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Abstract

In the Standard Model (SM), the charged lepton-flavor violation (CLFV) processes are forbidden,
so the observation of CLFV represents a clear signal of new physics that goes beyond the Standard
Model. In this work, we focus on the CLFV processes lj_ — 1; v and lj_ — li_li_l;F in LRSSM.
Considering the constraints of the updated experimental datas, the numerical results show that
the new contributions of SU(2); gauge interaction and a large number of other new particles, such
as Z boson, double-charged Higgs-bosons in LRSSM can make significant contributions to the
CLFV processes I; — [,y and I; — ;1 ll~+, which is much different from the ones predicted in
other SUSY models. This work provide a theoretical base for finding the LF'V phenomena in new

physics.
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I. INTRODUCTION

Lepton-flavor violation (LFV) is currently a prominent physical phenomenon that has
undergone extensive theoretical and experimental investigation. Experimental observations,
particularly in neutrino oscillations, indicate the existence of LE'V. However, within the Stan-
dard Model (SM), lepton number conservation and strictly zero neutrino masses contradict
these oscillation phenomena, highlighting the imperfections of the SM theory. Consequently,
there is a necessity to expand beyond the SM framework. Various new physical theories be-
yond the SM allow for the possibility of LFV, making it a crucial tool for testing these
theories. Recent experimental observations have established upper limits for the branching
ratios of several physical processes, as detailed in TABLE [l

If the lepton-flavor violation phenomenon is observed in the future, it will provide strong
support for new physics beyond the SM. Among the various possibilities for expanding the
SM with new physics, the supersymmetry (SUSY) theory is a popular and promising direc-
tion. One particular supersymmetric model called the Left-Right Supersymmetric Standard
Model (LRSSM) has garnered significant attention due to its numerous advantages and
favorable properties. Left-right supersymmetric models have been explored before [1-4].
While the LFV phenomenon has been extensively studied in other SUSY models, its ex-
ploration in the LRSSM remains limited [3, 6]. In this study, we aimed to investigate the
LFV phenomenon in the LRSSM by analysing and calculating processes [; — [y and
7 = il I;7. We further conducted a comprehensive numerical analysis to compare our
results with those of the Minimal Supersymmetric Standard Model (MSSM).

In LRSSM, the SU(2), gauge interaction provides additional vertices and makes addi-
tional contributions to the branching ratios of [; — [;y and I} — 7171 processes. The
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large number of Higgs bidoublets and triplets, double-charged Higgs-bosons in LRSSM all
contribute to I; — 7y and I; — [;7{; I processes, which is quiet different from the case
in other models (e.g., the tree-level contribution of I — I;l;” I processes). The paper is
organized as follows: Part II provides an explanation of the basic theoretical structure of
the LRSSM, including the mass matrix and necessary theoretical derivations. In Part III,

we conduct a detailed analysis of the process of calculating ;7 — [y and [; — [=171", and
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LFV process Present limit Future sensitivity

U ey <42x1071 ~ 6 x 1071 [7]
pw— 3e <1x10712 8] ~ 10716 [9]

T = ey < 3.3 x 1078 [10] ~ 1078 — 1079 [11]
T — 3e < 2.7x1078 [12] ~ 1079 — 10710

T =y <42x10°8 ~ 1078 —107?

T — 31 <21x1078 ~ 1072 — 10710

TABLE I: The upper limit of the branching ratio that is expected to be achieved by the LFV

process measurement experiment at present and in the future.

derive formulas for branching ratios. Part IV presents a numerical analysis of the two pro-
cesses, where we select parameters and create graphs illustrating the changes in branching
ratios with relevant sensitive parameters. Finally, in Part V, we summarize our work and

draw conclusions.

