive neutrinos. For example,
Br(Z→eµ)∼Br(Z→eτ)∼10−54 and Br(Z→µτ)∼10−60

[11–15] are much smaller than the experimental upper
bounds. CLFV is forbidden in the SM. In Table 1, we
show the present experimental limits and future sensitiv-
ities for some CLFV processes. In Ref. [16], the authors
consider that future sensitivities for CLFV processes may
reach 10−11. At a future circular e+e− collider (such as
FCC-ee (TLEP)) [17–19], it is estimated that the sensi-
tivities could be improved up to 10−13. Thus, any signal
of CLFV would be a hint of new physics, and the study
of CLFV processes is an effective approach to explore
new physics beyond the SM.

In a simple SM extension, CLFV processes are re-
stricted strongly by the tiny neutrino masses. As an
appealing supersymmetric extension of the SM, the min-

imal supersymmetric standard model (MSSM) [27–30]
with R-parity [29] conservation has drawn physicists’ at-
tention for a long time. However, the left-handed light
neutrinos remain massless, and it cannot explain the dis-
covery of neutrino oscillations. Therefore, more research
is ongoing on the light neutrino masses and mixings with
MSSM extensions [31–36]. As a supersymmetric exten-
sion of the MSSM with local gauged baryon (B) and lep-
ton (L) numbers, the BLMSSM has been introduced [37–
40]. In the BLMSSM, the local gauged B must be bro-
ken in order to account for the asymmetry of matter and
antimatter in the universe. Right-handed neutrinos are
introduced to explain the data from neutrino oscillation
experiments, hence lepton number is also expected to be
broken [39]. In Refs. [39, 41], baryon number and lepton
number are local gauged and spontaneously broken at
the TeV scale in the BLMSSM.

Table 1. Present experimental limits and future
sensitivities for the CLFV processes Z→l±i l∓j .

CLFV process present limit future sensitivity (TESLA)

Z→eµ <7.5×10−7 [20–22] ∼2.0×10−9 [26]

Z→eτ <9.8×10−6 [20, 23, 24] ∼(1.3−6.5)×10−8 [26]

Z→µτ <1.2×10−5 [20, 23, 25] ∼(0.44−2.2)×10−8 [26]

In this work, we continue to analyze the CLFV
processes Z → l±i l∓j (Z → eµ,Z → eτ,Z → µτ) within
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the BLMSSM. Compared with the MSSM, the neutrino
masses in the BLMSSM are not zero. Three heavy neu-
trinos and three new scalar neutrinos are introduced in
this model. A new particle, the lepton neutralino χ0

L, is
also introduced. These new sources enlarge the CLFV
processes via loop contributions. Therefore, the expected
experimental results for the CLFV processes may be ob-
tained in the near future.

This work is organized as follows. In Section 2, we
summarize the BLMSSM briefly, including its superpo-
tential, the general soft SUSY-breaking terms, needed
mass matrices and couplings. Section 3 is devoted to the
decay widths of the CLFV processes Z→ l±i l∓j . In Sec-
tion 4, we give the corresponding parameters and numer-
ical analysis. The discussion and conclusion are given in
Section 5. An Appendix is devoted to the concrete forms
of coupling coefficients in Fig. 1.

2 BLMSSM

The local gauge group of BLMSSM SU(3)C ⊗
SU(2)L ⊗U(1)Y ⊗U(1)B ⊗U(1)L [38, 42, 43] enlarges
the SM. In the BLMSSM, the new quark superfields
Q̂4 ∼ (3,2,1/6,B4,0), Û c

4 ∼ (3,1,−2/3,−B4,0), D̂c
4 ∼

(3,1,1/3,−B4,0), Q̂c
5 ∼ (3,2,−1/6,−(1+B4),0), Û5 ∼

(3,1,2/3,1+B4,0) and D̂5∼(3,1−1/3,1+B4,0) are intro-
duced to cancel the B anomaly. To break baryon number
spontaneously, the model introduces Higgs superfields
Φ̂B ∼ (1,1,0,1,0) and ϕ̂B ∼ (1,1,0,−1,0). The new lep-
ton superfields L̂4∼(1,2,−1/2,0,L4), Ê

