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Abstract In order to interpret the Higgs boson mass and its
decays naturally, we hope to examine the BLMSSM and B-
LSSM. In the both models, the right-handed neutrino super-
fields are introduced to better explain the neutrino mass prob-
lems. In this paper, we introduce the fine-tuning to acquire the
physical Higgs boson mass. Besides, the method of χ2 anal-
yses will be adopted in the BLMSSM and B-LSSM to fit the
experimental data. Therefore, we can obtain the reasonable
theoretical values of the Higgs decays and muon g − 2 that
are in accordance with the experimental results respectively
in the BLMSSM and B-LSSM.

1 introduction

The standard model (SM) has been confirmed by many
experiments. Especially, the Large Hadron Collider (LHC)
have announced a 125.10 GeV SM-like Higgs boson [1–
3], whose discovery is a great triumph for the SM. Up to
now, there are still some problems that can not be naturally
explained by SM, such as the masses of neutrinos, the hierar-
chy problem, the dark matter(DM) candidates, flavor physics
and CP-violating problems. . .. Therefore, it is necessary to
extend SM, and it happens that Minimal Supersymmetric SM
(MSSM) is a highly motivated one [4–7].

As we know, the mass of the physical Higgs boson in
the MSSM at tree level is less than the Z boson mass,
and it can be lifted by the top quark-stop quark loop cor-
rections [8–12]. δm2

Hu
represents one loop radiative correc-

tion to the soft supersymmetry breaking mass square of Hu :

δm2
Hu

� − 3y2
t

4π2 m
2
t̃

ln �
mt̃

∼ m2
t̃
. Here, � represents the corre-

sponding new physics (NP) scale whilemt̃ corresponds to the
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scale of the stop quark mass. So, δm2
Hu

receives a large contri-
bution due to the stop quark masses around TeV region[11–
15]. The mass square of physical Higgs boson is deduced as

m2
h0 = − m̄2

h0

2 with m̄2
h0 � |μ|2 + m2

Hu
+ δm2

Hu
. Therefore,

we need to introduce the fine-tuning to obtain relatively light
Higgs boson mass, which can be easily accommodated in the
MSSM through a certain degree of cancellation between the
SUSY parameters. However, MSSM can not explain the exis-
tence of the neutrino masses well, which motivates the physi-
cists to study the new model beyond MSSM. Actually, we
hope to explain the above problem naturally in the BLMSSM
[16–21] and B-LSSM [22–26].

The reason why we discuss the BLMSSM is that the
baryon(B) and lepton(L) numbers are local gauge symme-
tries spontaneously broken at the TeV scale. Not only that,
broken baryon number can naturally explain the origin of the
matter-antimatter asymmetry in the universe. While broken
lepton number can explain the neutrino oscillation exper-
iment well by heavy majorana neutrinos contained in the
seesaw mechanism [16–20]. Additionally, there is a natural
suppression of flavour violation in the quark and leptonic
sectors since the gauge symmetries and particle content for-
bid tree level flavor changing neutral currents involving the
quarks or charged leptons [16,17,19,20].

Meanwhile, we also study the B-LSSM whose gauge sym-
metry group SU (3)C⊗SU (2)L⊗U (1)Y ⊗U (1)B−L is intro-
duced with B representing baryon number and L standing for
lepton number. Besides, the invariance underU (1)B−L gauge
group imposes the R-parity conservation which is assumed
in the MSSM to avoid proton decay [27]. In the B-LSSM, due
to the introduction of the right-handed neutrino superfields,
we can realize type I seesaw mechanism. Thus, B-LSSM
provides an elegant solution for the existence and smallness
of the light left-handed neutrino masses. Furthermore, addi-
tional parameter space in the B-LSSM is released from the
LEP, Tevatron and LHC constraints through the additional
singlet Higgs states and right-handed (s)neutrinos. It allevi-
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ates the hierarchy problem of the MSSM [28]. Other than
this, the model can also provide much more DM candidates
comparing that in the MSSM [29–32].

In this paper, we shall both study the natural and real-
istic BLMSSM and B-LSSM by considering the Higgs
masses, Higgs decays and muon anomalous magnetic dipole
moment(MDM). We first introduce the corresponding char-
acteristics for BLMSSM and B-LSSM and their fine-tuning
in Sect. 2. Meanwhile, we derive the concrete theoreti-
cal expressions of Higgs decays and muon MDM in both
BLMSSM and B-LSSM in Sect. 3. Considering the χ2 anal-
yses, the numerical results will be further illustrated in Sect.
4 to satisfy the phenomenological constraints and the rele-
vant experimental data. Last but not least, we summarize the
conclusion in Sect. 5. In appendix A, B and C, we give out the
corresponding form factors and couplings used in this paper.
Appendix D shows the best fit points for the BLMSSM and
B-LSSM particles.

2 The BLMSSM and B-LSSM

At present, DM can be both scalar particles and fermions. The
lightest one of left handed sneutrinos in MSSM as a potential
DM candidate is excluded by direct LEP searches and cos-
mological observations due to its large interactions with the
Z boson. So the lightest neutralino will be the only viable
DM candidate in the MSSM. Besides, the neutrino collision
experiment can not be explained well in the MSSM. Not only
that, MSSM can not explain the matter-antimatter asymme-
try. LHC possesses very strict restrictions on the parameter
space of MSSM, which may be excluded by the experiment
in the near future. Therefore, we need to extend the MSSM
and BLMSSM(B-LSSM) is a favorite choice.

