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Abstract We study the masses and production modes
of pentaquark with the quark constituent cq̄qqq, by the
tridiquark-diquark model and systematical light flavor quark
symmetry SU(3) analysis. The mass spectrums show that
the S-wave singly charm pentaquark cn̄nnn, cs̄ssn, cn̄ssn
and cn̄snn (n = u, d) are above their strong decay thresh-
olds, while cs̄nnn and cs̄snn with parity 1

2
−

are below their
strong decay thresholds, which imply the possibility of stable
states. Furthermore, we discuss the production of the con-
cerned 15 states from B meson, the analysis within SU(3)
symmetry yields the golden channels of production process,

B
0
s → F+

s̄udd p, B− → F−
ūdds�

0
, which expected to be work

worthily in b-factory.

1 Introduction

Recently, there is a renewed interest in the study of pen-
taquark with heavy quark constituents, especially, the LHCb
observation in 2015 of hidden charm pentaquark Pc states,
Pc(4380), Pc(4312), Pc(4440) and Pc(4457), in the �0

b →
J/�pK− [1,2], as well as Pcs(4459) and Pc(4337) in the
�−

b → J/��K− and Bs → J/�p p̄ respectively [3,4],
which have triggered many theoretical studies [5–19]. The
existence of pentaquark are proposed by Gell-Mann and
Zweig at the birth of quark model in 1964 [20,21]. But until
now, only a couple of hidden charm pentaquark come to
light. The open heavy flavor ones, for instance open charm
tetraquark state T+

cc [22] firstly observed by LHCb in the mass
spectrum D0D0π+ in 2021, therefore are expected similarly.
The discovered heavy narrow excited baryons, e.g. exotic
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�c [23–25], �c [26–28] states, have the potential to be the
candidate for the open heavy flavor pentaquark states, see
the review [29]. Theoretically, the open flavor pentaquarks
with charm quark and q̄qqq have been discussed by the con-
stituent quark model in Ref. [30], rough mass estimates are
evaluated in the end of paper. The Chromomagnetic Interac-
tion(CMI) model provides more accurate results in Ref. [31].
QCD sum rules and chiral effective field theory offer addi-
tional methods to investigate the singly heavy pentaquark,
individually the mass around 3.21 GeV [32–35] and 2.7 GeV
[36,37] for ground cuddū state.

In the letter, we wound consider the charm pentaquark
within the triquark-diquark model. The model is a suitable
appropriate [38,39] to deal with the many quarks system, in
this framework, the colored diquarks and triquarks, with spin
0, color anti-triplet, known as good diquark |(q ′q ′′)spin:0

colour :3̄ >,

and spin 1
2 , color triplet, builded as |(cqq̄)

spin: 12
colour :3 > triquark

respectively, playing the key role. The lowest-lying pen-
taquark states {cqq̄}−{q ′q ′′}, whose orbital angular momen-
tum L = 0 and parity J P = 1

2
−

, accordingly are divided into
two non-singlet color clusters, which combining through the
color-triplet binding mechanism [40]. To investigate the mass
splitting of singly charm pentaquark, we adopt the effec-
tive Hamiltonian approach, which apart from the constituent
quark and diquark masses, including dominant spin-spin and
spin-orbit interactions [41].

Note that the light quark symmetry have been success-
fully adopted in generic hadronic system [42–56], which
provides a general insight for the decays and productions
of hadron, then to be an useful approach to discuss the pen-
taquark production from B meson. The study is based on the
representations of pentaquark, final hadrons and weak transi-
tion operator. After constructing the corresponding produc-
tion Hamiltonian, naturally expanding into transition matrix
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element, production channels can be attained. A large branch-
ing ratios and relatively clear final products wound be better
for the choosing golden production channels. We prefer the
production channels, which are expected to be observed in
b-factory.

The paper is organized as follows. In Sect. 2, we present
the discussion of the mass splitting of the charm pentaquark,
including the discussion of S-wave and P-wave pentaquark.
In Sect. 3, we analysis the production of the pentaquark states
from B meson decays. Some further comments are proposed
in Sect. 4.

2 The mass splitting of the charm pentaquark states

The dynamics of pentaquark depends upon how the five con-
stituents are structured. It is believed that the pentaquark can
be the loosely-bound hadronic-molecule [36,37,57–64] or
the compact state [7–9,41,65]. For the compact one, color
interaction receives more attention, and it is easily to form a
stable bound state. The intuitive picture in which the heavier
components form a color nucleus and the lighter color one is
in the orbit around the nucleus, since it is energetically easier
to excite the light degrees of freedom. We keep the light-
est diquark q ′q ′′ in the orbit for pentaquark, with the heavier
color components cq̄q, combined by the color-triplet binding
mechanism [40], acting as the static color nucleus. Then the
color and flavor structure of the pentaquark in the approach
can be written as [((cq)c3̄(q̄)c3̄)c3(q

′q ′′)c3̄]. Such a descrip-
tion is closer to the anti-charm baryons [(c̄q̄)c3q̄c3̄], in which
the charm quark is at the center. There is also the possibility
to describe the internal structure of the pentaquark in which
the light and heavy diquarks bind first into a tetraquark, then
interacting with the light anti-quark, [[(cq)c3̄(q

′q ′′)c3̄]q̄c3̄].
The two internal structures provides a realistic template for
the bound charm pentaquarks remains to be seen in further.
In the work, we adopt the more intuitive former description
with triquark-diquark system to study the mass spectrum of
S-wave and P-wave pentaquark states cq̄qqq(q = u, d, s).

2.1 S-wave Pentaquark

In the triquark-diquark system, the singly charm pentaquark
[((cq)c3̄(q̄)c3̄)c3(q

′q ′′)c3̄] include one color-triplet triquark

with heavy diquark cq and light anti-quark q̄ , and one color
anti-triplet diquark q ′q ′′. The spin of triquark can be St =
1/2, 3/2, considering the spin of heavy diquark Scq = 0, 1
and light anti-quark Sq̄ = 1/2. More over, the spin of light
diquark can be Sq ′q ′′ = 0 (“good” diquark) and Sq ′q ′′ = 1
(“bad” diquark) [66]. Generally, the structure of pentaquark
can then be signed as |Scq , St , Lt ; Sq ′q ′′ , Lq ′q ′′ ; S, L〉. Fol-
lowing the effective Hamiltonian approach [41], the mass
Hamiltonian of S-wave state (Lt = 0, Lq ′q ′′ = L = 0),
which based on the spin-spin interaction in diquark and dif-
ferent diquarks, can be written as

H (L=0) = Ht + Hld ,

Ht = mq̄ + mhd + 2(Kcq)3̄(Sc · Sq) + 2(Kcq̄)(Sc · Sq̄)
+2(Kqq̄)(Sq · Sq̄)),

Hld = mld + 2(Kqq ′)3̄(Sq · Sq ′) + 2(Kcq ′)3̄(Sc · S′
q)

+2(Kqq ′′)3̄(Sq · Sq ′′)

+2(Kcq ′′)3̄(Sc · Sq ′′) + 2(Kqq ′)3̄(Sq · Sq ′)

+2(Kq ′q̄)(S
′
q · Sq̄) + 2(Kq ′′q̄)(Sq ′′ · Sq̄). (1)

Here, Ht describes the triquark picture, where mq̄ and
mhd are the constituent masses of the anti-quark and singly
charm diquark, respectively. In addition, Ht reveals the spin-
spin interactions of charm and light quarks in charm diquark,
and the interactions between charm diquark and antiquark.
The Hld Hamiltonian show the interaction in light diquark,
the interaction between triquark and light diquark. In view of
Ansatz on spin-spin couplings, the contribution to mass spec-
trum comes from spin-spin interaction of charm quark and
one light quark cq, and two light quarks interaction qq ′ for
the diquark picture. It should be noted that we discuss the sep-
aration of light diquark by the good or bad spin case. Thus the
contribution from light diquark are suppressed, then the cq
interaction inside the diquark is assumed to be the dominant
[41]. While the couplings between different diquarks, cq̄ and
qq̄ , the qq̄ with more possible interaction terms, hence Kqq̄

turn out to be dominated for the coupling between different
diquarks.

The S-wave pentaquark |Scq , St , Lt = 0; Sq ′q ′′ =
0, Lq ′q ′′ = 0; S, L = 0〉 with parity J P = 1

2
−

and J P = 3
2
−

,
under the good diquark scheme Sq ′q ′′ = 0, sandwiching the
effective mass Hamiltonian Eq. (1), then yield the mass spec-
trum matrix.

MSt=1/2,Sq′q′′=0
J=1/2 = mcq + mq̄ + mq ′q ′′ +

(− 3
2 (Kcq)3̄ − 3

2 (Kq ′q ′′)3̄ + 3
8Kqq̄

1
2

√
3Kcq̄ + 1

8

√
3Kqq̄

1
2

√
3Kcq̄ + 1

8

√
3Kqq̄

1
2 (Kcq)3̄ − 3

2 (Kq ′q ′′)3̄ − Kcq̄ + 1
8Kqq̄

)
,

MSt=3/2,Sq′q′′=0
J=3/2 = mcq + mq̄ + mq ′q ′′ + (Kcq)3̄

2
− 3(Kq ′q ′′)3̄

2
+ Kcq̄

2
+ Kqq̄

2
. (2)
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Table 1 The values of the spin-spin couplings and the masses of quarks
and diquarks [41,67]. For the P-wave pentaquark, the strengths of the tri-
quark spin-orbit At , light diquark spin-orbit Ald and orbital momentum

couplings BL are extracted from Pc(4457)+, Pc(4440)+ and Pc(4312)+
[41]

(Kqq ′ )3̄ = 98 MeV (Kss)3̄ = 23 MeV (Ksu/d )3̄ = 59 MeV (Kcu/d )3̄ = 15 MeV (Kcs)3̄ = 50 MeV

Kcū/d̄ = 70 MeV Kcs̄ = 72 MeV Kud̄/dū = 318 MeV Ksd̄/ū = 200 MeV Kss̄ = 103 MeV

At = 3.4 MeV Ald = 13.5 MeV BL = 207 MeV

mu/d = 362 MeV ms = 540 MeV mud = 576 MeV msq = 800 MeV mcd/u = 1976 MeV

mcs = 2105 MeV mss = 1099 MeV

In particular, we carefully count the spin-spin coupling or
recoupling for the triquark-diquark picture, such as the spin-
spin interaction inside the triquark, Sc · Sq̄ and Sq · Sq̄ , can
be recoupled from the wigner 6j-symbols. The interaction
between triquark and light diquark, Sq̄ · Sq ′ and Sq̄ · Sq ′′ , can
be described by the wigner 9j-symbols.

For the S-wave pentaquark with “bad” light diquark
(Sq ′q ′′ = 1) scheme, the total spin is the sum of the triquark
and the light diquark spins S = St + Sq ′q ′′ , the triquark spin
St can be 1/2 (heavy diquark Scq = 0, 1, light anti-quark
Sq̄ = 1/2) and 3/2 (Scq = 1, Sq̄ = 1/2), then it is possi-
ble to combine the pentaquark to form three states with spin
1/2, three states with spin 3/2 and one spin-5/2 state. The
parity of the states depends on the orbital angular momen-
tum as P = (−1)L+1. It is negative for S-wave states and
positive for the P-wave states. Thus the states can be differ-
ent spin parities with J P = 1/2−, 3/2−, 5/2−, in which the
1/2− states include three possibilities, mixed from (3 × 3)

mass matrix. Similarly, the three 3/2− states are given by
the recombined (3×3) mass matrix. There in only one 5/2−
state without mixed matrix. The mass matrix forms can be
found in Appendix B.

We diagonalize the mass matrices and obtain the mass
splittings of the S-wave pentaquark cq̄qqq shown in Table 2.
The spin-spin couplings and the masses of quark and diquark
are listed in Table 1. We take 10% as the error in this work,
when considering the uncertainties from these couplings. The
results from chromomagnetic interaction (CMI) [31] model,
the Quark Delocalization Color Screening Model (QDCSM)
[68,69], QCD sum rules (QCDSR) [32–35], the Effective
Lagrangian (EFL) method [36,37,60], the constituent quark
model (CQM) [70,71], the chiral quark model (χQM) [72–
74] and the light-meson exchange (LME) [75] can be used
as the comparative reference, shown in Table 8. Although
there is no completely consistent result for each other, we can
still find similar conclusions. Our study is similar with the
calculation from QDCSM and EFL for cn̄nnn, cn̄ssn 1/2−
states, but is different from the results of CMI. The values of
1/2− cs̄snn, cs̄ssn and cs̄nnn are near the results of LME,
while the EFL and χQM are close to our considerations for
all cn̄snn states.

• In our considering, both components cn̄nnn, cs̄ssn,

cn̄ssn and cn̄snn are sightly higher than their strong
thresholds �cπ, �cη, �cπ and �cπ respectively. Fur-
ther more, the masses of the components cs̄nnn and
cs̄snn are close to the strong thresholds �cK and �cK .

• It is interesting that the ground pentaquarks with con-
stituents cs̄uud, cs̄udd with parity 1

2
−

are near their
strong decay thresholds �cK s, respectively below that
about 53 MeV and 54 MeV. We notice the larger error
with 57 MeV, it appears that the stability remains an open
question.

• The component cn̄nnn in our work is higher than the
strong threshold �cπ about 236 MeV, while CMI show
a different result, which is near that about several MeV,
expected to be verified in future experiments (Tables 2, 3).

As a comparison, we calculate the mass spectrum of
the pentaquark within tetraquark-antiquark picture shown in
Appendix C. The results show that the masses in this case
are larger than the triquark-diquark one for the S-wave states,
the differences mainly come from the spin-spin interaction
between different diquarks, of which center value between
the two case are up to 200 MeV. We expect future experiments
to verify the structure.