c
4∼(1,1,1,0,−L4),

N̂ c
4 ∼ (1,1,0,0,−L4), L̂

c
5 ∼ (1,2,1/2,0,−(3+L4)), Ê5 ∼

(1,1−1,0,3+L4) and N̂5∼(1,1,0,0,3+L4) are introduced
to cancel the L anomaly. The exotic Higgs superfields
Φ̂L∼(1,1,0,0,−2) and ϕ̂L∼(1,1,0,0,2) can break lepton
number spontaneously. Here B4 and L4 stand for baryon
and lepton numbers for a given field respectively. In our
numerical calculation, we use B4 = 3/2 and L4 = 3/2.
The exotic Higgs superfields Φ̂B , ϕ̂B and Φ̂L, ϕ̂L acquire
nonzero vacuum expectation values (VEVs), then the ex-
otic quarks and exotic leptons obtain masses. The model
also includes the superfields X̂ ∼ (1,1,0,2/3+B4,0) and
X̂

′∼(1,1,0,−(2/3+B4),0) to make exotic quarks unsta-
ble. Furthermore, with X̂ and X̂

′

mixing together, the
lightest mass eigenstate can be a dark matter candidate.

The superpotential of the BLMSSM is shown as fol-
lows [44]

WBLMSSM=WMSSM+WB+WL+WX , (1)

with WMSSM representing the superpotential of the
MSSM. The concrete forms of WB , WL and WX can
be obtained in Ref. [44].

In the BLMSSM, the soft breaking terms Lsoft are
generally given by [38, 39, 44], and only the leptonic

terms contribute to our study:

Lsoft=−(m2
Ñc)IJÑ

c∗
I Ñ c

J−m2
ΦL
Φ∗

LΦL−m2
ϕL
ϕ∗

LϕL

−
(

mLλLλL+h.c.
)

+ANYνL̃HuÑ
c

+ANcλNcÑ cÑ cϕL+BLµLΦLϕL+h.c.
}

. (2)

Here λL represents the gaugino of U(1)L. The SU(2)L

doublets Hu and Hd obtain the nonzero VEVs υu and
υd,

Hu=





H+
u

1√
2
(υu+H0

u+iP 0
u)



,

Hd=





1√
2
(υd+H

0
d+iP 0

d )

H−
d



. (3)

The SU(2)L singlets ΦL and ϕL acquire the nonzero
VEVs υL and υL,

ΦL=
1√
2
(υL+Φ0

L+iP 0
L),

ϕL=
1√
2
(υL+ϕ0

L+iP
0

L). (4)

In the BLMSSM, the mass matrices of lepton neu-
tralinos, neutrinos, sleptons and sneutrinos are intro-
duced as follows.

In the base (iλL,ψΦL
,ψϕL

) [37, 45, 46], the mixing
mass matrix of lepton neutralinos is obtained.

MLN =







2ML 2vLgL −2v̄LgL

2vLgL 0 −µL

−2v̄LgL −µL 0






. (5)

Then the three lepton neutralino masses are deduced by
diagonalizing the mass matrix MLN by ZNL

After symmetry breaking, the mass matrix of neutri-
nos is deduced in the basis (ν,N c) [47, 48]









0
vu√
2
(Yν)IJ

vu√
2
(Y T

ν )IJ

v̄L√
2
(λNc)IJ









. (6)

Then diagonalizing the neutrino mass matrix by the uni-
tary matrix Uν , we can get six mass eigenstates of neu-
trinos, which include three light eigenstates and three
heavy eigenstates.

In the BLMSSM, the slepton mass squared matrix
deduced from Eqs. (1),(2) reads as

(

(M2
L)LL (M2

L)LR

(M2
L)†LR (M2

L)RR

)

, (7)
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where,

(M2
L)LL=

(g2
1−g2

2)(v
2
d−v2

u)

8
δIJ+g2

L(v̄2
L−v2

L)δIJ

+m2
lIδIJ+(m2

L̃
)IJ ,

(M2
L)LR=

µ∗vu√
2

(Yl)IJ−
vu√
2
(A′

l)IJ+
vd√
2
(Al)IJ ,

(M2
L)RR=

g2
1(v

2
u−v2

d)

4
δIJ−g2

L(v̄2
L−v2

L)δIJ

+m2
lIδIJ+(m2

R̃
)IJ . (8)

Through the matrix ZL̃, the mass matrix can be diago-
nalized.

