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Abstract. We investigate the branching ratio of the radiative decay b→ sγ in the 3-4-1-1 model
with arbitrary charge parameters p,q. We show that the new Higgs bosons, H ±

1 , and the new
gauge bosons W±q,p

13,14 ,W
±(q+1),(p+1)
23,24 ,Z2,3 contribute to this decay. Of these sources, the main

contribution comes from the interaction of the singly-charged Higgs boson. If the spontaneous
breaking of the gauge group symmetry down to the electroweak group is around a few TeVs, the
predictions for the branching ratio Br(b→ sγ) and meson mixing are consistent with experimental
constraints.
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1. Introduction

Although the Standard Model (SM) is the most successful in explaining the observed el-
ementary particle phenomena, it is incomplete due to the experimental evidence of neutrino os-
cillation showing the existence of nonzero but tiny and mixing neutrino masses [1, 2]. The SM
cannot explain the cosmological phenomena such as inflation, baryon asymmetry, and dark matter
(DM) [3]. The SM describes only about 5% visible matter of the universe, whereas the remaining
of ' 25% DM and ' 70% dark energy cannot be explained. Most previous theories [4–14] have
suggested that DM is composed of a kind of a single particle - the lightest particle that is odd under
the discrete symmetry. However, the components of DM are still unclear. There is no argument
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that DM has only one component, and thus, a multicomponent model can arise naturally. More-
over, the phenomenology and theory, which have been studied in multicomponent models [15–23],
have yielded interesting consequences for galaxy structure [24, 25]. The predictions of multicom-
ponent DM models have been matched to the multiple gamma-ray lines, boosted DM signals, and
DM self-interactions [26–30]. Among the extended gauge symmetry models, the model with a
higher weak isospin symmetry SU(P)L combined with two factors, U(1)X ×U(1)N , which deter-
mine the electric charge and noncommutative B−L charge, not only provides natural solutions for
multicomponent DM but also solves the current issues [20,21]. In the SM, the [SU(2)L]

3 anomaly
vanishes for every representation. If the SU(2)L symmetry of weak isospin is extended to SU(P)L
for P = 3,4,5, ..., the [SU(P)L]

3 anomaly cancellation requests that the number of fermion P-plets
equals the number of fermion anti-P-plets. Depending on the arrangement of the particle content,
the kind of model leads to the existence of flavor changing neutral currents (FCNCs) at the tree
level for quark or lepton sectors. In this work, we investigate the minimal multicomponent DM
(MMDM) model , which is based on the SU(3)C⊗ SU(4)L⊗U(1)X ⊗U(1)N gauge groups, the
so-called 3-4-1-1 model [20, 21]. Because of the different arrangement of quark generations, the
model predicted the existence of the FCNC at the tree level in the quark sector. This causes the
model to face many constraints from flavor physics, such as the oscillations of the meson sys-
tem [31], the decay of the mesons [3]. One of the observable related b→ s transitions received
many attentions is the branching ratio Bsγ and the photon energy spectrum of the inclusive radia-
tive decay B̄→ Xsγ (where B denotes B0 or B+) or equivalently b→ sγ at quark level. The HFLAV
group has obtained the world average result by combining the measurements from CLEO, BaBar
and Belle [32], Bexp

sγ = (3.49±0.19)×10−4 for a photon-energy cut-off Eγ > 1.6 GeV. This result
is in good agreement with the newest updated SM prediction up to Next-to-Next-to-Leading Order
(NNLO) BSM

sγ = (3.40± 0.17)× 10−4 [33], with the same Eγ energy cut-off. This leads to very
strong constraints on the parameter space of New Physics (NP) model. Hence, we are going to
consider the b→ sγ decay in the 3-4-1-1 model.

