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In a few years, the COMET experiment at J-PARC and the MuZ2e experiment at Fermilab will probe the
u — e conversion rate in the vicinity of O(10~!7) 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 u — e conversion in nuclei.
Considering the constraint of the experimental upper limit of the LFV rare decay u — ey, the u —e
conversion rates in nuclei within the B-LSSM can achieve O(10~!2), 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.

DOI: 10.1103/PhysRevD.106.035007

I. INTRODUCTION

In search of new physics (NP) beyond the Standard
Model (SM), we previously studied lepton flavor violating
(LFV) decays [; — Ly, I = 3l;, and h — [;/; 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 u — e conversion rate in Ti nuclei is CR(y — ¢:Ti) <
4.3 x 1072 at 90% confidence level (C.L.) [3], and the
future experimental sensitivity of CR(u — e:Ti) will be
O(107'8) [4]. For u — e conversion in nuclei, the best upper
limit is CR(u — e:Au) < 7 x 10713 (90% C.L.), which is
given by the SINDRUM-II experiment [5]. The COMET
experiment at J-PARC and the Mu2e experiment at

“Corresponding author.
hbzhang @hbu.edu.cn

"zn_zhang_zn@163.com
*fengtf@hbu.edu.cn

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI. Funded by SCOAP’.

2470-0010/2022/106(3)/035007(15)

035007-1

Fermilab are next-generation experiments for y — 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 4 — ¢
conversion rate in the vicinity of O(107!7) 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 u — 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 y—e
conversion rate close to the experimental sensitivity.
There are some studies for u — 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 p from the v 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 y — e conversion in nuclei within the B-LSSM.

Published by the American Physical Society
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The gauge symmetry group of the B-LSSM [35-42]
extends that of the MSSM [43-47]to SU(3) ® SU(2), ®
U(l)y ® U(1)p_;, 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 U(1),_;, 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 y — ey at the MEG experiment is given
as [55]

Br(u — ey) <4.2x 1075, (1)

The best upper limit on the LFV decays for the branching
ratio of gy — ey can give a large constraint on the
parameter space in the B-LSSM, compared to the other
LFV decays y — 3¢ and h — eu [1,2]. In this paper, the
LFV process u —e conversion rates in Ti, Au, and Al
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Then, the superpotential in the model can be given by
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where H1, HY,

targets will be analyzed in the B-LSSM, considering the
constraint of the present experimental limits on the
branching ratio of y — ey.

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 y — 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 #; ~ (1,1,0,—1) and 7}, ~
(1,1,0, 1) and three generations of right-handed neutrinos
P¢~(1,1,0,1/2). The gauge symmetry group of the
B-LSSM is SU(3)®SU(2), ®U(1), @ U(1)_,. At the
same time, the other chiral superfields and their quantum
numbers are given as

- (H5> (1,2,1/2,0)
- H% &~ ’ ’

i, = (”) ~(1,2,=1/2,-1/2),
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DS ~(3,1,1/3,-1/6),

B~ (1,1,1,1/2). (2)
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/’/ﬁlﬁ2+yx1] 1’711/ ’ (3)

07, and LT are SU(2) doublet superfields. Note that /¢, D¢, and ES represent up-type quarks, down-type

quarks, and charged lepton singlet superfields, respectively. The dlmenswnless Yukawa coupling parameter Y is a 3 x 3
matrix. Note that i, j = 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

‘cson - mq z]Q Q] _mﬁ ij( ;)*’7‘; _m" (dc) dc m L L - m; l](e )*E

- %i/‘(ﬂc)*’?q —-m; |

+ [=B,H H, — B,ij\ij, + Tu,ijQiﬁsz + Td.ijQiglj

‘ 2

c
J
- ’”Hl |H1|2 - mH2|H2|2

+ T, ,;L2H,

. . 1
+ T HoB§ Ly + T 506 — 5 (M Aghg + Moyl + M3yl

+2MBB/EB/}:B +MBIAB//13/> +HC] (4)

The SU(2), ® U(1)y ® U(1),_, gauge groups break to U(1),,,

(VEVs),

as the Higgs fields receive vacuum expectation values
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H = %(vl +ReH! + ilmH)),

