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ABSTRACT
The 3-3-1 model with neutral leptons exists as a source of lepton-flavor-violating (LFV) due to os-
cillations of active neutrinos and the mixing of exotic leptons. The investigation of component
contributions for li → l jγ helps to select the parameter space regions that are suitable for the cur-
rent experimental data. We show that in the parameter space regions where Br (µ → eγ) satisfies
the experimental limits, Br (τ → eγ) andBr (τ → µγ) are also smaller than the upper bound of the
experimental data.
Key words: Extensions of electroweak Higgs sector, Electroweak radiative corrections, Neutrino
mass, and mixing, etc...

INTRODUCTION
The experimental data on neutrinos confirmed the
masses and oscillations of neutrinos1,2, leading to
the appearance of models beyond the standard model
(BSM). LFV sources follow BSM as a necessity. This
is a favorable condition to study the decay of charged
leptons. Accordingly, the strict experimental limits of
li → l jγ decays are also given1,2.

Br (µ → eγ)≤ 4.2×10−13,

Br (τ → eγ)≤ 3.3×10−8,

Br (τ → µγ)≤ 4.4×10−8.

(1)

Theoretically, li → l jγ will appear at one-loop order
and increase accuracy when considered at higher loop
order. These decays do not exist at the tree level. A
previous publication also mentioned the accuracy of
li → l jγ 3. However, due to the existence of very small
contributing components, the approximation is more
widely used 4,5.
Each LFVdecay of charged lepton is satisfied in differ-
ent regions of the parameter space when considered
in a particular model. Therefore, it is of great interest
to show the parameter space regions where all decays
of charged leptons are satisfied 6–8. Among the li →
l jγ decays, Br (µ → eγ) has the strictest experimen-
tal limit. Thus, in the usual way when Br (µ → eγ)
satisfies the experimental limits, Br (τ → eγ) and
Br (τ → µγ) are also satisfied 6,8. Recently, µ → eγ
decay has been studied in the 331 model with neutral
leptons9. In that publication, the parameter space re-
gions satisfying Br (µ → eγ) are given to predict the
large signal of Br

(
h1

0 → µτ
)
. However, τ → eγ and

τ → µγ have not been studied in detail. For exam-
ple, what are the main contributors to Br (τ → eγ)
and Br (τ → µγ)? What values can Br (τ → eγ) and
Br (τ → µγ) achieve in the parameter regions where
Br (τ → eγ) satisfies the experimental limit?... are all
unanswered.
In this work, we study li → l jγ in the 331 model with
neutral leptons and solve the above problems. In par-
ticular, the parameter space regions are selected to be
suitable for the hypothesis related to the active energy
13 TeV of the Large Hadron Collider (LHC@13TeV),
where all decays of charged leptons satisfy the exper-
imental limits. We also show the values that lalb can
be obtained within those allowed spatial regions.
The paper is organized as follows. In the next section,
we review the model, give mass spectra of gauge and
Higgs bosons and show the LFV couplings. We use
the Feynman rules to give analytic formulas for LFV
decays of changed leptons in Section III. Numerical
results are discussed in Section IV.The conclusions are
presented in Section V.

BRIEF REVIEWOF THEMODEL
The3-3-1model with neutral leptons is a specific class
of model 331β with parameter β = − 1√

3
, which is a

successful extension of the standard model (SM)9,10.
The gauge group of this model is SU(3)c ⊗SU(3)L ⊗
U(1)X corresponding to the electric charge operator
Q = T3 − 1√

3
T8 +X , where T3,8 are diagonal SU(3)L

generators and X is the new charge of the group
U(1)X . Fermions, including leptons and quarks, are
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assigned as follows:

ψ ′
aL =

v
′
a

e
′
a

N
′
a


L

□
(

1,3,−1
3

)
,

e
′
aR□(1,1,−1) , N

′
a□(1,1,0) ,

(2)

where a = 1,2,3 are generation indexes and N
′
aR is

the part that differentiates this model from models
with right-handed neutrinos. Note that we use com-
mas for the initial states. The first two generations
of quarks are classified into antitriplets of the SU(3)L
group, while the other generation is a triplet.

