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Abstract: The BLMSSM is an extension of the minimal supersymmetric standard model (MSSM). Its local gauge
group is SUB)cxSUR)LxU(1)y xU(1)px U(1)r. Supposing the lightest scalar neutrino is a dark matter candid-
ate, we study the relic density and the spin independent cross section of sneutrino scattering off a nucleon. We calcu-
late the numerical results in detail and find a suitable parameter space. The numerical discussion can confine the
parameter space and provide a reference for dark matter research.
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I. INTRODUCTION

Since it was first proposed in the 1920s, the existence
of dark matter has been confirmed by many observations
and experiments. In particular, the explanations of galaxy
rotation curves [1, 2], gravitational lensing, and cosmic
microwave background radiation have made dark matter
widely accepted by many physicists. Researchers have
thus paid more attention to dark matter research.

The neutrinos in the SM have hot dark matter charac-
teristics, but the large scale structure of the universe sup-
ports the idea that cold dark matter is dominant. There-
fore, the SM cannot provide a cold dark matter candidate.
Although the SM has achieved great success with the de-
tection of the 125 GeV Higgs boson, it has some short-
comings, such as the hierarchy problem, CP-violating
problem, and neutrino with zero mass. Therefore, we con-
sider extending the SM; the MSSM [3-5] is one choice of
many supersymmetric models. However, the MSSM still
fails to explain neutrino oscillation experiments, and its
reasonable parameter space constrained by the experi-
ments becomes increasingly smaller. Therefore, we need
to expand the MSSM.

The BLMSSM [6-9] is an extension of the MSSM
with local gauged B and L, whose local gauge group is
SUB)exSUR)xU)yxU)pxU(1), and spontan-
eously broken at the TeV scale. The local gauged B can

Received 19 April 2021; Accepted 17 June 2021; Published online 28 July 2021

explain the asymmetry of matter-antimatter in the uni-
verse. At the same time, the local gauged L can improve
the lepton flavor violating effect and give light neutrinos
small mass with right handed neutrinos through the see-
saw mechanism. The small hierarchy problem in the
MSSM is relieved in the BLMSSM by exotic quarks and
exotic leptons, which are introduced to eliminate the
gauge anomalies. The BLMSSM can provide a new dark
matter candidate beyond the MSSM. Therefore, we
choose to use the BLMSSM to study dark matter.

In current dark matter research, there are many dark
matter candidates. They include massive compact halo
objects (MACHOs) [10-12], primordial black holes, neut-
rinos, axions, and weakly-interacting massive particles
(WIMPs) [13-17]. They all satisfy or partially satisfy the
following conditions: no electric charge and no color
charge, remaining stable, and possessing a long life [18,
19]. These characteristics could explain the observed
large scale structure of the universe. Thus, cold dark mat-
ter is favored.

In the MSSM, the scalar neutrinos are only left-
handed and interact with gauge bosons at tree level. This
model cannot satisfy the constraints present from the rel-
ic density or direct detection experiments because of the
large cross section. The introduced right-handed neutri-
nos are inactive and stable. The sneutrinos are electric
and color neutral. If the lightest mass eigenstate of the
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sneutrino mass squared matrix is the lightest supersym-
metric particle (LSP), and its dominant element is the
right-handed sneutrino, it will be a good dark matter can-
didate. The reason is that it can easily satisfy the experi-
mental restrictions from dark matter direct detection and
give reasonable relic density. Eventually, the lightest
scalar neutrino is adopted as a candidate for dark matter
in this paper. There are other studies of sneutrino dark
matter in extensions of the MSSM [20-27].

After this introduction, we show the main contents of
the BLMSSM in section II. Sections III and IV are de-
voted to the equations of relic density and direct detec-
tion. We calculate the numerical results and find a reas-
onable parameter space in the BLMSSM in section V.
The discussion and conclusion are provided in section VI.