2.1 The BLMSSM

Extending the local gauge group of the SM to SU (3)C ⊗
SU (2)L ⊗U (1)Y ⊗U (1)B ⊗U (1)L [16,19,20], we obtain
a supersymmetric model where baryon (B) and lepton (L)

numbers are local gauge symmetries spontaneously broken
at the TeV scale(BLMSSM). Since the new extra fermions
have different B and L quantum numbers compared with the
quarks and leptons in the first three generations, it is easy
to arrange that there are no flavour changing neutral cur-
rents at tree level. BLMSSM provides more CP violating
phases and flavour violation source. In order to cancel the B
and L anomalies, vector-like families are needed, which are
Q̂4, Û c

4 , D̂c
4, L̂4, Êc

4, N̂
c
4 and Q̂c

5, Û5, D̂5, L̂c
5, Ê5, N̂5. Cor-

respondingly, Higgs superfields �̂B and ϕ̂B acquire nonzero
vacuum expectation values (VEVs) to break baryon number
spontaneously, as well as �̂L and ϕ̂L are introduced to break

lepton number spontaneously, so the matter-antimatter asym-
metry and neutrino mass can be well explained. Other than
this, in order to make exotic quarks unstable, the model also
introduces superfields X̂ and X̂ ′. X̂ and X̂ ′ mix together, and
the lightest mass eigenstates of X and X̃ can be DM candi-
dates. The lightest sneutrino and neutralino can also be DM
candidates.

The superpotential of the BLMSSM is given by [33]

W BL = WMSSM + WB + WL + WX ,

WB = λQ Q̂4 Q̂
c
5�̂B + λUÛ

c
4 Û5ϕ̂B

+λD D̂
c
4 D̂5ϕ̂B + μB�̂B ϕ̂B

+Yu4 Q̂4 ĤuÛ
c
4 + Yd4 Q̂4 Ĥd D̂

c
4

+Yu5 Q̂
c
5 ĤdÛ5 + Yd5 Q̂

c
5 Ĥu D̂5,

WL = Ye4 L̂4 Ĥd Ê
c
4 + Yν4 L̂4 Ĥu N̂

c
4

+Ye5 L̂
c
5 Ĥu Ê5 + Yν5 L̂

c
5 Ĥd N̂5

+Yν L̂ Ĥu N̂
c + λNc N̂ c N̂ cϕ̂L + μL�̂L ϕ̂L ,

WX = λ1 Q̂ Q̂c
5 X̂ + λ2Û

cÛ5 X̂
′

+λ3 D̂
c D̂5 X̂

′ + μX X̂ X̂ ′. (1)

where WMSSM represents the MSSM superpotential. λQ,

λU ..., Yu4 ,Yd4 ... and μB, μL , μX are the Yukawa couplings
presented in the BLMSSM superpotential. The soft break-
ing terms in the BLMSSM have been deduced in Refs.
[33,34], which not only introduce the squark, slepton and
Higgs soft masses m2

L̃4
,m2

Q̃4
,m2

�B
..., but also consider other

parameters, such as mB,mL ..., Au4 , ABQ ..., BB, BL ... and
tan β, tan βB .... In our numerical calculation, we adopt the
following assumption:

mQ̃1
= mQ̃2

= mŨ1
= mŨ2

= mD̃1

= mD̃2
= mQ̃4

= mŨ4
= mD̃4

= mQ̃5
= mŨ5

= mD̃5
= mL̃4

= mÑ4
= mẼ4

= mL̃5
= mÑ5

= mẼ5
≡ mBL

0 ,

mQ̃3
= mŨ3

= mD̃3
= mL̃i

= mR̃i

= mÑc
i

≡ MBL
0 , gL = gB ≡ gLB,

Al = A′
l = Au = A′

u = Ad = A′
d = Au4 = Au5

= Ad4 = Ad5 = Aν4 = Ae4

= Aν5 = Ae5 = Aν = Aνc = ABQ = ABU

= ABD ≡ ABL
0 ,m1 = m2 ≡ mBL

12 . (2)

2.2 The B-LSSM

In the B-LSSM, one enlarges the local gauge group of the
SM to SU (3)C ⊗ SU (2)L ⊗ U (1)Y ⊗ U (1)B−L , where
the U (1)B−L can be spontaneously broken by the chiral
singlet superfields η̂1 and η̂2. Comparing with MSSM, B-
LSSM has more superfields with observable consequences at
the LHC: U (1)B−L gauge field, righ-handed neutrinos, two
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U (1)B−L singlet Higgs superfields and their superpartners.
The invariance under spontaneously broken U (1)B−L gauge
group imposes the R-parity conservation which is assumed
in the MSSM to avoid proton decay. Besides, the VEV of
η1 produces masses to the right-handed neutrinos. The righ-
handed neutrinos and left-handed neutrinos mix together
throughYν,i j L̂ i Ĥ2ν̂

c
j . Then light neutrinos obtain tiny masses

through see-saw mechanism. Therefore, the neutrino oscilla-
tion experiment can be well explained in the B-LSSM. There
are mixing between Higgs doublets Hu, Hd and U (1)B−L

singlet Higgs superfields η1, η2, so the mass of the lightest
CP-even Higgs will be increased at the tree level. Other than
this, the model also provides the lightest right sneutrino as a
DM candidate comparing that in the MSSM. The superpo-
tential of the B-LSSM is given by

WB−L=WMSSM−μ′η̂1η̂2+Yx,i j ν̂
c
i η̂1ν̂

c
j +Yν,i j L̂ i Ĥ2ν̂

c
j , (3)

where i, j are generation indices, Yx,i j and Yν,i j are the
Yukawa couplings in the B-LSSM superpotential. The soft
breaking terms presented in the B-LSSM are written as

LB−L
sof t = LMSSM

sof t − m2
η̃1

|η̃1|2 − m2
η̃2

|η̃2|2 − m2
ν̃,i j (ν̃

c
i )

∗ν̃cj
+

[
− MBB′ λ̃B′ λ̃B

−1

2
MB′ λ̃B′ λ̃B′ − Bμ′ η̃1η̃2 + T i j

ν H2ν̃
c
i L̃ j

+T i j
x η̃1ν̃

c
i ν̃

c
j + h.c.

]
, (4)

where LMSSM
sof t represents the soft breaking terms of the

MSSM and m2
η̃1

, m2
η̃2

, m2
ν̃,i j ... are the concrete soft masses.