2. The radiative decay

In the 3-4-1-1 model, the electroweak gauge group is extended to SU(4)L⊗U(1)X ⊗
U(1)N . The electric charge Q and B−L are defined as follows [20, 21]

Q = T3 +βT8 + γT15 +X , B−L = bT8 + cT15 +N, (1)

where the coefficients β ,γ,b,c are determined by the charge parameters q, p,n,m as

β =− 1√
3
(2q+1), γ =

1√
6
(q−3p−1),

b =− 2√
3
(n+1), c =

1√
6
(n−3m−2). (2)

The fermion and scalar contents in the 3-4-1-1 model are presented in Table 1 The vacuum expec-
tation values (VEVs), < η0

1 >=
u√
2
,< ρ0

2 >=
v√
2
,< χ0

3 >=
w√

2
,< Ξ0

4 >=
V√

2
,< φ >= Λ√

2
, break

electroweak group into the U(1)em⊗P with P = Pn⊗Pm. The partial parities Pn,Pm can have
values of 1 or P±n = (−1)±(3n+1), Pm = (−1)±(3m+1). Each Pn,m corresponds to the Z2 discrete
symmetry, and thus P = Z2⊗Z2 is called doublet matter parity and classifies the particles into the
normal particles, P = (1,1) and the wrong particles, P = (+,−),(−,+),(−,−). Two-component



Nguyen Tuan Duy and Do Thi Huong 159

Table 1. Particle content in the 3-4-1-1 model, where a = 1,2,3 and α = 1,2 .

Name 3-4-1-1 representation Components # flavors

ψaL

(
1,4, p+q−1

4 , m+n−2
4

)
(ν e E F)T

aL 3

νaR (1,1,0,−1) 3

eaR (1,1,−1,−1) 3

QαL

(
3,4∗,− p+q+1/3

4 ,−m+n+2/3
4

)
(d −u J K)T

αL 2

Q3L

(
3,4, p+q+5/3

4 , m+n+10/3
4

)
(u d J K)T

3L 2

uaR
(
3,1, 2

3 ,
1
3

)
3

daR
(
3,1,−1

3 ,
1
3

)
3

JαR (3,1,−q−1/3,−n−2/3) 2

J3R (3,1,q+2/3,n+4/3) 1

KαR (3,1,−p−1/3,−m−2/3) 2

K3R (3,1, p+2/3,m+4/3) 1

EaR (1,1,q,n) 3

FaR (1,1, p,m) 3

η

(
1,4, p+q−1

4 , m+n+2
4

) (
η0

1 η
−
2 η

q
3 η

p
4

)T 1

χ

(
1,4, p−3q−1

4 , m−3n−2
4

) (
χ
−q
1 χ

−q−1
2 χ0

3 χ
p−q
4

)T
1

ρ

(
1,4, q+p+3

4 , m+n+2
4

) (
ρ
+
1 ρ0

2 ρ
q+1
3 ρ

p+1
4

)T
1

Ξ

(
1,4, q−3p−1

4 , n−3m−2
4

) (
Ξ
−p
1 Ξ

−p−1
2 Ξ

q−p
3 Ξ0

4

)T
1

φ (1,1,0,2) 1

DM scenarios can be obtained from candidates which are colorless and have electric neutrality
for Pn and Pm odd fields. The interaction terms and the mass spectrum of particles are considered
in [21]. Here, we list the interactions which give contributions to the b→ sγ decay process.

• The singly charged Higgs, H ±
1 , couples to the SM quarks and creates the scalar

flavor-changing charged currents. In the physical basis, we obtain the following La-
grangian

L
H ±

1
Yukawa =

g√
2mW

{
d̄′LX Muu′R + d̄′RMdY u′L

}
H −

1 +H.c., (3)

where Y = tα2V
†
CKM− 2

s2α2
T and X = 1

tα2
V †

CKM− 2
s2α2

T . The T is defined as Ti j =

(V †
dL
)i3(VuL)3 j, s2α2 = sin2α2, t2α2 = tan2α2 =

v
u .
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• Other charged Higgs, H ±q,p
2,3 , H

±(q+1),(p+1)
4,5 , interact to both SM quarks and exotic

quark as follows:

L
H2,3,H4,5

Yukawa =− g√
2mW cα2

{
J̄′αL(V

d
L )αaMdd′aRH −q

2 + K̄′αL(V
d
L )αaMdd′aRH −p

3

}
+

g√
2mW sα2

{
J̄′3L(V

d
L )3aMdd′aRH q+1

4 + K̄′3L(V
d
L )3aMdd′aRH p+1

5

}
+H.c. (4)

• The charged currents associated W±q
13 ,W

±p
14 ,W

±(q+1)
23 and W±(p+1)

24 are expressed by

L quark
W13,14,W23,24

=
g√
2
(d̄′iL(VdL)

∗
iαγ

µJ′αLW q
13µ

+ d̄′iL(VdL)
∗
iαγ

µK′αLW p
14µ

− J̄′3Lγ
µ(VdL)3id′iLW q+1

23µ
− K̄′3Lγ

µ(VdL)3id′iLW p+1
24µ

)+H.c. (5)

• The remaining contributions to the studying decay come from the FCNCs coupled by
both new neutral gauge boson Z2,3 and new scalars H1,A . These interactions have
been extensively studied in [31] and shown that FCNCs induced by Z2,3 are more
dominant, in comparison with FCNCs induced by H1,A . Therefore, we only consider
FCNC sources induced by Z2 and Z3. Their relevant Lagrangian is

L FCNC
Z2,3

= (V ∗qL)3i(VqL)3 j(g2Z2µ +g3Z3µ)q̄′iLγ
µq′jL, i 6= j, (6)

where

g2 =
g√
6

 √
2√

1−β 2t2
W

cφ −
1+ γ(

√
2β + γ)t2

X√
1+ γ2t2

X

 , g3 = g2(cφ → sφ ,sφ →−cφ ), (7)

with φ is the mixing angle between Z2 and Z3 and determined by

t2φ =
4
√

2w2[1− γ(2
√

2β − γ)t2
X ]
√

1+(β 2 + γ2)t2
X

w2[7− γ2(2
√

2β − γ)2t4
X +(8β 2 +4

√
2βγ +6γ2)t2

X ]−9V 2(1+ γ2t2
X)

2
. (8)

We would like to emphasize that details of the physical states of charged Higgs
H ±

1 , H ±q
2 , H ±p

3 , H
±(q+1)

4 , H
±(p+1)

5 , as well as new non-hermitian physical gauge bosons
W±q

13 , W±p
14 ,W

±(q+1)
23 , W±(p+1)

24 , and new neutral gauge bosons, Z2,3, can be found in [21]. In the
fermion sector, the matrices can be diagonalized by both the matrices as

V †
uL

muVuR = Mu = Diag(mu1 ,mu2 ,mu3), V †
dL

mdVdR = Md = Diag(md1 ,md2 ,md3), (9)

and the relations between mass eigenstates and flavor states are given by

u′L,R = (u′1L,R,u
′
2L,R,u

′
3L,R)

T =V †
uL,R

(u1L,R,u2L,R,u3L,R)
T ,

d′L,R = (d′1L,R,d
′
2L,R,d

′
3L,R)

T =V †
dL,R

(d1L,R,d2L,R,d3L,R)
T . (10)

The CKM matrix is defined as VCKM =V †
uL

VdL . The exotic quarks have heavy masses at TeV scale.
They do not mix with SM quarks and are physical fields themselves.

The effective Hamiltonian for the decay b→ sγ is expressed by

H b→sγ

eff =−4GF√
2

VtbV ∗ts[C7(µb)O7 +C8(µb)O8 +C′7(µb)O
′
7 +C′8(µb)O

′
8], (11)
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with µb = O(mb) is the energy scale of the decay b→ sγ . The electromagnetic and chromomag-
netic dipole operators O7,O8 are defined as