II. THE BLMSSM

The detection of the lightest CP-even Higgs at LHC
[28-30] has proved that the SM can achieve great success.
Extending the MSSM with the local gauge group
SUB)exSUQR)L,xU(l)yxU(1)px U(1),, physicists have
obtained the BLMSSM [6, 7]. Exotic leptons and exotic
quarks are respectively introduced to cancel the L and B
anomalies. The superfields in the BLMSSM are shown in
Table 1. The Higgs superfields (two doublets and four
singlets) obtain nonzero vacuum expectation values
(VEVs). Therefore, they break both the lepton number
and baryon number spontaneously.

After the Higgs obtain VEVs, the local gauge sym-
metry SUQ2),U(1)y®U(1)p® U(1), breaks down to the
electromagnetic symmetry U(1),. If we mark the nonzero
VEVsofthe S U(2), singlets g, ¢p, O, ¢ andthe SU(2),.
doublets H,, H; as vg, Ug, vz, UL, U, and v,, we have

Hy L(Ud+H0+iP0)
Hy= %(UM+H8+1P2> ’Hd:{\/z H;d ‘ ]
Op = %(UB+(D%+1P%) » B = %(EB"")D%'FIﬁ%) >
0= (v 0] +iF). = o+ 7). )

The superpotential of the BLMSSM is [8]

WaLmssm =Wwussm + Wp+ W + Wy,
Wp=200405Dp + Ay USUs@p + ApDiDsgp
+up®pop + Yy, 04H,U + Y4, 04H,D;,
+Y,, 050,05+ Y, 05H,Ds ,
Wi =Y, LsHES + Y, L4H NS + Y, LH,Es
+Yy, LSHyNs+Y, LA N+ An NN Gp +11 D11
Wy =11 00X + ,U°UsX' + 3D°Ds X +ux XX’ ,
(2)

Table 1. Superfields in the BLMSSM.
superfields  SUQB)¢ SUQ2), U(ly U(l)p u)L
0 3 2 1/6 13 0
Ue 3 1 -2/3 -1/3 0
De 3 1 13 -1/3 0
i 1 2 -12 0 1
fe 1 1 1 0 -1
e 1 1 0 0 -1
O4 3 2 1/6 By
U 3 1 -2/3 -By
b4 3 1 173 -By
iy 1 2 -1/2 0 Ly
E¢ 1 1 1 0 —Ly
I 1 1 0 0 —Ly
)¢ 3 2 -1/6 -1-By 0
Us 3 1 2/3 1+By
Ds 3 1 -1/3 1+By
g 1 2 12 0 -3-1L4
Es 1 1 -1 0 3+1y4
Ns 1 1 0 0 3+14
a, 1 2 12 0 0
Ay 1 2 -12 0 0
by 1 1 0 1 0
OB 1 1 0 -1 0
& 1 1 0 0 -2
oL 1 1 0 0 2
e 1 1 0 2/3+By 0
X 1 1 0 —2/3-By 0

where ‘Wiissm 18 the superpotential of the MSSM. The soft
breaking terms Lo of the BLMSSM can be written as [8].

Lo =LM — (m}2\~,L )1uN§* NG - m2@4 QI 04— ma Uy U,
—my D D —m 0 05 =y, U50s —my DiDs
—mj LiLy—m} Ny NG —mZ E©EG—m LIS
- miﬁg‘]% - m§5E§E5 - méﬂd)zd)g — méutp*Bch
- mCZDL(D*LQDL - miLgazgoL - (mB/lg/lB +mp AL AL + h.c.)
+ {Am Yo, QaH, US + Ay, Yo, 04HaDS + Ay Yo, 05Ha Us
+Aq,Y4, O5H,Ds +Appd0405Pp + Apy Ay UsUsep
+ABD/1DEZDSSDB + Bpup®pep + h.c.}
+{Ae, Yo LiHE + Ay, Yy, LyH NG + A, Y L$H, Es
+A,.Y, LSH Ns + AyY,LH,N® + Ay- An- NNy,

+ B ®ror + h.c.} + {Al/ll 00X + A L UUsX’

+A3A3D°DsX’ + ByuxXX' +h.c.) .
(3)
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LM3M denote the soft breaking terms of the MSSM.