Q
′
iL =

 d
′
i

−u
′
i

D
′
i


L

□
(

3,
_
3,3
)
,

u
′
iR□

(
3,1, 2

3
)
, d

′
iR□

(
3,1,− 1

3
)
, D

′
iR□

(
3,1,− 1

3
)
,

Q
′

3L =

u
′

3
d
′

3
U

′

3


L

□
(
3,3, 1

3
)
, (3)

u
′

3R□
(
3,1, 2

3
)
, d

′

3R□
(
3,1,− 1

3
)
, U

′
iR□

(
3,1, 2

3
)
,

above, we use indexes i = 1,2 and a = 1,2,3.
To generate masses for the particles, this model needs
to include three scalar triplets. where the two triplets
η and χ have the same quantum numbers.

η =

η0

η−

η ′0

□
(

1,3,−1
3

)
,

ρ =

ρ+

ρ0

ρ ′+

□
(

1,3,
2
3

)
,

χ =

χ ′0

χ−

χ0

□
(

1,3,−1
3

)
,

(4)

The vacuum expectation value (VEV) structure of the
neutral components is introduced

η ′0 =
S
′
2+iA

′
2√

2
, χ ′0 =

S
′
3+iA

′
3√

2
,

ρ0 = 1√
2
(v1 +S1 + iA1) , η0 = 1√

2
(v2 +S2 + iA2) ,

χ0 = 1√
2
(v3 +S3 + iA3) , (5)

With the above selection of VEVs, the particles in the
model mainly receive their mass at the tree level, with
the exception of active neutrinos that gain masses
through the effective interaction, η ′0 and χ ′0 were
chosenwithVEV zero to avoid the occurrence of neu-
tral currents that have a large violation of the total lep-
ton number, as indicated in references 6,11.
TheHiggs potential is given in itsmost common form.
Here, only the terms that preserve the lepton number

are kept, and the rest are ignored because there are
very small accompanying coefficients10.

V (η ,ρ,χ) = µ2
1 η2 +µ2

2 ρ2 +µ2
3 χ2 +λ1η4 +λ2ρ4

+λ3χ4 +λ12
(
η+η

)(
ρ+ρ

)
+λ13

(
η+η

)(
χ+χ

)
+λ23

(
ρ+ρ

)(
χ+χ

)
+

_
λ 12

(
η+ρ

)(
ρ+η

)
+

_
λ 13

(
η+χ

)(
χ+η

)
+

_
λ 23

(
ρ+χ

)(
χ+ρ

)
+
√

2 f v3
(
∈i jk ηiρ jχk +H.c

)
. (6)

The equations for the minimum condition of the
Higgs potential are:

µ2
1 =

f v1v2
3

v2
−

λ12v2
1 +λ13v2

3
2

−λ1v2
2,

µ2
2 =

f v2v2
3

v1
−

λ12v2
2 +λ23v2

3
2

−λ2v2
1,

µ2
3 = f v2v1 −λ3v2

3 −
(
λ23v2

1 +λ13v2
2
)

2
.

(7)

We obtain two charged Higgs bosons whose masses
and physical states are:

m2
H1± = v2

1

(
1

t2
12

+1

)(
λ̃12

2
+

f t12

t2
13

)
;

m2
H2± = v2

1

(
1

t2
13

+1

)(
λ̃23

2
+

f
t12

)
,

(8)

(
ρ±

η±

)
=

(
−c12 s12

s12 c12

)(
G±

W
H±

1

)
,(

ρ ′±

χ±

)
=

(
−s13 c13

c13 s13

)(
G±

V
H±

2

)
.

(9)

From the structure of the neutral components, this
model will have 4 CP-even neutral Higgs bosons.
Therefore, a neutral Higgs boson h0

4 was combined
with a Goldstone boson GU (corresponding to U-
boson).(

S
′

2
S
′

3

)
=

(
−s13 c13

c13 s13

)(
GU

h0
4

)
,

m2
h0

4
=
(
v2

1 + v2
3
)( λ̃ 13

2
+

f v2

v1

)
.

(10)

In Eqs.(9,10), we use denotations: si j = sinβi j, ci j =

cosβi j and t12 = tanβ12 = v2
v1
, t13 = tanβ13 =

v1
v3 , t23 = tanβ23 =

v2
v3
.

Mass matrix of the remaining 3 neutral Higgs bosons.