From the contributions of Eqs. (1),(2), we also de-
duce the mass squared matrix of sneutrino Mñ with
ñT =(ν̃,Ñ c)

(

M2
ñ(ν̃∗

I ν̃J) M2
ñ(ν̃IÑ

c
J)

(M2
ñ(ν̃IÑ

c
J))† M2

ñ(Ñ c∗
I Ñ c

J)

)

, (9)

where,

M2
ñ(ν̃∗

I ν̃J)=
g2
1+g

2
2

8
(v2

d−v2
u)δIJ+g2

L(v2
L−v2

L)δIJ

+
v2

u

2
(Y †

ν Yν)IJ+(m2
L̃
)IJ ,

M2
ñ(ν̃IÑ

c
J)=µ∗ vd√

2
(Yν)IJ−vuvL(Y †

ν λNc )IJ

+
vu√
2
(AN )IJ(Yν)IJ ,

M2
ñ(Ñ c∗

I Ñ c
J)=−g2

L(v2
L−v2

L)δIJ+
v2

u

2
(Y †

ν Yν)IJ

+2v2
L(λ†

NcλNc)IJ+µL

vL√
2
(λNc )IJ

+(m2
Ñc)IJ−

vL√
2
(ANc)IJ (λNc)IJ . (10)

Then the sneutrino masses can be obtained by the for-

mula Z†

νIJM2
ñZνIJ =diag(m2

ν̃1

1

,m2
ν̃2

1

,m2
ν̃3

1

,m2
ν̃1

2

,m2
ν̃2

2

,m2
ν̃3

2

).

In the BLMSSM, we deduce the corrections for the
couplings which exist in the MSSM due to superfields
Ñ c. The corresponding couplings for W-lepton-neutrino,
Z-neutrino-neutrino, charged Higgs-lepton-neutrino, Z-
sneutrino-sneutrino and chargino-lepton-sneutrino are
introduced in Ref. [37].

From the interactions of gauge and matter multiplets
ig
√

2T a
ij(λ

aψjA
∗
i−̄λaψ̄iAj), the lepton-slepton-lepton neu-

tralino coupling is deduced here

Llχ0

L
L̃=

√
2gLχ̄

0
Lj

(

Z1j
NL
ZIi

L PL

−Z1j∗
NL
Z(I+3)i

L PR

)

lIL̃+
i +h.c. (11)

3 The CLFV decays Z→l±i l∓j

In the BLMSSM, we study the CLFV processes Z→
l±i l∓j . The corresponding Feynman diagrams can be de-
picted by Fig. 1, and the corresponding effective ampli-
tudes can be written as [15, 49, 50]

Mµ= l̄iγµ(FLPL+FRPR)lj , (12)

with

FL,R=FL,R(S)+FL,R(W ), (13)

where li,j represent the wave functions of the external
leptons. The coefficients FL,R can be obtained from the
amplitudes of the Feynman diagrams. FL,R(S) corre-
spond to Fig. 1(1)–Fig. 1(7), and stand for the con-
tributions from chargino-sneutrino, neutralino-slepton,
neutrino-charged Higgs and lepton neutralino–slepton;
FL,R(W ) correspond to Fig. 1(8) and Fig. 1(9), and stand
for the contributions from W-neutrino due to three light
neutrinos and three heavy neutrinos mixing together.
We formulate these coefficients as follows:

FL(S) =
i

2

∑

F=χc,χ0,ν

∑

S=ν̃,L̃,H±(G±)

[2m
F1
m

F2

m2
Np

HSF2 l̄i
R HZF1F̄2

L H
S∗lj F̄1

L G1(xS ,xF1
,xF2

)

−HSF2 l̄i
R HZF1F̄2

R H
S∗lj F̄1

L G2(xS ,xF1
,xF2

)+HS2F l̄i
R HZS1S∗

2H
S∗
1

lj F̄

L G2(xF ,xS1
,xS2

)
]

+
i

2

∑

F=χ0

L

∑

S=L̃

[HS2F l̄i
R HZS1S∗

2H
S∗
1

lj F̄

L G2(xF ,xS1
,xS2

)],

FR(S) = FL(S)|L↔R;

FL(W ) = i
∑

F=ν

∑

W=Wµ

[3HW2F l̄i
L HZW1W∗

2 H
W∗

1
lj F̄

L G2(xF ,xW1
,xW2

)