II. THE LRSSM

The gauge group of LRSSM is SU(3), ® SU(2);, ® SU(2),®U(1)5_,. Among the many
types of SUSY models, LRSSM is a relatively large supersymmetric model. On the one
hand, it has an additional RH interaction gauge group SU(2) , so it will have additional
I/V}:%IE ¥ gauge bosons. At the same time, the model also has a U (1)p_, gauge group, which
generates additional Z’ boson after the gauge symmetry is broken. On the other hand, a
large number of Higgs-bosons are introduced into LRSSM, including bidoublets, triplets, and
the singlet Higgs-boson. Although the LRSSM model is somewhat large, at the same time its
advantages are obvious. For example, it can naturally solve the neutrino mass problem and
the parity violation problem. At the same time, it disallows explicit R-parity violation, and
it can provide a solution to the problem of strong and weak CP violation without introducing
the axion[13]. In addition, left-right symmetry is also beneficial for many extra-dimensional
models and gauge unification schemes (such as SO(10)). In conclusion, LRSSM is indeed a

very attractive solution for solving the current problems in particle physics and cosmology
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The lepton and quark superfields of the LRSSM model we use are as follows

N U; A ﬂlc — —
Qi ~ = (372a1a1/6)7 ch: ~ = (371727_1/6)7
d; ds
. U . %3 _
L; =(1,2,1,-1/2), L{= =(1,1,2,1/2), (1)
é; &
where ¢ is the generation indicator, and at the same time the color indicators are hided. The
Higss part of the model is [15],[16]
H HP Hf HY _
o, = (1,2,2,0), @ (1,2,2,0),
HY Hy Hy' Hy
(e ST
A=Y2 1l =@381-1, A=Y 2L | =(1,311)
o 4L P 1
1L T 2L T
Sig 50 ) S g+
Ac=| v T =(1,1,3,-1), A= |2 1) =(1,1,3,1)
5 A 50 _%r
1R V2 2R 2
S =(1,1,1,0).

The superpotential of the model is [17]

W = £F§ - M4EI\)1EI\)1 - M5EI\)2EI\)2 - YLgiKE - YL4ZCECEC + YLlicE(/I;l + YLQECZ/\@Q
~ PPN ~~ DC P~ PPN 1 ~~n

+ Y01Q°QP1 + Y2 Q° QP2 + ApSAA + ALSAA — X381 P5 + —AgSSS, (3)

for the sake of brevity, we have hidden all the indicators in it. In LRSSM, the Yukawa

coupling matrices need to meet certain conditions, and the left-right symmetry requires

Y12, Y12 and Y734 symmetric [18, [19].

The soft breaking terms of the model as follows, the part corresponding to the superpo-



tential is
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+ h.c..

The mass terms related to scalar fields and gauginos are
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At the time of the electroweak symmetry break, the Higgs fields acquires VEVs as [20],[21]

!

. 0 el 0 v
(5)= g @=L e V)
715 0 %e 20
0 =& - 0 0 - 0 =L 0 0
@A) =| VA= @)= = ] (@
0 28 () 0 0 2L 0

Although there are many VEVs in Higgs-bosons, the relevant analysis will be greatly simpli-
fied after adopting the hierarchy of VEVs. So here we take the hierarchy vg > vig, vog >
V1, Vg > v’l = v; = v = v9r, = 0 of VEVs, the VEVs of v’l, 1/2, V1L, Vo, can be approximated
as 0. Moreover, the phases of VEVs satisfy: aq, as,ag =~ 0. Then we have the VEVs that

are simplified, and the neutral sector of the Higgs fields can be written as

\/—cbs%- v5+z\/—05,
1 1
HO ¢HO+ 1"—7/ UHO 0 ¢H0+ aggo,
\f V2 f V2 V2 \f :

o _ Ly L1 PO I I
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1R \/55 1R \/55 2R \/55 2R \/55212

1R \/5 2R \/§
/ 1 1 / 1
0 . 0
Hl = Eqﬁ[{;o + ZEO_HIO’ H2 \/*ng’O + Z\/QUH;O’

1 1 1
8 = s +i—mog L b i .
1L \/5 1L \/§ 1L 2L \/’ 2L \/i 2L

There are additional unique Wf]%u gauge fields in the LRSSM, which become W}}—L“ and

Vg +1—

(8)

participate in the generation of Z;L after the symmetry is broken. At the same time, the

model also has an extended U(1),_, gauge field, i.e. Bu- The gauge fields of the model are
SU3), = Vs = (8,1,1,0) = (3% g5) ,
SU(2), — Var = (1,3,1,0) = (WL,WLH>
SU(2), — Var = (1,1,3,0) (WR,WEH>,
U(),, — Vi=(1,1,1,0) = (é, B“) . 9)