In the B-LSSM, there are other parameters MBB′ , MB′ , Bμ′ ,

T i j
ν , T i j

x ... and tan β, tan β ′.... To facilitate numerical discus-
sion, we adopt the following assumption:

mq̃,11 = mq̃,22 = mũ,11 = mũ,22

= md̃,11 = md̃,22 ≡ mB−L
0 ,

mq̃,33 = mũ,33 = md̃,33 = mL̃,i i = mẽ,i i

= m ν̃,i i ≡ MB−L
0 ,

Te,i i = Tx,i i = Tν,i i = Tu,i i = Td,i i

≡ AB−L
0 , M1 = M2 ≡ mB−L

12 . (5)

2.3 The fine-tuning measure

In general weak scale supersymmetric theories, the fine-
tuning will be introduced more detail in the Higgs poten-
tial. In both the BLMSSM and B-LSSM, the physical Higgs
boson h0 is approximately a linear combination of Hu and
Hd . The effective potential related to h0 can be approximately
expressed as: V = m̄2

h0 |h0|2+ λh
4 |h0|4. Then the mass square

of physical Higgs boson is deduced as m2
h0 = − m̄2

h0

2 . In gen-

eral, tan β ≥ 2, so m̄2
h0 can be approximately written as

m̄2
h0 � |μ|2 +m2

Hu
+ δm2

Hu
, where μ is the supersymmetric

mass between Hu and Hd . m2
Hu

represents the soft super-

symmetry breaking mass square for Hu , while δm2
Hu

repre-
sents one loop radiative correction to the soft supersymmetry
breaking mass square of Hu :

δm2
Hu

� − 3

8π2 y
2
t

(
m2

Q̃3
+ m2

Ũ c
3

+ |At |2
)

ln
( �

mt̃

)
. (6)

Here, yt is top quark Yukawa coupling, mQ̃3
mŨ3

and At

represent the corresponding soft parameters, � represents
the NP scale while mt̃ corresponds to the scale of the stop
quark mass.

One needs a certain degree of cancellation between the
SUSY parameters to obtain the observed value of mexp

h0 =
125.1 GeV. To quantitatively evaluate the naturalness, we
use the following fine-tuning measure [11,35,36]

�FT ≡
∣∣∣∣∣
2δm2

Hu

m2
h0

∣∣∣∣∣ . (7)

where δm2
Hu

is determined by the mQ̃3
, mŨ3

and At . There-
fore, the larger mQ̃3

, mŨ3
and At , the larger �FT is. Besides,

the fine-tuning parameter �FT = 100 corresponds to 1%

fine-tuning. m2
h0 = − m̄2

h0

2 (with m̄2
h0 � |μ|2 +m2

Hu
+δm2

Hu
)

indicates that various contributions meed to be finely tuned
to cancel each other, so we hope that |μ|2, m2

Hu
and δm2

Hu
are relatively small, then the smaller �FT will obtain the
physical Higgs boson mass more naturally.

3 The Higgs decays and (g − 2)μ in the BLMSSM and
B-LSSM

In the BLMSSM and B-LSSM, we respectively consider the
radiative corrections from exotic fermions and corresponding
supersymmetric partners to obtain the physical Higgs boson
mass. The corrections to Higgs masses in the BLMSSM have
been discussed specifically in Ref. [33], while the ones in the
B-LSSM have been introduced concretely in Refs. [26,37].
The corresponding parameter constraints in the BLMSSM
and B-LSSM are considered respectively in this paper. Then
the Higgs decays and (g − 2)μ will be taken over explicitly
as follows.

3.1 The Higgs decays

The LHC produces the Higgs boson chiefly from the gluon
fusion. Meanwhile, the leading order(LO) contributions for
h0 → gg originate from the one-loop diagrams, which can
be modified through virtual top quark in the SM. In the
BLMSSM and B-LSSM, the LO contributions need to be
added by the Higgs-new particle couplings, whose effects are
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significant. So the decay width of h0 → gg can be shown as
[33,38–41]

N P (h0 → gg) = GFα2
s m

3
h0

64
√

2π3

∣∣∣
∑
q

gh0qq A1/2(xq)

+
∑
q̃

gh0q̃q̃
m2

Z

m2
q̃

A0(xq̃)
∣∣∣
2

, (8)

with xa = m2
h0/(4m

2
a). q and q̃ denote the concrete quarks

and squarks in the BLMSSM and B-LSSM. The form fac-
tors A1/2(x), A0(x) and the following A1(x), F(x) are
summarized in the appendix A. In the BLMSSM, the con-
crete expressions for gh0qq , gh0q̃q̃ and the ones for gh0 f f ,
gh0H+H− , gh0χ+

i χ−
i

, gh0 f̃ f̃ , gh0WW , gh0Z Z mentioned bellow
have been discussed in Ref. [33]. The relevant expressions
of gB−L

h0qq
in the B-LSSM are specifically discussed as

gB−L
h0uu

= −
3∑

k=b=1

3∑
j=a=1

v

mu j

[
− 1√

2
δαβY

∗
u,abU

u
R, jaU

u
L ,kb Z

H
12

]
,

gB−L
h0dd

= −
3∑

k=b=1

3∑
j=a=1

v

mdj

[
− 1√

2
δαβY

∗
d,abU

d
R, jaU

d
L ,kb Z

H
11

]
.

(9)

In order to save space, gB−L
h0q̃q̃

will be detailed in the following
appendix B.

