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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 x? 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]. Sm%Iu represents one loop radiative correc-
tion to the soft supersymmetry breaking mass square of Hy,:
Smyy =~ —%m% In mﬁ, ~ m?. Here, A represents the corre-
sponding new physics (NP) scale while m; corresponds to the
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scale of the stop quark mass. So, (Sm%{u 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
72

mflo = —@ with nﬁio ~ ul? + m%_,u + (Sm%{u. 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®SU2) L QU (1)y®U (1) p— isintro-
duced with B representing baryon number and L standing for
lepton number. Besides, the invariance under U (1) . 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 x 2 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

Atpresent, 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 ®
SUR) Uy U1)gU1). [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
04, U§, DS, La, ES, N§ and Q%, Us, Ds, LS, Es, Ns. Cor-
respondingly, Higgs superfields dp and ¢p acquire nonzero
vacuum expectation values (VEVs) to break baryon number
spontaneously, as well as ®; and ¢, are introduced to break

@ Springer

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 X and X’. X and X’ mix together, and
the lightest mass eigenstates of X and X can be DM candi-
dates. The lightest sneutrino and neutralino can also be DM
candidates.
The superpotential of the BLMSSM is given by [33]

WprL = Wussm +Wp + WL +Wx ,
Wp = 10040505 + 1y USUsgp
+ApD§Ds¢p + npdpdn
+Yu, 04 H,U§ + Yy, 04 Hy D
+Y,s QS HaUs + Ya, QS H, Ds,
Wi = Yo LaBigBS + Yo, La BN
Yo LS A Es + Yoo LS R
+Y, LH,NC + e NN 4+ nr 1o,
Wy = 21 005X + 12U UsX’
+23D°DsX' + uxXX'. 1)
where Wysssy represents the MSSM superpotential. Ag,
AU ooy Yuy, Ya,...and up, ip, oy 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 m% , sz , mﬁ,B ..., but also consider other
4 4

parameters, such as mg, my..., Ay,, Apg..., Bg, Br... and
tan B, tan Bp.... In our numerical calculation, we adopt the
following assumption:

le = mQZ = m[/l = m02 = le
=Mp, =Mgs, =Mmg, =Mp,
= sz = ml}s = m[)s = m1:4
= mg =My =M; =My =Mz =mBL
=my,=mp, =mpo=mg =me =mg o,
Moy =Mgy =Mp, =Mp, = Mg,

=Myge = Mg", gL =g =gLs,
Ar= Al = Ay = Ay = Aa = A= Ay, = Aug
= Ay = Ags = Ay, = Agy
= Ay = A = Ay = Ay = Apg = Apy
= Agp = ABL, my =my = mBL. 2)

2.2 The B-LSSM

In the B-LSSM, one enlarges the local gauge group of the
SM to SU(B)c ® SU2)L ® U(l)y ® U(1)p—, where
the U(1)p_r can be spontaneously broken by the chiral
singlet superfields 7; and 7,. Comparing with MSSM, B-
LSSM has more superfields with observable consequences at
the LHC: U (1) p—1, gauge field, righ-handed neutrinos, two
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U (1)p—r singlet Higgs superfields and their superpartners.
The invariance under spontaneously broken U (1) p_; gauge
group imposes the R-parity conservation which is assumed
in the MSSM to avoid proton decay. Besides, the VEV of
n1 produces masses to the right-handed neutrinos. The righ-
handed neutrinos and left-handed neutrinos mix together
throughY), ;; I:,- ﬁz f)]C.. 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 H,, Hy and U(1)p_1,
singlet Higgs superfields 71, 72, 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

We1=Wussu— 1 12 +Yx i 0 DS+ Y, iiLi sz 3)

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

B—L __ pMSSM
Lsoft Lsoft

+[ — Mgghphp

o2 =02 2 = 2 cyx c
m,~71|771| mﬁ2|n2| U,j(‘) )

1 .. s L
—5Mphphp — B + T HyVi L
+T) mv‘vc—i—hc] 4)

where ll%;ISM represents the soft breaking terms of the

MSSM and mﬁ|’ m%z m?) jjoe are the concrete soft masses.