M2
h = (11) 2λ2v2

1 +
f v2v2

3
v1

v1v2λ12 − f v2
3 v3 (v1λ23 − f v2)

v1v2λ12 − f v2
3 2λ1v2

2 +
f v1v2

3
v2

v3 (v2λ13 − f v1)

v3 (v1λ23 − f v2) v3 (v2λ13 − f v1) 2λ3v2
3 + f v1v2


We include the relationship between the interaction
coefficients as the imposed condition for themasses of
the neutral Higgs bosons. This imposed condition has
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also been introduced in previous publications such as
Refs. 11,12

f = λ13t12 =
λ23

t12
(12)

Based on Eq. (12), the mass matrix now becomes2λ2v2
1 +λ13v2

3t2
12
(
λ12v2

1 −λ13v2
3
)

t12 0(
λ12v2

1 −λ13v2
3
)

t12 2λ1v2
2 +λ13v2

3 0
0 0 2λ3v2

3 +λ13v2
2

 (13)

Conspicuously, a heavily neutral Higgs boson has
mass m2

h0
3
= 2λ3v2

3 + λ13v2
2 (proportional to the en-

ergy scale to break the symmetry of the SU(3)L ⊗
U(1)X group). The remaining two neutral Higgs
bosons have masses given by the following tech-
nique11,12, where h0

1 is the lightest and is identical to
theHiggs bosonof the standardmodel (SM-likeHiggs
boson).

m2
h0

1
= M2

11 cos2 δ +M2
22 sin2 δ −M2

12 sin2δ ,
m2

h0
2
= M2

11 sin2 δ +M2
22 cos2 δ −M2

12 sin2δ ,
M2

11 = 2
(
s4

12λ1 + c4
12λ2 + s2

12c2
12λ12

)
v2 = O

(
v2) ,

M2
12 =

[
−λ1s2

12 +λ2c2
12 +λ12(s2

12 − c2
12)
]

s12c12v2

= O
(
v2) ,

M2
22 = 2s12c12 [λ1 +λ2 −λ12]v2 +

λ13v2
3

c2
12

, (14)

where tan2δ =
2M2

12
M2

22−M2
11
□O

(
v2

v2
3

)
and v2 = v2

1 + v2
2

(15)
Relationship between the physical state and the origi-
nal basic(

S1

S2

)
=

(
−sα cα
cα sα

)(
h0

1
h0

2

)
and α = β12 −

π
2
+δ

(16)

We obtain that the states of neutral Higgs bosons de-
pend on the mixing angle δ , which is a characteristic
parameter for THDM. As mentioned in Ref.13, this
parameter constraints cδ > 0.99 for all THDMs, re-
sulting in δ | ≤ 0.14.
The gauge bosons in the model are given based on the
covariance derivative

Dµ = ∂µ − ig3W α
µ T α −g1T 9XXµ , (17)

where i is the complex number and T α , α =
___
1,8 are

the generators of the SU(3)L group, T 9 = 1√
6
.

Neutral gauge bosons not involved in LFV interac-
tions should be ignored. The charged part is

W α
µ T α =

1√
2

 0 W+
µ U0

µ
W−

µ 0 V−
µ

U0∗
µ V+

µ 0

 (18)

where W±
µ =

W 1
µ ±iW 2

µ√
2

; V±
µ =

W 6
µ ±iW 7

µ√
2

; U0∗,0
µ =

W 4
µ ±iW 5

µ√
2

and their masses

m2
W =

g2

4

(
v2

1 + v2
2

)
,

m2
U =

g2

4

(
v2

2 + v2
3

)
,

m2
V =

g2

4

(
v2

1 + v2
3

) (19)

Lagrangian Yukawa for leptons

−LYukawa
lepton = h∈ab

_
Y

′

are
′

bR +hN
ab

_
Y

′

aχN
′

bR

+
hv

ab
Λ

( _____(
Y

′
a

)c
η∗
)(

η+Y
′

b

)
+h.c.,

Based on scalar triplets, the mass term is given

−Lmass
lepton =[

h∈abv1√
2

___
e
′
aLe

′

bR +
hN

abv3√
2

____
N

′
aLN

′

bR +h.c.

]
+

hv
abv2

2
2Λ

[(____
v
′c
aR v

′

bL

)
+h.c.

]
.