Unlike other models, the symmetry breaking process of LRSSM is more complex. First,
the supersymmetry is broken, then the parity break, which leads to g;, # gg. After that, the
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gauge group SU(2), @ SU(2),®@U(1)y_; , breaks to the SU(2), ® U(1), of the electroweak
theory. Finally, the SU(2), ® U(1), break to the U(1)_,, of QED. The mixing of the latter
two breaking processes and the gauge fields are shown below

1. SU2),®@SUQ2),@U(1)z_, = SU2), ®U(1),

Wyt — Wik, B,,W§, — B..Z,

2. SU(2), @ U(1)y = U(1),,
W[l/i — W[:f:uv B,uu WLO;L - A#’ Zﬂ

Then the mass matrix of the neutral gauge fields is

12 (402 + 0 +0?%)  —igrgr (VP +0?)  —gprgrvi
Mz = —Lgrgr (VP +0?) 1ok (Wi +02+0?)  —gprgrvd (10)
—ggLvi —9BLYRVE 951, (Vi + V)

the mass matrix of the charged gauge fields is

A 197 (207 + 07 +07) —2g1gr(vV))"
V:l: — ’
—%ngR (v0') ig}% (2v%+vz+vz)

where

2 _ 9 2 2 _ 2 2
v, = Vip + V5, Vg = Vip + Uap,

2

!
v? =vf 403,02

/ / / . / s
=02 4+ v, V' = Vv e + vyv,e2, (12)

Under the hierarchical conditions of the VEVs, these matrices can be simplified, we can

obtain the parameterized hybrid form of the neutral gauge fields [22]

Z, cosfy —sinfyysing —sinfy cose w3,
A, | = | sinfy cosbysing  cosby cosg Wgﬂ
! . A

Z, 0 cosSQ —sing B,
(13)
e _ &9y _ _e9vy W3
gy JdLIR 9JLYBL L
— | e e e 3
gr 9R 9BL WRH
gy _ gy »
9BL 9R B“



Then we can easily obtain the masses of the gauge fields

1 9i 9i
2 2 L2097 2 L 2 .2 .2 (2 2y _ _9Yr 2
my = 1 [gL + sin CbgR} v = 4cos29WU y Mg = Up (gBL ‘|'9R) = cosngvR
m2 _ﬁ 2 2 _ 1o, (14)
w = UV TMw = 59RVR:

The angle of rotation can be expressed as

cos ¢ = __9r sin ¢ = __9Br
VIE+ 9B1 VIE+ 9B1
sin
cos Oy = IL sin Oy = grsing (15)

NI VIR0 T g

these expressions will reduce the parameter space of the model. Further, we can select

gr = ggr, and then

my e e 2cosbyymy
cosby = ——, e = Vina, gp= gL = ——>—, gpr = —F——e=, V = ——". (16
W gr=9L = o= O 9BL ool . (16)

The Higgs part of the model is complex, and here we will perform a simple analysis of
the neutral Higgs scalar mass matrices, which is essential for studying the mass of SM-like
Higgs-boson. The Higgs-boson mass in the standard model is m; = 125.25 4+ 0.17 GeV. In

the model, the mass matrices of the neutral Higgs scalar are divided into three parts, and

their bases are (qu?, PrYs P50 5 DY ¢S> ; ((bH;o, ¢Héo>, and <¢5<1)L, qb(;gL), the most important
of which is the matrix based on the first set of scalar fields, which is [23]

m m m m m
PupPuy TOngOny TOsptup T 0ny TOsOup

m m m m m
PupOuy TOugOng O Ong 0, Ong OSOug

3
T
I
3
©-
S
e

Mg 0050 m%(l)R ¢5(1)R m%gR ¢5(1)R Mo ¢5(1)R ) (17>

1 "1R 2 "1R

Mg 0650

1 "2R 2 "2R

mfbH? ¢s m¢Hg ¢s m%(l)R ¢s m%(Z)R ds  Meseps

Moo ds0 Mo ds0  Maseso
iR %2R 2R 2R 2R

where the matrix elements are in Appendix. The mass matrices of the model can be obtained
from SARAH [24],[25].
Regarding the mass problem of the SM-like Higgs-boson, the tree mass should satisfy the

inequality as follows after considering the radiative corrections under the g;, = gr condition