2.2 P-wave pentaquark

The effective Hamiltonian of mass spectrum for the orbitally-
excited P-wave pentaquark can be written as,

H = H (L=0)+2At (St · L)+2Ald (Sld · L)+ 1

2
BL L2, (3)

the first term H (L=0) is the spin-spin interactions which is
consistent with the description of S-wave one.St ·L andSq ′q ′′ ·
L mean the interactions between triquark, light diquark and
orbital angular momentum, in addition, L2 is the coupling
of orbital angular momentum, the quantities At , Ald and BL

respectively denote the strengths of the triquark spin-orbit,
light diquark spin-orbit and orbital momentum couplings. It
should be mentioned that the additional contribution from

123



1013 Page 4 of 20 Eur. Phys. J. C (2023) 83 :1013

Table 2 The mass splitting of the S-wave singly charm pentaquark
state |Scq , St , Lt ; Sq ′q ′′ , Lq ′q ′′ ; S, L〉 (with S-wave triquark spin St =
1/2, 3/2 and orbital momentum Lt = 0, light diquark spin Sq ′q ′′ = 0, 1
and total orbital angular momentum Lld = L = 0) coming from
the hyperfine structures of triquark |((cq)

spin:0
colour :3̄q̄

spin:1/2
colour :3̄ )

spin:1/2
colour :3〉,

|((cq)
spin:1
colour :3̄q̄

spin:1/2
colour :3̄ )

spin:1/2
colour :3〉, |((cq)

spin1
colour :3̄q̄

spin:1/2
colour :3̄ )

spin:3/2
colour :3〉 and the

light diquark |(q ′q ′′)spin:0,1
colour :3〉, whose total parities are J P = 1

2
−
, 3

2
−

and 5
2

−
respectively, where the superscript represents spin of diquark

or triquark and subscript shows color multiplet. n represents the light
quark u, d

S-wave(Sq ′q ′′ = 0, 1) Masses (GeV)
J P : (St , Sq ′q ′′ ) cn̄nnn cs̄snn cn̄snn cs̄ssn cn̄ssn cs̄nnn

1
2

− : (St = 1
2 , Sq ′q ′′ = 0) 2.662 ± 0.051 2.976 ± 0.035 2.764 ± 0.045 3.236 ± 0.049 3.064 ± 0.049 2.833 ± 0.057

2.947 ± 0.030 3.154 ± 0.043 3.024 ± 0.025 3.405 ± 0.028 3.273 ± 0.030 3.065 ± 0.065
3
2

− : (St = 3
2 , Sq ′q ′′ = 0) 2.969 ± 0.034 3.187 ± 0.045 3.056 ± 0.029 3.469 ± 0.043 3.339 ± 0.044 3.087 ± 0.047

1
2

− : (St = 1
2 , Sq ′q ′′ = 1) 2.997 ± 0.043 3.223 ± 0.031 3.132 ± 0.047 3.423 ± 0.049 3.219 ± 0.042 3.068 ± 0.048

3.075 ± 0.034 3.302 ± 0.039 3.243 ± 0.057 3.477 ± 0.051 3.415 ± 0.044 3.13 ± 0.051

3.178 ± 0.035 3.387 ± 0.039 3.279 ± 0.055 3.555 ± 0.052 3.546 ± 0.033 3.309 ± 0.037
3
2

− : (St = 1
2 , Sq ′q ′′ = 1) 3.162 ± 0.023 2.332 ± 0.042 3.267 ± 0.034 3.498 ± 0.033 3.430 ± 0.036 3.224 ± 0.043

3.194 ± 0.035 3.421 ± 0.044 3.329 ± 0.038 3.594 ± 0.044 3.493 ± 0.042 3.291 ± 0.045

3.517 ± 0.029 3.564 ± 0.027 3.540 ± 0.026 3.733 ± 0.030 3.699 ± 0.031 3.542 ± 0.037
5
2

− : (St = 3
2 , Sq ′q ′′ = 1) 3.595 ± 0.020 3.656 ± 0.027 3.860 ± 0.021 3.960 ± 0.021 3.985 ± 0.022 3.797 ± 0.023

Table 3 The mass spectrum comparisons of S-wave charm pen-
taquark with the chromomagnetic interaction (CMI) [31] model, the
Quark Delocalization Color Screening Model (QDCSM), the Effective

Lagrangian (EFL) method, the constituent quark model (CQM), the
chiral quark model (χQM) and the light-meson exchange (LME) [75]

Constituent J P Mass (GeV)

This work QDCSM CMI EFL EFL QCDSR CQM χQM LME

cn̄nnn 1
2

−
2.662 ± 0.032 2.623 [68] 2.466 2.704 [36] 2.792 [62] 2.81 [35] 2.808 [70] 2.80 [72] 2.805

2.947 ± 0.042 3.027 [68] 2.631 2.940 [59] 2.944 [62] − 2.946 [70] 2.94 [72] 2.932
3
2

−
2.969 ± 0.034 3.027 [68] 2.540 2.802 [37] 2.938 [62] 2.96 [35] 2.943 [70] − 2.940

cs̄snn 1
2

−
2.976 ± 0.035 − 2.781 − − − − − 3.080

3.154 ± 0.043 − 2.930 − − − − − 3.221
3
2

−
2.976 ± 0.035 − 3.043 − − − − − 3.225

cn̄snn 1
2

−
2.764 ± 0.064 − 2.404 2.791 [37] − − − 2.880 [73] 2.980

3.024 ± 0.070 − 2.575 2.937 [37] 2.923 [63] − − 2.880 [73] 3.122
3
2

−
3.174 ± 0.198 − 2.666 2.912 [37] − − − 2.923 [73] 3.122

cs̄ssn 1
2

−
3.236 ± 0.045 − 3.103 − − 3.28 [35] − − 3.287

3.405 ± 0.055 − 3.272 − − − − − 3.427
3
2

−
3.563 ± 0.153 − 3.208 − − 3.44 [35] − − 3.430

cn̄ssn 1
2

−
3.064 ± 0.035 3.060 [69] 2.776 3.050 [60] 3.170 [64] 3.19 [35] 3.000 [71] 2.949 [74] 3.183

3.273 ± 0.043 3.130 [69] 3.114 3.119 [60] 3.200 [64] − 3.119 [71] 3.156 [74] 3.319
3
2

−
3.637 ± 0.144 3.147 [69] 2.865 3.327 [61] − 3.35 [32–35] − 3.300 [74] 3.325

cs̄nnn 1
2

−
2.833 ± 0.087 − 2.779 − − − − − 2.905

3.065 ± 0.098 − 2.908 − − − − − 3.050
3
2

−
3.637 ± 0.144 − 2.908 − − − − − 3.050

the interaction among the heavy triquark and light diquark is
small, can thus be safely omitted [76] in the work.

The P-wave state |Scq , St , Lt = 0; Sq ′q ′′ = 0, Lq ′q ′′ =
1; S, L = 1〉 with good diquark Sq ′q ′′ = 0 scheme can take

the parity J P = 1
2
+
, 3

2
+
, 5

2
+

. Particularly, the spin-orbit cou-
pling from triquark St = 1/2 and orbital momentum L = 1
triggers two states with parity 1/2+ and two states with parity
3/2+. While the spin-orbit coupling from triquark St = 3/2

123
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Fig. 1 The typical topology diagrams for the production of charm pentaquark Pcq̄qqq from the bottom meson. The production depends on the
weak decay of b quark, which leads to different topologies (a,b,c) including charm pentaquark, and light anti-baryon or anti-charm anti-baryon in
final states

and orbital momentum L = 1 can lead to three unmixed
states with J P = 1/2+, 3/2+ and 5/2+,

MSt=1/2,Sq′q′′=0
J=1/2,3/2 = mcq + mq̄ + mq ′q ′′

+

⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

⎛
⎝ 3(Kqq̄ )

8 − 3(Kcq )3̄
2 − 3(Kq′q′′ )3̄

2 + BL − 2At

√
3Kcq̄
2 +

√
3Kqq̄
8√

3Kcq̄
2 +

√
3Kqq̄
8

(Kcq )3̄
2 − 3(Kq′q′′ )3̄

2 − Kcq̄ − Kqq̄
8 + BL − 2At

⎞
⎠

J= 1
2

,

⎛
⎝ 3(Kqq̄ )

8 − 3(Kcq )3̄
2 − 3(Kq′q′′ )3̄

2 + BL + At

√
3Kcq̄
2 +

√
3Kqq̄
8√

3Kcq̄
2 +

√
3Kqq̄
8

(Kcq )3̄
2 − 3(Kq′q′′ )3̄

2 − Kcq̄ − Kqq̄
8 + BL + At

⎞
⎠

J= 3
2

.

MSt=3/2,Sq′q′′=0
J=1/2,3/2,5/2 = mcq + mq̄ + mq ′q ′′ + (Kcq)3̄

2
− 3(Kq ′q ′′)3̄

2
+ Kcq̄

2
+ Kqq̄

2
+

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

(−5At + BL)J= 1
2
,

(−2At + BL)J= 3
2
,

(3At + BL)J= 5
2
.

(4)

The combining parameters C = −2At + BL , D = At +
BL . The mass spectrums of P-wave states with the “bad”
light diquark (Sld = 1) scheme include six 1/2+ states mixed
by one (4 × 4) mass matrix and a (2 × 2) mass matrix, seven
3/2+ states combined with one (4 × 4) mass matrix and a
(3 × 3) mass matrix, four 5/2+ states mixed by two (2 × 2)

mass matrices and a 7/2+ state. We show the mass matrices
forms in Appendix B. Finally, the mass spectrums of P-wave
pentaquark are collected into Table 4.

3 Productions from B mesons

3.1 Representations of charm pentaquark

Light quarks satisfy the SU(3) flavor symmetry, and behave
well at the level of hadrons. We can use group representations

to describe the hadrons, in consideration of individual spin or
orbital quantum number. We can transform the singly charm

pentaquark cq̄qqq under the SU(3) symmetry,

3 ⊗ 3 ⊗ 3 ⊗ 3̄ = 3̄ ⊕ 3̄ ⊕ 6 ⊕ 15 ⊕ 6 ⊕ 3̄ ⊕ 6 ⊕ 15 ⊕ 24.

(5)

After group decomposition above, we get the irreducible rep-
resentations of new combination states 6, 15 and 24. By ten-
sor reduction, the irreducible representations of singly heavy
pentaquark can be expressed as different tensor forms that
labeled with T jkl

i ,

T jkl
i = (F15)

l
{iα}(A1)

α jk + (F15)
β
{iα}(A2)

ikαγ l
iαβγ

+(S̃6)
{lβ}(B1)

α jk
iαβ + (S̃6)

{mn}(B2)
αβi jk
iαβmn

+(T̂3̄)m(C1)
αβ jklm
iαβ + (T̂3̄)α(C2)

αγ jkl
iγ

+(T̂3̄)α(C3)
α jkl
i + (T24)

{ jkl}
i (D1), (6)
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Table 4 The mass splitting of the P-wave singly charm pen-
taquark |Scq , St , Lt ; Sq ′q ′′ , Lq ′q ′′ ; S, L〉 (with the orbital angular
momentum Lt = 0, Lld = L = 1) coming from tri-
quark |((cq)

spin:0
colour :3̄q̄

spin:1/2
colour :3̄ )

spin:1/2
colour :3〉, |((cq)

spin:1
colour :3̄q̄

spin:1/2
colour :3̄ )

spin:1/2
colour :3〉,

|((cq)
spin:1
colour :3̄q̄

spin:1/2
colour :3̄ )

spin:3/2
colour :3〉 and the light diquark |(q ′q ′′)spin:0,1

colour :3〉,
whose total parities are J P = 1

2
+
, 3

2
+
, 5

2
+

and 7
2

+
respectively, the

superscript represents spin of diquark or triquark and subscript is the
color index. n represents the light quark u, d

P-wave(Sq ′q ′′ = 0, 1) Masses (GeV)
J P : (St , Sq ′q ′′ ) cn̄nnn cs̄snn cn̄snn cs̄ssn cn̄ssn cs̄nnn

1
2

+ : (St = 1
2 / 3

2 , Sq ′q ′′ = 0) 2.862 ± 0.019 3.176 ± 0.028 2.964 ± 0.029 3.436 ± 0.019 3.264 ± 0.026 3.033 ± 0.037

3.147 ± 0.022 3.354 ± 0.021 3.224 ± 0.033 3.605 ± 0.021 3.473 ± 0.021 3.265 ± 0.027

3.159 ± 0.020 3.377 ± 0.026 3.246 ± 0.031 3.659 ± 0.021 3.529 ± 0.026 3.277 ± 0.021
3
2

+ : (St = 1
2 / 3

2 , Sq ′q ′′ = 0) 2.872 ± 0.029 3.186 ± 0.029 2.974 ± 0.030 3.446 ± 0.022 3.274 ± 0.029 3.043 ± 0.019

3.157 ± 0.022 3.364 ± 0.019 3.234 ± 0.029 3.615 ± 0.032 3.483 ± 0.019 3.275 ± 0.018

3.170 ± 0.020 3.387 ± 0.028 3.256 ± 0.011 3.670 ± 0.037 3.540 ± 0.032 3.287 ± 0.022
5
2

+ : (St = 3
2 , Sq ′q ′′ = 0) 3.186 ± 0.021 3.404 ± 0.026 3.27 ± 0.031 3.686 ± 0.027 3.556 ± 0.022 3.304 ± 0.012

1
2

+ : (St = 1
2 / 3

2 , Sq ′q ′′ = 1) 3.177 ± 0.029 3.728 ± 0.021 3.677 ± 0.029 3.880 ± 0.018 3.827 ± 0.017 3.622 ± 0.017

3.275 ± 0.019 3.766 ± 0.018 3.751 ± 0.029 3.923 ± 0.020 3.900 ± 0.019 3.731 ± 0.012

3.572 ± 0.021 4.118 ± 0.025 4.080 ± 0.030 4.267 ± 0.020 4.220 ± 0.021 4.043 ± 0.021

3.730 ± 0.022 4.189 ± 0.021 4.197 ± 0.032 4.338 ± 0.021 4.335 ± 0.026 4.162 ± 0.021

3.154 ± 0.019 3.330 ± 0.018 3.245 ± 0.031 3.534 ± 0.023 3.457 ± 0.022 3.339 ± 0.021

3.657 ± 0.023 3.823 ± 0.016 3.751 ± 0.047 4.014 ± 0.025 3.942 ± 0.023 3.816 ± 0.025
3
2

+ : (St = 1
2 / 3

2 , Sq ′q ′′ = 1) 3.093 ± 0.033 3.642 ± 0.025 3.582 ± 0.037 3.793 ± 0.045 3.741 ± 0.025 3.543 ± 0.019

3.207 ± 0.024 3.687 ± 0.019 3.662 ± 0.034 3.841 ± 0.023 3.822 ± 0.024 3.650 ± 0.022

3.561 ± 0.019 4.108 ± 0.022 4.056 ± 0.029 4.257 ± 0.021 4.209 ± 0.021 4.028 ± 0.210

3.720 ± 0.023 4.171 ± 0.021 4.167 ± 0.032 4.321 ± 0.021 4.315 ± 0.021 4.142 ± 0.021

3.200 ± 0.025 3.328 ± 0.019 3.463 ± 0.030 3.229 ± 0.021 3.377 ± 0.011 3.380 ± 0.021

3.233 ± 0.020 3.407 ± 0.016 3.497 ± 0.033 3.394 ± 0.022 3.497 ± 0.0310 3.682 ± 0.021

4.408 ± 0.022 4.357 ± 0.023 4.499 ± 0.033 4.277 ± 0.014 4.423 ± 0.025 4.442 ± 0.023
5
2

+ : (St = 1
2 / 3

2 , Sq ′q ′′ = 1) 3.207 ± 0.023 3.361 ± 0.031 3.296 ± 0.040 3.528 ± 0.024 3.456 ± 0.020 3.286 ± 0.019

3.694 ± 0.019 3.827 ± 0.011 3.772 ± 0.036 3.992 ± 0.011 3.928 ± 0.029 3.760 ± 0.023

3.403 ± 0.019 3.531 ± 0.017 3.663 ± 0.034 3.476 ± 0.023 3.602 ± 0.022 3.569 ± 0.015

3.944 ± 0.021 4.035 ± 0.023 4.185 ± 0.021 3.975 ± 0.022 4.114 ± 0.014 4.091 ± 0.026
7
2

+ : (St = 3
2 , Sq ′q ′′ = 1) 3.766 ± 0.021 3.826 ± 0.029 3.814 ± 0.021 3.982 ± 0.021 3.959 ± 0.019 3.766 ± 0.029

and the coefficients of irreducible representations can be
taken as follows,

(A1)
α jk = 1

2
εα jk, (A2)

ikαγ l
iαβγ = 1

3
(δiβδkγ + δkβδiγ )εαγ l ,

(B1)
α jk
iαβ = 1

4
εα jkεiαβ, (B2)

αβi jk
iαβmn = 1

6
εiαnε

αβl(δkβδim+δ
j
βδ

j
m)

,

(C1)
αβ jklm
iαβ = 1

8
εα jkεiαβεmlβ, (C2)

αγ jkl
iγ

= − 1

18
(δ

j
i δ

k
r + δki δ

j
γ )εαγ l ,

(C3)
α jkl
i = 1

36

(
6δα

i ε jkl − δ
j
i ε

αkl − δki ε
α jl

)
, (D1) = 1

3
.