(20)

To solve the mixing of leptons, we introduce the Uab

andVab matrices, which are the relationships between
the initial andmass bases of active neutrinos and neu-
tral leptons, respectively. We also use comma nota-
tion for initial states.

e
′−
aL = e−aL, e

′−
aR = e−aR, v

′
aL =UabvbL,

N
′
aL =V L

abNbL, N
′
aR =V R

abNbR,
(21)

The charged leptons are not mixed mea =
v1√

2
he

a, he
a =

he
abδab, and themasses of active neutrinos and neutral

leptons are

v2

Λ
UL+HvUL = Diagonal (mv1 ,mv2 ,mv3) ,

Hv = hv
abv3√

2
V L+HNV R = Diagonal (mN1 ,mN2 ,mN3) ,

HN = hN
ab

(22)

The Yukawa interaction related to the LFV decays of
charged leptons in this model is derived from the fol-
lowing Lagrangian term.

−LYu
lepton =

meb

v1

√
2[r0__

ebPReb +U∗
ba

_
vaPRebr+

+V L∗
ba

__
NaPRebr′+h.c.] +

mva

v2
[S2

_
vaPLvb+

1√
2

η+
(

U∗
ba

_
vaPLeb +Uba

_
ec

bPLva

)
+h.c.]

+
mNa

v3

√
2
[
χ0 __

NaPRNa +V L∗
ba

__
ebPRNaχ−_h.c.

]
,

(23)

The self-couplings of the Higgs fields are determined
from the Higgs potential, and the interactions of the
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Higgs and gauge bosons are determined from the ki-
netic energy terms of the scalar fields. The interac-
tions of the gauge bosons and leptons are determined
from the kinetic energy terms of the leptons.

LD
lepton = i

___
L

′
a γµ Dµ L

′
a (24)

→ g√
2

[
U∗

ba
__
vaγuPLebW+

µ +Uab
__
ecγuPLvaW−

µ
+V ∗

ba

__
NaγuPLebV+

µ +V L
ab

__
ebγuPLNaV−

µ

]

From the above results, we list the couplings as fol-
lows:

ANALYTIC FORMULAS FOR li → l jγ
DECAYS

From the results in Table 1, we have the Feynman di-
agrams for li → l jγ decays at one-loop order. The ac-
tive neutrinos only combine withW±-boson and H±

1 ,
whereas Na only combine withV±-boson and H±

2 , so
we obtain 4 diagrams as follows.

Figure 1: All Feynman diagrams at one-loop order
of li → l jγ decays in the 3-3-1 model with neutral
leptons

Using the Passarino-Veltman (PV) func-
tions as mentioned in3,6, with notations:
C0,n = C0,n

(
p2

k ,m
2
1,m

2
2,m

2
3
)

and Cmn =

Cmn
(

p2
k ,m

2
1,m

2
2,m

2
3
)
, where m; n = 1,2 and

pk = pi, p j are the momentum of the charged lepton,
and m1,m2,m3 are the masses of the particles in the
loop, we have analytic formulas for each diagram.

With diagram (1) in Figure 1,

DvaWW
(i j)L

(
m2

va
,m2

W
)
=−

eg2me j

32π2 ×

[2(C1 +C12 +C22)+
m2

ei

m2
W

(C11 +C12 −C1)

+
m2

va

m2
W

(C0 +C12 +C22 −C1 −2C2)],

DvaWW
(i j)R

(
m2

va
,m2

W
)
=−

eg2me j

32π2 ×

[2(C2 +C11 +C12)+
m2

e j

m2
W

(C12 +C22 −C2)

+
m2

va

m2
W

(C0 +C11 +C12 −2C1 −C2)],

(25)

With diagram (2) in Figure 1,

DNaWW
(i j)L

(
m2

va
,m2

W
)
=−

eg2me j

32π2 ×

[2(C1 +C12 +C22)+
m2

ei

m2
V
(C11 +C12 −C1)

+
m2

Na

m2
V

(C0 +C12 +C22 −C1 −2C2)],

DNaVV
(i j)R

(
m2

Na
,m2

V

)
=−

eg2me j

32π2 ×

[2(C2 +C11 +C12)+
m2

e j

m2
V
(C12 +C22 −C2)

+
m2

Na

m2
V

(C0 +C11 +C12 −2C1 −C2)],

(26)