In the B-LSSM, there are other parameters Mpp/, Mp, B/

T, , T¢ ... and tan B, tan f'.... To facilitate numerical discus-
sion, we adopt the following assumption:
Mg 11 = Mgy = M 11 = Mj 2
. _ . _  B-L
=M =M =My
MG 33 = Mj33 =Mgs3 =Mj ;i =Mz
_ 1yB-L
= mf),l'i = MO 5
Toii = Ty i = Tvii = Tuii = Tuii
=ASE My =My =mi )

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 h° is approximately a linear combination of H, and

H,. The effective potential related to 2° can be approximately

expressedas: V = nﬁio |h02 +7 2 |h°|*. Then the mass square
2

of physical Higgs boson is deduced as m? =" @ In gen-

eral, tan B > 2, so m> Lo can be approximately written as

myy = |pul* +my, +8m3, , where ju is the supersymmetric

mass between H, and H,. m%{u represents the soft super-
symmetry breaking mass square for H,, while Sm%Iu repre-
sents one loop radiative correction to the soft supersymmetry
breaking mass square of H,,:

smy =~ —%y, (sz +m? .~ |A[|2> In (mz> (6)
Here, y; is top quark Yukawa coupling, mea. Mg, and A;
represent the corresponding soft parameters, A represents
the NP scale while m; 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 m hop =
125.1 GeV. To quantitatively evaluate the naturalness, we
use the following fine-tuning measure [11,35,36]

2
28mHu
m2

)

Apr =

where 8m? 7, is determined by the m ; G52 My and A;. There-

fore, the larger m 4 PRI and A,, the larger A rr is. Besides,

the fine-tuning parameter Arpr = 100 corresponds to 1%
=2

fine-tuning. m?2, = — —4° (with m?, >~ |u|>+m3, +8m?,)
&My =—73 no = 1K H, H,
indicates that various contributions meed to be finely tuned
to cancel each other, so we hope that |2, m%,u and (Sm%,u
are relatively small, then the smaller A7 will obtain the

physical Higgs boson mass more naturally.

3 The Higgs decays and (g — 2),, 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),, 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
hY — 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

@ Springer
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significant. So the decay width of 2% — gg can be shown as
[33,38-41]

0 GFotzm
Cyp(h™ — gg) = 64f 3 qqA1/2(xg)
m
+Zghoqqm—§Ao(xq)\ , @®)
q q

with x, = mio / (4m3). g and g denote the concrete quarks
and squarks in the BLMSSM and B-LSSM. The form fac-
tors Aj2(x), Ag(x) and the following A;(x), F(x) are
summarized in the appendix A. In the BLMSSM, the con-
crete expressions for g;0,,, &055 and the ones for gjo /.y,
BHOHYH= 80yt x> 81O f > 8OWW: 81022 mentioned bellow
have been dlscussed in Ref. [33]. The relevant expressions
of gh 04g L 'in the B-LSSM are specifically discussed as

3003
B-L v 1 "
S =~ D D P ‘[_ EaaﬁY;,abUl‘:’,jaUz,khZIZ]’
k=b=1 j=a=1 uj
30030, |
B-L « pd gd  H
8hoaa = > 7[_ 78aﬂYd,abUR,quL,kallj|'
k=b=1 jma=1 "4 V2
©))

In order to save space, gho ~L will be detailed in the following
appendix B.

The LO contributions for decay 1’ — yy 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 h° — yy can
be expressed as [33,38—43]

Cyp(h® — yy)
GFO{ m3

Ar1n(xr)
128\/_ 3 ff 1/2( f

I’}’l
+ZNCQ§gh0ffm—§Ao<xf>
f f

2

M7 A A

) o(XHi)-i-ghoWW 1(xw)
mHi

+8noH+H-

+Zgho

A1/2(x i) , (10)

with
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e e H
eahUR.jaUL,kbzll]’

Son = Z Z mz[

b=l j=

k=
gg;wzz<amﬂzﬁ+xmﬂzg)

2
B—L v ! H H
80,4, -=— E |:—7gZ<UklVi2212+Uk2VilZ11)i|-
i Ji k=im1 " V2
(1)
B-L
The couplings of gh0 2, gh0H+H, and the one of g, pre-

sented as follows w111 also be summarized in the appendix
B.