O7 =
e

(4π)2 mb(s̄ασµνPRbα)Fµν , O8 =
gs

(4π)2 mb(s̄ασµνT a
αβ

PRbβ )G
aµν , (12)

and the primed operators O ′7,8 are obtained by replacing PL↔ PR. The primed Wilson coefficients
(WCs) C′7,8 are suppressed by the ratio ms/mb, we ignore them from our calculation. The charged
scalar currents given in Eq. (4) only contribute to the C′7,8, and are ignored for the b→ sγ decay.
The WCs C7,8(µb) split as the sum of the SM and NP contributions

C7,8(µb) =CSM
7,8 (µb)+CNP

7,8(µb), (13)

with CSM
7,8 are the SM WCs which are first given by [34], at the scale µ ∼ mW

CSM(0)
7 (mW ) =

m2
t

m2
W

fγ

(
m2

t

m2
W

)
, CSM(0)

8 (mW ) =
m2

t

m2
W

fg

(
m2

t

m2
W

)
, (14)

where the index 0 indicates that the WCss are calculated without QCD correction. The NP contri-
butions to the WCs , CNP

7,8 , come from charged scalar (vector) currents given in Eqs. (3) (5), and
the FCNCs given in Eq. (6). We draw the Feymann diagrams in Fig. 1 from these interactions,
which contribute to the b→ sγ at the one loop level, and divide the contributions as follows:

CNP(0)
7,8 =CH1(0)

7,8 (mH1)+CW13,14,23,24
7,8 (mW13,14,23,24)+CZ2,3(0)

7,8 (mZ2,3), (15)

where

CH1(0)
7 (mH1) =

m2
t

m2
H1

[
1
3

t2
α2

fγ

(
m2

t

m2
H1

)
+ f ′γ

(
m2

t

m2
H1

)]
,

CH1(0)
8 (mH1) =

m2
t

m2
H1

[
1
3

t2
α2

fg

(
m2

t

m2
H1

)
+ f ′g

(
m2

t

m2
H1

)]
,

CV (0)
7 (mV ) =

V ∗αsVαb

V ∗tsVtb

m2
W

m2
V

m2
Fα

m2
V

[
QFα

hγ

(
m2

Fα

m2
V

)
+QV jγ

(
m2

Fα

m2
V

)]
,

CV (0)
8 (mV ) =

V ∗αsVαb

V ∗tsVtb

m2
W

m2
V

m2
Fα

m2
V

fg

(
m2

Fα

m2
V

)
,

CV ′(0)
7 (mV ′) =

m2
W

m2
V ′

m2
F3

m2
V ′

[
QF3hγ

(
m2

F3

m2
V ′

)
+QV ′ jγ

(
m2

F3

m2
V ′

)]
,

CV ′(0)
8 (mV ′) =

m2
W

m2
V ′

m2
F3

m2
V ′

fg

(
m2

F3

m2
V ′

)
, (16)

where we denote

V =W13,W14, Fα = Jα ,Kα , QFα
= q− 1

3
, p− 1

3
, QV = q, p,

V ′ =W23,W24, F3 = J3,K3, QF3 = q+
2
3
, p+

2
3
, QV ′ = q+1, p+1. (17)
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The functions fγ,g and f ′γ,g are defined by

fγ(x) =
(7−5x−8x2)

24(x−1)3 +
x(3x−2)
4(x−1)4 lnx, f ′γ(x) =

(3−5x)
12(x−1)2 +

(3x−2)
6(x−1)3 lnx,

fg(x) =
2+5x− x2

8(x−1)3 −
3x

4(x−1)4 lnx, f ′g(x) =
3− x

4(x−1)2 −
1

2(x−1)3 lnx,

hγ =
−2−5x+ x2

8(x−1)3 +
3x2

4(x−1)4 lnx, jγ =
−1+5x+2x2

8(x−1)3 − 3x3

4(x−1)4 lnx. (18)

The CZ2,3(0)
7 (mZ2,3) are obtained by the FCNCs coupled to the Z2,3 and have a form as given

in [35]