The elements of the mass squared matrix of a sneut-
rino read as [ 9]

2
ko~

(VI J)—

2 V3= vi)d1s + g1 (V1 —vi)S1y
V2 )
u
+ _(YIYV)IJ +(m7)1y,

MF(N{*NS)=— g7 (] —vi)d1 4 (Y Y+ 2VL(/1 AN

VL
+ (M2 )1 + L —== (AN )1y — _(AN")IJ(/lN")IJ,
M \2 V2
5 NIC « Vi =
M2TIN) =" —L (Y, 1y~ v (Y] Ane

V2

W1

“)

The scalar neutrino mass squared matrix is diagonal-
ized by the matrix Z; [31]. The lightest mass eigenstate of
the scalar neutrino is considered to be dark matter in this
work.

With the introduced superfields N¢, three neutrinos
obtain tiny masses through the see-saw mechanism. The
mass matrix of neutrinos is shown in the basis (4., ¥nq),

0 %m)“
Zl . Zy, = diag(m,.),
| =Lanh Layr
V2 V2

=1--6,1,J=1,2,3,

kO
I+3 N,
lﬁN;il = Z/(VV+ )(lk%“ , X(X]" = ( _ )7 (5)

_ ~la0
Yy, = ZN», kN(,’ Y
N,

where /\’?\L, represents the mass eigenstates of neutrino
fields.

In the BLMSSM, the mass squared matrix of the
slepton reads as

M3)1e

(Mi)LR
(6)
(M)

(M2)rg

(M? L (M )&, and (M? 7)rg are shown here

(&2 - g2 —v2)

M) = s 817+ 8371 —vi)drs
+ m% S1y+(m})1y,
p Vi o, v,
M) = \5 (Y- é(A,m + 7“§<Al>u,
2.2 2
g1y —vy) _
(M)rr =1+d511 — g7 (V1 = V)1 +mydyy + (m,é)m

(7

We rotate this mass squared matrix to the mass eigen-
states through the unitary matrix Z; .

Some couplings are shown here. The couplings of the
W-lepton-neutrino and Z-neutrino-neutrino are different
from those in the MSSM, and their concrete forms are

3 6
Ly =— W;ZZZIQ* O’}"UPLlI+hC
‘/_SW I=1 a=1
3 6
v/ 72780 P +he., (8
-EZvv 2SWCW ,uZa;l N/\,/Nyy LXNB ()

where sy (cw) represents sinfy(cosfy). Oy is the Wein-
berg angle.
The Z-sneutrino-sneutrino coupling is deduced as

Loy =~

Lix 1/~l* Mo /1 J
2SWCWZ ZZZ i(BH =M. (9)

I=1i,j=1

We also obtain the chargino-lepton-sneutrino and
neutralino-neutrino-sneutrino couplings

36 2
Lmz_zz ¥ (Y22 Zi P+ | Wz"z”*
=1 i=1 j=1

+ Ygizi-’zg’*”"*]PL)z’ #* +h.e.,

3 4 6
- 1i 2i Tk 71
LXOWZZZZX (\/_S (Z lSW ZICW)Z ZO/
] —1 wew

1.J=1i=1 ak
(A
+%z;4v'(zfv‘jzﬁ“3)k* +z§§v+3)“zgk*))PLX *+he..
(10)

Here, Z_ and Z, are used to diagonalize the chargino
mass matrix.
The charged Higgs-lepton-neutrino couplings read as

3 6
Lheny = Z ZG*&J(Y{ cos BZA"61PL

1.J=1a=1
—yls sinﬂZxVH)"‘PR)X&
3 6
- Z Z H*& (Y] sinpzZic sy, P
1J=1a=1
+Y*cos Zl(\f”)”PR))(?V“ +h.c. (11)

The couplings of CP-even Higgs with sneutrinos are

093106-3



Ming-Jie Zhang, Shu-Min Zhao, Xing-Xing Dong et al.