The decay widths for 1% — ZZ, WW are given by [44,
45]

3etm o My,
T’ — wWw)=——""_ F ,
(h” — ) 5127350, |ghoww!® <mh0>
4
0 _ € mpo 2
L' — Z22) = —2048713s4 4 18nozzI

40 , 160 mz
(7- 3wt SW)F<m_>‘ (12)

70

With the Born approximation, the decay width of the phys-
ical Higgs into fermion pairs 1% — f f is written as [46]

3/2
GFmicm 0 0 | 4m2f /
4\/§ " mio
(13)

L’ — ff) =N,

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

onp(g8F) BRyp(h° — yy, VV*)
Wy = . —.(V=Z.W),
osm(geF) BRsy(h” — yy, VV*)
VBF) BRyp(h° F
vBF _ ONP( ) BRyp( _)ff),(fzb,r), (14)

“17 T Gsu(VBF) BRsy(hO — [ )

where ggF and VBF stand for gluon-gluon fusion and vector
boson fusion respectively. Meanwhile, it vy+ are mainly
affected by gluon-gluon fusion and K7 is more likely to
be influenced by vector boson fusion. The Higgs produc-
tion cross sections can be further simplified as % ~

Cnp(h'—>gg) onp(VBF) ~ Cnp(h%>VV*)
o (W= gg) s (VBE) = Top (hV V)" . Therefore, the ratios
of the signal strengths from the Higgs boson decay channels

are reduced as

goF  Tnvp(h” — gg) Tnp(h” — VV)/FNP
YT T (hY = g) Tgp (0 — Y/ TE,

T, Typ(h® = gg) T p(h0—yy)
F’,{,OP Csp(h® — gg) Tspu(h0—yy)’
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0
e Tnp(h®—>gg) Tnp(W0—VV*H/ T},
YV Tsm (B> g8) Dy (h0— v V) T,

0
_ Ty Twp(h0—gg)
Fﬁp sy (h%—gg)
= ()
VBF 1—‘NP(hO_> Vv®) 1—‘NP(hO_> ff)/r
F7 7 T = VV*) gy (h0 — FhHy/Te,

2(V=Z, W),

lgrovvl

hO
= o lgovvlPlgn g% (F = b, 7). (1)
Tnp
Ty p (0= VV* Paph
Here, % |gnoyy!* and % B
185071 Tlop = X, Twp(h® — £F) + X Twp(h® —

VV*) + Tnp(h® — gg) + Tnp(h® — yy) represents the
NP total decay width of physical Higg boson.

3.2 The (g —2),

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

LMDy = ay 1,0l Fug, (16)

e
4y
where o4 = i[Va, ¥g1/2, Fup is the electromagnetic field
strength. Other than this, /,, denotes the muon fermion, m,,
represents the corresponding muon mass and a,, is the muon
MDM. Generally, we obtain the muon MDM through the
effective Lagrangian method [7,48,49]

Qjﬂ

W=y ——ERCST + 7+, (17)

where O = —1, Czi’6 represent the Wilson coefficients of

the corresponding operators O3 6

eQy
oF = 2(17) (iDul )y F - owsl,,

(4m)

lemM_
OF = 5 InF 003l (18)

with D, = 9, + ieA, and wx = Y3 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

Aall = ay(a) + ay (b). (19)
In the BLMSSM and B-LSSM, the muon MDM corre-

sponding to Fig. 1a can be formulated as

32BOF. ys)

-y [m[(Al)’(Az)’*lys\/W o2
F S ys

ay (a) =

| 9107
F AN P+ 1A Prysom, “TrE2] (20
ys

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

where y; denote B(x y), Bi(x, y) arethe one-loop func-
tions and given out in appendix A. Similarly, the muon MDM
for Fig. 1b is deduced as follows

a,(b) = ZZ[ 2R (€)"1\/TFYm, Bi(ys. yr)

aB1(ys, yF)]

+§<|<cl>’|2+|(cz)’|2)ypym,l ;
YF

1)

In the BLMSSM, the concrete expressions for (Al)l ,
(A)!, (€1)" and (C2)! 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 x? analyses for the numerical results

In this paper, we will consider the x2 analyses for the
corresponding theoretical and experimental data in both
BLMSSM and B-LSSM. In general, the expression for x2
can be simplified with £ data points as [51,52]

= &\ ?
X222<—5 5 : ) : (22)
g

in which the theoretical values obtained for our model u’gh

are confronted with the experimental measurements ngp , 8¢
represent the errors which include both statistic and system.
Then the the expression for x2 can be deduced specifically
as

ggF exp 2 ggF exp 2 ggF exp 2
2_ [ Hyy — Hyy Hww — Pww Mzz —MHzz
X S SWP ) (SR VW)