26, 127]
miree < \2my; ~ 113.7GeV. (18)

The total mass can be easily increased to around 125 GeV with radiative corrections.
The sleptons are very important in our study, theirs mass matrix is given, which is present

in base (€, €°)

Meex mzcg*
= , (19)

—3A3020sY11 + \%2 (—202Ypopt + viTL1) Meczer

@ DN

where mgz«, Mgz« are 3x3 matrices, which can be written as
mag= S0PV Vi1 + 31 203, (—0dg + ) + g} (—of + o)) + mi1,

1 1
Meeger = §U%YL1Y21 + él [Qg%L (—va + U%R) + g% (QUfR — 203, — v + v%)] +m3.1. (20)

III. LFV IN THE LRSSM

In this part, we analyze and calculate the LFV processes I; — Iy and I} — I7171].
Both of the two processes are calculated to the one-loop scale, and in the I; — [l IF

process, there are also tree-level contributions.

A. Rare decay lj_ — 1y

First, let’s consider the Feynman diagrams of the [;” — [;"y process as shown in the FIG.

0 [28],]29], and the off-shell invariant amplitude they contribute can be written as [30]



Li(p) 4 N Li(p+4q) Li(p)

—_ o —

n n
F S

(a) (0)

FIG. 1: One-loop Feynman diagrams of the lj_ — [y process, where F}' and Sy in (a) represent
neutral fermions and charged scalar particles respectively. Fj and S} in (b) represent charged

fermions and neutral scalar or pseudoscalar particles respectively.

T = ee't; (p + q) [y (AT PL + AT Pr) +my,io.,q" (AP + AFPR)] uj (p) (21)

where p, g are the four-dimensional momentums of [;, v , € is the photon polarization vector,

and Pp, Pr are the chiral projection operators. AF At AL Al can be written as

Ag,R:Aga)L,R_i_Agb)L,R,

Af,R:Aga)L,R_I_Agb)L,R’ (22)

the specific expressions of A§?§L’R, A%L’R are in Appendix. Then we can get the decay width

of the I — [;y process as
_ _ 62 5 L12 RI2
D (1 = 1) = —mf, (|45[*+ [a5]") (23)
167
Hence the branching ratio is

J

F, )
L

Ll =1
Br(l;—>l;7):—( ma/k)

(24)

where I';- is the total decay width of the lepton [;. We use I', ~ 2.996 x 1071 GeV,
[, ~2.265 x 107'% GeV here [31].
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B. Rare decay [; — -t

(2N

For the ;7 — 7171 process, the leading order contributions in the LRSSM come from

(R

the tree-level diagrams mediated by the double-charged Higgs-bosons which are shown in

FIG.

> : —4—
lj(p) i li(pl)
.o
07 0
li(p3) i li<p2>
< L >

FIG. 2: The tree-level diagrams of I} — I7171F, where 07 0, — are the double-charged Higgs-

2 e

bosons in the LRSSM.

The amplitude contributed from FIG. 2 is

_ AL R i _ _
T= Clilj5cL;7*Cl_il_¢5Z;7 (p _ p1)2 . m%k U; (pl) PLU‘] (p) Ug (p3) PRUi (p2) +
R L i _ _

where mp;,my are the masses of the double-charged Higgs-bosons, the specific expressions
of CHE are collected in the Appendix.