Chin. Phys. C 45, 093106 (2021)

6
Liyro = Z Ni*Nj(HO[(Nj“‘,,)ij sina + (N4,);jcosa]
Q=1

+ HO[(N}y)ijcosa — (Njp)ijsinal),

3 2 3
€ i 71
(N;\‘/I)ij =Z(4S2—2vuzé’ ?’—ZvuIYV”IZéij

I=1 wEw J=1

A g
+(/1"2 v — _N)Z§I+3)l ‘{//),

V2
3 62 3 ,U*
s 71 j 1J (I+3)ix 5]
(NYij== ) ——vaZiz) - ) —=Y'Z, N.
IZ:;4SWCW ’ 1;1 ‘/z Y Y
(12)

III. RELIC DENSITY

We consider the lightest sneutrino (7)) to be a dark
matter candidate in this paper, and its main element is
right-handed. Any dark matter candidate should satisfy
the relic density constraint. Therefore, as the result of the-
oretical calculation approaches the actual observed value,
the more reliable this theory becomes. The ¥; number
density ny, is given by the Boltzmann equation [2, 32-34]

di’l;

/ 2
dt

=—3Hny, ~(0V)sa(n; =13 )~V (15,16=15,0q7g0q)-

(13)

7; can both self-annihilate and co-annihilate with another
field of particle ¢. When the annihilation rate of ¥; be-
comes roughly equal to the Hubble expansion rate, the
species freeze out at the temperature T,

(ov)sang, +{ovycang ~ H(TF). (14)

If we suppose My > M5 [35],

3/2
ng = (M:) ) expl(My, — My)/T Iny,. (15)

Then, it becomes

Vi

3/2
) exp[(My, —M¢)/T]}nv, ~ H(T®).
(16)

My
(oV)sa+{oV)ca (M

We calculate the self-annihilation cross section
o (V7 — anything) and co-annihilation cross section
o(7j¢ — anything) to study its annihilation rate (ov)sa
({ov)ca) and its relic density Qp in the thermal history of

the universe. In the frame of the central mass system, the

annihilation rate can be written as ov = a+bv? [2, 34, 36,
37], where v represents the relative velocity of the two
particles in their initial states. The thermally averaged
cross section times velocity (oegv) was extended by the
Eds;j6 and Gondolo, including the co-annihilations [38, 39]

© e (AN 252 32
f2 Ki(2)Y) @ B pgigiori@da

4x(Zi=] K> (;)bi g,-)

(Teftv)(x) =

(17

. T
with x= = A, 0. b)) = a* + b + b} - 2a2b} + b +

b?b?), a= \/EJ/M;/, and b; = m;/Ms,. g is the number of re-
lativistic degrees of freedom with mass less than Tr. o;
is the cross section for the annihilation reaction ij to any
allowed final state, including two SM and/or Higgs
particles. Then, one can calculate the relic density, whose
value is Qph® = 0.1186 +0.0020 [40].

Ignoring some of the lower contributions, the main
self-annihilation processes are as follows: ¥;+v;—
(WHW), (Z+2),(hO+1°), (i+1), Fi+vi), (@i+uy), (di+dy)}
with i=1,2,3 and K° representing the lightest CP-even
Higgs boson. The self-annihilation processes are plotted
in Figs. 1-5.

A v « v
............ R
* " * v
Fig. 1. Feynman diagrams of v;7; — h%.

R

{ A

Fig. 2.

Feynman diagrams of v;7; — ZZ.

Ty

Fig. 3. Feynman diagrams of v;7; > WW.

1
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Fig. 4. Feynman diagrams of v;#; — v(Il).