The LO contributions for decay h0 → γ γ also originate
from one-loop diagrams. In the SM, the concrete contribu-
tions are mainly derived from top quark and charged gauge
boson W±. Due to the Higgs-new particle couplings in the
BLMSSM and B-LSSM, the decay width of h0 → γ γ can
be expressed as [33,38–43]

N P (h0 → γ γ )

= GFα2m3
h0

128
√

2π3

∣∣∣
∑
f

NcQ
2
f gh0 f f A1/2(x f )

+
∑

f̃

NcQ
2
f gh0 f̃ f̃

m2
Z

m2
f̃

A0(x f̃ )

+gh0H+H−
m2

Z

m2
H±

A0(xH±) + gh0WW A1(xW)

+
2∑

i=1

gh0χ+
i χ−

i

mW

mχ±
i

A1/2(xχ±
i
)

∣∣∣
2

, (10)

with

gB−L
h0ll

= −
3∑

k=b=1

3∑
j=a=1

v

ml j

[
− 1√

2
Y ∗
e,abU

e
R, jaU

e
L ,kb Z

H
11

]
,

gB−L
h0WW

=
(

cos βZH
11 + sin βZH

12

)
,

gB−L
h0χ+

i χ−
i

=−
2∑

k=i=1

v

mχ±
i

[
− 1√

2
g2

(
Uk1Vi2Z

H
12+Uk2Vi1Z

H
11

)]
.

(11)

The couplings of gB−L
h0 L̃ L̃

, gB−L
h0H+H− and the one of gB−L

h0Z Z
pre-

sented as follows will also be summarized in the appendix
B.

The decay widths for h0 → Z Z ,WW are given by [44,
45]

(h0 → WW ) = 3e4mh0

512π3s4
W

|gh0WW |2F
(
mW

mh0

)
,

(h0 → Z Z) = e4mh0

2048π3s4
Wc4

W

|gh0Z Z |2

(
7 − 40

3
s2
W + 160

9
s4
W

)
F

(
mZ

m
h0

)
. (12)

With the Born approximation, the decay width of the phys-
ical Higgs into fermion pairs h0 → f f̄ is written as [46]

(h0 → f f̄ ) = Nc
GFm2

f mh0

4
√

2π
|gh0 f f |2

(
1 − 4m2

f

m2
h0

)3/2

.

(13)

The signal strengths for the Higgs boson decay channels
are quantified by the following ratios [47]

μ
ggF
γ γ,VV ∗ = σN P (ggF)

σSM (ggF)

BRN P (h0 → γ γ, VV ∗)
BRSM (h0 → γ γ, VV ∗)

, (V = Z ,W ),

μV BF
f f̄

= σN P (V BF)

σSM (V BF)

BRN P (h0 → f f̄ )

BRSM (h0 → f f̄ )
, ( f = b, τ ), (14)

where ggF and VBF stand for gluon-gluon fusion and vector
boson fusion respectively. Meanwhile, μγγ,VV ∗ are mainly
affected by gluon-gluon fusion and μ f f̄ is more likely to
be influenced by vector boson fusion. The Higgs produc-
tion cross sections can be further simplified as σN P (ggF)

σSM (ggF)
≈

N P (h0→gg)
SM (h0→gg)

,
σN P (V BF)
σSM (V BF)

≈N P (h0→VV ∗)
SM (h0→VV ∗) . Therefore, the ratios

of the signal strengths from the Higgs boson decay channels
are reduced as

μggF
γ γ ≈ N P (h0 → gg)

SM (h0 → gg)

N P (h0 → γ γ )/h0

N P

SM (h0 → γ γ )/h0

SM

= h0

SM

h0

N P

N P (h0 → gg)

SM (h0 → gg)

N P (h0→γ γ )

SM (h0→γ γ )
,
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μ
ggF
V V ∗≈N P (h0→gg)

SM (h0→gg)

N P (h0→VV ∗)/h0

N P

SM (h0→VV ∗)/h0

SM

=h0

SM

h0

N P

N P (h0→gg)

SM (h0→gg)
|gh0VV |2, (V=Z ,W ),

μV BF
f f̄

≈ N P (h0 → VV ∗)
SM (h0 → VV ∗)

N P (h0 → f f̄ )/h0

N P

SM (h0 → f f̄ )/h0

SM

= h0

SM

h0

N P

|gh0VV |2|gh0 f f |2, ( f = b, τ ). (15)

Here, N P (h0→VV ∗)
SM (h0→VV ∗) = |gh0VV |2 and N P (h0→ f f̄ )

SM (h0→ f f̄ )
=

|gh0 f f |2. h0

N P = ∑
f N P (h0 → f f̄ ) + ∑

VN P (h0 →
VV ∗) + N P (h0 → gg) + N P (h0 → γ γ ) represents the
NP total decay width of physical Higg boson.

3.2 The (g − 2)μ

The effective Lagrangian for the muon MDM can be actually
summarized as follows

LMDM = e

4mμ

aμ l̄μσαβlμ Fαβ, (16)

where σαβ = i[γα, γβ ]/2, Fαβ is the electromagnetic field
strength. Other than this, lμ denotes the muon fermion, mμ

represents the corresponding muon mass and aμ is the muon
MDM. Generally, we obtain the muon MDM through the
effective Lagrangian method [7,48,49]

aμ = 4Q f m2
μ

(4π)2 �(C+
2 + C−∗

2 + C+
6 ), (17)

where Q f = −1, C±
2,6 represent the Wilson coefficients of

the corresponding operators O∓
2,6

O∓
2 = eQ f

(4π)2 (iDμlμ)γ μF · σω∓lμ,

O∓
6 = eQ f mμ

(4π)2 l̄μF · σω∓lμ, (18)

with Dμ = ∂μ + ieAμ and ω∓ = (1∓γ5)
2 . The BLMSSM

and B-LSSM contributions to muon MDM originate from
the one-loop triangle diagrams, which are shown in Fig.1.
So the relevant one-loop corrections to muon MDM can be
expressed as

�athμ = aμ(a) + aμ(b). (19)

In the BLMSSM and B-LSSM, the muon MDM corre-
sponding to Fig. 1a can be formulated as

aμ(a) = −
∑
F

∑
S

[
�[(A1)

I (A2)
I∗]yS√yF ymμ

∂2B(yF , yS)

∂y2
S

+ 1

3
(|(A1)

I |2 + |(A2)
I |2)yS ymμ

∂B1(yF , yS)

∂yS

]
, (20)

γ(q) γ(q)

S S

F

F F

S

lj(p) lj(p)li(p + q) li(p + q)

(a) (b)

Fig. 1 The one-loop diagrams affect (g − 2)μ in the BLMSSM and
B-LSSM

where yi denote
m2
i

�2 .B(x, y), B1(x, y) are the one-loop func-
tions and given out in appendix A. Similarly, the muon MDM
for Fig. 1b is deduced as follows

aμ(b) =
∑
F

∑
S

[
− 2�[(C1)

I (C2)
I∗]√yF ymμ B1(yS, yF )

+1

3
(|(C1)

I |2 + |(C2)
I |2)yF ymμ

∂B1(yS, yF )

∂yF

]
.