‘SMW BMWW ‘Suzz

VBF _  exp 2 VBF exp 2 th 2
i Hop Heg — Mg Aay' — Aay
+ + + :
5/11,,, . S8aay

(23)

The theoretical results /,Lyy , ;Lgv{fa,, ,uggF. . have been

given out in Sect. 3. The concrete experimental constraints
of u;x,,p , /fwxlv’v ,uezxé’ .andé 1) . will be dis-
cussed as follows.

Actually, combining the experimental results from ATLAS,

CMS, CDF and DO collaborations, we adopt the averages for

Hyy> N«WW’ nzz -+

@ Springer



1206 Page 60of 11 Eur. Phys. J. C (2020) 80:1206

100 g T
4000 - " 4000 S
I.“ F .
- 80 K -
’ 3
* B XY
= 3000} s b = 3000 :
[ ”’ = . [y “}
o 60F 5 (0] -
(O] ~ (n 4 I
== = = i
3
EE& 2000 < f: = 2000f
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3000F 130 1 1.5%10°F
-
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Fig. 2 The fitting results for MSSM and BLMSSM with the 2 analyses

Higgs decays from PDG [3], which are uf/x,f’ = 1.111‘8:(1)8

0.12
[53-561, uS3h, = 1.194+0.12 [53,55,56], u52 = 1.20+012

77 —
[53,55,57], MZ;” = 1.04 £+ 0.13 [53,55,56,58,59] and
exp

neP = 1.15751% [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 3.70 devia-
tion between experimental data and theoretical prediction:
Aay = a;” — a3 = (274 £ 73) x 107! [62,63]. a;”
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),, 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
inthe H - ZZ — 4l and in the H — yy 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 m,,” = 125.1 & 0.14 GeV

@ Springer

[3,60-68], 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 3o.
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 mgL(mg Ly, so we

BL __ . B—L
take my= = my

= 2 TeV in our numerical calculation.
Besides, parameters m 2 (m 5 ") and pBL (1 B~L) affect the
masses of chargions and neutralinos. We also consider the
constraints from the b — sy 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 Af;% versus tan Bpr , Af;% Versus
m g L u‘f,‘%,F versus M“g,g‘f and ,u,yf F versus Aaﬁ' in (b1)-(b4)
of Fig. 2. The black triangle shows the best-fitted bench-
mark point with minimal ( eriLn)z =9.05121. The green, blue
and black regions are respectively 90%, 95% and 99% con-
fidence levels with x2 < (erfﬁl)2 + 9.24, (X,ffﬁl)z + 11.1
and (xBL)% +15.1. Tt is clear to see that ABL changes from
20 to 45 while tan Bpr. is in the region 8 ~ 50 within 90%
confidence level. Aglf is mainly influenced by the stop quark

BL BL BL BL BL
mass (mt~2 ), and the larger my (m;2 ), the larger ALz
is. Not only that, 53" is around 1.0 ~ 1.25, i P s fixed

in the range of 0.85 to 1.25, and 1258} is around 1.18 ~ 1.28.
Aal’f’ is concentrated in 0.5 x 107° ~ 1.5 x 107°. So

ggF  g¢F VBF

Hyy » Wy > Ky and Aal’f' which agree well with the con-
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Fig. 3 The fitting results for B-LSSM with the x 2 analyses

crete experimental results can naturally be explained in the
BLMSSM.
Second, the B-LSSM numerical analyses are also taken

over. We present the gg_l‘ versus g{fgl‘, mg_l‘ versus mg_L,
B—L B—L AB-L B—L
Apr” versus my Ap, " versus tan 8p_ o, M, ver-

th ,88F ggF  ggF 88k WB
sus Aau ,Z;;;y Versus [y, . Ly Versus [y, and Ky

Versus 1’ in Fig. 3. The black triangle shows the best-

fitted benchmark point with minimal (2 %)% = 4.05073.
The green, blue and black regions are respectively 90%, 95%
and 99% confidence levels with x? < (X,ffl.;L)z + 12.02,

B=L)2 4 14.07 and (x2-1)% + 18.49. After limiting the

(Xmin min
theoretical Higgs boson mass within 30 region, fine-tuning
ABZL is larger than 20, 1.0 TeV < MJ ™" < 2.3 TeV and

—-02 < B>L < 0 with 90% confidence level. Then the

8yp
stop quark masses satisfy 1.2 TeV < mg_L ~ mBL <

5]
B—L
2.5 TeV. And A%

will increase with the enlargement of
stop quark masses. Other than these, the u,g,‘g,',F, u‘%‘;“"}; and

uégZF can be adjusted in the range of 1.0 to 1.1. The values of

;L%CBF ?f F are approximately equal and tend to 1.02.

