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The search for the compact limit of multiquark states is a challenging issue. Within the framework of the
MIT bag model, we propose an effective limit bag radius of Rc ¼ 5.615 GeV−1 (or 1.11 fm) for bound
states. When the bag radius of a hadron falls below this value, the bag binding energy satisfies EB < 0,
indicating that the system has a compact intention. We consider various combinations of different numbers
and ratios of heavy and light quarks, indicating that the bag radius of hadrons depending on the number of
quarks is suppressed by the presence of heavy quarks. Focusing on five-quark combinations, we find that
the average bag radius of nnccc̄ is below the threshold Rc. We take into account color-magnetic
interactions and calculate the mass, magnetic moment, binding energy, and relative strong decay width for
the nnQQQ̄ system. We show that the binding energies of most states in the flavor combination nnccc̄ are
approximately −20 MeV, whereas states involving bottom quarks have binding energies around
−120 MeV, with some decay widths suppressed by the decay constant. Additionally, the nQQQQ̄
system exhibits even deeper binding. Our results support the compact intention of nnQQQ̄ and suggest that
the nQQQQ̄ configuration demonstrates even stronger compactness.
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I. INTRODUCTION

At its inception, the quark model proposed the concept of
exotic hadronic states that could extend beyond traditional
mesons and baryons, such as tetraquarks and pentaquarks
[1,2]. In the 1970s, Jaffe and others introduced the MIT bag
model [3–5], which has since been used to calculate
double-heavy baryons [6,7], hybrid mesons [8,9], and light
flavor pentaquark states [10].
In 2003, the Belle Collaboration first reported the hidden

charm tetraquark candidate Xð3872Þ [11]. In the following
decades, more tetraquark states were discovered sequen-
tially, including the first charged tetraquark state Zcð3900Þ
[12] and the first tetraquark state with open charm
Tccð3875Þ [13]. Meanwhile, theoretical discussions have
been conducted on the structure of certain tetraquarks,
focusing on both molecular and compact scenarios [14].
Recently, the LHCb and CMS Collaborations announced
two fully charmed tetraquark systems, Xð6900Þ [15] and

Xð6600Þ [16]. Many studies tend to describe fully heavy
tetraquarks in compact scenarios [17–21]. During this
period, several signals of pentaquark states were disclosed
by LHCb in the J=ψp and p̄ channels, specifically including
Pcð4380Þþ [22], Pcð4457Þþ, Pcð4440Þþ, Pcð4312Þþ [23],
and Pcð4337Þ [24]. Most studies supported the interpreta-
tion of these pentaquark states as molecular states [25–29].
Subsequently, LHCb unveiled the first candidate for a
strange pentaquark state, Pcsð4459Þ0 [30], in J=ψΛ
channel. Two years later, another strange pentaquark
state, PΛ

ψsð4338Þ0, was discovered in the same channel [31].
Research on the structures of these two strange penta-
quark states mainly focuses on molecular states and
compact pentaquarks [14,32–38], while also predicting
other flavor combinations arising from both configurations
[39–44].
The interactions between molecular states and compact

states differ primarily due to the varying scales of inter-
action involved. There are several theories suitable for
compact environments, such as lattice quantum chromo-
dynamics (lattice QCD) [45], QCD sum rules [46,47], color
flux tube models [37], chromomagnetic interaction (CMI)
models [48,49], and the MIT bag model [4,50]. However,
none of these theories have been used to predict the
existence of large-scale color-singlet compact hadrons.
Whether multiquark states have a compact limit is still
an open question. If they do, what is the scale of this limit?
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Therefore, finding the compact limit of multiquark states is
an important and challenging issue.
In the present work we provide criteria for identifying

compact multiquark states within the MIT bag model
framework. This model effectively describes compact
states; however, there is a binding upper limit for multi-
quark hadrons. When the bag radius of the hadron
exceeds 5.615 GeV−1, the hadron bag will break down.
Furthermore, the binding energy of the bag can be defined
based on the limit radius, which allows us to evaluate the
compact stability of hadrons. Taking pentaquark states as
an example, we first estimate the spin-independent bag
radii for the qqqQQ̄ and qqQQQ̄ states (where q ¼ n, s
and Q ¼ c, b). Our results indicate that for qqqcc̄ the bag
radius is slightly above the threshold, while for qqccc̄ it is
slightly below, mainly due to the suppressive effect of
heavy quarks on the bag radius. Furthermore, we calcu-
lated the mass spectra, bag radii, and compact stability for
the qqQQQ̄ and qQQQQ̄ systems, with results support-
ing the potential for compact configurations in most states
of these systems. Additionally, we discuss the two-body
strong decays of the qqQQQ̄ system and provide branch-
ing ratio information for decay channels such as J=ψΛQ