With diagram (3) in Figure 1,

DvaH1H1
(i j)L

(
m2

va
,m2

H1

)
=−

eg2me j

64π2 ×

[
m2

ei

m2
W

(C11 +C12 −C1)+
m2

va

m2
W

(C12 +C22 −C2)

+
m2

va

m2
W

(C1 +C2 −C0)],

DvaH1H1
(i j)R

(
m2

va
,m2

H1

)
=−

eg2me j

64π2 ×

[
m2

ei

m2
W

(C12 +C22 −C2)+
m2

va

m2
W

(C11 +C12 −C1)

+
m2

va

m2
W

(C1 +C2 −C0)],

(27)

With diagram (4) in Figure 1,

DNaH2H2
(i j)L

(
m2

Na
,m2

H2

)
=−

eg2me j

32π2 ×

[
m2

ei

m2
V
(C11 +C12 −C1)+

m2
Na

m2
V

(C12 +C22 −C2)

+
m2

Na

m2
V

(C1 +C2 −C0)],

DvaH2H2
(i j)R

(
m2

Na
,m2

H2

)
=−

eg2me j

32π2 ×

[
m2

ei

m2
V
(C12 +C22 −C2)+

m2
Na

m2
V

(C11 +C12 −C1)

+
m2

Na

m2
V

(C1 +C2 −C0)],

(28)
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Table 1: The couplings are related to li → l jγ decays in the unitary gauge.

Vertex Coupling Vertex Coupling
_
vaebH+

1 −i
√

2UL∗
ba

(
meb
v1

c12PR +
mva
v2

s12PL

) _
ebvaH−

1 −i
√

2UL
ba

(
meb
v1

c12PL +
mva
v2

s12PR

)
_
NaebH+

2 −i
√

2V L∗
ba

(
meb
v1

c13PR +
mNa
v3

s13PL

) _
eaNbH−

2 −i
√

2V L
ba

(
msb
v1

c13PL +
mNa
v3

s13PR

)
_
NaebV+

µ
ig√

2
V L∗

ba γµ PL
_
ebNaV−

µ
ig√

2
V L

abγµ PL

_
vaebW+

µ
ig√

2
UL∗

ba γµ PL
_
ebvaW−

µ
ig√

2
UL

abγµ PL

Based on Ref.14, the total branching ratios of the li →
l jγ processes are

BrTotal (li → l jγ
)

□48π2

G2
F

(
(i j)R

∣∣∣2 + ( ji)L

∣∣∣2)Br
(
li → l j

_
v jvi
) (29)

where GF = g2

4
√

2m2
W
, D(i j)L =

∑a

(
DvaWW
(i j)L +DvaH1H1

( ji)L +DNaVV
(i j)L +DNaH2H2

( ji)L

)
,D(i j)R =

∑a

(
DvaWW
(i j)R +DvaH1H1

( ji)R +DNaVV
(i j)R +DNaH2H2

( ji)R

)
,

and for different charge lepton decays, we use
experimental data Br (µ → e

_
vevu) = 100%;

Br (τ → e
_
vevτ ) = 17,82%; Br

(
τ → µ_

vµ vτ
)

=

17,39%.

For ordinary charged leptons, we have
mi□m j, (i > j), resulting in (i j)R

∣∣∣□ (i j)L

∣∣∣, so
we can use an approximation as mentioned in
Refs. 3,6

BrTotal (li → l jγ
)

□48π2

G2
F

(
|D(i j)R|2

)
Br
(
li → l j

_
v jvi
) (30)

To investigate in detail the components contributing
to li → l jγ , we set up the analytic parts corresponding
to the contributions of active neutrinos, neutral lep-
tons and W±-bosons as follows:

Brv (li → l jγ
)
□48π2

G2
F

×

|∑a

(
DvaWW
(i j)R +DvaH1H1

(i j)R

)
|Br
(
li → l j

_
v jvi
)
,

(31)

BrN (li → l jγ
)
□48π2

G2
F

×

|∑a

(
DNaWW
(i j)R +DNaH2H2

(i j)R

)
|Br
(
li → l j

_
v jvi
)
,

(32)

BrvW (li → l jγ
)
□48π2

G2
F

×

|∑a

(
DvaWW
(i j)R

)
|Br
(
li → l j

_
v jvi
)
.