H3 = \/Li(vz + ReH3 + ilmH3),

n = %(“1 + Refj; + ilmij, ),

i = =S (uy + Refjy + ilmij; ). (5)

>

224 2 .2 .0 2 o
Here, u” = ut + u3, v= = vy + 03, tan ff’ = 72

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

form
D,=9d,— iKTGA, (6)

where KT = (Y,B—L), AT = (A ABL), K is a vector
that contains Y and B-L corresponding to hypercharge and
B-L charge, and A}’ and AP" are the gauge fields. Note that
G is the gauge coupling matrix given as follows:

/
G- (%Y’ gYB). (7)
9pys 9B-L

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, 9ys )RT— (91, gYB). 8)
Jsy: 9B-L 0. s
Here g, corresponds to the measured hypercharge coupling,

which is modified in the B-LSSM and given together with
gp and gyp [56]. Next, one can redefine the U(1) gauge

fields through
AY ) (AY )
Rl " |=1 ). (9)
(A;ltBL AEL

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

g = g10? £ 919ypV*
—1tqpv? fg3? —30ovsv* | (10)
%9191/3172 —%9291’3”2 %9%/3”2 +%9129“2

This mass matrix can be diagonalized by a unitary mixing
matrix, which can be expressed by two mixing angles 6y,
and 6, as

% cos Oy sin @y, 0 AY
Z | = | —sinfycosfy, cosbOycosdy sindy, V3ol (11)
VA sin@y sin@y,  —cos@, sindy, cosdy, ) \ ABL

Then sin?@, can be written as

(9vs — 91 — 3)x* + 493

c 2
sin“@y, = =

where x = . The exact eigenvalues of Eq. (10) are given by

2 _
m],—O,

2 2\/(gip + G+ B)x* + 805 (ghs — 7 — px°) + 16935

(12)

1
myr =3 (6 + 3+ Gha)o? + 4g3u F V(G + &+ )0 +8(03 - 6} - Bl + 1692‘;u4)- (13)

III. # —e CONVERSION IN NUCLEI WITHIN
THE B-LSSM

In this section, we analyze the y — e conversion proc-
esses at the quark level in the B-LSSM. We give the
effective Lagrangian for the y — 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
mn=1,...,6, I =1,....,6,and n,0 =1, ..., 7.

Figure 1 shows the y-penguin-type and Z-penguin-type
diagrams for the u — e conversion processes at the quark
level in the B-LSSM. The effective Lagrangian of the
y-penguin-type diagrams is generally written as
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1 Xy e where x; = m?/m?,, I, is the loop function, and C is the
l i we L p
> > coupling which can be found in the appendixes.
g h . The effective Lagrangian of the Z-penguin-type diagrams
m X A Sy is generally written as
N/
2 q q
A Z— e Z; +7Z4
i ) 5 @raqer"(BLPL + BrPr)p,
MzSWeW 4=na
g g (16)
FIG. 1. Penguin-type diagrams for the y — e conversion proc- h
esses at the quark level, where the contributions come from where
neutral fermion ;{2 and charged scalar Sy, ,, loops.
ZZ,R = TgL,R - QZmS%V’ (g =u,d), (17)
2
e ’ ’ .
LrP = PE[k27/a(,41LPL + ARPR) with T4, =1, T9, = —1, and T4, = T4, = 0. The contri-
butions to the coefficients B p are
+ ik (ALP, + ARPR) IS Qfndr™q. (14)
a=ud L sep0, zse s S50
BL—2—C”’“C C," "Gy (xo,xSL Xge ),
e
where P, = (1—y5)/2, Pr=(1475)/2, Q% =2/3, Br= Brlior- (18)
d = —1/3, and m,, is the muon mass. The coefficients
A; are Here G; is the loop function which can be found in the
appendixes.
The effective Lagrangian of the box-type diagrams
1 shown in Fig. 2 is generally written as
A{‘ — 5 C m}(;] LCSm l/}(t}] (x xS ) g g y
6mW m
box _ ,2 - >, ( DL R
m)( i ~SliZy L t e qvaqey (DqPL +DqPR)luv (19)
A = 2 CCy M I (e xss ) — To(xe s X )] " ,,zu;d
uly
Alle,z = Alf,2|L<—>R’ (15) with
|
Ds — 21 - G3(x 0, X0, Xse , Xg )[Csm Z/ZVC Y 'qu)(”q’ C‘I[)(a% _ Csm lﬂnC Y LCq,X"]ql quxo‘ql:|
8e’m #n
1%
m.ont,o
— 4;(;’"%; GQ(XZO,X 0, Xse xq,) |:CS lﬂuc xS thl)(nqt qu)(aql _ CSm l/)(nc e Iqu)fnq' qu)(o‘qti| ,
DR=FL, » (¢g=ud and i@, =UJ d;,=Dy). (20)