(21)

In the BLMSSM, the concrete expressions for (A1)
I ,

(A2)
I , (C1)

I and (C2)
I can be found in Ref. [50]. The cor-

responding expressions that present in the B-LSSM will be
specifically discussed in the following appendix C.

4 χ2 analyses for the numerical results

In this paper, we will consider the χ2 analyses for the
corresponding theoretical and experimental data in both
BLMSSM and B-LSSM. In general, the expression for χ2

can be simplified with ξ data points as [51,52]

χ2 =
∑
ξ

(
μth

ξ − μ
exp
ξ

δξ

)2

, (22)

in which the theoretical values obtained for our model μth
ξ

are confronted with the experimental measurements μ
exp
ξ , δξ

represent the errors which include both statistic and system.
Then the the expression for χ2 can be deduced specifically
as

χ2 =
(

μ
ggF
γ γ − μ

exp
γ γ

δμγγ

)2

+
(

μ
ggF
WW − μ

exp
WW

δμWW

)2

+
(

μ
ggF
Z Z − μ

exp
Z Z

δμZ Z

)2

+
(

μV BF
bb̄

− μ
exp
bb̄

δμbb̄

)2

+
(

μV BF
τ τ̄ − μ

exp
τ τ̄

δμτ τ̄

)2

+
(

�athμ − �aμ

δ�aμ

)2

.

(23)

The theoretical results μ
ggF
γ γ , μ

ggF
WW , μ

ggF
Z Z . . . have been

given out in Sect. 3. The concrete experimental constraints
ofμexp

γ γ , μ
exp
WW , μ

exp
Z Z . . . and δμγγ , δμWW , δμZ Z . . . will be dis-

cussed as follows.
Actually, combining the experimental results from ATLAS,

CMS, CDF and D0 collaborations, we adopt the averages for
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(a1) (a2) (a3)

(b1) (b2) (b3) (b4)

Fig. 2 The fitting results for MSSM and BLMSSM with the χ2 analyses

Higgs decays from PDG [3], which are μ
exp
γ γ = 1.11+0.10

−0.09

[53–56], μexp
WW = 1.19 ± 0.12 [53,55,56], μexp

Z Z = 1.20+0.12
−0.11

[53,55,57], μ
exp
bb̄

= 1.04 ± 0.13 [53,55,56,58,59] and

μ
exp
τ τ̄ = 1.15+0.16

−0.15 [55,56,60,61]. With an improvement in
the measured precision of the gluon fusion production rate
and the introductions of variants that can effectively couple
the photon and gluon, the corresponding results will be more
and more compatible with the SM prediction.

Furthermore, the muon MDM possesses 3.7σ devia-
tion between experimental data and theoretical prediction:
�aμ = aexpμ − aSMμ = (274 ± 73) × 10−11 [62,63]. aexpμ

represents the experiment measurement, which is dominated
at the Brookhaven National Laboratory (BNL) [62]. Cur-
rently, physicists try to improve the experimental estimate
for (g − 2)μ at Fermilab (E989) [64] and the future J-PARC
experiment [65]. The E989 experiment follows the principles
of the BNL experiment to measure the precession frequency
and the magnetic field of muon anomalies. Recently, Run-3
of the E989 experiment has been commenced and we expect
for the Run-1 results in the near future.

Other than this, the Higgs boson mass has been measured
in the H → Z Z → 4l and in the H → γ γ decay chan-
nels with

√
s = 7, 8 and 13 TeV pp collisions by the ATLAS

and CMS experiments. The measurements are based on the
latest calibrations of muons, electrons, and photons, and on
improvements to the analysis techniques used to obtain the
previous results from ATLAS Run 1 data. So we obtain the
average of Higgs boson mass mexp

h0 = 125.1 ± 0.14 GeV

[3,66–68], which possesses strict constraints to the param-
eter space. In the following numerical discussion, we limit
the theoretical Higgs boson mass to be in the range of 3σ .
As we know, the squark masses of the first two genera-
tions are restricted around or larger than 2 TeV, which are
mainly determined by the parameter mBL

0 (mB−L
0 ), so we

take mBL
0 = mB−L

0 = 2 TeV in our numerical calculation.
Besides, parameters mBL

12 (mB−L
12 ) and μBL (μB−L ) affect the

masses of chargions and neutralinos. We also consider the
constraints from the b → sγ process. The numerical analy-
ses will be further discussed as follows.

First of all, we analyze the numerical results in the
BLMSSM. We propose the �BL

FT versus tan βBL , �BL
FT versus

mBL
t̃1

, μggF
γ γ versus μ

ggF
V V and μV BF

f f versus �athμ in (b1)-(b4)
of Fig. 2. The black triangle shows the best-fitted bench-
mark point with minimal (χ BL

min)
2 =9.05121. The green, blue

and black regions are respectively 90%, 95% and 99% con-
fidence levels with χ2 < (χ BL

min)
2 + 9.24, (χ BL

min)
2 + 11.1

and (χ BL
min)

2 + 15.1. It is clear to see that �BL
FT changes from

20 to 45 while tan βBL is in the region 8 ∼ 50 within 90%
confidence level. �BL

FT is mainly influenced by the stop quark
massmBL

t̃1
(mBL

t̃2
), and the largermBL

t̃1
(mBL

t̃2
), the larger �BL

FT

is. Not only that, μ
ggF
γ γ is around 1.0 ∼ 1.25, μV BF

f f is fixed

in the range of 0.85 to 1.25, and μ
ggF
V V is around 1.18 ∼ 1.28.