Next, let’s take a look at the penguin-type diagrams as shown in FIG. 3l The invariant
amplitude given by the penguin-type diagrams of v type is

11



7, N

li(p2) li(ps)

FIG. 3: The penguin-type diagrams of the lj_ — 11 l;r process, where N represents 2,7’ bosons,

and the black dot represents the lj_li_ ~ vertex or lj_li_ N vertex in FIG. [T

Tﬁ/—penguin = U; (pl) [q2’}/“ (AfPL + A{%PR) + mljiUuqu (AéjPL + A?PR)] Uj (p)
2
e

X ?ﬂi (p2) ¥"'vi (p3) — (p1 <> p2) - (26)

The amplitude given by the penguin-type diagrams of N type is

2
e _ _
TN—penguin = m—Qul (pl) T (FLPL + FRPR) Uj (p) U; (p2)
N
X " (CfmiPL + Cl_}leiPR) Vi (p3) - (Pl A p2) . (27)

It can be seen that the extra Z boson in the LRSSM can make contributions to the process
I7 — I 17 1. The specific expressions for F** are collected in the Appendix.

Finally, there are the box-type diagrams as shown in FIG. @ [32]. The invariant amplitude
given by these box-type diagrams is

Toox = [Bie*t; (p1) vuPruj (p) U (p2) V" Prv; (ps) + (L <> R)]
+ {By [’ (p1) 7. Pru; (p) @ (p2) ¥ Prvi (ps) — (01 4> p2)] + (L > R)}
+ { B [¢*t; (p1) Pru; (p) s (p2) Prvi (ps) — (p1 <> p2)] + (L < R)}

+ {B{ [€*U; (p1) 0w Pru; (p) @i (p2) o™ Prvi (ps) — (p1 <> p2)] + (L <> R)}  (28)

The specific expressions for Bﬁ ’21?374 are collected in the Appendix. In summary, the decay

12



li(p) Fy li(p1)

I
I
5
I
|

li(p2) F li(ps) li(p2) li(ps)

Li(p) Fi li{p1)

T
Sh

FIG. 4: box-type diagrams of the I; — [l I process, where the representation of the particles

(2N

is similar to that in FIG. Ol

width of one-loop level can be written as [33]

5 101) = i (1A A2 (S M (e a)

Qmi
—2 (ALAR* + AJ A 4+ Hec.) +% (]Bﬂ +|Bf| ) +% (}BQL}Q + ]Bf]z)

24 <}BL} +|BY") +6 (|BE" + |BY") - % (BEBY + BEBF +1.c)
+s L (ALBE ¢ ARBI L AVBL ¢ ATBE L He) - g (ARBL* 1 ALBR 1 ALBI
+ AEBE 4 He) + = [ (]FLL] + |FRR| ) + <]FLR]2 + }FRL]Q)
+ (B{F** 4+ BifF"™ 4+ By FM™ + BRFP* 4 Hee) + 2 (AP FM™ + ATFR™ + Hee)
+ (AYFM 4 AFFRY 4 Hee) — 4 (AFFM + AL PP 4+ Hoe))
2 (ALFRL* 4 ABFLR® 4 H )] } (29)
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where

FL CL

oo Y DO g,
N=2,7' N
FLCE

FH= Y ——5 FH =P (Lo R). (30)
N

N=z,2'
IV. NUMERICAL ANALYSES

In this part, we will perform numerical analyses of [ — [y and I; — [l [ pro-
cesses. Firstly, we choose the basic parameters my =80.385 GeV, mz=90.1876 GeV,
Qem (Mmz)=1/128.9, s (mz)=0.118, the mass of the SM-like Higgs-boson is taken as my, =
125.254+0.17 GeV. According to the constraints of the existing research work on the param-
eter space of LRSSM [34],133], we choose A\, = 0.4, Ag = —0.5, T, = —2 TeV, A = 0.9,
Ty, = =2 TeV, T\, = 1 TeV, M3 = 3.5 TeV, & = —5000 GeV?, tanf = 8, tanfSr = 1.05,
vp = 7.5TeV, vg = 10 TeV, A3 = 0.10, Mo g = 900 GeV, where tanf = wvy/vy,
tanfg = wver/v1g. It is worth pointing out that the above parameters are not sensitive
to the results of the LF'V processes.