Using the expression for the effective Lagrangian of the y — e conversion processes at the quark level, one can calculate
the 4 — e conversion rate in a nucleus [57]:

z! _ _
CR(u — e:Nucleus) = 4a° %ff |F(q*)]*m3[|Z(AY — AR) — (2Z + N)DL — (Z + 2N) D5 |?

_ _ 1
+ |Z(AR — AL) — (2Z + N)DR — (Z + 2N)DR|?] T (21)
capt
with
DL:DL+ZZ+Z;1? BL
4 4 2 miskel’
D} = Dyl or(q = u,d), (22)
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FIG. 2. Box-type diagrams for the u — e conversion processes at the quark level, (a) and (b) represent the contributions from neutral

c

fermion )(2.,,, charged scalar S5, and squark §; (¢ = u,d and &, = U7, d; = D7) loops.

where Z is the number of protons in the nucleus and N is
the number of neutrons in the nucleus. Note that Z. is an
effective atomic charge [58,59], F(g?) is the nuclear form
factor, and I, is the total muon capture rate. In the
following numerical analysis, we consider the y — e con-
version rate in 35Ti, 13’Au, and #Al nuclei, where the
values of Zg, F(g? ~—mZ), and 'y 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 my = 80.385 GeV, my; =90.1876 GeV, a,,(m;) =
1/128.9, and a,(m;) =0.118. Considering that the
updated experimental data on searching Z’ indicate M, >
4.05 TeV at 95% C.L. [61], we choose M, = 4.2 TeV in
the following. References [62,63] give an upper bound on
the ratio between the Z’ mass and its gauge coupling at
99% C.L. as M, /gg > 6 TeV; then the scope of gp is
0 <gp <0.7. LHC experimental data constrain tan
/' < 1.5[39]. Considering the constraint of the experiments
[64], we take M; = 500 GeV, M, = 600 GeV, B;@ = 5x
10° GeV?, A, =0.5TeV, m; = m; = my = diag(2,2, 1.6)
TeV, T,=Y,xdiag(1,1,1) TeV, T, =Y, x diag(1,1, 1)
TeV, and T, = diag(1, 1, 1) 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 tanf, tanf’, gz, and gyg. By
constantly adjusting the parameters, the final numerical
analysis strictly conforms to the constraint of the SM-like
Higgs boson measured mass m;, = 125.09 + 0.24 GeV in
36 [64]. In addition, it should be noted that although the

TABLE L. Values of Z, F(g* ~ —mﬁ), and [y for different
nuclei.

4Nucleus Zeit F(q* ~—m?) Leape (GeV)

48T 17.6 0.54 170422 x 10~'8
137Au 33.5 0.16 8.59868 x 10718
Al 115 0.64 0.464079 x 108

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 Y, matrix, the neutrino
oscillation causes Y, ~ O(107°), 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 mie and the
trilinear coupling matrix 7',, which are defined by [65-70]

Lot

mi=| o 1 S |mi, (23)
&y oy 1
Lo o

mio= | SRR 1 SRR |m3, (24)
oS
Lo o

T,=| &% 1 &% |A,. (25)

o oy 1

We know that LFV processes are flavor dependent, just as
the LFV rate for y — e transitions depends on the slepton
mixing parameters 555 (X = L, R); thus, we only need to
consider the effect of slepton mixing parameters &3
(X = L,R) on the u — e conversion rate. The other slepton
mixing parameters 5{3 (X = L, R) and 85 (X = L, R) have
no effect on the y — e conversion rate, so we choose
X (X =L,R)=0and 55X =L,R) =0.