And Aath can be well corrected in the range of 0.5 x 10~

and ©

t0 5.0 x 102, Therefore, all of aforementioned results are in
good agreement with the corresponding experimental results.
We consider the corresponding comparison of fine-tunings

inthe 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
30 region and stop quark mass being larger than 1.19 TeV,
we obtain the numerical results of Agy versus mj, from

1.10

0.95 1.00 1.05

("

Figs. 2(a3), (b2) and 3(3). We find the fine-tuning mea-
sure is Apr 2 35(S 2.9% fine tuning) according to
mj 2 1.5 TeV in the MSSM. However, the fine-tuning mea-
sure in the B-LSSM or in the BLMSSM is Apr 2 19(<
5.2% fine tuning) according to m; 2, 1.2 TeV. We prefer to
small fine-tuning measure A g7, 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 30 region and stop quark mass
being larger than 1.19 TeV, we find that the fine-tuning mea-
sure is Apr 2 35(< 2.9% fine tuning) in the MSSM but
Arr 2 19(< 5.2% fine tuning) in the B-LSSM or in the
BLMSSM. The smaller A p7 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 x 2 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 Bpr is limited in 8 ~ 50 with 90% confidence level.
As well as, we observe that 1.0 TeV < M(?fL <23 TeV

@ Springer
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and —0.2 < gYB < 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

M) = 2x + (= Dg)]/x%, Ao() = —(x — g(x))/a

Al(x) = —[2x2 1 3x +302x — 1)g(x)]/x2,

{arcsin2 Jx, x <1
8 =1 iy vmE TP
_Z[lnl—i m—m],x>l,
5 47 5 13 1 .
Fx)=—-(1-x )(EX 7+f)—3(1—6x +4x%)Inx
3(1—8x24+20x%) | /3x% -
e ()@
1 xlnx  ylny
B(x’y)_167r2< —x x—y)’
a y 92
Bix,y)=|—+>— ) B, y). A2
1(x,y) <3y+28y2) (x,y) (A2)

@ Springer

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

<
1
=
I
3
I
S
I

3 3 3
H U,
V2 ) N v uij3+nghZzl - (fzz z5

b=1a=1 b=1

v, U
X sz3+a u.ab + IZZZﬂiaT:abzk})

b=1a=1

3 3 3

+2uy (Z yi ZZ u,ca uthA3+b
c=1 b=1a=1
3

+ZZZ Z u,ac uﬂbzkc))zg)

=1b=1
2

Z Zﬁ+azk3+a( - (4g1 +grs (4gy3
+g3)>vdzﬁ + (4gf +grB (4gYB + g3>>vuzg
_2(4gy3g3 + g%)( — UﬁZiIZ + v,]Zg)>

3
v,

+D 25" % (( -38

a=1
+erngn + 81 + g} )vaZl]

—< —3¢3 +gvpes + 8 + g%g)”uz,-fz] +2<gYBgB
-

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

(B1)

H
Yd abZﬂ«l»aZkalZ)
b=1a=1

2
+ZZ/3+aZk3+a <<281+81/B (281/3

—g3>)vdzﬁ+(—2g,2+gy3 <—2gYB+gB>>Uu ZiFZI
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+2(28y383—812;> (—vﬁz,ﬁ
3
D,
oy ZS))+ZZJ.“'*Z,€, (<3g%+gYBgB+g%+g)2/B)Ud ZiI-II
a=1

—(3g§ +gvper + & + gf/B)vquzI

+2<gYBgB +gg)(— vzt + u,,zg)))]; (B2)