To simplify the numerical analysis, we can choose the slepton mass matrices mi e =
diag (m%, m%, m%) in the soft breaking term. As we all know, the trilinear coupling matrix
T, have a very drastic effect on the branching ratios of the LFV processes, so we study the

variation of branching ratios with the 77, matrix elements of the LF'V processes. 17, can

be parameterized as

Ae 512 513
TLl = 512 Ae 523 . (31)
513 523 Ae

In order to study the variation of branching ratios in [; — Iy and [; — I][]I]" processes

with relevant sensitive parameters, it is necessary to fix some parameters in 77, and m2L7 Le
first. We choose A.=1 TeV, and study the variation of Br(u — ev), Br(p — 3e) with
512 ((513 = 523 = O), the variation of BI‘(T — 67), BI‘(T — 36) with (513 (512 = (523 =

14



0), the variation of Br(7 — wy), Br(t — 3pu) with do3 (6120 = 013 = 0) under mp =
1.5 TeV, 2.5 TeV, 3.5 TeV conditions. The images made are in FIG.

10-13, 4
107" =
e 107
A 16 L ‘_—‘ ] A 1077
Lo &
@ Pias R /@
‘_—' 10-19
10"9"' q 10-21
. L . L . L 102 Lt . L . L . LA
1.x10°® 5.x107°1.x10°° 5.x10751.x10™ 5.x10™ 0.001 1.x108 5.x10761.x10"% 5.x10751.x10™* 5.x104 0.001
(a) 61p/TeV (d) 512/TeV
10° 1

102
0
3 L
N
L
CE 10-15
1078
0.001 0.005 0.010 0.050 0.100 0500 1 0.001 0.005 0.010 0.050 0.100 0500 1
(b) 513/TeV (@ 513/TeV
107 1
10-12
3
@
A
L L
D s
10-18
0.001 0.005 0.010 0.050 0.100 0500 1 0.001 0.005 0.010 0.050 0.100 0500 1
© S23/TeV ® 53l TeV

FIG. 5: Variation rules of Br(l; — I;v) and Br(l; — {;l; I;) with matrix elements of sensitive
parameter T71,where red lines and green lines represent present limits and future sensitivities, the

solid, dashed, dotted lines correspond to mg = 1.5 TeV, 2.5 TeV, 3.5 TeV.

From the images, it can be seen that the branching ratios of the six decay processes

15



increase with the increase of the corresponding parameters in a certain range. As shown
in Eq (I9),@20), 77, can be influenced the mass matrix of the sleptons in turn affects the
LFV process. According to present limits and future sensitivities of the decay processes, it
can be seen that these datas can give certain limitations on the relevant parameters of the
model. At the same time, the images of the six decay processes all follow mg the increase
move downwards, this is also related to the Eq (19),(20]).

Analyzed in Part III.B, the tree-level contributions in the LRSSM that is specific to
the I — [l I} process, and the contributions are analyzed numerically in detail here.
The invariant amplitude of the tree-level diagrams is sensitive to Y73, which is symmetrical

according to the requirements of left-right symmetry, so it is possible to parameterize Y3

here

0.019 512y 513y
YL3 = (5123/ 0.022 (5233/ . (32)
O13y gy 0.1

Similar to the previous work, under the d15 = d13 = do3 = 0 (double-charged Higgs-bosons
mass parameters ma = mz = 500,600,700 GeV) and 412 = 0.5,0.75,1 GeV, 013 = o3 =
0.5,0.75,1 TeV(ma = mz = 1 TeV) conditions, we studied the variation of Br(u — 3e),
Br(t — 3e) and Br(7 — 3u) with respect to d12y, 013y and o3y respectively, as shown in
FIG.

As can be seen from the images on the left, the branching ratios of the three processes
increase regularly with the increase of the corresponding parameters within a certain range.
And the images move downwards as double-charged Higgs-bosons mass parameters ma, mz
increase, this shows the effect of the double-charged Higgs-boson masses on the tree-level
amplitude. The images on the right are the results of the interference between the am-
plitudes of the tree-level diagrams and the one-loop diagrams. And it can be seen that
with the increase of the Y3 matrix elements 012y, 013y, 023y, the three curves gradually con-
verge, which is caused by the rapid increase of the contributions of the tree-level digrams
to branching ratios. The reason of these results is that Y3 affects the values of liljécL;_*,
1;1;06,~ vertices, and the invariant amplitude of the tree-level diagrams is very dependent

on these vertices. From the results of the numerical analysis, we can see that due to the
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FIG. 6: Variation rules of Br(l; — ;) and Br(l;