The new combination states 6, 15 and 24 can be expressed
as irreducible representations S6, F15 and T24. Here the anti-
symmetry index can be identified as [i j], and the symmetry
indexes can be signed with {i j}. The coefficients consist of

tensor δ and antisymmetric tensor ε. We can get the quark
components of the states in flavor space by expanding the
tensor representations which have been deduced above, and
the nonzero components are listed in Table 5. We also give
the weight graphs of states 6, 15 and 24 in Fig. 2, whose
flavor structures given in Appendix A. The six states F−

ūdds ,
F−
ūdss , F

++
d̄uus

, F+
d̄uss

, F++
s̄uud and F+

s̄udd in the 15 state, with
charge Q in superscript, do not contain qq̄ pair, so these six
states are relatively stable [30] and wound be the concerned
states in the work.

F−
ūdds = cūdsd − cūsdd, F−

ūdss = cūdss − cūsds,

F++
d̄uus

= cd̄suu − cd̄usu,

F+
d̄uss

= cd̄sus − cd̄uss, F++
s̄uud = cs̄udu − cs̄duu,

F+
s̄udd = cs̄udd − cs̄dud.

123
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Table 5 The possible representations of pentaquark cq̄qqq(q =
u, d, s) with states 6, 15 and 24. Let S, F and T be the names
of the states respectively. Meanwhile, we give the tensor representa-
tions S6/F15/T24, electric charge in superscript of the corresponding

states. Some Symbols such as S0
(q̄q)ds , F

+
(q̄q)us are the abbreviation for

S0
(ūu,d̄d,s̄s)ds

, F+
(ūu,d̄d,s̄s)us

, where q represents light flavor quark. The

states marked by bold in 15 are likely to be stable ones

States Name Tensor Name Tensor Name Tensor

6 S0
(ūu,d̄d)ss

S{33} S0
(q̄q)ds S{23} S+

(q̄q)us S{13}
S0
(ūu,s̄s)dd S{22} S+

(q̄q)ud S{12} S++
(d̄d,s̄s)uu

S{11}

15 F−
ūdss F {11}

3 F0
(ūu,d̄d)ss

F {12}
3 F+

d̄uss
F {22}

3

F−
ūdds F {11}

2 F0
(q̄q)ds , F

′0
(q̄q)ds F {12}

2 , F {13}
3 F+

(q̄q)us , F
′+
(q̄q)us F {12}

1 , F {23}
3

F++
d̄uus

F {22}
1 F0

(ūu,s̄s)dd F {13}
2 F+

(q̄q)ud , F
′+
(q̄q)ud F {13}

1 , F {23}
2

F++
(d̄d,s̄s)uu

F {23}
1 F+

s̄udd F {33}
2 F++

s̄uud F {33}
1

24 T 0
s̄ddd T {222}

3 T+
s̄udd T {122}

3 T++
s̄uud T {112}

3

T+++
ūsss T {111}

3 T−
(q̄q)ud T {112}

1 T 0
(q̄q)dd , T

′0
(q̄q)dd T {122}

1 , T {223}
3

T+
(q̄q)ud , T

′+
(q̄q)ud T {112}

1 , T {112}
2 T++

(q̄q)uu, T
′++
(q̄q)uu T {112}

2 , T {113}
3 T+++

d̄uuu
T {111}

2

T−
ūdds T {223}

1 T 0
(q̄q)ds , T

′0
(q̄q)ds T {223}

2 , T {233}
3 T+

(q̄q)us , T
′+
(q̄q)us T {113}

1 , T {133}
3

T++
d̄uus

T {113}
2 T−

ūdss T {233}
1 T 0

(q̄q)ss , T
′0
(q̄q)ss T {133}

1 , T {223}
2

T+
d̄uss

T {133}
2 T−

ūsss T {333}
1 T 0

d̄sss
T {333}

2

The masses of F−
ūdds , F++

d̄uus
, F−

ūdss and F+
d̄uss

are found
respectively as 2.764 GeV, 2.764 GeV, 3.064 GeV and 3.064
GeV from Table 2. Obviously they are higher than their corre-
sponding strong thresholds �0

cπ
−, �+

c π+, �0
cπ

− and �0
cπ

+
with 157 MeV, 157 MeV, 229 MeV and 229 MeV. While the
masses of F++

s̄uud and F+
s̄udd are both 2.833 GeV, nearing their

strong thresholds �+
c K

+ and �+
c K

0 about 53 MeVs, indi-
cating that they may be stable pentaquark states. However the
sizeable value of the inaccurate coming from the spin-spin
couplingK coefficients and the mass of diquarkmcq , are large
enough to change the decay behaviour of the states. Accord-
ingly the stability of the states F++

s̄uud and F+
s̄udd remains to be

an open question. Nevertheless, the F−
ūdds , F

++
d̄uus

, F−
ūdss and

F+
d̄uss

with less controversial in our work, should be strongly
decay, which expected to recognized in future experiments.

3.2 The production by SU(3) analysis

According to the analysis of SU(3) light quark flavor sym-
metry, we will discuss the possible production of pentaquark
states cq̄qqq in this subsection (Table 6). It can be realized
by weak decay of B meson. The weak decay can be classified
into two groups by the quantities of CKM matrix elements,

b → cc̄s/cūd, b → cc̄d/cūs,

which are Cabibbo allowed, and singly Cabibbo suppressed
transitions respectively. The transition b → cq̄q can be
decomposed as 3⊗3̄ = 1⊕8, while the operator of transition
b → cc̄q is flavor triplet 3. Here we offer the nonzero SU(3)
tensor components of Cabibbo allowed transition given as

consistently. The operator of the transition b → cc̄d/s form
an triplet, with (H3)

2 = V ∗
cd , (H3)

3 = V ∗
cs . And the opera-

tor of the transition b → cūd/s can form an octet 8, whose
nonzero composition followed as (H8)

2
1 = V ∗

ud , (H8)
3
1 =

V ∗
us .

The B meson, including one light quark, then form one

triplet B
i = (

B−, B
0
, B

0
s

)
. Light anti-baryon P can be

decomposed into an octet and an anti-decuplet in the SU(3)
symmetry [50,67], we show the octet written as

P8 =

⎛
⎜⎜⎝

1√
2
�

0 + 1√
6
�

0
�

−
�

−

�
+ − 1√

2
�

0 + 1√
6
�

0
�

0

p n −
√

2
3�

0

⎞
⎟⎟⎠ . (7)

The singly anti-charm anti-baryons Pc can be decomposed
into triple and anti-sextet, respectively given as

Pc3 =
⎛
⎜⎝

0 �
−
c̄ �

−
c̄

−�
−
c̄ 0 �

0
c̄

−�
−
c̄ −�

0
c̄ 0

⎞
⎟⎠ ,

Pc6̄ =

⎛
⎜⎜⎝

�
−−
c̄

1√
2
�

−
c̄

1√
2
�

′−
c̄

1√
2
�

−
c̄ �

0
c̄

1√
2
�

′0
c̄

1√
2
�

′−
c̄

1√
2
�

′0
c̄ �

0
c̄

⎞
⎟⎟⎠ . (8)

The possible Hamiltonian for the production of concerned
pentaquark ground 15 states F15 from one B meson, induced
by the transition b → cc̄d/s and b → cūd/s in the quark
level, can be written directly as,
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Fig. 2 The weight diagrams (a–c) show the 6, 15, 24 multiple states of singly charm pentaquark, signed as S6, F15, T24(q = u, d, s), with electric
charge in superscript

Table 6 The golden channels
for the production of concerned
ground pentaquark states from B
mesons

B− → F−
ūdss�

0
c̄ B− → F−

ūdds�
0

B− → F−
ūdds�

0
B− → F−

ūdds�
0
c̄

B− → F−
ūdss�

′0
c̄ B− → F−

ūdds�
′0

B− → F−
ūdss�

′0

B
0 → F−

ūdss�
+

B
0 → F++

d̄uus
�

−−
c̄ B

0 → F+
d̄uss

�
′−
c̄ B

0 → F−
ūdss�

′+

B
0 → F−

ūdds�
′+

B
0
s → F+

s̄udd p B
0
s → F−

ūdds�
+

B
0
s → F−

ūdds�
′+

B
0
s → F−

ūdss�
+

B
0
s → F++

s̄uud�
−−

B
0
s → F+

s̄udd�
−

H15 = a1Bi (H3)
j (F15)

{ik}
j (Pc3)k

+b1Bi (H3)
k(F15)

{iα}
j (Pc6̄)

{ jl} εαkl

+c1Bi (H8)
i
j (F15)

{ jl}
k (P8)

k
l

+c2Bi (H8)
k
j (F15)

{il}
k (P8)

j
l

+c3Bi (H8)
k
j (F15)

{ jl}
k (P8)

i
l

+c4Bi (H8)
l
j (F15)

{i j}
k (P8)

k
l

+d1Bj (H8)
i
k(F15)

{ jα}
l (P10)

klm εαim

+d2Bk(H8)
i
j (F15)

{ jα}
l (P10)

klm εαim . (9)

The parameters ai (bi , ci or di with i = 1, 2, 3, . . .) are
the non-perturbative coefficients. Pc3 and Pc6̄ are the triplet
and anti-sextet anti-charm anti-baryon, while P8 and P10
are octet and decuplet light anti-baryon. The concerned pen-
taquark ground states are noted with F15, B represents the
bottom meson. In the quark level, the productions of singly
charm pentaquark from B meson can be described with topo-
logical diagrams, as shown with Fig. 1. We expand the Hamil-
tonian and collect the possible processes of concerned pen-
taquark 15 states, gathering into Table 7, as well as the fully
results shown in Tables 9 and 10 of Appendix.D. Meanwhile,

we can reduce the relations of decay widths between differ-
ent channels by simply ignoring the effect of phase space,
which given as follows.

�(B− → F−
ūdss�

0
c̄) = �(B

0 → F+
d̄uss

�̄−
c̄ ),

�(B− → F−
ūdds�

0
c̄) = �(B

0
s → F+

s̄udd�̄
−
c̄ ),

�(B− → F−
ūdds�

0
c̄) = 2�(B− → F−

ūdss�
′0
c̄ )

= �(B
0 → F++

d̄uus
�̄−−

c̄ ) = 2�(B
0 → F+

d̄uss
�̄′−

c̄ ),

�(B− → F−
ūdss�

0
c̄) = 2�(B− → F−

ūdds�
′0
c̄ )

= �(B
0
s → F++

s̄uud�̄
−−
c̄ ) = 2�(B

0
s → F+

s̄udd�̄
−
c̄ ),

�(B
0
s → F−

ūdds�
′+

) = �(B
0 → F−

ūdss�
′+

)

= �(B
0 → F−

ūdds�
′+

) = 1

3
�(B

0
s → F−

ūdss�
+
),

�(B
0
s → F−

ūdss�
′+

) = �(B
0 → F−

ūdss�
′+

)

= 1

3
�(B

0 → F−
ūdds�

+
) = �(B

0
s → F−

ūdds�
′+

),

�(B− → F−
ūdds�

′0
) = �(B− → F−

ūdss�
′0
),

�(B
0
s → F++

s̄uud�
−−

) = 1

3
�(B

0
s → F+

s̄udd�
−
),
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Table 7 The productions of concerned pentaquark 15 state and light anti-baryons (qqq)8/10 or anti-charm anti-baryon (c̄qq)3/6̄ from B mesons

Channel Amplitude Channel Amplitude Channel Amplitude

B− → F−
ūdds�

0
c̄ a1V ∗

cd B− → F−
ūdss�

0
c̄ a1V ∗

cs B
0 → F+

d̄uss
�̄−

c̄ −a1V ∗
cs

B
0
s → F+

s̄udd�̄
−
c̄ a1V ∗

cd

B− → F−
ūdds�

0
c̄ −b1V ∗

cs B− → F−
ūdds�

′0
c̄

b1V ∗
cd√
2

B− → F−
ūdss�

′0
c̄

b1V ∗
cs

−√
2

B− → F−
ūdss�

0
c̄ b1V ∗

cd B
0 → F++

d̄uus
�

−−
c̄ b1V ∗

cs B
0 → F+

d̄uss
�

′−
c̄

b1V ∗
cs√
2

B
0
s → F++

s̄uud�
−−
c̄ −b1V ∗

cd B
0
s → F+

s̄udd�
−
c̄

b1V ∗
cd

−√
2

B− → F−
ūdds�

0 (c2+c3+c4)V ∗
ud√

6
B− → F−

ūdds�
0 (c2+c3−c4)V ∗

ud√
2

B− → F−
ūddsn c4V ∗

us

B− → F−
ūdss�

0 (c2+c3−2c4)V ∗
us√

6
B− → F−

ūdss�
0 (c2+c3)V ∗

us√
2

B− → F−
ūdss�

0
c4V ∗

ud

B
0 → F−

ūdds�
+

(c1 + c3) V ∗
ud B

0 → F+
d̄uss

�
−

c2V ∗
us B

0 → F−
ūdss�

+
c3V ∗

us

B
0 → F−

ūdss�
+

c1V ∗
ud B

0
s → F+

s̄udd p c2V ∗
ud B

0
s → F−

ūdds�
+

c1V ∗
us

B
0
s → F−

ūdds�
+

c3V ∗
ud B

0
s → F−

ūdss�
+

(c1 + c3) V ∗
us

B
0 → F+

d̄uss
�

′− d1V ∗
us√
3

B
0 → F−

ūdss�
′+ d2V ∗

us

−√
3

B
0
s → F+

s̄udd�
− d1V ∗

ud

−√
3

B
0
s → F−

ūdds�
′+ d2V ∗

ud√
3

B
0
s → F−

ūdss�
+

d2V ∗
ud B− → F−

ūdds�
0 (d1+d2)V ∗

us

−√
3

B− → F−
ūdss�

′0 (d1+d2)V ∗
us

−√
6

B
0 → F++

d̄uus
�

−−
d1V ∗

us B
0 → F−

ūdds�
+ −d2V ∗

us

B
0 → F−

ūdss�
′+ d2V ∗

ud√
3

B− → F−
ūdds�

′0 (d1+d2)V ∗
ud√

6
B− → F−

ūdss�
′0 (d1+d2)V ∗

ud√
3

B
0 → F−

ūdds�
′+ d2V ∗

ud√
3

B
0
s → F++

s̄uud�
−− −d1V ∗

ud B
0
s → F−

ūdds�
′+ d2V ∗

us

−√
3

B
0
s → F−

ūdss�
′+ d2V ∗

us

−√
3

�(B
0 → F+

d̄uss
�

′−
) = �(B

0 → F++
d̄uus

�
−−

),

�(B− → F−
ūdss�

′0
) = 1

2
�(B− → F−

ūdds�
0
),

�(B
0 → F−

ūdss�
+
)

�(B
0
s → F−

ūdds�
+
)

= �(B
0
s → F−

ūdds�
+
)

�(B
0 → Fūdss�

+
)

= �(B
0
s → F+

s̄udd p̄)

�(B
0 → F+

d̄uss
�

−
)

= �(B− → F−
ūdss�

0
)

�(B− → F−
ūdds n̄)

= �(B
0 → F−

ūdds�
+
)

�(B
0
s → F−

ūdss�
+
)

= �(B
0
s → F−

ūdds�
′+

)

�(B
0
s → F−

ūdss�
′+

)

= �(B− → F−
ūdds�

′0
)

�(B
0 → F+

d̄uss
�

′−
)

= V 2
ud

V 2
us

,

�(B− → F−
ūdss�

0
c̄)

�(B− → F−
ūdds�

0
c̄)

= �(B− → F−
ūdds�

0
c̄)

�(B− → F−
ūdss�

0
c̄)

= V 2
cs

V 2
cd

.