�athμ is concentrated in 0.5 × 10−9 ∼ 1.5 × 10−9. So

μ
ggF
γ γ , μggF

V V , μV BF
f f and �athμ which agree well with the con-
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Fig. 3 The fitting results for B-LSSM with the χ2 analyses

crete experimental results can naturally be explained in the
BLMSSM.

Second, the B-LSSM numerical analyses are also taken
over. We present the gB−L

B versus gB−L
Y B ,mB−L

t̃1
versusmB−L

t̃2
,

�B−L
FT versus mB−L

t̃1
, �B−L

FT versus tan βB−L , MB−L
0 ver-

sus �athμ , μ
ggF
γ γ versus μ

ggF
WW , μ

ggF
WW versus μ

ggF
Z Z and μWBF

f f

versus μZ BF
f f in Fig. 3. The black triangle shows the best-

fitted benchmark point with minimal (χ B−L
min )2 = 4.05073.

The green, blue and black regions are respectively 90%, 95%
and 99% confidence levels with χ2 < (χ B−L

min )2 + 12.02,
(χ B−L

min )2 + 14.07 and (χ B−L
min )2 + 18.49. After limiting the

theoretical Higgs boson mass within 3σ region, fine-tuning
�B−L

FT is larger than 20, 1.0 TeV � MB−L
0 � 2.3 TeV and

−0.2 � gB−L
Y B < 0 with 90% confidence level. Then the

stop quark masses satisfy 1.2 TeV � mB−L
t̃1

� mB−L
t̃2

�
2.5 TeV. And �B−L

FT will increase with the enlargement of

stop quark masses. Other than these, the μ
ggF
γ γ , μ

ggF
WW and

μ
ggF
Z Z can be adjusted in the range of 1.0 to 1.1. The values of

μWBF
f f and μZ BF

f f are approximately equal and tend to 1.02.

And �athμ can be well corrected in the range of 0.5 × 10−9

to 5.0×10−9. Therefore, all of aforementioned results are in
good agreement with the corresponding experimental results.

We consider the corresponding comparison of fine-tunings
in the Higgs sector between MSSM and B-LSSM(BLMSSM).
The models B-LSSM and BLMSSM are better for address-
ing fine-tunings in the Higgs sector than the MSSM. Con-
sidering the constraints of physical Higgs boson mass within
3σ region and stop quark mass being larger than 1.19 TeV,
we obtain the numerical results of �FT versus mt̃1 from

Figs. 2(a3), (b2) and 3(3). We find the fine-tuning mea-
sure is �FT � 35(� 2.9% fine tuning) according to
mt̃1 � 1.5 TeV in the MSSM. However, the fine-tuning mea-
sure in the B-LSSM or in the BLMSSM is �FT � 19(�
5.2% fine tuning) according to mt̃1 � 1.2 TeV. We prefer to
small fine-tuning measure �FT , which can be realized in B-
LSSM and BLMSSM. Therefore, the physical Higgs boson
mass, which is mainly affected by stop quark masses, will be
more naturally obtained in the B-LSSM and BLMSSM.

5 Conclusion

In this paper, we consider the corresponding comparison
of fine-tunings in the Higgs sector between MSSM and
B-LSSM(BLMSSM), which is strongly influenced by the
stop quark masses. Considering the constraints of physical
Higgs boson mass within 3σ region and stop quark mass
being larger than 1.19 TeV, we find that the fine-tuning mea-
sure is �FT � 35(� 2.9% fine tuning) in the MSSM but
�FT � 19(� 5.2% fine tuning) in the B-LSSM or in the
BLMSSM. The smaller �FT will obtain the physical Higgs
boson mass more naturally. So the models B-LSSM and
BLMSSM are better for addressing fine-tunings in the Higgs
sector than the MSSM.

We adopt the method of χ2 analyses in the BLMSSM and
B-LSSM to calculate the Higgs decays and muon g−2. After
scanning the parameter space, we point out some sensitive
parameters in the BLMSSM and B-LSSM. In the BLMSSM,
tan βBL is limited in 8 ∼ 50 with 90% confidence level.
As well as, we observe that 1.0 TeV � MB−L

0 � 2.3 TeV
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and −0.2 � gB−L
Y B < 0 in the B-LSSM with 90% confi-

dence level. Then, we can obtain the reasonable theoretical
values for Higgs decays and muon g − 2 respectively in the
BLMSSM and B-LSSM, which are all in accordance with the
experimental results. Other than this, the best-fitted bench-
mark points in the BLMSSM and B-LSSM shown in TABLE
I give us the suitable particle mass spectrum, which satisfy
the present SUSY constraints. Therefore, the BLMSSM and
B-LSSM are both natural and realistic.
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Appendix A: The form factors

The form factors are defined as

A1/2(x) = 2
[
x + (x − 1)g(x)

]
/x2, A0(x) = −(x − g(x))/x2 ,

A1(x) = −
[
2x2 + 3x + 3(2x − 1)g(x)

]
/x2,

g(x) =
{

arcsin2 √
x, x ≤ 1

− 1
4

[
ln 1+√

1−1/x
1−√

1−1/x
− iπ

]2
, x > 1 ,

F(x) = −(1 − x2)(
47

2
x2 − 13

2
+ 1

x2 ) − 3(1 − 6x2 + 4x4) ln x

+3(1 − 8x2 + 20x4)√
4x2 − 1

cos−1
(3x2 − 1

2x3

)
, (A1)

B(x, y) = 1

16π2

( x ln x

y − x
+ y ln y

x − y

)
,

B1(x, y) =
(

∂

∂y
+ y

2

∂2

∂y2

)
B(x, y). (A2)