(33)

We use Eqs. (31-33) to examine the components that
contribute to li → l jγ decays in the next numerical
investigation.

NUMERICAL RESULTS
We use the well-known experimental parameters1,2:
charged lepton mass me = 5.10−4 GeV, mµ =

0.105 GeV, mτ = 1.776 GeV, SM-like Higgs mass
mh0

1
= 125,1 GeV , mass of the W boson mW =

80.385 GeV and gauge coupling of the SU(2)L sym-
metry g = 0.651.
To match the results as Refs.15,16, the mass of the Z’-
boson in this model is mZ′ =

g2v2
3c2

W
3−4s2

W
, which must sat-

isfy mZ′ ≥ 4.0 TeV , resulting in v3 ≥ 10.1 TeV . At
LHC@13TeV, we choose v3 = 13 TeV , resulting in
mV ≥ 4.2 TeV . Thus, we fix mV = 4.2 TeV in the in-
vestigations below.
Based on works11,17–19, we also choose to fix the fol-
lowing parameters: t12 = 0.5, mH±

1
= 0.6 TeV

Using the results from the experiment1,2,20, △m2
21 =

7.55 × 10−5 eV 2, △m2
31 = 2.424 × 10−3 eV 2,

sin2 θ v
12 = 0.32, sin2 θ v

23 = 0.547, and sin2 θ v
13 =

0.0216, we give the oscillation mechanism of active
neutrinos according to the UPMNS matrix.
According to Ref.21, we have a relationship as

UPMNS =U+
l (1+η)UL (34)

whereUL is the unitary matrix mentioned in Eq. (20)
and U+

l diagonalize the charged lepton mass matrix
mli withUlmlm

+
l U+

l = diag
(

m2
e ,m

2
µ ,m

2
τ

)
. However,

we will work in the basis in which the charged lepton
mass matrix is diagonal; then, we set Ul = 1. The ma-
trix η parametrises the deviation from the unitarity of
the neutrino mixing matrix (34); it is very small that
one can ignore. Therefore, UPMNS ≈ UL, and using
the standard parameterized PDG, the U matrix is in-
troduced in the following form21:

U (θ12,θ13,θ23) =

1 0 0
0 cosθ23 sinθ23

0 −sinθ23 cosθ23

 (35)

 cosθ13 0 sinθ23

0 1 0
−sinθ13 0 cosθ23


 cosθ12 sinθ12 0
−sinθ12 cosθ12 0

0 0 1

 .

For active neutrinos, we use assignment UL
ab ≡

U
(
θ v

12,θ
v
13,θ

v
23
)
, UL+

ab ≡ U+
(
θ v

12,θ
v
13,θ

v
23
)
, where
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θ v
12,θ

v
13,θ

v
23 are the mixing angles of the active neu-

trinos in three generations and are derived from the
experiment.
Exotic leptons are also assumed to be mixed as above
with V L

ab ≡ U
(
θ N

12,θ
N
13,θ

N
23
)
, where θ N

12,θ
N
13,θ

N
23 are

mixing angles of exotic leptons.
In this model, the LFV source comes from a mix-
ture of neutrinos and neutral leptons. In this model,
the LFV source comes from a mixture of neutrinos
and neutral leptons. The neutrinos are fixed mixed
according to the aforementioned experimental data.
Therefore, to have a large LFV source, we can choose
V L

ab in the following cases 21: i) V L
ab =U

( π
4 ,

π
4 ,

π
4
)
, ii)

V L
ab =U

( π
4 ,

π
4 ,−

π
4
)
, iii) V L

ab =U
( π

4 ,0,0
)
. However,

the study of li → l jγ in these cases was done in the
same way9. Therefore, we perform the analysis with
the specific case of V L

ab =U
( π

4 ,
π
4 ,

π
4
)
.