In the subsequent numerical analysis, we not only give
different sensitive parameters on the effect of the y—e
conversion rate in nuclei, but we also give the influence of
parameters on Br(u — ey) in the B-LSSM. Constrained by
the Br(u — ey), the final magnitude of the u — e conver-
sion rate can be achieved.
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FIG. 3. (a) CR(u — e:Ti), (b) CR(u — e:Au), and (c) CR(u — e:Al) versus the slepton flavor mixing parameter
StE, where the dashed lines in panels (a) and (b) stand for the upper limits on CR(u — e:Ti) and CR(u — e:Au), respectively,
and the dot-dashed line in panels (a) and (c) represents the sensitivity of future experiments on CR(u — ¢:Ti) and CR(u — e: Al),

respectively. (d) Br(u — ey) versus slepton mixing parameter 6/, where the dashed line denotes the present limit of Br(u — ey) at

90% C.L. as shown in Eq. (1). Here, the red solid line is ruled out by the present limit of Br(x — ey), and the black solid line is
consistent with the present limit of Br(u — ey).
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FIG. 4. (a) CR(u — e:Ti), (b) CR(u — e:Au), (c) CR(u — e:Al), and (d) Br(u — ey) versus the slepton flavor mixing
parameter 5FF.
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FIG. 5. (a) CR(u — e:Ti), (b) CR(u — e:Au), (¢) CR(u — e:Al), and (d) Br(u — ey) versus the slepton flavor mixing
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FIG. 6. (a) CR(u — e:Ti), (b) CR(u — e:Au), and (c) CR(u — e:Al) versus parameters M, where the dashed lines in panels (a)
and (b) stand for the upper limits on CR(u — ¢:Ti) and CR(u — e:Au), respectively, and the dot-dashed lines in panels (a) and
(c) represent the sensitivity of future experiments on CR(u — e:Ti) and CR(u — e: Al), respectively. (d) Br(u — ey) versus parameters
M, where the dashed line denotes the present limit of Br(u — ey) at 90% C.L. as shown in Eq. (1). Here, the red solid line is ruled out
by the present limit of Br(u — ey), and the black solid line is consistent with the present limit of Br(u — ey).
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FIG. 7. (a) CR(u — e:Ti), (b) CR(u — e:Au), (c) CR(u — e:Al), and (d) Br(u — ey) versus parameters tan j'.

values to study the influence of §{% (X = L,R) onthe u — e
conversion rate in different nuclei. When the variable
is 85X(X=L,R) in the figures, the other two are
5X(X =L,R)=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. Effect of slepton mixing parameters 655 (X =L,R)
on the y —e conversion rate

In this subsection, we plot the influence of slepton mixing
parameters 575 (X = L, R) on the u — e conversion rate and

Br(u — ey). Here, we choose tanf =11, tanff’ = 1.3,
gg = 0.5, gyp =—04, and m; = my =1 TeV as fixed

" 10-1}
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FIG. 8. (a) CR(u — e:Ti), (b) CR(u — e:Au), (¢) CR(y — e:Al), and (d) Br(u — ey) versus parameters gyg.
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TABLE II. Scanning parameters for Figs. 9-11.

Parameters Min Max
tan 1 50
[%5%:] -0.7 -0.1
tan /' 1 1.5
Mg/ TeV 0.5 2
otk 0 0.05
SRR 0 0.05
e 0 0.002

limit of Br(u — ey), and the black solid line is consistent
with the present limit of Br(u — ey).