Ta A

Fig. 5. Feynman diagrams of v;7; — ggq.
The studied co-annihilation processes read as [41]

a. v+ = ((W+W), (Z+2), (0 +h0), G;+1), i+
Vi), (@ +up), (di+dp)} with k=2---6,i=1,2, 3.

b, Vx> AW+, W+, (Z+v)} and k=
1 di=1---3.
c. Vitxi =G +y), F+2), (5 +h%), (W*+v,)} and

k=1---2,i=1---3.

d. 17j+[~,;f —
(ui+cfi), (di+n)yand k=1...

(WE+2), (WE+y), (WE+R0), (vi+15),
6. i=1..3.

As examples, we show some results for the self-anni-
hilation decays 7;7; - h°h" and ¥;#; — it. The Feynman
diagrams for the process ¥;7; — h°h° are plotted in Fig. 1.
The lightest mass eigenstate of the CP-even Higgs
HYi=1,2)is HY, represented by h°. The analytic results
are deduced here.

|MJ? m?,

OV =——— 1|1 ——,

b 64mM2 M2
2 * *

MP =P + ) — ° "23 kC"Czk .
= (M _me’)(M\"/, _mH;’)
2
D'BC;
2Ry — ==, (18)
(M2 =)
with
3 ez(A}elBje+2A11eiBl 23: 2B ZnZ;
o 4s3,c3, - 4sW2cW

2A11 3
D=-f Zz,lz;‘l,
W W I=1
Bl = v\ Zy — 7,
Al =787 - 727, (19)

Zg is the matrix to diagonalize the mass squared matrix of
the CP-even Higgs.

The (ov) for the process ¥;7; — it is also shown here.
This is the leading order contribution from the virtual CP-
even Higgs. The virtual Z boson contribution is sup-
pressed by the square of the relative velocity, and we do
not show it here.

3(M2 —mz) m
3uME E

2 5
8C:C
(V)i =
" kZ 4M2 —m2, )(4M2 —m2)’

(20)

IV. DIRECT DETECTION

At the quark level, the process for direct detection is
v+q— v+q. The lightest sneutrino is predominantly
composed of the right-handed sneutrino, which is not act-
ive. Thus, it can easily satisfy the constraint from the dir-
ect detection experiments. This special condition is rep-
resented by the neutrino Yukawa coupling in the mass
squared matrix of the sneutrino. It leads to the suppres-
sion factor ZY/, I = (I = 1,2,3) appearing in the Feynman
rules for the coupling Z—7-7% and H°(A%)—7-7. The
lightest sneutrino is represented by ¥; and j> 3, with the
right-handed sneutrinos labeled 4, 5, and 6. Then, Z% is
in direct proportion to the tiny neutrino Yukawa coupling
Y,. The order of Y, is in the region of (107% ~ 107).

The cross section from virtual Z boson contribution is
suppressed by Y#, while the cross section of the process
with the virtual CP-odd Higgs boson is suppressed by
Y2v*, with v* coming from |gysql*> [42]. The CP-even
Higgs contribution is dominant, with the factor Y?2.
Therefore, the cross section for sneutrino scattering off a
nucleon is at least suppressed by Y2. The large term is
from the operator ¥*¥gq at quark level. We should con-
vert the quark level coupling to the effective nucleon
coupling with the equations [ 42]

3 0, v ;G) > a,

q=ud,s g=c,bt

(N) _ (N)
¢ = 1- Z Jrq -

q=ud,s

agmyqq — meNNN’ n=

(NlmygqIN) = m 7.,

2

The numbers of f;. are [43-45],
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(P) _ (p) _ (p) _
P 20,0153, fiF)=00191, £ =0.0447,

M _00110, £ =0.0273, f7=00447.  (22)

With the obtained fy, the following scattering cross
section is obtained:

1
T = Uil Zpfp + (A= Z)ful (23)

Here, ug is the effective mass of the nucleon-sneutrino
system, Z, is the proton number, and A represents the
atomic number.