Appendix B: The expressions for Higgs decays in the B-
LSSM

The concrete expressions that present in the B-LSSM are
specifically discussed in the following(in this part i = 1):

1. CP-even Higgs-up squark-up squark contribution

gB−L
h0ŨŨ

= v

2mz2

6∑
j=k=1

[ 1

12
δβγ

(
6
(√

2μ∗
3∑

b=1

ZU,∗
jb

3∑
a=1

Yu,ab Z
U
k3+a Z

H
i1

+√
2μ

3∑
b=1

3∑
a=1

Y ∗
u,ab Z

U,∗
j3+a Z

U
kb Z

H
i1 −

(√
2

3∑
b=1

ZU,∗
jb

×
3∑

a=1

ZU
k3+aTu,ab + √

2
3∑

b=1

3∑
a=1

ZU,∗
j3+aT

∗
u,ab Z

U
kb

+2vu

( 3∑
c=1

ZU,∗
j3+c

3∑
b=1

3∑
a=1

Y ∗
u,caYu,ba Z

U
k3+b

+
3∑

c=1

3∑
b=1

ZU,∗
jb

3∑
a=1

Y ∗
u,acYu,ab Z

U
kc

))
ZH
i2

)

+
3∑

a=1

ZU,∗
j3+a Z

U
k3+a

(
−

(
4g2

1 + gY B

(
4gY B

+gB
))

vd Z
H
i1 +

(
4g2

1 + gY B

(
4gY B + gB

))
vu Z

H
i2

−2
(

4gY BgB + g2
B

)(
− vη̄Z

H
i4 + vηZ

H
i3

))

+
3∑

a=1

ZU,∗
ja ZU

ka

((
− 3g2

2

+gY BgB + g2
1 + g2

Y B

)
vd Z

H
i1

−
(

− 3g2
2 + gY BgB + g2

1 + g2
Y B

)
vu Z

H
i2 + 2

(
gY BgB

+g2
B

)(
− vη̄Z

H
i4 + vηZ

H
i3

)))]
; (B1)

2. CP-even Higgs-down squark-down squark contribution

gB−L
h0 D̃ D̃

= v

2mz2

6∑
j=k=1

[ 1

12
δβγ

(
− 6

(√
2

3∑
b=1

ZD,∗
jb

3∑
a=1

ZD
k3+aTd,ab Z

H
i1

+√
2

3∑
b=1

3∑
a=1

ZD,∗
j3+aT

∗
d,ab Z

D
kb Z

H
i1

+2vd

3∑
c=1

ZD,∗
j3+c

3∑
b=1

3∑
a=1

Y ∗
d,caYd,ba Z

D
k3+b Z

H
i1

+ 2vd

3∑
c=1

3∑
b=1

ZD,∗
jb

3∑
a=1

Y ∗
d,acYd,ab Z

D
kc Z

H
i1

−√
2μ∗

3∑
b=1

ZD,∗
jb

3∑
a=1

Yd,ab Z
D
k3+a Z

H
i2

−√
2μ

3∑
b=1

3∑
a=1

Y ∗
d,ab Z

D,∗
j3+a Z

D
kb Z

H
i2

)

+
3∑

a=1

ZD,∗
j3+a Z

D
k3+a

((
2g2

1+gY B

(
2gY B

−gB
))

vd Z
H
i1+

(
−2g2

1+gY B

(
−2gY B+gB

))
vu Z

H
i2
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+ 2
(

2gY BgB−g2
B

)(
−vη̄Z

H
i4

+vηZ
H
i3

))
+

3∑
a=1

ZD,∗
ja Z D

ka

((
3g2

2+gY BgB+g2
1+g2

Y B

)
vd Z

H
i1

−
(

3g2
2 + gY BgB + g2

1 + g2
Y B

)
vu Z

H
i2

+ 2
(
gY BgB + g2

B

)(
− vη̄Z

H
i4 + vηZ

H
i3

)))]
; (B2)

3. CP-even Higgs-slepton-slepton contribution

gB−L
h0 L̃ L̃

= v

2mz2

6∑
j=k=1

[1

4

(
−2

(√
2

3∑
b=1

Z E,∗
jb

3∑
a=1

Z E
k3+aTe,ab Z

H
i1

+√
2

3∑
b=1

3∑
a=1

Z E,∗
j3+aT

∗
e,ab Z

E
kb Z

H
i1

+2vd

3∑
c=1

Z E,∗
j3+c

3∑
b=1

3∑
a=1

Y ∗
e,caYe,ba Z

E
k3+b Z

H
i1

+ 2vd

3∑
c=1

3∑
b=1

Z E,∗
jb

3∑
a=1

Y ∗
e,acYe,ab Z

E
kc Z

H
i1

−√
2μ∗

3∑
b=1

Z E,∗
jb

3∑
a=1

Ye,ab Z
E
k3+a Z

H
i2

−√
2μ

3∑
b=1

3∑
a=1

Y ∗
e,ab Z

E,∗
j3+a Z

E
kb Z

H
i2

)

+
3∑

a=1

Z E,∗
j3+a Z

E
k3+a

((
2g2

1+gY B

(
2gY B+gB

))
vd Z

H
i1

−
(

2g2
1+gY B

(
2gY B+gB

))
vu Z

H
i2

+ 2
(

2gY BgB+g2
B

)(
−vη̄Z

H
i4+vηZ

H
i3

))

+
3∑

a=1

Z E,∗
ja Z E

ka

(
−

(
−g2

2+gY BgB+g2
1+g2

Y B

)
vd Z

H
i1

+
(

− g2
2 + gY BgB + g2

1 + g2
Y B

)
vu Z

H
i2

− 2
(
gY BgB + g2

B

)(
− vη̄Z

H
i4 + vηZ

H
i3

)))]
; (B3)