In Fig. 3, we plot the u—e conversion rate in
the different nuclei and Br(u — ey) versus S8t& for
SRR = §LR = 0. It is obvious that LFV rates increase with
the increase of the slepton flavor mixing parameter §i-F
because the LFV processes are flavor dependent, and the
LFV rate for y — e transitions depends on the slepton
mixing parameters 555 (X = L, R). It can be seen from the
figure that Br(u — ey) can reach the experimental upper

10710 b

10—12 b

10-14 +

CR(u—>e:Ti)

L L 1 L L L L
0.04 0.05

CR(u->e:Al)
o

n n 1 n n n n
0.03
(c) o

FIG. 9.

limit, but the u — e conversion rate in the nuclei cannot.
When we consider the constraint of Br(u — ey) tothe u — e
conversion rate, from Figs. 3(a) and 3(c), CR(u — e:Ti)
and CR(u — e:Al) can exceed O(10713) and above their
respective future experimental sensitivities. Thus, there is
still hope that the high future experimental sensitivities will
detect CR(y — e:Ti) and CR(u — e:Al). From Fig. 3(b)
CR(u — e:Au) can exceed O(107'9). Therefore, it can be
seen that the limit of Br(u — ey) to the u — e conversion
rate in the nuclei is very strict.

Figures 4(a)-4(c) represent the relationship of
CR(u — e:Ti), CR(u — e:Au), and CR(u — e:Al) with
changes of the slepton flavor mixing parameter 68K,
respectively, and Fig. 4(d) represents the relationship
of Br(u — ey) with changes of SfX. The general trend
shown in the four graphs is that as §fX continues to
increase, CR(u — e:Ti), CR(u — e:Au), CR(u — e:Al),
and Br(u — ey) also increase. As can be seen from
Figs. 4(a), 4(b), and 4(d), CR(ux — e:Ti), CR(y — e: Au),
and Br(u — ey) can all exceed their respective present
experimental limits, but due to the restriction of the limit of
Br(yu — ey), CR(u = ¢:Ti) and CR(y — e:Au) can only
be far below the experimental limits. For Figs. 4(a) and 4(c),

10710

10—12

10—14

CR(u—>e:Au)

PR RS S .
0.04 0.05

101

10713

Br(u->ey)

10715

10717

10719

n n n n n 1 n n n n 1 n n n n 1 n n n n
0.00 0.02 0.03 0.04 0.05

(d) o

(@) CR(u — e:Ti), (b) CR(u — e:Au), (c) CR(u — e:Al), and (d) Br(u — ey) versus §F after randomly scanning Table I,

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 Br(u — ey), and the black dots are consistent with the present limit of Br(u — ey).
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CR(u — e:Ti) and CR(u — e:Al) can exceed the sensi-
tivity of future experiments under the limit of Br(u — ey).

Because the LFV processes are flavor dependent, 558
also has a greater influence on the y — e conversion rate in
the different nuclei and Br(u — ey). As &iF increases,
CR(u — e:Ti), CR(u — e:Au), CR(u — e:Al), and
Br(u — ey) also increase. As seen from Fig. 5, Br(u — ey)
can quickly exceed the experimental limit. Figure 5(d)
shows that the present experimental limit bound of
Br(u — ey) constrains 5% < 107, Considering the con-
straint of Br(u — ey) to the p—e conversion rate in
different nuclei, CR(u — ¢:Ti) and CR(u — e:Au) can-
not reach their respective current experimental upper limits,
and neither CR(y — ¢:Ti) nor CR(u — e:Al) can reach
the sensitivity of their respective future experiments, which
indicates that the constraint of Br(y — ey) to the u—e
conversion rate in different nuclei is very obvious for the
slepton flavor mixing parameter 5LX.

B. Effect of My, tanf’, and gy on the u—e
conversion rate

In this section, we study the influence of other basic
parameters on the u — e conversion rate and Br(u — ey).
We first set appropriate numerical values for slepton flavor
mixing parameters, such as i =0.01, &% =0.006,

10—10 -

10712 -

10-1 F

CR(u->e:Ti)

10-16 1 ,.:'-
.::." *
L oep
10718 L
laes
..

-20 ‘." PR
19%.60

10710
10712
?2-'\ 14
? 10°
2
14
© o1
10718
10_20"-‘“‘1““r““1““1"“‘
0.00 0.01 0.02 0.03 0.04 0.05
(c) &F
FIG. 10.

and §F8 =1x10"*. We also keep neutral fermion
masses myo > 200 GeV (n =1,...,7), the scalar masses
mge > 500 GeV (m,n =1, ...,6), and the SM-like Higgs
boson mass m;, = 125.09 + 0.24 GeV in 30 to avoid the
range ruled out by the experiments. Then we research the
influence of the basic parameters m; = mp = Mg, tan ',
and gyp on the y — e conversion rate and Br(u — ey),
respectively.