Considering the CKM and detection efficiency, one may
exclude some channels with less important contribution.
We remove all channels with the hadrons π0, n, �+(→
pπ0),�−(→ nπ−), �0(→ �π0) in the final states, but
keep the processes with π±, �0(→ Nπγ ), �−(→ �π−)

and �0(→ pπ−). Therefor, the golden channels producing
the singly charm pentaquark ground states are selected in

Table 6, from which, we screen out several finest processes
for the concerned pentaquark F15,

B
0
s → F+

s̄udd p, B
0 → F++

d̄uus
�

−−
c̄ , B

0 → F−
ūdss�

+
,

B− → F−
ūdds�

0
, B

0 → F+
d̄uss

�
′−
c̄ , B

0
s → F++

s̄uud�
−−

.

One can make a rough estimate about the branching ratios
of the processes, by assuming the weak coupling constants
GBFB for the B coupling with final pentaquark and baryon
[56,77].

� = G2
BFB
8π

|VCKM |2 |q|
m2

B

|F(q2)|2. (10)

The weak couplings constants are at the order of KeV, and
one monopole function is introduced to describe the inner
structure effect of the interaction vertices, F(q2) = �2

�2+q2 .

The parameter � = 300 MeV, and q2 is the anti-baryon
three-momentum in the rest frame of the B meson. We find
that the branching ratios can reach to the order of 10−7.

4 Conclusions

In this work, we study the mass splitting of the S-wave singly
charm pentaquark state cq̄qqq(q = u, d, s) in the frame-
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work of non-relativity triquark-diquark model, in which the
hyperfine structure from spin-spin and spin-orbit interaction.
We find that cs̄uud, cs̄udd with parity 1

2
−

are below their
strong decay thresholds, which imply that they are the stable
states. It should be checked in future experiments.

Within the SU(3) flavor symmetry, we discuss the produc-
tion of the ground pentaquark state from B meson, several
golden channels are selected, in particular, the estimation of
branching ratios can reach to a sizeable order of 10−7. We
further intend to consider the processes with more effective
means, such as the effective Lagrangian method, expecting to
acquire more convincing results for the experimental detec-
tion.
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Appendix A: Tensor decomposition

We list the tensor representations of pentaquark cq̄qqq with
6, 15 and 24 respectively. The 6 states S6 can be obtained
from the decomposition of 1 ⊗ 6, 8 ⊗ 3 or 8 ⊗ 6.

(S6){11} = −cd̄duu + cd̄udu − cs̄suu + cs̄usu,

(S6){12} = 1

2
(−cd̄dud + cd̄udd + cs̄dsu

− cs̄sdu − cs̄sud + cs̄usd + cūduu − cūudu),

(S6){13} = 1

2
(−cd̄dsu − cd̄dus + cd̄sdu

+ cd̄uds − cs̄sus + cs̄uss + cūsuu − cūusu),

(S6){22} = cs̄dsd − cs̄sdd + cūdud − cūudd,

(S6){23} = 1

2
(−cd̄dsd + cd̄sdd + cs̄dss

− cs̄sds + cūdus + cūsud − cūuds − cūusd),

(S6){33} = −cd̄dss + cd̄sds + cūsus − cūuss.

And the 15 states T15 are decomposed from 8 ⊗ 3 or 8 ⊗ 6,

(F15)
{11}
1 = 1

2
(cd̄dsd − cd̄sdd + cs̄dss − cs̄sds + 2cūdsu

+ cūdus − 2cūsdu − cūsud − cūuds + cūusd),

(F15)
{11}
2 = cūdsd − cūsdd, (F15)

{11}
3 = cūdss − cūsds,

(F15)
{12}
1 = 1

4
(cd̄dsu + cd̄dus − cd̄sdu − cd̄uds + cs̄sus

− cs̄uss + 3cūsuu − 3cūusu),

(F15)
{12}
2 = 1

4
(3cd̄dsd − 3cd̄sdd + cs̄dss

− cs̄sds + cūdus + cūsud − cūuds − cūusd),

(F15)
{12}
3 = 1

2
(cd̄dss − cd̄sds + cūsus − cūuss),

(F15)
{13}
1 = 1

4
(−cd̄dud + cd̄udd + cs̄dsu − cs̄sdu

− cs̄sud + cs̄usd − 3cūduu + 3cūudu),

(F15)
{13}
2 = 1

2
(cs̄dsd − cs̄sdd − cūdud + cūudd),

(F15)
{13}
3 = 1

4
(cd̄dsd − cd̄sdd + 3cs̄dss − 3cs̄sds

− cūdus − cūsud + cūuds + cūusd),

(F15)
{22}
1 = cd̄suu − cd̄usu,

(F15)
{22}
2 = 1

2
(−cd̄dsu+cd̄dus+cd̄sdu+2cd̄sud−cd̄uds

− 2cd̄usd + cs̄sus − cs̄uss + cūsuu − cūusu),

(F15)
{22}
3 = cd̄sus − cd̄uss, (F15)

{23}
1 = 1

2
(−cd̄duu

+ cd̄udu + cs̄suu − cs̄usu),

(F15)
{23}
2 = 1

4
(−3cd̄dud + 3cd̄udd − cs̄dsu + cs̄sdu

+ cs̄sud − cs̄usd − cūduu + cūudu),

(F15)
{23}
3 = 1

4
(−cd̄dsu − cd̄dus + cd̄sdu + cd̄uds

+ 3cs̄sus − 3cs̄uss + cūsuu − cūusu),

(F15)
{33}
1 = cs̄udu − cs̄duu

, (F15)
{33}
2 = cs̄udd − cs̄dud,

(F15)
{33}
3 = 1

2
(−cd̄dud+cd̄udd−cs̄dsu−2cs̄dus + cs̄sdu

− cs̄sud+2cs̄uds + cs̄usd − cūduu+cūudu).
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In addition, the tensor T24 is derived from 8 ⊗ 6.

(T24)
{111}
1 = 1

5
(−cd̄duu − cd̄udu − cd̄uud − cs̄suu

− cs̄usu − cs̄uus + 2cūuuu),

(T24)
{112}
1 = 1

15
(−2cd̄ddu − 2cd̄dud − 2cd̄udd − cs̄dsu

− cs̄dus − cs̄sdu − cs̄sud − cs̄uds − cs̄usd

+ 3cūduu + 3cūudu + 3cūuud),

(T24)
{113}
1 = 1

15
(−cd̄dsu − cd̄dus − cd̄sdu − cd̄sud

− cd̄uds − cd̄usd − 2cs̄ssu − 2cs̄sus

− 2cs̄uss + 3cūsuu + 3cūusu + 3cūuus),

(T24)
{122}
1 = 1

15
(−3cd̄ddd − cs̄dds − cs̄dsd − cs̄sdd

+ 4cūddu + 4cūdud + 4cūudd),

(T24)
{123}
1 = 1

15
(−cd̄dds − cd̄dsd−cd̄sdd−cs̄dss − cs̄sds

− cs̄ssd+2cūdsu+2cūdus + 2cūsdu+2cūsud

+ 2cūuds + 2cūusd),

(T24)
{133}
1 = 1

15
(−cd̄dss − cd̄sds − cd̄ssd − 3cs̄sss

+ 4cūssu + 4cūsus + 4cūuss),

(T24)
{222}
1 = cūddd, (T24)

{223}
1 =1

3
(cūdds+cūdsd+cūsdd),

(T24)
{233}
1 = 1

3
(cūdss + cūsds + cūssd),

(T24)
{332}
1 = 1

3
(cūdss + cūsds + cūssd),

(T24)
{333}
1 = cūsss, (T24)

{111}
2 = cd̄uuu,

(T24)
{112}
2 = 1

15
(4cd̄duu + 4cd̄udu + 4cd̄uud

− cs̄suu − cs̄usu − cs̄uus − 3cūuuu),

(T24)
{113}
2 = 1

3
(cd̄suu + cd̄usu + cd̄uus),

(T24)
{122}
2 = 1

15
(3cd̄ddu + 3cd̄dud + 3cd̄udd − cs̄dsu

− cs̄dus − cs̄sdu − cs̄sud − cs̄uds − cs̄usd

− 2cūduu − 2cūudu − 2cūuud),

(T24)
{123}
2 = 1

15
(2cd̄dsu + 2cd̄dus + 2cd̄sdu + 2cd̄sud

+ 2cd̄uds + 2cd̄usd − cs̄ssu − cs̄sus − cs̄uss

− cūsuu − cūusu − cūuus),

(T24)
{133}
2 = 1

3
(cd̄ssu + cd̄sus + cd̄uss),

(T24)
{222}
2 = 1

5
(2cd̄ddd − cs̄dds − cs̄dsd

− cs̄sdd − cūddu − cūdud − cūudd),

(T24)
{223}
2 = 1

15
(3cd̄dds + 3cd̄dsd + 3cd̄sdd − 2cs̄dss

− 2cs̄sds − 2cs̄ssd − cūdsu − cūdus − cūsdu

− cūsud − cūuds − cūusd),

(T24)
{233}
2 = 1

15
(4cd̄dss + 4cd̄sds + 4cd̄ssd − 3cs̄sss

− cūssu − cūsus − cūuss),

(T24)
{333}
2 = cd̄sss, (T24)

{111}
3 = cs̄uuu,

(T24)
{112}
3 = 1

3
(cs̄duu + cs̄udu + cs̄uud),

(T24)
{113}
3 = 1

15
(−cd̄duu − cd̄udu − cd̄uud + 4cs̄suu

+ 4cs̄usu + 4cs̄uus − 3cūuuu),

(T24)
{122}
3 = 1

3
(cs̄ddu + cs̄dud + cs̄udd),

(T24)
{123}
3 = 1

15
(−cd̄ddu − cd̄dud − cd̄udd + 2cs̄dsu

+ 2cs̄dus + 2cs̄sdu + 2cs̄sud + 2cs̄uds

+ 2cs̄usd − cūduu − cūudu − cūuud),

(T24)
{133}
3 = 1

15
(−cd̄dsu − cd̄dus − cd̄sdu − cd̄sud

− cd̄uds − cd̄usd + 3cs̄ssu + 3cs̄sus + 3cs̄uss

− 2cūsuu − 2cūusu − 2cūuus),

(T24)
{222}
3 = cs̄ddd, (T24)

{223}
3 = 1

15
(−3cd̄ddd + 4cs̄dds

+ 4cs̄dsd+4cs̄sdd−cūddu−cūdud−cūudd),

(T24)
{233}
3 = 1

15
(−2cd̄dds − 2cd̄dsd − 2cd̄sdd + 3cs̄dss

+ 3cs̄sds + 3cs̄ssd − cūdsu − cūdus − cūsdu

− cūsud − cūuds − cūusd),

(T24)
{333}
3 = 1

5
(−cd̄dss − cd̄sds − cd̄ssd

+ 2cs̄sss − cūssu − cūsus − cūuss).

Appendix B: Mass matrix with bad diquark scheme for
S-wave and P-wave pentaquark

The mass matrices of S-wave singly charm pentaquark under
the considering of “bad” light diquark Sq ′q ′′ = 1, with the
total quantum numbers J = 1/2, 3/2, 5/2. For simplicity,
we abbreviate the symbol, such as (Kqq ′)3̄ as K3̄

qq ′ here.
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MSt=1/2,3/2,Sq′q′′=1
J=1/2 = mcq + mq̄ + mq ′q ′′

+

⎛
⎜⎜⎜⎜⎝

4K3̄
q′q′′−12K3̄

cq+3Kqq̄+Kq′ q̄+Kq′′ q̄
8

√
3(4Kcq̄+Kqq̄ )

8

2(K3̄
qq′′+K3̄

cq′+K3̄
qq′+K3̄

cq′′ )
−5√

3(4Kcq̄+Kqq̄ )

8

4(K3̄
cq+K3̄

q′q′′ )+Kqq̄−8Kcq̄

8

25(K3̄
cq+K3̄

q′q′′ )−6(Kq′ q̄+Kq′′ q̄ )

50
2(K3̄

qq′′+K3̄
cq′+K3̄

qq′+K3̄
cq′′ )

−5

25(K3̄
cq−K3̄

q′q′′ )−6(Kq′ q̄+Kq′′ q̄ )

50

3(K3̄
cq+K3̄

q′q′′+K3̄
cq+Kqq̄ )+Kq′ q̄+Kq′′ q̄

6

⎞
⎟⎟⎟⎟⎠

+

⎛
⎜⎜⎜⎜⎝

0

√
3(K3̄

qq′′+K3̄
cq′+K3̄

qq′+K3̄
cq′′ )

−3 0√
3(K3̄

qq′′+K3̄
cq′+K3̄

qq′+K3̄
cq′′ )

−3
2(Kq′ q̄−Kq′′ q̄ )

5 − 17(K3̄
qq′′+K3̄

cq′+K3̄
qq′+K3̄

cq′′ )
24

9(K3̄
qq′′+K3̄

cq′+K3̄
qq′+K3̄

cq′′ )
50

0
9(K3̄

qq′′+K3̄
cq′+K3̄

qq′+K3̄
cq′′ )

50

11(K3̄
qq′′+K3̄

cq′+K3̄
qq′+K3̄

cq′′ )
−6

⎞
⎟⎟⎟⎟⎠ , (B1)

MSt=1/2,3/2,Sq′q′′=1
J=3/2 = mcq + mq̄ + mq ′q ′′

+

⎛
⎜⎜⎜⎜⎝

4(K3̄
q′q′′+Kq′ q̄+Kq′′ q̄ )−12K3̄

cq+3Kqq̄

8

√
3(4Kcq̄+Kqq̄ )

8

2(K3̄
qq′′+K3̄

cq′+K3̄
qq′+K3̄

cq′′ )
−5√

3(4Kcq̄+Kqq̄ )

8

4(K3̄
cq+K3̄

q′q′′ )+Kqq̄−8Kcq̄

8

8(K3̄
cq+K3̄

q′q′′ )−3(Kq′ q̄+Kq′′ q̄ )

16
2(K3̄

qq′′+K3̄
cq′+K3̄

qq′+K3̄
cq′′ )

−5

8(K3̄
cq+K3̄

q′q′′ )−3(Kq′ q̄+Kq′′ q̄ )

16

5(K3̄
cq+K3̄

q′q′′+Kcq̄+Kqq̄ )+2
√

2(Kq′ q̄+Kq′′ q̄ )

10

⎞
⎟⎟⎟⎟⎠

+

⎛
⎜⎜⎜⎜⎝

0
K3̄

qq′′+K3̄
cq′+K3̄

qq′+K3̄
cq′′

−5 0
K3̄

qq′′+K3̄
cq′+K3̄

qq′+K3̄
cq′′

−5

6(Kq′ q̄+Kq′′ q̄ )+7(K3̄
qq′′+K3̄

cq′+K3̄
qq′+K3̄

cq′′ )
21 0

0 0
K3̄

qq′′+K3̄
cq′+K3̄

qq′+K3̄
cq′′

−10

⎞
⎟⎟⎟⎟⎠ , (B2)

MSt=3/2,Sq′q′′=1
J=5/2 = mcq + mq̄ + mq ′q ′′ + Kcq̄ + Kqq̄ + K3̄

cq + K3̄
q ′q ′′ + K3̄

qq ′′ + K3̄
cq ′ + K3̄

qq ′ + K3̄
cq ′′

2
. (B3)

The mass matrices of P-wave singly charm pentaquark under
the considering of “bad” light diquark Sq ′q ′′ = 1, with the
total quantum numbers J = 1/2, 3/2, 5/2, 7/2.