CZ2,3(0)
7 (mZ2,3) =−

2
9g2

m2
W

m2
Z2,3

∑
f=d,s,b

g f s∗
L g f b

L
V ∗tsVtb

+
2

3g2
m2

W

m2
Z2,3

∑
f=d,s,b

m f

mb

g f s∗
L g f b

R
V ∗tsVtb

,

CZ2,3(0)
8 (mZ2,3) =−3CZ2,3

7 (mZ2,3). (19)

The flavor couplings, g f f
L,R = [gZ2,3

V ( f )±gZ2,3
A ( f )]/2, can be found in [21], and the flavor-violating

couplings, g f s, f b, are defined in Eq. (6). 1

b H1

(a)

s b V, V ′

(b)

s b Z2,3

(c)

s

t F f

Fig. 1. The one-loop diagrams induced by new particles of the 3-4-1-1 model contribut-
ing to b→ sγ decay. Diagrams (a), (b) and (c) are for Wilson coefficients CH1

7 , CV,V ′
7 and

C
Z2,3
7 , respectively. Here we use notations in Eq. (17) for F and V,V ′, where f stands for

down-type quarks d,s,b.

In fact, the QCD corrections to b→ sγ is necessary for the analysis. In SM, CSM
7,8 were

calculated up to Next-to-Next-Leading Order (NNLO), specifically, CSM
7 (µb) =−0.3636 for µb =

2.0 GeV [33, 36, 37]. However, the NP contributions to the CNP
7,8 have been considered at the

Leading Order (LO) [35, 38]. In this work, we study the effect of QCD corrections on the CNP
7,8 at

the LO. There are several heavy scales: mZ2,3 , mH1 and mW13,14,23,24 in the 3-4-1-1 model. At high
energies, the QCD running affects insignificantly and the difference among these large scales can
be ignored. Hence, we propose all calculations are at the same scale and we choose µ ∼mH1 . The
QCD corrections for CZ2,3

7 are given by

CZ2,3
7 (µb) = κ7CZ2,3

7 (mH1)+κ8CZ2,3
8 (mH1)+∆ZZ2,3

(µb), (20)

where κ7,8 are NP magic numbers κ7 = 0.39,κ8 = 0.130 at µ ∼ 10 TeV [38]. ∆ZZ2,3
(µb) are the

contributions coming from the mixing of new neutral current-current operators, generated by the
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exchange of Z2,3 with the dipole operators O7,8

∆ZZ2,3
(µb) = ∑

A=L,R,
f=u,c,t,d,s,b

κ
f

LA∆LAC f
2 (w)+ ∑

A=L,R
κ̂

d
LA∆LAĈd

2 (w),

∆LAC f
2 (mH1) =−

2
g2

gsb∗
L g f f

A
V ∗tsVtb

, ∆LAĈd
2 (mH1) =−

2
g2

gsd∗
L gbd

A
V ∗tsVtb

. (21)

If including the LO of QCD corrections, CH1
7 and CV,V ′

7 (µb) have the forms as [35], [38]

CH1
7 (µb) = κ7CH1

7 (mH1)+κ8CH1
8 (mH1),

CV
7 (µb) = κ7CV

7 (mH1)+κ8CV
8 (mH1),

CV ′
7 (µb) = κ7CV ′

7 (mH1)+κ8CV ′
8 (mH1). (22)

The branching ratio for the considering decay is given as [38]

Bsγ =
6αem

πC
|V ∗tsVtb|2
|Vcb|2

(|C7(µb)|2 +N(Eγ))Br(B̄→ Xclν̄), (23)

where N(Eγ) is a non-perturbative contribution which amounts around 4% of the branching ra-
tio, N(Eγ) ' 3.3× 10−3 [33], C is the semileptonic phase-space factor C = |Vub/Vcb|2Γ(B̄ →
Xceν̄e)/Γ(B̄→ Xueν̄e) = 0.567(7)(10), see in [39]. The branching ratio for semi-leptonic decay
Br(B̄→ Xclν̄) = 0.1067(16) [40].