We plot the i — e conversion rates in the different nuclei
and Br(u — ey) versus My in Fig. 6. When we study the
influence of My on the u—e conversion rate and
Br(u — ey), the values of other basic parameters are
tanf = 10, tanp’ =14, gz =0.5 and gyz=-0.5,
respectively. In Fig. 6, it is obvious that the u—e
conversion rate and Br(u — ey) decrease with the increase
of M, due to the fact that the mass of sleptons increases as
M, increases, which indicates that heavy sleptons play a
suppressive role in the rates of LFV processes. Although
CR(u — e:Ti) and CR(u — e:Au) cannot reach their
current upper limit under the constraint of Br(u — ey),
CR(u — e:Ti) and CR(u — e:Al) can reach the high
future experimental sensitivities with small M.

In order to see the effect of tan ’, which includes new
parameters in the B-LSSM beyond the MSSM, we plot
the u —e conversion rate in the different nuclei and

T T T T T
10-10,
10—12
e
3 107
A
3
o
o 10—16
10—18
10-20-."‘“1““1““1““1““
0.00 0.01 0.02 0.03 0.04 0.05
(b) &%
1077
107°
~ 107"
>
[
A
2 0
@
10—15
10—17
1071°

" 1 " " " " 1 " " " " 1 " " " "
0.02 0.03 0.04 0.05

(d) &%

" " " " 1 " " "
0.00 0.01

(@) CR(u — ¢:Ti), (b) CR(u — e:Au), (c) CR(u — e:Al), and (d) Br(u — ey) versus 6¥F after randomly scanning Table II.
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Br(u — ey) versus tan ' in Fig. 7, choosing the values of
the other basic parameters as tanf = 11.2, gz = 0.2,
gyg = —0.1, and m; = mg =1 TeV. Figure 7 shows
that LFV rates increase with the increasing of tanf’.
Br(u — ey) can reach the experimental upper limit,
but CR(u — e:Ti) and CR(y — e:Au) cannot. When
tan #/ < 1.37 under the constraint of Br(u — ey), although
CR(u — e:Ti) and CR(u — e:Au) cannot reach their
current upper limits, CR(y — e:Ti) and CR(u — e:Al)
can exceed the sensitivity of future experiments. This
shows that in the near future, with the continuous improve-
ment of experimental accuracy, the 4 — e conversion rate in
the different nuclei can be detected.

In Fig. 8, we draw the influence of gy on the y—e
conversion rate and Br(y — ey), where gyp is also a new
parameter in the B-LSSM beyond the MSSM. We choose
the values of other basic parameters except gyp as
tanf =20, tanf = 1.15, g5 = 0.5, and m; = mp =1
TeV, respectively. It can be seen from Fig. 8 that the
u — e conversion rate and Br(u — ey) decrease with the
increase of gyz. When gyp is small, Br(u — ey) can reach
the experimental upper limit, but CR(u — e:Ti) and
CR(u — e:Au) cannot. Note that gy affects the numerical
results through the new mass matrix of sleptons, Higgs
bosons, and neutralinos, which can make contributions to
these LFV processes.

10712 .
10715 b

10718 ,__T._*.E‘.‘?;z;#‘

1021 pEA LG 2»‘

CR(p—>e:Ti)

10—12 b
10—15 -

10—18 .

CR(u->e:Al)

" 1 " " 1 " "
0.0010 0.0015 0.0020

(c) &%

" 1 "
0.0005

FIG. 11.