MSt=1/2,Sq′q′′=1
J=1/2 = mcq + mq̄ + mq ′q ′′ +

⎛
⎜⎜⎜⎜⎝

6At+8Ald+3BL
3

−2
√

2(At+Ald )+3BL
3 0 0

−2
√

2(At+Ald )+3BL
3

5At+10Ald+3BL
3 0 0

0 0 6At+8Ald+3BL
3

−2
√

2(At+Ald )+3BL
3

0 0 −2
√

2(At+Ald )+3BL
3

5At+10Ald+3BL
3

⎞
⎟⎟⎟⎟⎠

+

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎝

4K3̄
q′q′′−12K3̄

cq+3Kqq̄+Kq′ q̄+Kq′′ q̄
8 0

√
3(4Kcq̄+Kqq̄ )

8 0

0
K3̄

q′q′′+Kq′ q̄+Kq′′ q̄
8 0

√
3(4Kcq̄+Kqq̄ )

8√
3(4Kcq̄+Kqq̄ )

8 0
20(K3̄

cq+K3̄
q′q′′ )+5Kqq̄−40Kcq̄+16(Kq′ q̄−Kq′′ q̄ )

40 0

0
√

3(4Kcq̄+Kqq̄ )

8 0
4(K3̄

cq+K3̄
q′q′′ )+Kqq̄−8Kcq̄

8

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎠

(B4)

+

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎝

0 0

√
3(K3̄

qq′′+K3̄
cq′+K3̄

qq′+K3̄
cq′′ )

−3 0

0
3Kqq̄

8 − 3K3̄
cq

2 0
K3̄

qq′′+K3̄
cq′+K3̄

qq′+K3̄
cq′′

−5√
3(K3̄

qq′′+K3̄
cq′+K3̄

qq′+K3̄
cq′′ )

−3 0 − 17(K3̄
qq′′+K3̄

cq′+K3̄
qq′+K3̄

cq′′ )
24 0

0
K3̄

qq′′+K3̄
cq′+K3̄

qq′+K3̄
cq′′

−5 0
6(Kq′ q̄+Kq′′ q̄ )+7(K3̄

qq′′+K3̄
cq′+K3̄

qq′+K3̄
cq′′ )

21

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎠

,

(B5)
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MSt=3/2,Sq′q′′=1
J=1/2 = mcq + mq̄ + mq ′q ′′ +

⎛
⎜⎝

3(K3̄
cq+K3̄

q′q′′+Kcq̄+Kqq̄ )+Kq′ q̄+Kq′′ q̄
6 0.527(At + Ald ) + BL

0.527(At + Ald ) + BL
5(K3̄

cq+K3̄
q′q′′+Kcq̄+Kqq̄ )+2

√
2(Kq′ q̄+Kq′′ q̄ )

10

⎞
⎟⎠

+
⎛
⎜⎝

11(K3̄
qq′′+K3̄

cq′+K3̄
qq′+K3̄

cq′′ )
−6 − 3.3At + 1.3Ald + BL 0

0
K3̄

qq′′+K3̄
cq′+K3̄

qq′+K3̄
cq′′

−10 − 3.7At − 1.3Ald + BL

⎞
⎟⎠ , (B6)

MSt=1/2,Sq′q′′=1
J=3/2 = mcq + mq̄ + mq ′q ′′

+

⎛
⎜⎜⎝

−0.333At + 1.33Ald + BL 1.491(At + Ald ) + BL 0 0
1.491(At + Ald ) + BL −0.664At1.332Ald + BL 0 0

0 0 −0.333At + 1.33Ald + BL 1.491(At + Ald ) + BL
0 0 1.491(At + Ald ) + BL −0.664At1.332Ald + BL

⎞
⎟⎟⎠

+

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎝

4K3̄
q′q′′−12K3̄

cq+3Kqq̄+Kq′ q̄+Kq′′ q̄
8 0

√
3(4Kcq̄+Kqq̄ )

8 0

0
K3̄

q′q′′+Kq′ q̄+Kq′′ q̄
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cq′+K3̄
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⎛
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cq′′

−10 + 11At
5 + 4Ald

5 + BL 4.188At + 1.496Ald + BL
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⎞
⎠

+
⎛
⎝

5(K3̄
cq+K3̄

q′q′′+K3̄
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√
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10 0
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q′q′′+K3̄

qq′′+K3̄
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⎞
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. (B11)

Appendix C: Mass spectrum of S-wave pentaquark in
tetraquark-antiquark picture

For the singly charm pentaquark with tetraquark-antiquark
picture (cq)(q ′q ′′)(qbar), the spin-spin interactions between
light antiquark and heavy diquark 2Kc̄q(Sc̄ · Sq) and
2Kc̄c(Sc̄ · Sc), can be reached by the decoupling of quasi-
tetraquark by two Wigner 6-j coefficients,

|Sq̄ , (Shd , Sld)Shd,ld ; S〉
=

∑
Sq̄,hd

(−1)Sq̄+Shd+Sld+S
√

(2Sq̄,hd + 1) (2Shd,ld + 1)

×
{

Sq̄ Shd Sq̄,hd

Sld S Shd,ld

}
|(Sq̄ , Shd)q̄,hd , Sld; S〉,

(C1)

|Sq̄ , (Sc, Sq)hd; Shd,q̄〉

=
∑
Sq̄c

(−1)Sq̄+Sq+Sc+Shd,q̄

√
(2Scq̄ + 1) (2Shd + 1)

×
{
Sq̄ Sc Scq̄
Sq Shd,q̄ Shd

}
|(Sq̄ , Sc)Scq̄ , Sq ; Shd,q̄〉,

(C2)

|Sq̄ , (Sq , Sc)hd; Shd,q̄〉
=

∑
Sq̄q

(−1)Sq̄+Sq+Sc+Shd,q̄

√
(2Sq̄q + 1) (2Shd + 1)

×
{
Sq̄ Sq Sq̄q
Sc Shd,q̄ Shd

}
|(Sq̄ , Sq)Sq̄q , Sc; Shd,q̄〉. (C3)

Where Sld and Shd are the spins of light diquark [q ′q ′′] and
heavy diquark [cq] respectively, Shd,q̄ is the total spin of
heavy diquark [cq] and anti-quark q̄ . Thus the contributions
of the operators can be found as

J 〈S′
hd , St , Lt ; Sld , Lld; S, L| 2Kq̄q (Sc̄ · Sq)

|Shd , St , Lt ; Sld , Lld ; S, L〉J
= Kq̄q (−1)Shd+Sld+Shd′+Sld′+1(−1)3+Shd,q̄

×
√

(2Shd,ld + 1) (2S′
hd,ld + 1) (2Shd + 1) (2S′

hd + 1),

×
∑

Sq̄q ,Sq̄,hd

(
2Sq̄q + 1

) (
2Sq̄,hd + 1

)(
Sq̄q

(
Sq̄q + 1

) − 3

2

)

×
{

1/2 Shd Sq̄,hd

Sld S Shd,ld

} {
1/2 S′

hd Sq̄,hd

Sld S S′
hd,ld

}

×
{

1/2 1/2 Sq̄q
1/2 Shd,q̄ Shd

}{
1/2 1/2 Sq̄q
1/2 Shd,q̄ S′

hd

}
, (C4)

J 〈S′
hd , St , Lt ; Sld , Lld; S, L| 2Kq̄q (Sc̄ · Sq)

|Shd , St , Lt ; Sld , Lld ; S, L〉J
= Kcq̄ (−1)Shd+Sld+Shd′+Sld′+1(−1)3+Shd,q̄

×
√

(2Shd,ld + 1) (2S′
hd,ld + 1) (2Shd + 1) (2S′

hd + 1),

×
∑

Scq̄ ,Sq̄,hd

(
2Scq̄ + 1

) (
2Sq̄,hd + 1)

[
Scq̄

(
Scq̄ + 1

) − 3

2
]

×
{

1/2 Shd Sq̄,hd

Sld S Shd,ld

} {
1/2 S′

hd Sq̄,hd

Sld S S′
hd,ld

}

×
{

1/2 1/2 Scq̄
1/2 Shd,q̄ Shd

}{
1/2 1/2 Scq̄
1/2 Shd,q̄ S′

hd

}
. (C5)

After some tedious calculations, we obtain the mass spec-
trum of charm pentaquark under the tetraquark-antiquark pic-
ture. The results show that the masses in the case are larger
than triquark-diquark one for the S-wave states, the differ-
ences mainly come from the spin-spin interaction between
different diquarks. The mass spectrums given in Table 8.
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Table 8 The mass splitting for the S-wave singly charm pentaquark state(Sq ′q ′′ = 0) within tetraquark-antiquark picture

Tetraquark-antiquark
S-wave (Sq ′q ′′ = 0) Masses (GeV)

J P : (Scq , Sq ′q ′′ , Sq̄ ) cn̄nnn cs̄snn cn̄snn cs̄ssn cn̄ssn cs̄nnn
1
2

− : (Scq,q ′q ′′ = 0, Sq̄ = 1
2 ) 2.900 ± 0.032 3.191 ± 0.020 2.990 ± 0.029 3.350 ± 0.030 3.259 ± 0.032 2.986 ± 0.024

3.185 ± 0.023 3.363 ± 0.005 3.229 ± 0.021 3.520 ± 0.021 3.467 ± 0.023 3.217 ± 0.011
3
2

− : (Scq,q ′q ′′ = 1, Sq̄ = 1
2 ) 3.207 ± 0.041 3.438 ± 0.022 3.295 ± 0.038 3.583 ± 0.040 3.533 ± 0.041 3.239 ± 0.025

Appendix D: States 6 and 15

The possible Hamiltonian for the production of pentaquark
ground 6 states from one B meson, induced by the transition
b → cc̄d/s and b → cūd/s in the quark level, can be written
directly as,

H6 = a1Bi (H3)
j (S6){ jk}(Pc3)

[ik] + b1Bi (H3)
j (S6){ jk}(Pc6̄)

{ik}

+b2Bi (H3)
i (S6){ jk}(Pc6̄)

{ jk} + c1Bi (H8)
i
j (S6){kl}(P8)

k
α εα jl

+c2Bi (H8)
k
j (S6){kl}(P8)

i
α εα jl + c3Bi (H8)

k
j (S6){kl}(P8)

j
α εαil

+c4Bi (H8)
k
j (S6){kl}(P8)

l
α εαi j . (D1)

The production channels directly collected into Table 11, in
addition, we show the fully production processes about all 15
states in the Tables 9 and 10. The relations between different
production widths can then be deduced, the complete results
for sextet given as (Table 11),

�(B− → S0
(ūu,s̄s)dd�

−
c̄ ) = �(B− → S0

(q̄q)ds�
−
c̄ )

= �(B
0 → S0

(q̄q)ds�
0
c̄) = �(B

0
s → S0

(ūu,s̄s)dd�
0
c̄)

= �(B
0 → S+

(q̄q)ud�
−
c̄ ) = �(B

0
s → S+

(q̄q)ud�
−
c̄ ),

�(B− → S0
(q̄q)ds�

−
c̄ ) = �(B− → S0

(ūu,d̄d)ss
�

−
c̄ )

= �(B
0 → S0

(ūu,d̄d)ss
�

0
c̄) = �(B

0 → S+
(q̄q)us�

−
c̄ )

= �(B
0
s → S+

(q̄q)us�
−
c̄ ) = �(B

0
s → S0

(q̄q)ds�
0
c̄),

�(B− → S+
(q̄q)ud�

−−
c̄ ) = 2�(B− → S0

(ūu,s̄s)dd�
−
c̄ )

= 2�(B− → S0
(q̄q)ds

�
′−
c̄ ) = 2�(B− → S0

(ūu,d̄d)ss
�

′−
c̄ ) = �(B

0 → S0
(q̄q)ds�

0
c̄)

= 2�(B
0 → S+

(q̄q)us�
−
c̄ ) = 2�(B

0 → S0
(ūu,d̄d)ss

�
′0
c̄ = 2�(B

0
s → S+

(q̄q)ud�
′−
c̄ )

= 2�(B
0
s → S0

(ūu,s̄s)dd�
′0
c̄ ) = �(B

0
s → S0

(q̄q)ds

�
0
c̄) = �(B− → S+

(q̄q)us�
−−
c̄ ) = 2�(B

0 → S+
(q̄q)us�

−
c̄ ),

= �(B
0 → S+

(q̄q)ud�
−
c̄ )

= �(B
0 → S0

(q̄q)ds�
′0
c̄ ),

�(B
0 → S+

(q̄q)ud�
−
c̄ ) = �(B

0 → S0
(q̄q)ds�

′0
c̄ ),

�(B
0
s → S++

(d̄d,s̄s)uu
�

−−
c̄ ) = 1

2
�(B

0
s → S+

(q̄q)ud

�
−
c̄ ) = �(B

0
s → S0

(ūu,s̄s)dd�
0
c̄),

2�(B
0 → S++

(d̄d,s̄s)uu
�

−−
c̄ ) = �(B

0 → S+
(q̄q)us

�
′−
c̄ ) = 2�(B

0 → S0
(ūu,d̄d)ss

�
0
c̄),

�(B− → S0
(q̄q)ds p) = �(B− → S0

(ūu,d̄d)ss
�

−
)

= 2�(B
0 → S0

(ūu,d̄d)ss

�
0
) = �(B− → S0

(ūu,d̄d)ss
�

−
),

�(B− → S0
(ūu,s̄s)dd p) = �(B− → S0

(q̄q)ds�
−

),

�(B
0 → S+

(q̄q)us�
−

) = �(B
0 → S0

(ūu,d̄d)ss
�

0
),

�(B
0
s → S+

(q̄q)ud�
−

) = 2�(B
0
s → S0

(ūu,s̄s)dd�
0
),

�(B
0
s → S+

(q̄q)ud p) = �(B
0
s → S0

(ūu,s̄s)ddn),

�(B
0
s → S+

(q̄q)us�
′−
c̄ ) = �(B

0
s → S0

(q̄q)ds�
′0
c̄ ),

�(B
0
s → S+

(q̄q)us�
−

) = 2�(B
0
s → S0

(q̄q)ds�
0
).