The Bsγ is predicted as a function of the masses of new particles, namely, mH1 , mW13,14,23,24

and mJα ,Kα ,J3,K3 , in the 3-4-1-1 model. The masses of new particles can be evaluated in the limit
w =V � u,v, as follows

mW13,14,23,24 ≡ mV ' gw/2' 0.32w, g =

√
4πα

sW
' 0.64

m2
H1
'−λ17

u2 + v2

2uv
wV ≡−λ17w2

2

(
tα2 +

1
tα2

)
. (24)

The masses of new quarks F ≡ Jα ,Kα ,J3,K3 are large and depend on completely unknown Yukawa
couplings hJ,K

α,3. These masses only have effect on CV,V ′
7,8 via the mass hierarchy ratios m2

F
m2

V
.

We first estimate the effect of each kind of diagrams given in Fig.(1) on the Bsγ .

• The contributions from diagrams (a) of Fig. (1) are expected to be strongly dependent
on t2α and the mass of the singly charged Higgs. This contribution is significant
in the limit of larger value of t2α , and even can be equivalent to that of the SM if
m2

H1
' t2

2α
m2

W .

• If the following condition is met, m2
F

m2
V
' m2

t
m2

W
, the contributions obtained from the di-

agram (b) of the Fig.(1) are suppressed by a factor m2
W

m2
V

when compared to the SM.

Otherwise, if m2
F

m4
V
' ε m2

t
m4

W
, we expect the contribution of this type of diagram to be

similar to that of the SM.
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• If NP scale is a few TeV, we estimate CZ2,3
7 (µb) ' O(10−5), which is strongly sup-

pressed by the SM prediction, CSM
7 (µb = 2 GeV) = −0.3636. Therefore, we can

safely eliminate CZ2,3
7 .

The input parameters are listed in the Table (2).

Table 2. The numerical values of input parameters.

Input parameters Values Input parameters Values
N(Eγ) 3.3×10−3 [33] |V ∗tsVtb/Vcb|2 0.9626(12) [40]

Br(B̄→ Xclν̄) 0.1067(16) [40] Vus 0.22514(55) [41]
mt,pole 173.21(51)(71) GeV [40] Vub 0.00365(10)e−i(66.8(2))◦ [41]
αem(0) 1/137.036(21) [40] Vcs 0.97344(12)e−i(001880(52))◦ [41]

C 0.57(7)(10) [39] Vcb 0.04241(65) [41]
CSM

7 (µb = 2.0 GeV) −0.3636 [33, 36, 37] Vts −0.04124(56)ei(1.056(32))◦ [41]
mW 80.3875 GeV [40] Vtb 0.999112(24) [41]

It is important to mention that the strongest bound of the new physics scales can be obtained
from the B0

s − B̄0
s mixing, w =V > 25 TeV, given by [31]. Next, we perform a numerical study to

evaluate the contribution of NP in the Brsγ in detail, thus we can constrain free parameters related
to this observable, namely the Higgs coupling λ17, the mixing angle tα2 and the dimensionless

ratio ε= m2
F/m4

V
m2

t /m4
W

.

Fig. 2. The dependence of Bsγ on λ17 with fixing w = V = 26 TeV and when only
CH1

7 accounting. The orange band highlights the experimental world average Bexp
sγ =

(3.49±0.19)×10−4 [32], whereas the dashed gray line indicates the central value of the
SM prediction BSM-central

sγ = 3.4×10−4.
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In Fig. 2, we study the dependence of Bsγ on the Higgs coupling λ17 in the case where
only CH1

7 contributes and tα2 is fixed at 10−2,1 and 102. As shown in this figure, Bsγ is strongly
affected by tα2 . We see that when tα2 = 10−2 (red line), Bsγ almost consistent with the central value
of the SM prediction BSM-central

sγ = 3.4×10−4 [33], whereas the predicted branching ratio is larger

for high values of tα2 = 1 or tα2 = 102. This occurs because in the low tα2 , we have m2
H1
' w2