−HWF2 l̄i
L HZF1F̄2

L H
F̄1ljW∗

L G2(xW ,xF1
,xF2

)],

FR(W ) = 0. (14)
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(4) (5) (6)

(7) (8) (9)

S1 = ν̃n

S2 = ν̃m

F = χ c

S1 = L̃n

S2 = L̃m

F = χ 0

S1 = L̃n

S2 = L̃m

F = χ 0L

S1 = H
± (G± )

S2 = H
± (G± )

F = ν

F1 = χ
c
n

F2 = χ
c
m

S = ν̃

F1 = χ
0
n

F2 = χ
0
m

S = L̃

F1 = νn

F2 = νm

S = H ± (G± )

W1

W2

F = ν

F1 = νn

F2 = νm

W

Fig. 1. Feynman diagrams for the Z→ l±i l∓j processes in the BLMSSM. F represents Dirac (Majorana) fermions, S
represents scalar bosons, and W represents the W boson.

Here, HSF2 l̄i
L,R ... represent the corresponding coupling co-

efficients of the left (right)-hand parts in the Lagrangian
and the concrete expressions can be found in the Ap-
pendix. xi = m2

m2

Np

, with m representing the mass of the

corresponding particle, and mNp
representing the energy

scale of the new physics to make the amplitudes dimen-
sionless. The one-loop functions Gi(x1,x2,x3),i=1,2 are
given by

G1(x1,x2,x3) =
1

16π2

[

x1 lnx1

(x1−x2)(x1−x3)
+

x2 lnx2

(x2−x1)(x2−x3)

+
x3 lnx3

(x3−x1)(x3−x2)

]

,

G2(x1,x2,x3) =
1

16π2

[

x2
1 lnx1

(x1−x2)(x1−x3)
+

x2
2 lnx2

(x2−x1)(x2−x3)

+
x2

3 lnx3

(x3−x1)(x3−x2)

]

. (15)

Then, the branching ratios of Z→ l±i l∓j can be sum-
marized as

Br
(

Z→l±i l∓j
)

=
1

12π

mZ

ΓZ

(|FL|2+|FR|2)

=
1

12π

mZ

ΓZ

(|FL(S)+FL(W )|2+|FR(S)|2),

(16)

where ΓZ represents the total decay width of the Z-boson
and we use ΓZ'2.4952 GeV [20].

4 Numerical results for the CLFV pro-

cesses Z→l±i l∓j

In this section, we study the numerical results, and
consider the experiment constraints from the light neu-
tral Higgs massm

h0
'125 GeV [5–7, 20] and the neutrino

experiment data [20]

sin2θ13=(2.19±0.12)×10−2,sin2θ12=0.304±0.014,

sin2θ23=0.51±0.05,∆m2
�=(7.53±0.18)×10−5eV2,

|∆m2
A|=(2.44±0.06)×10−3eV2. (17)

In our previous works, the neutron EDM, muon MDM
and lepton EDM were studied [45–47], and those con-
straints are taken into account here. In Refs. [20, 37],
Br(µ→ e+γ)< 5.7×10−13 and Br(µ→ 3e)< 1.0×10−12

are strict limits for our parameter space. Furthermore,
the ratios for h→γγ, h→ZZ∗ and h→WW∗ are around
1.16±0.18, 1.29+0.26

−0.23 and 1.08+0.18
−0.16 respectively [20], which

are also considered in our parameter space. In this work,
the parameters used are [20, 45, 47]:

me=0.51×10−3GeV, mZ=91.1876GeV,

mµ=0.105GeV, mτ=1.777GeV, mW=80.385GeV,
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α(mZ)=1/128, s2
W(mZ)=0.23,

(Yν)11=1.3031∗10−6, (Yν)12=9.0884∗10−8,

(Yν)13=6.9408∗10−8, (Yν)22=1.6002∗10−6,

(Yν)23=3.4872∗10−7, (Yν)33=1.7208∗10−6,

L4=
3

2
, λNc =1. (18)

To simplify the discussion of the numerical result, we
assume the following relations

(Al)ii=AL,(A
′
l)ii=A

′
L,(ANc)ii=(AN )ii=AN,

(m2
L̃
)ii=(m2

R̃
)ii=S

2
m,(m

2
Ñc)ii=M

2
sn,

(m2
L̃
)ij =(m2

R̃
)ij =MLf

,i 6=j,(i,j=1,2,3) (19)

We choose the parameters AL=−2 TeV, A′
L=300 GeV,

Msn = 1 TeV, tanβL = v̄L/vL and VLt
=
√

v̄2
L+v2

L. m1

represents the mass of the gaugino in U(1) and m2 rep-
resents the mass of the gaugino in SU(2). Generally, the
non-diagonal elements of the parameters are defined as
zero unless we note otherwise.