; ;L I) with matrix elements of sensitive

parameter Y73, the solid, dashed, dotted lines correspond to ma = mz = 500,600,700 GeV in the
images on the left, and the dotted, dashed, solid lines correspond to d;2 = 0.5,0.75,1 GeV, d3 =
da3 = 0.5,0.75,1 TeV(ma = mz = 1 TeV) in the images on the right. The breaks of the images
on the right are the results of the interference between the amplitudes of the tree-level diagrams

and the one-loop diagrams.
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presence of double-charged Higgs-bosons, they can make important contributions to the

I; — 171717 process by tree-level diagrams.

V. SUMMARY

In this work, we mainly analyzed the LF'V phenomena [; — /7y and I} — [7171 in

(R

LRSSM, the new particles can make important contributions to the LE'V processes in varying
degrees compared to MSSM. In particular, the double-charged Higgs-bosons in the model
make unique tree-level contributions to the [; — [7171" process. In terms of numerical

2

analysis, within a certain range, Br(l; — I;7) and Br(l; — [;7{;l]") increase with the

increase of the trilinear coupling matrix 77, matrix elements is obtained. In the I — 17171
process that contains the tree-level diagrams, the incremental variation rules of Br(lj_ —
I71717) with the matrix elements of the Yukawa coupling matrix Yz3 is concluded. In
addition to this, it can be seen from the images, we limited the parameter space of the model
through present limits and future sensitivities for Br(l; — [;77) and Br(l; — [7[71f). In
LRSSM, the predictions of the branching ratios of the LF'V processes are enhanced by the
new physics to an observable level, suggesting that the LFV phenomena are likely to be

observed in future high-energy physics experiments.

Acknowledgments

The work is supported by the Natural Science Foundation of Guangxi Autonomous Region

with Grant No. 2022GXNSFDA035068.

18



Appendix A

The coefficients associated with FIG. [ are

a 1
A:(L )L — MC’I FnSCC nsc*l .[4 (.f(:Fn ,f(j‘sc)
a mpp
AyL_7mm%f%W$C%ww[hﬂﬁwxﬁ)—hﬂwwxgﬂ,
A =AY (L & R),
1
A = MC’;?FESFCI%ESZ% [y (wrg, wsp) — 202 (wrg, wsp) — Tn (wrg, wsp) ]
M pe
47 = my, ﬂ;%/Cingsfcféﬁsflj [ (wrg,wsp) = I (wrg, wsp) — Lo (wrg, wsp) ]
AN = AP (L R), (A1)

where z; = m?/m3;, C’Lfb’f represent the constant parts of the Feynman rules for the coupled
vertices of a,b, ¢ particles that can be got by SARAH [36]. The functions [ 534 and the
specific expressions of the Gy 234 below can be found in the references [37],[38].

The coefficients associated with the tree-level diagrams are

3
lelj(;cL;f* =1 (Z UL]b Z UliaYL3ab + Z Lib Z UfjaYL?mb) Lk2

b=1 a=1 a=1

3 3
Cz‘ (Z Z Yi3aUr; Uiy + Z Z Yi3anUrLi U Lzb) Lk2

b=1 a=1 b=1 a=1

3 3
l 1 56*** = (Z Z YL4abUR]aUR2b + Z Z YL4abURmUR]b> (1

b=1 a=1 b=1 a=1
z I 5c~ - (Z sz Z URmYL4ab + Z sz Z URmYL4ab> kl (A2)
a=1

The coefficients associated with the penguin-type diagrams are

1 MEcMEg
—CB C Cc* Cc CLTL C* G (I n x c z C) _l_ 70}% CLC C CLC n
902 ~LiFpSy T SITNSEY Frsgriy 2 \ VE TS50 S e2m?, LiSpFe Y FENFS Y FgSpl;

Fl =

1
R R L
Gl (l'sg,l’Flg,l'Fg) - 2—620&S§F,§CF;§NF§CF55§%G2 <$557$F£7$F§) )

FRE=F'(L < R). (A3)
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The coefficients associated with the box-type diagrams are