2tα2
,

resulting in a very small Wilson coefficient CH1
7 ' t2

α2
m2

H1

=
t3
α2
w2 �CSM

7 . In contrast, m2
H1
'w2tα2 for

high tα2 , the Wilson coefficient becomes CH1
7 ' tα2

w2 , significantly increasing to Bsγ . The figure also
suggests that as the value of tα2 increases, the appropriate value of λ17 decreases. For example,
we obtain the limits of λ17 as −λ17 ≥ 2.8×10−2 for tα2 = 102 and −λ17 ≥ 1.7×10−3 for tα2 = 1,
respectively. In order to see the interdependence between tα2 and λ17 in general, we draw the
contour in Fig. 3.

Next, we study the scenario when only the new gauge bosons V,V ′ contribute Bsγ . We

plot the branching ratio as a function of the dimensionless ratio ε =
m2

F/m4
V

m2
t /m4

W
=

8h2
F/(g

4w2)

m2
t /m4

W
. It is

worth noting that the Yukawa coupling hF should be constrained by the perturbative condition
h2

F/(4π) ≤ 1. For mt = 173 GeV, mW = 0.4 GeV [3], g ' 0.64 and w = 26 TeV, we obtain the
upper limit of ε≤ 1.2×10−3. For instance, we can choose the range ε ∈ [10−6,10−3].

Fig. 3. The entire allowable regions of tα2 and λ17 satisfied the experimental constrains
[32]. Here w =V = 26 TeV.
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Figure 4 plots Bsγ as a function of ε when only considering Wilson coefficients CV,V ′
7 con-

tributions and choosing different values of two charge parameters p,q. We see that the branching
ratio in this scenario does not depend on ε and values of p,q. With the condition w = V > 25
TeV [31], the branching ratio is consistent with the central value of SM prediction, implying that
the contribution of new gauge bosons V,V ′ in diagram (b) of Fig. (1) are very tiny. To con-
clude, we draw Fig. 5 to illustrate the magnitude of each NP’s contribution to the branching ratio.
Here we set NP’s contributions depending on coupling λ17, and we fix tα2 = 1, p = q = 0 and
ε = 5× 10−4. The charged Higgs boson H ±

1 makes the most significant contribution, whereas
new gauge bosons V,V ′ are insignificant.

Fig. 4. The dependence of Bsγ on ε with fixing w =V = 26 TeV and when only CV,V ′
7 accounting. The

orange band highlights the experimental world average Bexp
sγ = (3.49±0.19)×10−4 [32], whereas the

dashed gray line indicates the central value of the SM prediction BSM-central
sγ = 3.4×10−4.

Fig. 5. The comparison between each NP contributions to Bsγ . The orange band highlights the experi-
mental world average Bexp

sγ = (3.49±0.19)×10−4 [32], whereas the dashed gray line indicates the central
value of the SM prediction BSM-central

sγ = 3.4×10−4. Here tα2 = 1, p = q = 0 and ε= 5×10−4.
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3. Conclusions

In short, the branching ratio of weak inclusive decay b → sγ has been investigated in
the 3-4-1-1 model with arbitrary charge parameters p,q. We show that among the NP contri-
butions, the new singly charged Higgs boson H ±

1 gives mostly to the Bsγ , while other new boson,
namely H ±q

2 ,H ±p
3 ,H

±(q+1)
4 ,H

±(p+1)
5 and new gauge W±q

13 , W±p
14 ,W

±(q+1)
23 ,W±(p+1)

24 contribute
the least. Furthermore, the contributions by FCNCs associated with new neutral gauge bosons Z2,3

to Wilson coefficients CZ2,3
7 (µb) are much smaller than the SM contribution CSM

7 (µb) and therefore
will be ignored. Consequently, the Bsγ is unaffected by the charge parameters p,q. The predicted
branching ratio is influenced by the mixing angle tα2 and the Higgs coupling λ17, but will satisfy
the world average experimental result [32] if the lower bounds of new physics scales w =V > 25
TeV are imposed from the B− B̄0

s oscillation [31].
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