4.1 Z→eµ

The experimental upper bound for the branching ra-
tio of Z→eµ is around 7.5×10−7. The parameterm1 is re-
lated to the mass matrix of the neutralino, which means
the contributions from neutralino-slepton can be influ-
enced by the parameter m1. With gL=0.3, Sm=1 TeV,
AN =−500 GeV, m2 =1 TeV, MLf

=1×105 GeV2 and
tanβ = 15, we plot the results versus m1 in Fig. 2. As
m1 > 0, the results decrease with increasing m1. How-
ever, the results are in the region (3.0×10−9∼3.5×10−9)
and the effect of m1 is small.

500 1000 1500 2000 2500 3000 3500 4000

2.6×10
9

2.8×10
9

3.0×10
9

3.2×10
9

3.4 10
9

3.6×10
9

3.8×10
9

4.0 10
9

m
1
/MeV

×

×

B
r
(Z
→
eμ
)

Fig. 2. With gL=0.3,Sm=1 TeV, AN=−500 GeV,
m2 =1 TeV, MLf

=1×105 GeV2 and tanβ =15,
the contributions to Br(Z → eµ) versus m1 are
plotted by the solid line.

As a more sensitive parameter, m2 not only presents
in the mass matrix of neutralino, but also in the mass ma-
trix of the chargino. This parameter affects the numeri-
cal results through the neutralino-slepton and chargino-
sneutrino contributions. In Fig. 3, we show the effects

from m2 with gL = 0.2, Sm = 1 TeV, AN =−500 GeV,
tanβ= 15 and MLf

= 1×105 GeV2. We plot the result
with m1 = 500 GeV, 1000 GeV and 1500 GeV by the
solid, dotted and dashed lines respectively. The three
lines all become small quickly with increasing m2. This
implies that m2 is a relatively sensitive parameter to the
numerical results.

0 1000 2000 3000 4000 5000 6000

m2/GeV

5×10−9

2×10−9

B
r
(Z
→
eτ
)

1×10−9

5.0×10−10

Fig. 3. With gL=0.2,Sm=1 TeV, AN=−500 GeV,
tanβ =15, MLf

=1×105 GeV2, Br(Z→ eµ) ver-
sus m2 is plotted for m1 = 500 GeV (solid line),
1000 GeV (dotted line), and 1500 GeV (dashed
line).

The parameters gL, tanβL and VLt
are all present in

the mass squared matrices of sleptons, sneutrinos and
lepton neutralinos. Therefore, these three parameters
affect the results through slepton-neutrino, sneutrinos-
chargino and slepton-lepton neutralino contributions.
We choose the parameters m1 =500 GeV, m2 =1 TeV,
Sm = 1 TeV, AN = 500 GeV and tanβ=15. As VLt

=
3 TeV, we plot the allowed results with tanβL versus
gL in Fig. 4. Obviously, when the value of gL is large

0.5 1.0 1.5 2.0
0.0

0.2

0.4

0.6

0.8

1.0

tanβ
L

g
L

Fig. 4. With m1 = 500 GeV, m2 = 1 TeV, Sm =
1 TeV, AN=500 GeV, tanβ=15 and VLt =3 TeV,
the allowed parameter space in the plane of tanβL

versus gL for Br(Z→eµ).
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0.0 0.2 0.4 0.6 0.8 1.0

2000

4000

6000

8000

g
L

V
L
t

Fig. 5. For Br(Z → eµ), the allowed parameter
space in the plane of gL versus VLt with m1 =
500 GeV, m2=1 TeV, Sm=1 TeV, AN=500 GeV,
tanβ=15 and tanβL=2.

enough, the value of tanβL approaches 1. When gL60.3,
the parameter tanβL can vary in the region of 0–2. This
implies that gL is a sensitive parameter to the numeri-
cal results. For tanβL = 2, gL versus VLt

is scanned in
Fig. 5. We find that the allowed scope of VLt

shrinks and
the value of VLt

decreases with increasing gL. Therefore,
the value of gL should not be large. Generally, we take
0.056gL60.3 and VLt

∼3 TeV in our numerical calcula-
tions.