V. NUMERICAL RESULTS

To confine the used parameter, we take into account
the experiment results from the Particle Data Group
(PDG) [40]. The results from our previous works are also
considered [41]. The mass of the lightest neutral CP-even
Higgs h° is myp = 125.1 GeV [28, 29] in this work.

The parameters used are listed in the following:

tanB =2, m, =1TeV, AN|; = ANy = -450 GeV,
AN33=—-40GeV,V;.=3TeV, tangy, =2, Aj1=A»n=1,

1
/133 = —0.], M1 = M2 =1 TCV, M= 0.8 TCV, 8L = 6,
MLy = MLy, = MLyz = 1 TeV?, u; = 0.5 TeV. (24)

In addition to the fixed parameters shown above, there
are some adjustable parameters, defined as

Tii = (M%)ﬁ, pii = (Mg)ii, &i=ALj, €;=AL;

i

(i=1,23).
(25)

When we set these values as 7;=25.2TeV?, p; =
0.1 TeV?, &; =14 TeV, €; =3 TeV, and all the off-diagon-
al elements of the matrixes ((M%)l- G, (M2); j»ALij, AL}, with
i # j) are zero, the numerical result for the dark matter
relic density is Qph?> = 0.118581. This is very close to the
experimental central value and within one o sensitivity.
At this point, the lightest scalar neutrino mass is 350
GeV, and the other scalar neutrinos' masses are all larger
than 1 TeV. Additionally, the lightest scalar lepton mass
is approximately 1073 GeV, and the masses of heavier
scalar leptons are on the order of several TeV. The heavy
CP-even Higgs mass is approximately 1 TeV. The masses
of neutralinos are in the region of 768 ~ 1033 GeV. The
two mass eigenstates of charginos are 1021 and 781 GeV.
Therefore, the lightest scalar neutrino is indeed the LSP
in this condition. Considering the masses of the above
particles, the resonance effect cannot take place because
the exchanged particle in the S channel is not near

2x350 =700 GeV.

We next study how these variables affect the results.
7; are the diagonal elements in the scalar lepton mass
squared matrix, which can influence the scalar lepton
masses. Similarly, p; are the diagonal elements of the
scalar neutrino mass squared matrix. The non-diagonal
elements of the scalar lepton mass squared matrix in-
clude the parameters &; and g;. In the whole, 7, pii, &,
and ¢; give effects to the scalar leptons (scalar neutrinos)
masses and mixing. Therefore, the relic density is influ-
enced by these parameters.

In Fig. 6, we keep the parameters p; = 0.1 TeV?,
&i=14TeV, € =3 TeV, and plot the results of Qph?> with
7;;. The Qph? is a weakly increasing function, as 7;; is on
the specified interval from 23 to 27 TeV’. When Tj; var-
ies from 24.6 to 25.8 TeV’, the Qph? is in the band of 30
sensitivity, denoted by the gray area in Fig. 6. From these
data, we can see that the masses of various particles are
below a few TeV, which is consistent with the con-
straints from the LHC. Therefore, we believe that our res-
ults may be verified experimentally before long. Because
the energy range of the particles is fairly wide, it is more
advantageous to test them experimentally in the future.

On the contrary, Fig. 7 shows that Qph? is a decreas-
ing function of p; within the selected interval
(95000~107000) GeV’. The value of Qph? decreases rap-
idly as the value of p;; increases. The reason for this is

014}

o.13§ /
012; /

0.11 /

0.10f

009C

Qph?

2.4x107 2.5x%107 2.6x107

2.3x107 2.7x107
7(i=1,2,3)/GeV?
Fig. 6. Relationship between Qph? and 7;;.
0.135
0.130 | ]
0.125 —
0.120 - -
o
-
S
0.115 ]
0.110 - —
0.105 —
O 100 L L L L L L L L L L L L L L L L L L L L L L L
96000 98000 100000 102000 104000 106000

pi(i=1,2,3)/GeV?