The production width relations of 15 states are gathered as,

�(B− → F0
(ūu,s̄s)dd�̄

−
c̄ ) = �(B

0 → F+
(q̄q)us�̄

−
c̄ )

= �(B
0
s → F0

(ūu,s̄s)dd�
0
c̄) = �(B

0 → F ′+
(q̄q)ud�̄

−
c̄ )

= �(B
0 → F ′+

(q̄q)us�̄
−
c̄ ) = �(B

0 → F0
(q̄q)ds�

0
c̄)

= �(B
0
s → F ′+

(q̄q)ud�̄
−
c̄ ) = �(B

0
s → F+

s̄udd�̄
−
c̄ )

= �(B− → F−
ūdds�

0
c̄) = �(B− → F0

(q̄q)ds�̄
−
c̄ ),

�(B− → F ′0
(q̄q)ds�̄

−
c̄ ) = �(B− → F0

(ūu,d̄d)ss
�̄−

c̄ )

= �(B− → F−
ūdss�

0
c̄) = �(B

0 → F0
(ūu,d̄d)ss

�
0
c̄)

= �(B
0 → F ′+

(q̄q)us�̄
−
c̄ ) = �(B

0 → F+
d̄uss

�̄−
c̄ )

= �(B
0
s → F ′+

(q̄q)us�̄
−
c̄ ) = �(B

0
s → F ′+

(q̄q)ud�̄
−
c̄ )

= �(B
0
s → F+

(q̄q)ud�̄
−
c̄ ) = �(B

0
s → F ′0

(q̄q)ds�
0
c̄),

�(B− → F+
(q̄q)ud�̄

−−
c̄ ) = 2�(B− → F0

(ūu,s̄s)dd�̄
−
c̄ )
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Table 9 The productions of pentaquark F15 and anti-charm anti-baryons (cqq)3/6̄ from B mesons

Channel Amplitude Channel Amplitude Channel Amplitude

B− → F0
(ūu,s̄s)dd�̄

−
c̄ a1V ∗

cd B− → F0
(q̄q)ds�̄

−
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cd B
0 → F+

(q̄q)us�̄
−
c̄ a1V ∗
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(ūu,d̄d)ss
�

0
c̄ b1V ∗

cd

B
0
s → F++

s̄uud �̄
−−
c̄ −b1V ∗

cd B
0
s → F+

s̄udd �̄
−
c̄

b1V ∗
cd

−√
2

B
0
s → F++

(d̄d,s̄s)uu
�̄−−

c̄ b1V ∗
cs

B
0
s → F ′+

(q̄q)ud �̄
−
c̄

b1V ∗
cs√
2

B
0
s → F ′+

(q̄q)ud �̄
′−
c̄

b1V ∗
cd√
2

B
0
s → F+

(q̄q)ud �̄
−
c̄

b1V ∗
cs

−√
2

B
0
s → F+

(q̄q)ud �̄
′−
c̄

√
2b1V ∗

cd B
0
s → F0

(ūu,s̄s)dd�
0
c̄ −b1V ∗

cs B
0
s → F0

(ūu,s̄s)dd�
′0
c̄

b1V ∗
cd√
2

B
0
s → F ′+

(q̄q)us�̄
′−
c̄

b1V ∗
cs√
2

B
0
s → F ′0

(q̄q)ds�
′0
c̄

b1V ∗
cs

−√
2

B
0
s → F ′0

(q̄q)ds�
0
c̄ b1V ∗

cd

= 2�(B− → F0
(q̄q)ds�̄

′−
c̄ ) = 1

2
�(B− → F ′0

(q̄q)ds�̄
′−
c̄ )

= 2�(B− → F−
ūdds�

′0
c̄ ) = �(B− → F−

ūdss�
0
c̄)

= �(B
0 → F++

(d̄d,s̄s)uu
�̄−−

c̄ ) = 2�(B
0 → F ′+

(q̄q)ud�̄
−
c̄ )

= 2�(B
0 → F+

(q̄q)us�̄
′−
c̄ ) = 2�(B

0 → F ′+
(q̄q)us

�̄′−
c̄ ) = 2�(B

0 → F0
(q̄q)ds�

′0
c̄ ) = �(B

0 → F0
(ūu,d̄d)ss

�
0
c̄)

= �(B
0
s → F++

s̄uud�̄
−−
c̄ ) = 2�(B

0
s → F+

s̄udd�̄
−
c̄ )

= 2�(B
0
s → F ′+

(q̄q)ud�̄
′−
c̄ ) = 1

2
�(B

0
s → F+

(q̄q)ud�̄
′−
c̄ )

= 2�(B
0
s → F0

(ūu,s̄s)dd�
′0
c̄ ) = �(B

0
s → F ′0

(q̄q)ds�
0
c̄),

�(B− → F+
(q̄q)us�̄

−−
c̄ ) = 1

2
�(B− → F0

(q̄q)ds�̄
−
c̄ )

= 2�(B− → F ′0
(q̄q)ds�̄

−
c̄ ) = �(B− → F−

ūdds�
0
c̄)

= 2�(B− → F0
(ūu,d̄d)ss

�̄′−
c̄ ) = 2�(B− → F−

ūdss�
′0
c̄ )

= �(B
0 → F++

d̄uus
�̄−−

c̄ ) = 1

2
�(B

0 → F+
(q̄q)us�̄

−
c̄ )

= 2�(B
0 → F ′+

(q̄q)us�̄
−
c̄ ) = �(B

0 → F0
(q̄q)ds

�
0
c̄) = 2�(B

0 → F+
d̄uss

�̄′−
c̄ ) = 2�(B

0 → F0
(ūu,d̄d)ss

�
′0
c̄ )

= �(B
0
s → F++

(d̄d,s̄s)uu
�̄−−

c̄ ) = 2�(B
0
s → F ′+

(q̄q)ud�̄
−
c̄ )

= 2�(B
0
s → F+

(q̄q)ud�̄
−
c̄ ) = �(B

0
s → F0

(ūu,s̄s)dd�
0
c̄)

= 2�(B
0
s → F ′+

(q̄q)us�̄
′−
c̄ ) = 2�(B

0
s → F ′0

(q̄q)ds�
′0
c̄ ),

�(B− → F0
(q̄q)ds p) = �(B− → F−

ūddsn)

= �(B
0 → F0

(q̄q)dsn) = �(B
0 → F+

(q̄q)us p),

�(B− → F ′0
(q̄q)ds�

−
) = �(B− → F−

ūdss�
0
)

= �(B
0
s → F+

(q̄q)ud�
−
) = �(B

0
s → F ′0

(q̄q)ds�
0
),

�(B
0 → F ′+

(q̄q)ud p) = �(B
0 → F ′+

(q̄q)us�
−
)

= �(B
0
s → F ′+

(q̄q)ud�
−
) = �(B

0
s → F+

s̄udd p),

�(B
0 → F+

(q̄q)ud p) = 2

3
�(B

0 → F ′0
(q̄q)ds�

0
)

= 2�(B
0 → F ′0

(q̄q)ds�
0
) = �(B

0 → F−
ūdss�

+
),

123
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Table 10 The productions of pentaquark F15 and light anti-baryons (qqq)8/10 from B mesons

Channel Amplitude Channel Amplitude Channel Amplitude

B− → F0
(ūu,s̄s)dd p (c2 + c3) V ∗

ud B− → F0
(q̄q)ds�

−
(c2 + c3 − c4) V ∗

ud B− → F0
(q̄q)ds p −c4V ∗

us

B− → F ′0
(q̄q)ds�

− −c4V ∗
ud B− → F ′0

(q̄q)ds p (c2 + c3 − c4) V ∗
us B− → F−

ūdds�
0 (c2+c3+c4)V ∗

ud√
6

B− → F−
ūdds�

0 (c2+c3−c4)V ∗
ud√

2
B− → F−

ūddsn c4V ∗
us B− → F0

(ūu,d̄d)ss
�

−
(c2 + c3) V ∗

us

B− → F−
ūdss�

0 (c2+c3−2c4)V ∗
us√

6
B− → F−

ūdss�
0 (c2+c3)V ∗

us√
2

B− → F−
ūdss�

0
c4V ∗

ud

B
0 → F ′+

(q̄q)ud p c2V ∗
ud B

0 → F+
(q̄q)ud p c1V ∗

ud B
0 → F0

(ūu,s̄s)ddn (c1 + c3) V ∗
ud

B
0 → F+

(q̄q)us�
−

(c1 − c2 + c4) V ∗
ud B

0 → F+
(q̄q)us p c4V ∗

us B
0 → F ′+

(q̄q)us�
− −c2V ∗

ud

B
0 → F ′+

(q̄q)us p c2V ∗
us B

0 → F0
(q̄q)ds�

0 (c2+c3+c4)V ∗
ud√

6
B

0 → F0
(q̄q)ds�

0 (2c1−c2+c3+c4)V ∗
ud

−√
2

B
0 → F0

(q̄q)dsn c4V ∗
us B

0 → F ′0
(q̄q)ds�

0 −
√

3
2 c1V ∗

ud B
0 → F ′0

(q̄q)ds�
0 c1V ∗

ud

−√
2

B
0 → F ′0

(q̄q)dsn c3V ∗
us B

0 → F−
ūdds�

+
(c1 + c3) V ∗

ud B
0 → F+

d̄uss
�

−
c2V ∗

us

B
0 → F0

(ūu,d̄d)ss
�

0 (c2+c3−2c4)V ∗
us√

6
B

0 → F0
(ūu,d̄d)ss

�
0 (c2−c3)V ∗

us√
2

B
0 → F0

(ūu,d̄d)ss
�

0
(c1 + c4) V ∗

ud

B
0 → F−

ūdss�
+

c3V ∗
us B

0 → F−
ūdss�

+
c1V ∗

ud B
0
s → F+

s̄udd p c2V ∗
ud

B
0
s → F ′+

(q̄q)ud�
−

c2V ∗
ud B

0
s → F ′+

(q̄q)ud p −c2V ∗
us B

0
s → F+

(q̄q)ud�
−

c4V ∗
ud

B
0
s → F+

(q̄q)ud p (c1 − c2 + c4) V ∗
us B

0
s → F0

(ūu,s̄s)dd�
0 (c2−2c3+c4)V ∗

ud√
6

B
0
s → F0

(ūu,s̄s)dd�
0 (c2−c4)V ∗

ud√
2

B
0
s → F0

(ūu,s̄s)ddn (c1 + c4) V ∗
us B

0
s → F+

(q̄q)us�
−

c1V ∗
us B

0
s → F ′+

(q̄q)us�
−

c2V ∗
us

B
0
s → F0

(q̄q)ds�
0 −√

2c1V ∗
us B

0
s → F0

(q̄q)ds�
0

c3V ∗
ud B

0
s → F ′0

(q̄q)ds�
0 (c2−3c1−2(c3+c4))V ∗

us√
6

B
0
s → F ′0

(q̄q)ds�
0 (c2−c1)V ∗

us√
2

B
0
s → F ′0

(q̄q)ds�
0

c4V ∗
ud B

0
s → F−

ūdds�
+

c1V ∗
us

B
0
s → F−

ūdds�
+

c3V ∗
ud B

0
s → F0

(ūu,d̄d)ss
�

0
(c1 + c3) V ∗

us B
0
s → F−

ūdss�
+

(c1 + c3) V ∗
us

B− → F+
(q̄q)ud�

−− − (d1 + d2) V ∗
ud B− → F0

(ūu,s̄s)dd�
− (d1+d2)V ∗

ud

−√
3

B− → F+
(q̄q)us�

−−
(d1 + d2) V ∗

us

B− → F0
(q̄q)ds�

− 2(d1+d2)V ∗
us√

3
B− → F0

(q̄q)ds�
′− (d1+d2)V ∗

ud

−√
3

B− → F ′0
(q̄q)ds�

− (d1+d2)V ∗
us√

3

B− → F ′0
(q̄q)ds�

′− 2(d1+d2)V ∗
ud

−√
3

B− → F−
ūdds�

0 (d1+d2)V ∗
us

−√
3

B− → F−
ūdds�

′0 (d1+d2)V ∗
ud√

6

B− → F0
(ūu,d̄d)ss

�
′− (d1+d2)V ∗

us√
3

B− → F−
ūdss�

′0 (d1+d2)V ∗
us

−√
6

B− → F−
ūdss�

′0 (d1+d2)V ∗
ud√

3

B
0 → F++

(d̄d,s̄s)uu
�

−− −d1V ∗
ud B

0 → F ′+
(q̄q)ud�

− d1V ∗
ud

−√
3

B
0 → F+

(q̄q)ud�
− d2V ∗

ud

−√
3

B
0 → F0

(ūu,s̄s)dd�
0 d2V ∗

ud

−√
3

B
0 → F++

d̄uus
�

−−
d1V ∗

us B
0 → F+

(q̄q)us�
− (d2−2d1)V ∗

us√
3

B
0 → F+

(q̄q)us�
′− d1V ∗

ud√
3

B
0 → F ′+

(q̄q)us�
− d1V ∗

us

−√
3

B
0 → F ′+

(q̄q)us�
′− d1V ∗

ud

−√
3

B
0 → F0

(q̄q)ds�
0 (d1−2d2)V ∗

us

−√
3

B
0 → F0

(q̄q)ds�
′0 (d1−d2)V ∗

ud√
6

B
0 → F ′0

(q̄q)ds�
0 d2V ∗

us√
3

B
0 → F ′0

(q̄q)ds�
′0 −

√
2
3d2V ∗

ud B
0 → F−

ūdds�
+ −d2V ∗

us B
0 → F−

ūdds�
′+ d2V ∗

ud√
3

B
0 → F+

d̄uss
�

′− d1V ∗
us√
3

B
0 → F0

(ūu,d̄d)ss
�

′0 (d2−d1)V ∗
us√

6
B

0 → F0
(ūu,d̄d)ss

�
′0 d1V ∗

ud√
3

B
0 → F−

ūdss�
′+ d2V ∗

us

−√
3

B
0 → F−

ūdss�
′+ d2V ∗

ud√
3

B
0
s → F++

s̄uud�
−− −d1V ∗

ud

B
0
s → F+

s̄udd�
− d1V ∗

ud

−√
3

B
0
s → F++

(d̄d,s̄s)uu
�

−−
d1V ∗

us B
0
s → F ′+

(q̄q)ud�
− d1V ∗

us√
3

B
0
s → F ′+

(q̄q)ud�
′− d1V ∗

ud√
3

B
0
s → F+

(q̄q)ud�
− d1V ∗

us

−√
3

B
0
s → F+

(q̄q)ud�
′− (2d1−d2)V ∗

ud√
3

B
0
s → F0

(ūu,s̄s)dd�
0 d1V ∗

us

−√
3

B
0
s → F0

(ūu,s̄s)dd�
′0 (d1−d2)V ∗

ud√
6

B
0
s → F+

(q̄q)us�
′− d2V ∗

us√
3

B
0
s → F ′+

(q̄q)us�
′− d1V ∗

us√
3

B
0
s → F0

(q̄q)ds�
′0 √

2
3d2V ∗

us B
0
s → F0

(q̄q)ds�
′0 d2V ∗

ud

−√
3

B
0
s → F ′0

(q̄q)ds�
′0 (d2−d1)V ∗

us√
6

B
0
s → F ′0

(q̄q)ds�
′0 (d1−2d2)V ∗

ud√
3

B
0
s → F−

ūdds�
′+ d2V ∗

us

−√
3

B
0
s → F−

ūdds�
′+ d2V ∗

ud√
3

B
0
s → F0

(ūu,d̄d)ss
�

′0 d2V ∗
us√
3

B
0
s → F−

ūdss�
′+ d2V ∗

us

−√
3

B
0
s → F−

ūdss�
+

d2V ∗
ud

123
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Table 11 The productions of pentaquark S6, light anti-baryons (qqq)8/10 or anti-charm anti-baryon (c̄qq)3/6̄ from B mesons