4. CP-even Higgs-charge Higgs-charge Higgs contribution

gB−L
h0H±H± = v

2mz2

2∑
j=k=1

[1

4

(
− 2gY BgB

(
− vη̄Z

H
i4+vηZ

H
i3

)

(
Z+
j1Z

+
k1 − Z+

j2Z
+
k2

)
− ZH

i1

(
Z+
j2

(
−

(
−g2

2+g2
1+g2

Y B

)
vd Z

+
k2

+g2
2vu Z

+
k1

)
+Z+

j1

((
g2

1+g2
Y B+g2

2

)
vd Z

+
k1+g2

2vu Z
+
k2

))

+ ZH
i2

(
Z+
j1

((
−g2

2 + g2
1+g2

Y B

)
vu Z

+
k1−g2

2vd Z
+
k2

)

− Z+
j2

((
g2

1+g2
Y B+g2

2

)
vu Z

+
k2+g2

2vd Z
+
k1

)))]
; (B4)

5. CP-even Higgs-Z boson-Z boson contribution

gB−L
h0Z Z

= v

2mz2

[1

2

(
vd

(
g1 cos �′

W sin �W

+g2 cos �W cos �′
W−gY B sin �′

W

)2
ZH
i1

+ vu

(
g1 cos �′

W sin �W

+g2 cos �W cos �′
W−gY B sin �′

W

)2
ZH
i2

+ 4
(

− gB sin �′
W

)2(
vη̄Z

H
i4 + vηZ

H
i3

))(
gσμ

)]
.

(B5)

Appendix C: The expressions for muon (g − 2) in the
B-LSSM

In the B-LSSM, the one-loop corrections for (g − 2)μ are
mainly affected by slepton-neutralino, CP-odd sneutrino-
chargino and CP-even sneutrino-chargino contributions. The
concrete expressions for (A1)

I , (A2)
I , (C1)

I and (C2)
I that

present in the B-LSSM can be specifically discussed as

(AB−L
1 )I

L̃χ0 = 1

2

7∑
i=1

6∑
k=1

[√
2g1N

∗
i1U

e∗
L ,22Z

E
k2

+√
2g2N

∗
i22Ue∗

L ,22Z
E
k2 + √

2gY B N
∗
i5U

e∗
L ,22Z

E
k2

+√
2gBN

∗
i5U

e∗
L ,22Z

E
k2 − 2N∗

i3U
e∗
L ,22Ye,22Z

E
k,5

]
;

(AB−L
2 )I

L̃χ0 = − 1√
2

7∑
i=1

6∑
k=1

[
Z E
k,5U

e
R,22(2g1Ni1

+(2gY B + gB)Ni5) + Y ∗
e,22U

e
R,22Z

E
k2Ni3

]
; (C1)

(CB−L
1 )I

χ− ν̃i
= i√

2

2∑
j=1

6∑
k=1

U∗
j2Z

i,∗
k2 U

e,∗
R,22Ye,22;

(CB−L
2 )I

χ− ν̃i
= − i√

2

2∑
j=1

6∑
k=1

[
g2Z

i,∗
k2 U

e
L ,22Vj1

−Y ∗
ν,22Z

i,∗
k,5U

e
L ,22Vj2

]
; (C2)

(CB−L
1 )I

χ− ν̃R = 1√
2

2∑
j=1

6∑
k=1

U∗
j2Z

R,∗
k2 Ue,∗

R,22Ye,22;

(CB−L
2 )I

χ− ν̃R = 1√
2

2∑
j=1

6∑
k=1

[
− g2Z

R,∗
k2 Ue

L ,22Vj1

+Y ∗
ν,22Z

R,∗
k,5 U

e
L ,22Vj2

]
. (C3)

Appendix D: the best fit masses in the BLMSSM and B-
LSSM
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Table 1 The best fit masses (in
GeV) for the BLMSSM and
B-LSSM particles

BLMSSM Mass BLMSSM Mass B-LSSM Mass B-LSSM Mass

ũ1 1962 χ0
L1 239 ũ1 2045 ν̃R

e1 1311

ũ2 2036 χ0
L2 1260 ũ2 1975 ν̃R

e2 1311

c̃1 1962 χ0
L3 4499 c̃1 2045 ν̃R

μ1 1311

c̃2 2036 χ±
1 561 c̃2 1975 ν̃R

μ2 2129

t̃1 1970 χ±
2 729 t̃1 1568 ν̃R

τ1 1311

t̃2 2046 Ũ1
4 1897 t̃2 1477 ν̃R

τ2 1311

d̃1 1965 Ũ2
4 2328 d̃1 2044 χ±

1 566

d̃2 2036 Ũ1
5 2283 d̃2 1933 χ±

2 692

s̃1 1964 Ũ2
5 1940 s̃1 2044 χ0

1 650

s̃2 2036 D̃1
4 1899 s̃2 1933 χ0

2 650

b̃1 1963 D̃2
4 2323 b̃1 1563 χ0

3 509

b̃2 2040 D̃1
5 2285 b̃2 1403 χ0

4 606

ẽ1 2197 D̃2
5 1940 ẽ1 1314 χ0

5 791

ẽ2 1786 L̃1
4 2287 ẽ2 1639 χ0

6 1093

μ̃1 2197 L̃2
4 1666 μ̃1 1314 χ0

7 1565

μ̃2 1786 L̃1
5 2774 μ̃2 1639 h0 125.1

τ̃1 2197 L̃2
5 585 τ̃1 1313 H0 1498

τ̃2 1786 Ñ 1
4 2289 τ̃2 1639

ν̃μ1 2195 Ñ 2
4 1671 ν̃e1 1313

ν̃μ2 5224 Ñ 1
5 2770 ν̃e2 1088

χ0
1 700 Ñ 2

5 573 ν̃μ1 1313

χ0
2 700 h0 125.10 ν̃μ2 1088

χ0
3 543 H0 575 ν̃τ1 1313

χ0
4 588 ν̃τ2 1088
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