Fig. 7. Relationship between Qph? and p;;.
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that as p; increases, heavier scalar neutrino masses are
obtained. At the same time, the matrix to diagonalize the
scalar neutrino mass matrix changes, which influences
the results directly and obviously. When p;; is in the
range of approximately 9.85x 10* to 1.01 x 10° GeV?, we
can ensure that Qph? is within a reasonable range of 3o

The relationship of Qph? with &; and ; is a little bit
more interesting. In Fig. 8 and Fig. 9, the values of Qph?
are almost quadratic functions of the variables &; and e,
respectively. As &; is in the range of -25 to 35 TeV, the
values of Qph? are all acceptable. The behavior of Qph?
versus ¢; in Fig. 9 is similar to the condition in Fig. 8. To
satisfy the experimental constraint, the region where ¢;
varies from -6 to 5 TeV is acceptable. From Fig. 8 and
Fig. 9, we can obtain the best values for &; = 14 TeV and
€ = 3TeV.

With the parameters satisfying the relic density,
which is shown in the first part of this section, we study
the spin-independent cross section o3/ for sneutrino scat-
tering off a nucleon versus ¢; in Fig. 10. o5/ increases
slightly with increasing e; from 9x 10* to 12x 10* GeV’.
The corresponding theoretical value of o5/ isin the re-
gion of (7.8 ~8.05)x107* cm?. The lightest sneutrino
mass is approximately 350 GeV, whose constraint from
the direct detection experiments of o5/ is approximately
3.0x10™cm? [46, 47]. Our numerical results for the
spin-independent cross section are approximately two or-
ders smaller than the experimental constraint.

In Fig. 11, we plot o5/ versus A, = AN, = AN»,. A,

0.1200
01195}
0.1190 F
= 0.1185F
d
0.1180
0.1175F
0.1170 ‘ ‘ ‘
~800 ~600 400 -200 0
Aeaa(a=1,2,3)/GeV
Fig. 8. Relationship between Qph? and &;.
0.14
013 -
0.12f /_\ ]
S onf ]
(=]
0.10 |- B
0.09 |- B
0,08 Ls ‘ ‘ ‘ ‘ ‘
-15000 -10000 -5000 0 5000 10000

€i(i=1,2,3)/GeV
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section and A,,.

is the parameter in the non-diagonal element of the mass
matrix and multiplies neutrino Yukawa coupling. There-
fore, it can have a considerable effect on the cross sec-
tion of direct detection. As A,, varies from -1500 to 1500
GeV, 3! decreases from 1.2x107#7 to 2.0x 107*8 cm?.
On the whole, it can satisfy the constraints from the dir-
ect detection experiments.

VI. DISCUSSION AND CONCLUSION

The BLMSSM is an extension of the MSSM, wherein
right-handed neutrinos, exotic Higgs singlets, exotic
quarks, and exotic leptons are added to the MSSM.
Through the seesaw mechanism, three light neutrinos ob-
tain small masses, smaller than eV order. As we all know,
the value of Qph? is related to many parameters, such as
Tii, pii, and pp. Generally speaking, the parameters re-
lated to the cross section of scalar neutrino annihilation
can affect the results to some extent. We find a reason-
able parameter space to satisfy the relic density and dir-
ect detection experiments. Under these conditions, the
lightest scalar neutrino mass is approximately 350 GeV
as the LSP in the BLMSSM.

Currently, theoretical physicists have proposed many
models for dark matter, and the types of dark matter can-
didates are also enriched. In spite of this, the possibility
space of reality is still much larger than our imagination.
In our study, the lightest scalar neutrino could be a dark
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matter candidate in a reasonable range. In fact, it is one of
several possibilities. Finally, we sincerely hope that re-
searchers can uncover the real veil of dark matter as soon
as possible through the full cooperation of physicists at
home and abroad.
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