C. Scanning diagram of the effect of slepton mixing
parameters 75 (X =L,R) on the u—e conversion rate

In the above subsections, we show only the effect of
parameters on the y — e conversion rate and Br(u — ey). In
this subsection, we scan the parameter space shown in
Table I, in order to clearly see the constraints of Br(u — ey)
on the u —e conversion rate at more parameter space.
Under the condition that the SM-like Higgs boson mass
my, = 125.09 + 0.24 GeV in 30, neutral fermion masses
nyo > 200 GeV (y=1,...,7) and the scalar masses
mg. > 500 GeV (m,n=1,...,6) are satisfied. By ran-
domly scanning 20,000 points, we obtain the relation of the
u — e conversion rate in the different nuclei and Br(u — ey)
versus 575 (X = L, R), respectively. When the variable is
X (X =L,R) in the figures, the other two are &3
(X=L,R)=0.

In Fig. 9, we plot CR(u — e:Ti), CR(u — e:Au),
CR(u — e:Al), and Br(u — ey) versus the slepton flavor
mixing parameter 5t%, after randomly scanning Table II.
By observing Fig. 9, we can find that the constraint of Br(u —
ey) to the u — e conversion rate is relatively large. Looking at
Fig. 9(a), we find that CR(u — e:Ti) can go to O(10712)
under the constraint of the upper limit of Br(u — ey).
Although CR(u — e:Ti) does not exceed the upper limit
of the current experiment, it obviously exceeds the sensitivity

1072
10-18

10-18

CR(u->e:Au)

(b) &%

10711 -

10—13 -

Br(u->ey)

1015 £3

10—17 -

10719

L L
0.0000 0.0010 0.0015 0.0020

(d) &%

L
0.0005

(@) CR(u — ¢:Ti), (b) CR(u — e:Au), (c) CR(u — e:Al), and (d) Br(u — ey) versus §F after randomly scanning Table II.
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of future experiments. In Fig. 9(b), CR(4 — e:Au) can go
beyond O(107!%) under the constraint of Br(u — ey). In
Fig. 9(c), CR(u — e: Al) can exceed its sensitivity to future
experiments under the constraint of Br(u — ey) and can also
reach O(107!2). It is likely that the y — e conversion rate in
33Ti and 3]Al will be detected in the near future with
increasing experimental accuracy.

We also plot CR(u — e:Ti), CR(u — e:Au), CR
(u — e:Al), and Br(u — ey) versus the slepton flavor
mixing parameter 5fX in Fig. 10. By observing the black
spots that conform to the constraint of Br(u — ey) in
Fig. 10, we find that CR(y — e:Ti) and CR(y — e:Au)
can achieve O(107'2), which can reach the upper limit of
current experiments. In addition, CR(y — e:Al) can also
attain O(107!2), which is 5 orders of magnitude larger than
the future experimental sensitivity at the Mu2e and
COMET experiments.

In Fig. 11, the u — e conversion rate and Br(u — ey)
versus the slepton flavor mixing parameter 6/X are plotted.
The numerical results show that the upper limit of Br(y —
ey) is very strict on the u — e conversion rate in the different
nuclei through the slepton flavor mixing parameter 5. By
observing black dots in Fig. 11, it can be found that under
the constraint of Br(u — ey), the u — e conversion rate in
nuclei can be about O(107!%), which is under the sensitivity
of future experiments. This means that the effect of the
slepton mixing parameter 6% on the u — e conversion rate
in the different nuclei is small, constrained by the upper
limit of Br(u — ey).

V. SUMMARY

In this work, we have studied the lepton flavor violating
process of ;1 — e conversion in nuclei within the framework
of the B-LSSM. The numerical results show that the y — e
conversion rate in nuclei depends on the slepton flavor
mixing parameters &}5 (X = L,R) because the lepton
flavor violating processes are flavor dependent. Under
the constraint of the experimental upper limit on the
LFV branching ratio of 4 — ey, the y — e conversion rate
in 38Ti and 13’Au nuclei can attain O(107!2), which can
reach the experimental upper limits. The u — e conversion
rate in ?]Al nuclei can also reach O(107'2), 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 &’ and gy 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 u — e
conversion rates in nuclei in some parameter space of the
B-LSSM. The theoretical predictions on the p—e

conversion rates in 35Ti and 7, Al 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 /; and G; are written by

1, (o) = I [1146Inx, 15x,418x;Inx,
P 962 (X2 —x1) (xy—21)?
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(24 = x1) (g = 2x2) (x4 — x3)
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