1
mw

L _ MrpMry
Bl — 7G3 ( Fﬂ,l’pg,l’gg,l’%ﬂ) Cl SanCF'rLSC*l Cl SanCFnSC*l + 2
e*mi; 2e

1
R L
+ YD) G4 <$Fg,$pé,$sg,$gln) X Cl SnFCCFCS'nl Cl}SgFgC'gSl”liv

2e*myy,
mF Mmpn 1
BL = —7QG3 <LL’F7L fL’Fn flfsc flfsc> C C n gex C 7C ngexy. T
262mW LSPER T FRSEely ~ LiSEFR ~ FRSP™ 1 462m2

G4 <$F£,$Fg,$$g,$$f) X |:C SCF"CFTLSC*I O SCF”CF”SC*I _I_C SCF"CFTLSC*I O SCF”CFTLSC*I]

41 G ( ) X Oy e Chesy, Cloy e METES
—_— fL’ch’ l’nxn " caqn 7.qn e~ peqny. T TS o o
462mW 4\ MFG LFS, LSE, LS LSPFE Y FESpl; LSy FS ~ FSSPl; 2e2m2
G3 <IF£7$F§7$SE7$Sf> X C SnFcCchnl C SnFcCchnl )
mF ™Mgpn 1
L [+
By = ———Gjs <$F" LE, LSgs 9336) Oz SCF"CF"SC*I Cl SCF”CF"SC*I 2ClS F”CF"SC*Z
e“miy
MpeMFe L
&7 SCF”CF”SC*l] + WG?’ (l’FC Trg, LSy, IS") X Cl S”FCCFCS”l & SnFCC $SP
w
mrppMmpn
L i
By = ]2 G ( anxF&L’xSfa’xSf> Cl SCF"CF"SC*l Cl S‘F"CF”SC*l )
e2my,
L
Bl,2,34 = By34 (L R). (A4)

The matrix elements of the neutral Higgs-bosons are

1 1
Mg 06,0 = 4l pg* + 5)\3 (v3 4+ v3) + S [97 (3v] — v3) + gf (—2viR + 2035 + 307 — v3)]

2
+ mq>1

1 1
Mooy = 5 {As [2A30102 — 2R (EF) — ApviRU2R — AsV3] — \/§UST>\3} 1 (97 + 9%) v1ve

Mg 0049 = 4s|” + %A?, (vf +v5) + % (=97 (=303 + v}) — g5 (—2v1g + 2035 — 303 + 07)]
+ méQ

Mo 0050 = —%912%”1@11% - %A?)\szvm

Mepgés = %912#711%272 - %)\3)\RU1U2R (Ab)
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m%?R %(1)12
Mo ? %(2)12
Mo 2 ¢5(2)R
m%?R ¢6(2)R

m
¢68R %(2)12

+ m%c

Meo ¢s =
R

m¢68R os =

1 1
= N (i 03) + (203 (303 — 3n) + g (~203n + 60 — v} +03)] + md

1 1

2
= —gRV1V2R — =A3ARVIRV2

2 2

1 1

2
= —5gRrU2V2R — §>\3>\vale

2
1

1
= —vsTh, — (9B + 9%) Virvar + Ak | = (2ARUIRV2R — Asv102 + Asve) + R (Ep)

V2 2

1
= X% (vl +8) + 1 [~203 (~3un + vla) + gk (~20%n + 603 — 03 + 03]

1
= _—UQT)\g + )\3 ()\3'[11 - )\5’112) Vs

V2

1
= _—UlT)\g + >\3 ()\3’02 - >\SU1> Vs

V2

1

—vapTy . + Ap (ARVU1Rp + AgUop) U
\/§2R AR r (ARUIR SUaR) Us
1
V2

VirT\, + Ar (ARV2Rr + Asv1R) Us

1
Masss = 5 { 2V205Tag + 63308 + A3 (v +0F) + An [2Asvinvan + An (v + vdp)] +

As [=2A3v109 + 4R (EF)]} + mE. (A6)
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