Channel Amplitude Channel Amplitude Channel Amplitude

B− → S0
(ūu,s̄s)dd�

−
c̄ −a1V ∗

cd B− → S0
(q̄q)ds�

−
c̄ −a1V ∗

cs B− → S0
(q̄q)ds�

−
c̄ −a1V ∗

cd

B− → S0
(ūu,d̄d)ss

�
−
c̄ −a1V ∗

cs B
0 → S+

(q̄q)ud�
−
c̄ a1V ∗

cd B
0 → S+

(q̄q)us�
−
c̄ a1V ∗

cs

B
0 → S0

(q̄q)ds�
0
c̄ −a1V ∗

cd B
0 → S0

(ūu,d̄d)ss
�

0
c̄ −a1V ∗

cs B
0
s → S+

(q̄q)ud�
−
c̄ a1V ∗

cd

B
0
s → S+

(q̄q)us�
−
c̄ a1V ∗

cs B
0
s → S0

(ūu,s̄s)dd�
0
c̄ a1V ∗

cd B
0
s → S0

(q̄q)ds�
0
c̄ a1V ∗

cs

B− → S+
(q̄q)ud�

−−
c̄ b1V ∗

cd B− → S+
(q̄q)us�

−−
c̄ b1V ∗

cs B− → S0
(ūu,s̄s)dd�

−
c̄

b1V ∗
cd√
2

B− → S0
(q̄q)ds�

−
c̄

b1V ∗
cs√
2

B− → S0
(q̄q)ds�

′−
c̄

b1V ∗
cd√
2

B− → S0
(ūu,d̄d)ss

�
′−
c̄

b1V ∗
cs√
2

B
0 → S++

(d̄d,s̄s)uu
�

−−
c̄ b2V ∗

cd B
0 → S+

(q̄q)ud�
−
c̄

(b1+2b2)V ∗
cd√

2
B

0 → S+
(q̄q)us�

−
c̄

b1V ∗
cs√
2

B
0 → S+

(q̄q)us�
′−
c̄

√
2b2V ∗

cd B
0 → S0

(ūu,s̄s)dd�
0
c̄ (b1 + b2) V ∗

cd B
0 → S0

(q̄q)ds�
0
c̄ b1V ∗

cs

B
0 → S0

(q̄q)ds�
′0
c̄

(b1+2b2)V ∗
cd√

2
B

0 → S0
(ūu,d̄d)ss

�
′0
c̄

b1V ∗
cs√
2

B
0 → S0

(ūu,d̄d)ss
�

0
c̄ b2V ∗

cd

B
0
s → S++

(d̄d,s̄s)uu
�

−−
c̄ b2V ∗

cs B
0
s → S+

(q̄q)ud�
−
c̄

√
2b2V ∗

cs B
0
s → S+

(q̄q)ud�
′−
c̄

b1V ∗
cd√
2

B
0
s → S+

(q̄q)us�
′−
c̄

(b1+2b2)V ∗
cs√

2
B

0
s → S0

(ūu,s̄s)dd�
0
c̄ b2V ∗

cs B
0
s → S0

(ūu,s̄s)dd�
′0
c̄

b1V ∗
cd√
2

B
0
s → S0

(q̄q)ds�
′0
c̄

(b1+2b2)V ∗
cs√

2
B

0
s → S0

(q̄q)ds�
0
c̄ b1V ∗

cd B
0
s → S0

(ūu,d̄d)ss
�

0
c̄ (b1 + b2) V ∗

cs

B− → S0
(ūu,s̄s)dd p (c2 + c3) V ∗

ud B− → S0
(q̄q)ds�

− − (c2 + c3) V ∗
ud B− → S0

(q̄q)ds p (c2 + c3) V ∗
us

B− → S0
(ūu,d̄d)ss

�
− − (c2 + c3) V ∗

us B
0 → S+

(q̄q)ud p (c1 − c3 − c4) V ∗
ud B

0 → S+
(q̄q)us�

− −c1V ∗
ud

B
0 → S+

(q̄q)us p − (c3 + c4) V ∗
us B

0 → S0
(ūu,s̄s)ddn (c1 + c2 − c4) V ∗

ud B
0 → S0

(q̄q)ds�
0 (2c4−3c1−c2+c3)V ∗

ud√
6

B
0 → S0

(q̄q)ds�
0 (c1+c2+c3)V ∗

ud√
2

B
0 → S0

(q̄q)dsn (c2 − c4) V ∗
us B

0 → S0
(ūu,d̄d)ss

�
0 (2c4−c2+c3)V ∗

us√
6

B
0 → S0

(ūu,d̄d)ss
�

0 (c2+c3)V ∗
us√

2
B

0 → S0
(ūu,d̄d)ss

�
0 −c1V ∗

ud B
0
s → S+

(q̄q)ud�
−

(c3 + c4) V ∗
ud

B
0
s → S+

(q̄q)ud p c1V ∗
us B

0
s → S+

(q̄q)us�
−

(c4 − c1 + c3) V ∗
us B

0
s → S0

(ūu,s̄s)dd�
0 (c4−2c2−c3)V ∗

ud√
6

B
0
s → S0

(ūu,s̄s)dd�
0 (c3+c4)V ∗

ud

−√
2

B
0
s → S0

(ūu,s̄s)ddn c1V ∗
us B

0
s → S0

(q̄q)ds�
0 (3c1+2c2+c3−c4)V ∗

us

−√
6

B
0
s → S0

(q̄q)ds�
0 (c1−c3−c4)V ∗

us√
2

B
0
s → S0

(q̄q)ds�
0

(c4 − c2) V ∗
ud B

0
s → S0

(ūu,d̄d)ss
�

0
(c4 − c1 − c2) V ∗

us

�(B
0 → F ′+

(q̄q)us p)

= �(B
0 → F+

d̄uss
�

−
) = �(B

0
s → F ′+

(q̄q)us�
−
)

= �(B
0
s → F ′+
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(ūu,s̄s)dd�
−
)

= 3

4
�(B− → F0

(q̄q)ds�
′−

) = 3�(B− → F ′0
(q̄q)ds�

′−
)

= 6�(B− → F−
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ūdss�
′0
),

�(B− → F+
(q̄q)us�

−−
) = 3

4
�(B− → F0

(q̄q)ds�
−
)

= 3�(B− → F ′0
(q̄q)ds�

−
) = 3�(B− → F−
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(ūu,s̄s)dd�
′0
) = �(B

0 → F0
(q̄q)ds�

′0
),

�(B
0
s → F ′0

(q̄q)ds�
′0
) = �(B

0 → F0
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ūdss�
0
).

References

1. R. Aaij et al. [LHCb], Phys. Rev. Lett. 115, 072001 (2015). https://
doi.org/10.1103/PhysRevLett.115.072001. arXiv:1507.03414
[hep-ex]

2. R. Aaij et al. [LHCb], Phys. Rev. Lett. 122(22), 222001
(2019). https://doi.org/10.1103/PhysRevLett.122.222001.
arXiv:1904.03947 [hep-ex]

3. R. Aaij et al. [LHCb], Sci. Bull. 66, 1278–1287 (2021). https://doi.
org/10.1016/j.scib.2021.02.030. arXiv:2012.10380 [hep-ex]

4. R. Aaij et al. [LHCb], Phys. Rev. Lett. 128(6), 062001
(2022). https://doi.org/10.1103/PhysRevLett.128.062001.
arXiv:2108.04720 [hep-ex]

5. E. Santopinto, A. Giachino, Phys. Rev. D 96(1), 014014 (2017).
https://doi.org/10.1103/PhysRevD.96.014014. arXiv:1604.03769
[hep-ph]

6. C. Deng, J. Ping, H. Huang, F. Wang, Phys. Rev. D 95(1),
014031 (2017). https://doi.org/10.1103/PhysRevD.95.014031.
arXiv:1608.03940 [hep-ph]

7. L. Maiani, A.D. Polosa, V. Riquer, Phys. Lett. B 749,
289–291 (2015). https://doi.org/10.1016/j.physletb.2015.08.008.
arXiv:1507.04980 [hep-ph]

8. J.F. Giron, R.F. Lebed, Phys. Rev. D 104(11), 114028
(2021). https://doi.org/10.1103/PhysRevD.104.114028.
arXiv:2110.05557 [hep-ph]

9. R.F. Lebed, S.R. Martinez, Phys. Rev. D 106(7), 074007
(2022). https://doi.org/10.1103/PhysRevD.106.074007.
arXiv:2207.01101 [hep-ph]

10. K. Azizi, Y. Sarac, H. Sundu, Phys. Rev. D 107(1),
014023 (2023). https://doi.org/10.1103/PhysRevD.107.014023.
arXiv:2210.03471 [hep-ph]

11. M.L. Du, V. Baru, F.K. Guo, C. Hanhart, U.G. Meißner, J.A. Oller,
Q. Wang, Phys. Rev. Lett. 124(7), 072001 (2020). https://doi.org/
10.1103/PhysRevLett.124.072001. arXiv:1910.11846 [hep-ph]

12. B. Wang, L. Meng, S.L. Zhu, JHEP 11, 108 (2019). https://doi.org/
10.1007/JHEP11(2019)108. arXiv:1909.13054 [hep-ph]

13. R. Chen, X. Liu, X.Q. Li, S.L. Zhu, Phys. Rev. Lett. 115(13),
132002 (2015). https://doi.org/10.1103/PhysRevLett.115.132002.
arXiv:1507.03704 [hep-ph]

14. M.I. Eides, V.Y. Petrov, M.V. Polyakov, Mod. Phys. Lett. A 35(18),
2050151 (2020). https://doi.org/10.1142/S0217732320501515.
arXiv:1904.11616 [hep-ph]

15. F.K. Guo, U.G. Meißner, W. Wang, Z. Yang, Phys. Rev.
D 92(7), 071502 (2015). https://doi.org/10.1103/PhysRevD.92.
071502. arXiv:1507.04950 [hep-ph]

16. G. Yang, J. Ping, J. Segovia, Phys. Rev. D 106(1), 014005
(2022). https://doi.org/10.1103/PhysRevD.106.014005.
arXiv:2205.11548 [hep-ph]

17. X.W. Wang, Z.G. Wang, Chin. Phys. C 47(1), 013109 (2023).
https://doi.org/10.1088/1674-1137/ac9aab. arXiv:2207.06060
[hep-ph]

18. Q. Qin, J.L. Qiu, F.S. Yu, Eur. Phys. J. C 83(3), 227 (2023). https://
doi.org/10.1140/epjc/s10052-023-11375-4. arXiv:2212.03590
[hep-ph]

19. J.M. Richard, A. Valcarce, J. Vijande, Phys. Lett. B 790,
248–250 (2019). https://doi.org/10.1016/j.physletb.2019.01.031.
arXiv:1901.03578 [hep-ph]

20. M. Gell-Mann, Phys. Lett. 8, 214–215 (1964). https://doi.org/10.
1016/S0031-9163(64)92001-3

21. G. Zweig, CERN-TH-401
22. R. Aaij et al. [LHCb], Nature Phys. 18(7), 751–754 (2022).

https://doi.org/10.1038/s41567-022-01614-y. arXiv:2109.01038
[hep-ex]

23. B. Aubert et al. [BaBar], Phys. Rev. D 77, 031101 (2008). https://
doi.org/10.1103/PhysRevD.77.031101. arXiv:0710.5775 [hep-ex]

24. Y.B. Li et al. [Belle], Eur. Phys. J. C 78(3), 252 (2018). https://doi.
org/10.1140/epjc/s10052-018-5720-5. arXiv:1712.03612 [hep-
ex]

25. R. Aaij et al. [LHCb], Phys. Rev. Lett. 124(22), 222001
(2020). https://doi.org/10.1103/PhysRevLett.124.222001.
arXiv:2003.13649 [hep-ex]

26. R. Aaij et al. [LHCb], Phys. Rev. Lett. 118(18), 182001
(2017). https://doi.org/10.1103/PhysRevLett.118.182001.
arXiv:1703.04639 [hep-ex]

27. R. Aaij et al. [LHCb], Phys. Rev. D104(9), L091102 (2021). https://
doi.org/10.1103/PhysRevD.104.L091102. arXiv:2107.03419
[hep-ex]

28. J. Yelton et al. [Belle], Phys. Rev. D 97(5), 051102 (2018).
https://doi.org/10.1103/PhysRevD.97.051102. arXiv:1711.07927
[hep-ex]

29. H.X. Chen, W. Chen, X. Liu, Y.R. Liu, S.L. Zhu, Rep. Prog. Phys.
86(2), 026201 (2023). https://doi.org/10.1088/1361-6633/aca3b6.
arXiv:2204.02649 [hep-ph]

30. I.W. Stewart, M.E. Wessling, M.B. Wise, Phys. Lett. B 590,
185–189 (2004). https://doi.org/10.1016/j.physletb.2004.03.087.
arXiv:hep-ph/0402076

31. H.T. An, K. Chen, X. Liu, Phys. Rev. D 105(3), 034018
(2022). https://doi.org/10.1103/PhysRevD.105.034018.
arXiv:2010.05014 [hep-ph]

32. Z.G. Wang, J.X. Zhang, Eur. Phys. J. C 78(6), 503 (2018). https://
doi.org/10.1140/epjc/s10052-018-5989-4. arXiv:1804.06195
[hep-ph]

33. K. Azizi, Y. Sarac, H. Sundu, Phys. Rev. D 98(5), 054002 (2018).
https://doi.org/10.1103/PhysRevD.98.054002. arXiv:1805.06734
[hep-ph]

34. R.M. Albuquerque, S.H. Lee, M. Nielsen, Phys. Rev. D
88(7), 076001 (2013). https://doi.org/10.1103/PhysRevD.88.
076001. arXiv:1306.4182 [hep-ph]

35. Q. Xin, X.S. Yang, Z.G. Wang, Int. J. Mod. Phys. A 38,
2350123 (2023). https://doi.org/10.1142/S0217751X23501233.
arXiv:2307.08926 [hep-ph]

36. B. Wu, B.Q. Ma, Phys. Rev. D 70, 034025 (2004). https://doi.org/
10.1103/PhysRevD.70.034025. arXiv:hep-ph/0402244

123

https://doi.org/10.1103/PhysRevLett.115.072001
https://doi.org/10.1103/PhysRevLett.115.072001
http://arxiv.org/abs/1507.03414
https://doi.org/10.1103/PhysRevLett.122.222001
http://arxiv.org/abs/1904.03947
https://doi.org/10.1016/j.scib.2021.02.030
https://doi.org/10.1016/j.scib.2021.02.030
http://arxiv.org/abs/2012.10380
https://doi.org/10.1103/PhysRevLett.128.062001
http://arxiv.org/abs/2108.04720
https://doi.org/10.1103/PhysRevD.96.014014
http://arxiv.org/abs/1604.03769
https://doi.org/10.1103/PhysRevD.95.014031
http://arxiv.org/abs/1608.03940
https://doi.org/10.1016/j.physletb.2015.08.008
http://arxiv.org/abs/1507.04980
https://doi.org/10.1103/PhysRevD.104.114028
http://arxiv.org/abs/2110.05557
https://doi.org/10.1103/PhysRevD.106.074007
http://arxiv.org/abs/2207.01101
https://doi.org/10.1103/PhysRevD.107.014023
http://arxiv.org/abs/2210.03471
https://doi.org/10.1103/PhysRevLett.124.072001
https://doi.org/10.1103/PhysRevLett.124.072001
http://arxiv.org/abs/1910.11846
https://doi.org/10.1007/JHEP11(2019)108
https://doi.org/10.1007/JHEP11(2019)108
http://arxiv.org/abs/1909.13054
https://doi.org/10.1103/PhysRevLett.115.132002
http://arxiv.org/abs/1507.03704
https://doi.org/10.1142/S0217732320501515
http://arxiv.org/abs/1904.11616
https://doi.org/10.1103/PhysRevD.92.071502
https://doi.org/10.1103/PhysRevD.92.071502
http://arxiv.org/abs/1507.04950
https://doi.org/10.1103/PhysRevD.106.014005
http://arxiv.org/abs/2205.11548
https://doi.org/10.1088/1674-1137/ac9aab
http://arxiv.org/abs/2207.06060
https://doi.org/10.1140/epjc/s10052-023-11375-4
https://doi.org/10.1140/epjc/s10052-023-11375-4
http://arxiv.org/abs/2212.03590
https://doi.org/10.1016/j.physletb.2019.01.031
http://arxiv.org/abs/1901.03578
https://doi.org/10.1016/S0031-9163(64)92001-3
https://doi.org/10.1016/S0031-9163(64)92001-3
https://doi.org/10.1038/s41567-022-01614-y
http://arxiv.org/abs/2109.01038
https://doi.org/10.1103/PhysRevD.77.031101
https://doi.org/10.1103/PhysRevD.77.031101
http://arxiv.org/abs/0710.5775
https://doi.org/10.1140/epjc/s10052-018-5720-5
https://doi.org/10.1140/epjc/s10052-018-5720-5
http://arxiv.org/abs/1712.03612
https://doi.org/10.1103/PhysRevLett.124.222001
http://arxiv.org/abs/2003.13649
https://doi.org/10.1103/PhysRevLett.118.182001
http://arxiv.org/abs/1703.04639
https://doi.org/10.1103/PhysRevD.104.L091102
https://doi.org/10.1103/PhysRevD.104.L091102
http://arxiv.org/abs/2107.03419
https://doi.org/10.1103/PhysRevD.97.051102
http://arxiv.org/abs/1711.07927
https://doi.org/10.1088/1361-6633/aca3b6
http://arxiv.org/abs/2204.02649
https://doi.org/10.1016/j.physletb.2004.03.087
http://arxiv.org/abs/hep-ph/0402076
https://doi.org/10.1103/PhysRevD.105.034018
http://arxiv.org/abs/2010.05014
https://doi.org/10.1140/epjc/s10052-018-5989-4
https://doi.org/10.1140/epjc/s10052-018-5989-4
http://arxiv.org/abs/1804.06195
https://doi.org/10.1103/PhysRevD.98.054002
http://arxiv.org/abs/1805.06734
https://doi.org/10.1103/PhysRevD.88.076001
https://doi.org/10.1103/PhysRevD.88.076001
http://arxiv.org/abs/1306.4182
https://doi.org/10.1142/S0217751X23501233
http://arxiv.org/abs/2307.08926
https://doi.org/10.1103/PhysRevD.70.034025
https://doi.org/10.1103/PhysRevD.70.034025
http://arxiv.org/abs/hep-ph/0402244


1013 Page 20 of 20 Eur. Phys. J. C (2023) 83 :1013

37. Q.X. Yu, R. Pavao, V.R. Debastiani, E. Oset, Eur. Phys. J. C 79(2),
167 (2019). https://doi.org/10.1140/epjc/s10052-019-6665-z.
arXiv:1811.11738 [hep-ph]

38. M. Karliner, H.J. Lipkin, arXiv:hep-ph/0307243
39. M. Karliner, H.J. Lipkin, arXiv:hep-ph/0307343
40. R.F. Lebed, Phys. Lett. B 749, 454–457 (2015). https://doi.org/10.