4.2 Z→eτ

In a similar way, the CLFV process Z→eτ is numeri-
cally studied and its experimental upper bound is around
9.8×10−6. As discussed in the previous section, gL can af-
fect the contribution strongly through the masses of slep-
tons, sneutrinos and lepton neutralinos. Sm is the diag-
onal element of m2

L̃
and m2

R̃
in the slepton mass matrix,

which can affect slepton-neutralino and slepton-lepton
neutralino contributions in the CLFV process. Using the
parameters m1=500 GeV, m2=1 TeV, AN=−500 GeV,
tanβ=12 and MLf

=1×105 GeV2, we study the branch-
ing ratio versus Sm with gL = 0.1(0.15,0.2) in Fig. 6,
with the results plotted by the solid line, dotted line
and dashed line respectively. These three lines decrease
quickly with Sm increasing from 1000 GeV to 2500 GeV,
which indicates that Sm is a very sensitive parameter
for the numerical results. When Sm>2500 GeV, the re-
sults decrease slowly and the branching ratios are around
(10−9∼10−10).

We then study the process with the parameters MLf

and m2. For Sm =
√

2 TeV, gL = 0.2, m1 = 500 GeV,
AN=500 GeV, and tanβ=12, we study the results ver-
sus MLf

with m2=1, 1.5, and 2 TeV in Fig. 7, shown by
the solid line, dotted line and dashed line respectively.
As MLf

= 0, the branching ratio for Z → eτ is almost
zero, but the results increase sharply when |MLf

| > 0.

We deduce that non-zero MLf
is a sensitive parameter

and has a strong effect on lepton flavor violation.
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Sm/GeV

2.5×10−8

1.5×10−8

1.0×10−8

5.0×10−9

2.0×10−8

B
r
(Z
→
eτ
)

Fig. 6. With m1 = 500 GeV, m2 = 1 TeV, AN =
−500 GeV, tanβ = 12, and MLf

= 1×105 GeV2,
the contributions to Br(Z → eτ) versus Sm for
gL =0.1 (solid line), 0.15 (dotted line), and 0.2
(dashed line).

−400000 −200000 0 200000 400000

MLf 
/GeV2

0

3.5×10−8

3.0×10−8

2.0×10−8

1.0×10−8

5.0×10−9

2.5×10−8

B
r(
Z
→
eτ
)

1.5×10−8

Fig. 7. With Sm=
√

2 TeV, gL=0.2, m1=500 GeV,
AN =500 GeV, and tanβ =12, the contributions
to Br(Z→ eτ) versus MLf

for m2 =1 TeV (solid
line), 1.5 TeV (dotted line), and 2 TeV (dashed
line).

4.3 Z→µτ

The experimental upper bound for the CLFV pro-
cess Z → µτ is 1.2×10−5, which is about one order of
magnitude larger than the process Z → eµ. The pa-
rameter AN is present in the sneutrino mass matrix
and affects sneutrino-chargino contributions. Suppos-
ing m1 = 500 GeV, m2 = 1 TeV, gL = 0.2, Sm = 1 TeV,
MLf

=1×105 GeV2 and tanβ=1(2,3), we plot the results
with the AN in Fig. 8. For AN64 TeV, the branching
ratios are around 4×10−9. For AN>4 TeV, these three
lines increase quickly and AN has an obvious influence
on the numerical results.
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Fig. 8. With m1 = 500 GeV, m2 = 1 TeV, gL =
0.2,Sm=1 TeV, and MLf

=1×105 GeV2, the con-
tributions to Br(Z→µτ) versus AN for tanβ =1
(solid line), 2 (dotted line), and 3 (dashed line).

5 10 15 20

tanβ

B
r(
Z
→
µ
τ)

4.0×10−9

3.9×10−9

3.8×10−9

3.7×10−9

3.6×10−9

3.5×10−9

Fig. 9. With m1 = 500 GeV, m2 = 1 TeV, gL =
0.3, Sm = 1 TeV, MLf

= −1×105 GeV2, AN =
500 GeV, Br(Z→ µτ) versus tanβ is plotted by
the solid line.