3. CP-even Higgs-slepton-slepton contribution

6 3 3
B—L E.x E H
Swip = 2mz Z[ ( (V D 25" Y L Tean 2]
= b=1 a=1
E, E - H
+v2 Z Z Ziv o Zin Zi

b=1a=1

303
E  H
+2ug Z Zj35e 22 VecaYeraZis Zi]

b=1a=1
+2vdzzz Z e,ac eabZkCZ

c=1 b=1 a=1

3 3
V2N ZY YeanZE o 28

b=1 a=1

303
—ﬁﬂzz eaij3+aZka )

b=1 a=1
+ ZZ,3+a Zk3+a ((2g%+gYB (2gYB+gB>)vde{

_(2g1+gYB <2gYB+gB>)vuZiH2

+ 2<2gYB8B+g123> (—vﬁZﬁ{—i—v" Zfé))
3
E,
+ Y25 2k ((~rersenteiads )zl
a=1
+ ( — 8 +gvpgn + 81 + g%B)vuZ,é'

- Z(gYBgB + g%)( - vﬁzﬁ + vnzg)))]; (B3)

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

2
8l e = Z [ ( - ZgYBgB( - vﬁzﬁﬂnzl@)
(zhzi - ijzkz) 8 (255 (~(~ed+etetn)vazis
+g2vllzljl)+zjl ((g1+gys+g§>vdzk+1+g%vu lez))
+20(25((~3 + et+ela ) vuzii—ghazss)

- Z_E((glz—i-g,z/B—l—g%)vu Z,j2+g§vdZ,fl>))]; (B4)

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

v 1 .
ngZLZ = a2 [5 (vd (g1 cos ®'y sin O

2
+g2cos O cos ®' y—gyp sin @’W) zH
+ v, (g1 cos ©yy sin O

+g2cos O cos ®' y—gyp sin ®’W) zH

+4( — gpsin ®/W)2(Uﬁziljl + U’7Zib3[)>(gau):|'
(BS)

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

In the B-LSSM, the one-loop corrections for (g — 2), are
mainly affected by slepton-neutralino, CP-odd sneutrino-
chargino and CP-even sneutrino-chargino contributions. The
concrete expressions for (Ap)!, (A2)!, (C1)! and (C3)! that
present in the B-LSSM can be specifically discussed as

7 6
1
(AP~ L) i = EZZ[ﬁglNﬁszzzzlfz
+V282N52U5%5, 2 + 28y sNSU T » 2
+ngN15UL 0Z —2 i3UL,22Ye,ZZZk,5]§
7 6
(-A )Lx = TZZ[Z/ESU;Q(ZK]N;'I
+Q8r + 88INis) + YU ;nZ5Nis | (CD)
;2.6
B-L
(& )x 5 = TZZ jZZII(Q*UR 2 ¥e 22
;20
(G )x 5 = TZZ[ ZZszLzz Jl
¥ nZ{ UL Vi (C2)
R
B-L R
€ )x PR = EZZ /ZZkz*URzz .22}
j: =
2 6
_ R,
(Cf L);—;,R = TZZ[_gZZkQ*Uz,ZZle
+Y*22Zk5 Ur 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 BLMSSM Mass BLMSSM Mass B-LSSM Mass B-LSSM Mass

B-LSSM particles i 1962 %0, 239 i 2045 Bk 1311
i 2036 X9, 1260 i 1975 0 1311
¢ 1962 x2s 4499 é1 2045 R 1311
& 2036 X 561 & 1975 B, 2129
i 1970 x5 729 i 1568 iR 1311
b 2046 U} 1897 i 1477 DL 1311
d 1965 U? 2328 d 2044 xi 566
d> 2036 Ul 2283 d 1933 x5 692
51 1964 U? 1940 i 2044 X0 650
5 2036 D) 1899 5 1933 % 650
b 1963 D2 2323 b 1563 %9 509
by 2040 Dl 2285 by 1403 X8 606
é 2197 D? 1940 e 1314 x3 791
é 1786 L) 2287 & 1639 xe 1093
Qi 2197 L} 1666 i 1314 % 1565
Q2 1786 L! 2774 i 1639 ho 125.1
7 2197 L? 585 7 1313 H° 1498
2 1786 N} 2289 % 1639
D1 2195 N? 1671 Dot 1313
D2 5224 N! 2770 De2 1088
xP 700 N2 573 D1 1313
% 700 ho 125.10 D2 1088
x 543 HO 575 e 1313
xS 588 vy 1088
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