1016/j.physletb.2015.08.032. arXiv:1507.05867 [hep-ph]
41. A. Ali, I. Ahmed, M.J. Aslam, A.Y. Parkhomenko, A. Rehman,

JHEP 10, 256 (2019). https://doi.org/10.1007/JHEP10(2019)256.
arXiv:1907.06507 [hep-ph]

42. M.J. Savage, M.B. Wise, Phys. Rev. D 39, 3346 (1989). [Erratum:
Phys. Rev. D 40, 3127 (1989)]. https://doi.org/10.1103/PhysRevD.
39.3346

43. M. Gronau, O.F. Hernandez, D. London, J.L. Rosner, Phys. Rev.
D 52, 6356–6373 (1995). https://doi.org/10.1103/PhysRevD.52.
6356. arXiv:hep-ph/9504326

44. X.G. He, Y.K. Hsiao, J.Q. Shi, Y.L. Wu, Y.F. Zhou, Phys. Rev. D
64, 034002 (2001). https://doi.org/10.1103/PhysRevD.64.034002.
arXiv:hep-ph/0011337

45. C.W. Chiang, M. Gronau, J.L. Rosner, D.A. Suprun, Phys. Rev. D
70, 034020 (2004). https://doi.org/10.1103/PhysRevD.70.034020.
arXiv:hep-ph/0404073

46. Y. Li, C.D. Lu, W. Wang, Phys. Rev. D 77, 054001 (2008). https://
doi.org/10.1103/PhysRevD.77.054001. arXiv:0711.0497 [hep-ph]

47. W. Wang, C.D. Lu, Phys. Rev. D 82, 034016 (2010). https://doi.
org/10.1103/PhysRevD.82.034016. arXiv:0910.0613 [hep-ph]

48. C.D. Lü, W. Wang, F.S. Yu, Phys. Rev. D 93(5), 056008 (2016).
https://doi.org/10.1103/PhysRevD.93.056008. arXiv:1601.04241
[hep-ph]

49. W. Wang, F.S. Yu, Z.X. Zhao, Eur. Phys. J. C 77(11), 781
(2017). https://doi.org/10.1140/epjc/s10052-017-5360-1.
arXiv:1707.02834 [hep-ph]

50. W. Wang, Z.P. Xing, J. Xu, Eur. Phys. J. C 77(11), 800
(2017). https://doi.org/10.1140/epjc/s10052-017-5363-y.
arXiv:1707.06570 [hep-ph]

51. Y.J. Shi, W. Wang, Y. Xing, J. Xu, Eur. Phys. J. C 78(1),
56 (2018). https://doi.org/10.1140/epjc/s10052-018-5532-7.
arXiv:1712.03830 [hep-ph]

52. W. Wang, J. Xu, Phys. Rev. D 97(9), 093007 (2018). https://doi.
org/10.1103/PhysRevD.97.093007. arXiv:1803.01476 [hep-ph]

53. F. Huang, Y. Xing, J. Xu, Eur. Phys. J. C 82(11),
1075 (2022). https://doi.org/10.1140/epjc/s10052-022-11012-6.
arXiv:2209.01716 [hep-ph]

54. Y. Xing, W.L. Liu, Y.H. Xiao, Eur. Phys. J. C 82(12),
1105 (2022). https://doi.org/10.1140/epjc/s10052-022-11092-4.
arXiv:2203.03248 [hep-ph]

55. D. Wang, JHEP 12, 003 (2022). https://doi.org/10.1007/
JHEP12(2022)003. arXiv:2204.05915 [hep-ph]

56. X.H. Hu, Y. Xing, arXiv:2208.13874 [hep-ph]
57. M. Karliner, J.L. Rosner, Phys. Rev. Lett. 115(12), 122001

(2015). https://doi.org/10.1103/PhysRevLett.115.122001.
arXiv:1506.06386 [hep-ph]

58. L. Roca, J. Nieves, E. Oset, Phys. Rev. D 92(9), 094003 (2015).
https://doi.org/10.1103/PhysRevD.92.094003. arXiv:1507.04249
[hep-ph]

59. X.G. He, X.Q. Li, X. Liu, X.Q. Zeng, Eur. Phys. J. C 51, 883–
889 (2007). https://doi.org/10.1140/epjc/s10052-007-0347-y.
arXiv:hep-ph/0606015

60. Y. Huang, C.J. Xiao, Q.F. Lü, R. Wang, J. He, L. Geng, Phys.
Rev. D 97(9), 094013 (2018). https://doi.org/10.1103/PhysRevD.
97.094013. arXiv:1801.03598 [hep-ph]

61. J. Feng, C. Cheng, F. Yang, Y. Huang, arXiv:2303.17770 [hep-ph]
62. B. Wang, L. Meng, S.L. Zhu, Phys. Rev. D 101(9),

094035 (2020). https://doi.org/10.1103/PhysRevD.101.094035.
arXiv:2003.05688 [hep-ph]

63. H. Zhu, N. Ma, Y. Huang, Eur. Phys. J. C 80(12),
1184 (2020). https://doi.org/10.1140/epjc/s10052-020-08747-5.
arXiv:2005.02642 [hep-ph]

64. C. Wang, L.L. Liu, X.W. Kang, X.H. Guo, R.W. Wang,
Eur. Phys. J. C 78(5), 407 (2018). https://doi.org/10.1140/epjc/
s10052-018-5874-1. arXiv:1710.10850 [hep-ph]

65. R. Zhu, C.F. Qiao, Phys. Lett. B 756, 259–264 (2016). https://doi.
org/10.1016/j.physletb.2016.03.022. arXiv:1510.08693 [hep-ph]

66. R.L. Jaffe, Phys. Rep. 409, 1–45 (2005). https://doi.org/10.1016/j.
physrep.2004.11.005. arXiv:hep-ph/0409065

67. Y. Xing, Y. Niu, Eur. Phys. J. C 81(11), 978 (2021). https://doi.org/
10.1140/epjc/s10052-021-09730-4. arXiv:2106.09939 [hep-ph]

68. Y. Yan, X. Hu, Y. Wu, H. Huang, J. Ping, Y. Yang, Eur.
Phys. J. C 83(6), 524 (2023). https://doi.org/10.1140/epjc/
s10052-023-11709-2. arXiv:2211.12129 [hep-ph]

69. Y. Yan, X. Hu, H. Huang, J. Ping, arXiv:2309.15380 [hep-ph]
70. Q. Zhang, X.H. Hu, B.R. He, J.L. Ping, Eur. Phys. J. C 81(3),

224 (2021). https://doi.org/10.1140/epjc/s10052-021-09017-8.
arXiv:2012.02017 [hep-ph]

71. C.S. An, H. Chen, Phys. Rev. D 96(3), 034012 (2017). https://doi.
org/10.1103/PhysRevD.96.034012. arXiv:1705.08571 [hep-ph]

72. D. Zhang, D. Yang, X.F. Wang, K. Nakayama, arXiv:1903.01207
[nucl-th]

73. K.L. Wang, L.Y. Xiao, X.H. Zhong, Phys. Rev. D 102(3),
034029 (2020). https://doi.org/10.1103/PhysRevD.102.034029.
arXiv:2004.03221 [hep-ph]

74. G. Yang, J. Ping, Phys. Rev. D 97(3), 034023 (2018). https://doi.
org/10.1103/PhysRevD.97.034023. arXiv:1703.08845 [hep-ph]

75. M.J. Yan, F.Z. Peng, M. Pavon Valderrama, arXiv:2304.14855
[hep-ph]

76. A. Ali, L. Maiani, A.V. Borisov, I. Ahmed, M. Jamil
Aslam, A.Y. Parkhomenko, A.D. Polosa, A. Rehman, Eur.
Phys. J. C 78(1), 29 (2018). https://doi.org/10.1140/epjc/
s10052-017-5501-6. arXiv:1708.04650 [hep-ph]

77. S.H. Lee, Y. Kwon, Y. Kwon, Phys. Rev. Lett. 96, 102001
(2006). https://doi.org/10.1103/PhysRevLett.96.102001.
arXiv:hep-ph/0512074

123

https://doi.org/10.1140/epjc/s10052-019-6665-z
http://arxiv.org/abs/1811.11738
http://arxiv.org/abs/hep-ph/0307243
http://arxiv.org/abs/hep-ph/0307343
https://doi.org/10.1016/j.physletb.2015.08.032
https://doi.org/10.1016/j.physletb.2015.08.032
http://arxiv.org/abs/1507.05867
https://doi.org/10.1007/JHEP10(2019)256
http://arxiv.org/abs/1907.06507
https://doi.org/10.1103/PhysRevD.39.3346
https://doi.org/10.1103/PhysRevD.39.3346
https://doi.org/10.1103/PhysRevD.52.6356
https://doi.org/10.1103/PhysRevD.52.6356
http://arxiv.org/abs/hep-ph/9504326
https://doi.org/10.1103/PhysRevD.64.034002
http://arxiv.org/abs/hep-ph/0011337
https://doi.org/10.1103/PhysRevD.70.034020
http://arxiv.org/abs/hep-ph/0404073
https://doi.org/10.1103/PhysRevD.77.054001
https://doi.org/10.1103/PhysRevD.77.054001
http://arxiv.org/abs/0711.0497
https://doi.org/10.1103/PhysRevD.82.034016
https://doi.org/10.1103/PhysRevD.82.034016
http://arxiv.org/abs/0910.0613
https://doi.org/10.1103/PhysRevD.93.056008
http://arxiv.org/abs/1601.04241
https://doi.org/10.1140/epjc/s10052-017-5360-1
http://arxiv.org/abs/1707.02834
https://doi.org/10.1140/epjc/s10052-017-5363-y
http://arxiv.org/abs/1707.06570
https://doi.org/10.1140/epjc/s10052-018-5532-7
http://arxiv.org/abs/1712.03830
https://doi.org/10.1103/PhysRevD.97.093007
https://doi.org/10.1103/PhysRevD.97.093007
http://arxiv.org/abs/1803.01476
https://doi.org/10.1140/epjc/s10052-022-11012-6
http://arxiv.org/abs/2209.01716
https://doi.org/10.1140/epjc/s10052-022-11092-4
http://arxiv.org/abs/2203.03248
https://doi.org/10.1007/JHEP12(2022)003
https://doi.org/10.1007/JHEP12(2022)003
http://arxiv.org/abs/2204.05915
http://arxiv.org/abs/2208.13874
https://doi.org/10.1103/PhysRevLett.115.122001
http://arxiv.org/abs/1506.06386
https://doi.org/10.1103/PhysRevD.92.094003
http://arxiv.org/abs/1507.04249
https://doi.org/10.1140/epjc/s10052-007-0347-y
http://arxiv.org/abs/hep-ph/0606015
https://doi.org/10.1103/PhysRevD.97.094013
https://doi.org/10.1103/PhysRevD.97.094013
http://arxiv.org/abs/1801.03598
http://arxiv.org/abs/2303.17770
https://doi.org/10.1103/PhysRevD.101.094035
http://arxiv.org/abs/2003.05688
https://doi.org/10.1140/epjc/s10052-020-08747-5
http://arxiv.org/abs/2005.02642
https://doi.org/10.1140/epjc/s10052-018-5874-1
https://doi.org/10.1140/epjc/s10052-018-5874-1
http://arxiv.org/abs/1710.10850
https://doi.org/10.1016/j.physletb.2016.03.022
https://doi.org/10.1016/j.physletb.2016.03.022
http://arxiv.org/abs/1510.08693
https://doi.org/10.1016/j.physrep.2004.11.005
https://doi.org/10.1016/j.physrep.2004.11.005
http://arxiv.org/abs/hep-ph/0409065
https://doi.org/10.1140/epjc/s10052-021-09730-4
https://doi.org/10.1140/epjc/s10052-021-09730-4
http://arxiv.org/abs/2106.09939
https://doi.org/10.1140/epjc/s10052-023-11709-2
https://doi.org/10.1140/epjc/s10052-023-11709-2
http://arxiv.org/abs/2211.12129
http://arxiv.org/abs/2309.15380
https://doi.org/10.1140/epjc/s10052-021-09017-8
http://arxiv.org/abs/2012.02017
https://doi.org/10.1103/PhysRevD.96.034012
https://doi.org/10.1103/PhysRevD.96.034012
http://arxiv.org/abs/1705.08571
http://arxiv.org/abs/1903.01207
https://doi.org/10.1103/PhysRevD.102.034029
http://arxiv.org/abs/2004.03221
https://doi.org/10.1103/PhysRevD.97.034023
https://doi.org/10.1103/PhysRevD.97.034023
http://arxiv.org/abs/1703.08845
http://arxiv.org/abs/2304.14855
https://doi.org/10.1140/epjc/s10052-017-5501-6
https://doi.org/10.1140/epjc/s10052-017-5501-6
http://arxiv.org/abs/1708.04650
https://doi.org/10.1103/PhysRevLett.96.102001
http://arxiv.org/abs/hep-ph/0512074

	The production of charm pentaquark from B meson within SU(3) analysis
	Abstract 
	1 Introduction
	2 The mass splitting of the charm pentaquark states
	2.1 S-wave Pentaquark
	2.2 P-wave pentaquark

	3 Productions from B mesons
	3.1 Representations of charm pentaquark
	3.2 The production by SU(3) analysis

	4 Conclusions
	Acknowledgements
	Appendix A: Tensor decomposition
	Appendix B: Mass matrix with bad diquark scheme for S-wave and P-wave pentaquark
	Appendix C: Mass spectrum of S-wave pentaquark in tetraquark-antiquark picture
	Appendix D: States 6 and 15
	References