Finally, the effects from the parameter tanβ are
studied. tanβ is related to vu and vd, and appears
in almost all mass matrices of CLFV processes. With
m1 = 500 GeV, m2 = 1 TeV, Sm = 1 TeV, gL = 0.3,
MLf

=−1×105 GeV2 and AN = 500 GeV, Fig.9 shows
the variation of the branching fraction with the param-
eter tanβ. It indicates that the results do not change
significantly. In the range of tanβ=(0∼3), we find that

the branching ratio decreases slightly; for tanβ>3, the
result is stable at around 3.7×10−9.

5 Discussion and conclusions

In this paper, we have studied the CLFV processes
Z → l±i l∓j in the BLMSSM. Compared with the MSSM
with R-parity conservation, there are new parameters
and new contributions to the CLFV processes in the
BLMSSM. Firstly, three heavy neutrinos are introduced
in this model. However, the new contributions from these
particles are tiny, because the couplings of these parti-
cles are suppressed by tiny neutrino Yukawa Yν . Sec-
ondly, three new scalar neutrinos are introduced in this
model. Considering the mass squared matrix of the sneu-
trinos in Eq. (10), we find that the contributions from
M2

ñ(ν̃IÑ
c
J) can be neglected due to the tiny Yukawa cou-

plings Yν . The effects from M2
ñ(ν̃∗

I ν̃J) and M2
ñ(Ñ c∗

I Ñ c
J)

play very important roles. Although the diagonal ele-
ments of (m2

L̃
)IJ and (m2

Ñc)IJ suppress the contributions,
the non-diagonal element MLf

of (m2
L̃
)IJ leads to strong

mixing for sneutrinos of different generations. There-
fore, the nonzero MLf

enhances lepton flavor violation
and leads to large results. Thirdly, lepton neutralinos
χ0

L are the new particles introduced in our work. The
numerical results can be influenced by the slepton-lepton
neutralino contributions. As the non-diagonal elements,
(M2

L)LR are not small and can obviously improve the
lepton flavor violation effects. Furthermore, the param-
eters (m2

L̃
)IJ and (m2

R̃
)IJ respectively exist in (M2

L)LL

and (M2
L)RR. It indicates that the non-diagonal element

MLf
of (m2

L̃
)IJ and (m2

R̃
)IJ leads to strong mixing for

sleptons. Therefore, (M2
L)LR and MLf

influence our re-
sults strongly.

In our used parameter space, the numerical results
show that the rates for Br(Z→l±i l∓j ) can almost reach the
present experimental upper bounds. The numerical anal-
yses indicate that parameters m1, m2, gL, MLf

, Sm, AN
and tanβ are important. The sensitive parameters are
gL, MLf

and Sm and they affect the results strongly.
We hope that experimental results for Z→ l±i l∓j can be
detected in the near future.

Appendix A

The concrete forms of coupling coefficients corresponding
to Fig. 1(1)–Fig. 1(9) are shown as:

Fig.1 (1): S1=ν̃n,S2=ν̃m,F =χc

H
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e
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ν Z
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+ Z

(I+3)m
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H
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1

lj F̄

L (1)=−[
e

sw

Z
1k
+ Z

Jn∗
ν̃ +Y

Jn
ν Z

2k
+ Z

(J+3)n∗
ν̃ ],

H
S∗
1

lj F̄

R (1)=−Y
Jn
l Z

2k∗
− Z

Jn∗
ν̃ ,

H
ZS1S∗

2 (1)=
e

2swcw

Z
Km∗
ν̃ Z

Kn
ν̃ . (A1)
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Fig.1 (2): S1=L̃n,S2=L̃m,F =χ0
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Fig.1 (3): S1=L̃n,S2=L̃m,F =χ0
L

H
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Fig.1 (4): S1=H±(G±),S2=H±(G±),F =ν
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Fig.1 (5): F1=χc
n,F2=χc
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Fig.1 (6): F1=χ0
n,F2=χ0
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Fig.1 (7): F1=νn,F2=νm,S=H±(G±)
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Fig.1 (8): W1=W1,W2=W2,F =ν
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Fig.1 (9): F1=νn,F2=νm,W =W
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