First, we perform a numerical investigation with µ →
eγ decay, which is the decay of the charged lepton
with the strictest limit, and the remaining decays will
be done in the same way. The components that con-
tribute to µ → eγ decay are shown in the left panel of
Figure 2.
The contributions of W-bosons (BrvW ) and active
neutrinos (Brv) are very small compared with those
of exotic leptons (BrN), so BrN is the main contrib-
utor to Br (µ → eγ). In the right panel of Figure 2,
we show that Br (µ → eγ) decreases as mV increases,
and if mV = 4.2 TeV is selected, Br (µ → eγ)<4.2×
10−13 in the domain mH±

2
< 5.0 TeV . This result

suggests that we find parameter space domains satis-
fying the experimental limit of µ → eγ decay when
mV = 4.2 TeV is fixed.
Fixed mN1 or mN2 , we show the regions of the param-
eter space satisfying the experimental limit of µ → eγ
decay as the left panel or right panel of Figure 3.
The results from Figure 3 show that Br (µ → eγ)
can satisfy the experimental upper bound in the
domain mH±

2
< 5.0 TeV . In this domain, an in-

teresting property appears, while in the left panel,
Br (µ → eγ) decreases with mN1 , while in the right
panel, Br (µ → eγ) increases with mN2 .
The parameter space regions that satisfy the experi-
mental limits of Br (µ → eγ) are shown in Figure 4.
The yellow part is excluded because it crosses the up-
per bound of Br (µ → eγ).
Next, we investigate τ → eγ decay and τ → µγ decay
in exactly the same way as above.
We also show that the contributions of exotic leptons
are the main contributors to the decay of τ → eγ and
τ → µγ in Figure 5, and when mV = 4.2 TeV is fixed,
there will be regions of the parameter space satisfying
the experimental limit of li → l jγ in Figure 6.

The numerical investigation of all three li → l jγ de-
cays is shown in Figure 7. We represent the black
curves as the constant values of Br (µ → eγ), the blue
dashed curves as the constant values of Br (τ → eγ)
and the magenta dashed curves as the constant values
of Br (τ → µγ).
From the results in Figure 7, the parameter space
regions are selected to satisfy the strictest limit of
Br (µ → eγ) ≤ 4.2 × 10−13, which gives signals of
Br (τ → eγ) and Br (τ → µγ) of approximately 10−12

and 10−13, respectively. These ranges all satisfy the
upper limit of the current experimental data.

CONCLUSIONS
In the 3-3-1 model with neutral leptons, the LFV sig-
nal depends strongly on the mixing of exotic leptons.
We choose a hypothesized case (V L

ab = U
( π

4 ,
π
4 ,

π
4
)
)

that can give the large LFV source to study li → l jγ
decays.
The contributions of W-bosons and active neutrinos
to Br

(
li → l jγ

)
are very small, so the contributions

of exotic leptons are considered the main contribu-
tion. At LHC@13TeV, we show that the model under
consideration exhibits parameter space regions satis-
fying the experimental limits of li → l jγ decays with
mv□4.2 TeV and mH±

2
< 5.0 TeV .

We also show that in the regionswhere Br (µ → eγ)≤
4.2× 10−13, then Br (τ → eγ) and Br (τ → µγ) sat-
isfy the experimental limits. However, the signals
of Br (τ → eγ) and Br (τ → µγ) are approximately
10−12 and 10−13, respectively. Together with the re-
sults regarding the contributors shown in Fig. 5, these
are new results not still mentioned in Ref.9. Obvi-
ously, the values that Br (τ → µγ) and Br (τ → µγ)
can obtain are still very small compared to the upper
limit of the current experimental data. With the LH-
LHC project, the LFV signals will be experimentally
detected at a higher level of accuracy, as mentioned
in Ref.22 then, we can expect the aforementioned sig-
nals to be found in accelerators.
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Figure 2: Contributors to µ → eγ decay depend onmH±
2
(left panel) and the dependences of Br (µ → eγ) on both

mV and mH±
2
(right panel).

Figure 3: The dependences of Br (µ → eγ) on mN1 and mH±
2
(left panel) or mN2 and mH±

2
(right panel)

Figure 4: Contour plots of Br (µ → eγ) depend on mN1 and mH±
2
(left panel) or mN2 and mH±

2
(right panel)
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Figure 5: The contributing components (first row) and the influence of mV (second row) on τ → eγ (left panel) or
τ → µγ (right panel) depend on mH±

2
.
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Figure 6: Plots of Br (τ → eγ) (left panel) or Br (τ → µγ) (right panel) dependon mN1 and mH±
2
(first row) or mN2

and mH±
2
(second row)

Figure 7: Contour plots of Br
(
li → l jγ

)
dependon mN1 and mH±

2
(left panel) or mN2 and mH±

2
(right panel)
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