and J=ψΞQ.
The rest of the paper is organized as follows. In Sec. II,

we introduce the mass formula, magnetic moment, and
related parameters provided by the MIT bag model. In
Sec. III, we analyze the model and discuss the compact
limit of multi-quark states. Section IV primarily showcases
the mass spectra and magnetic moments for qqQQQ̄ and
qQQQQ̄ based on the bag model, as well as the calculation
results and discussion of the partial decay width ratios for
the qqQQQ̄ system. Finally, in Sec. V, we provide a
concise summary of the computation results and analyses.

II. METHOD FOR MIT BAG MODEL

The bag model confines the valence quarks within a
sphere region characterized by radius R, and subsequently
employs variational methods to obtain the optimal radius
and mass of the hadron. Based on the traditional bag model
[3–5], Refs. [51,52] present an expression for hadron mass
that incorporates the chromomagnetic interactions (CMI)
between quarks as well as the nonperturbative effects. The
expression is

MðRÞ ¼
X
i

ωi þ
4

3
πR3B −

Z0

R
þMB þMCMI; ð1Þ

where

ωi ¼
�
m2

i þ
x2i
R2

�
1=2

: ð2Þ

Here, the first term on the right-hand side represents the
relativistic energy sum for quarks with mass mi, while the

second and third terms correspond to the bag’s volume
energy and vacuum zero-point energy, with B and Z0 being
model parameters; the last two termsMB andMCMI account
for the short-range interactions between heavy quarks and
the chromomagnetic interactions between quarks [53]. In
Eq. (2), the quark momentum is given by xi=R, where xi is a
dimensionless parameter derived from the boundary con-
ditions of the bag, satisfying the relation

tan xi ¼
xi

1 −miR − ðm2
i R

2 þ x2i Þ1=2
; ð3Þ

which can be obtained from the spinor wave function [3,4].
We consider the contribution of short-range interactions

between heavy quarks, denoted asMB. References [54–57]
propose that there are short-range color-electric interactions
among heavy quarks. Specifically, this refers to the binding
energies between pairs such as c − c, b − b, b − c, c − s,
and b − s, while the short-range interactions between other
combinations, such as b − n, c − n, s − s, and n − n (where
n ¼ u, d), approach zero. Furthermore, the interactions
between heavy quarks are related to the color factors of the
hadronic wave function, expressed as

hλi · λjinm ¼
X8
α¼1

Trðc†inλαcimÞTrðc†jnλαcjmÞ; ð4Þ

here, m and n represent the basis vectors of the color
subspace for hadrons, while λα are the generators of the
SU(3) color group (the Gell-Mann matrices), with α ¼
1; 2;…; 8. The terms cin and cjm are the basis vectors for
quarks i and j in color space. In Ref. [51], the author fitted
the masses of Bs, Ds, J=ψ , and ϒ under the bag model,
obtaining the short-range interactions between quark pairs
represented by color 1c. Furthermore, by using Eq. (4), the
binding energy derived from the fitted mesons is scaled to
baryons with quark pairs of color 3̄c, which effectively
explains the mass spectrum of heavy flavor baryons. The
specific values are

Bcs ¼ −0.025 GeV; Bcc ¼ −0.077 GeV;

Bbs ¼ −0.032 GeV; Bbb ¼ −0.128 GeV;

Bbc ¼ −0.101 GeV:

ð5Þ

Using the color representation 3̄c as the standard, we
present the following scaling relationship for the color-
electric interaction that applies to any color representation:

B½qq0=q̄�R ¼ hλi · λjiR
hλi · λji3̄c

Bqq0; ð6Þ

where R represents an arbitrary color representation.
We can determine the color factor for the pentaquarks

using Eq. (4), and then calculate the matrix elements of the
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color-electric interaction through the mapping relation
in Eq. (6), as detailed in Appendix B. These matrix
elements can then be substituted into Eq. (1) for unified
diagonalization.
The Hamiltonian for the CMI is typically expressed by

the following equation:

HCMI ¼ −
X
i<j

ðλi · λjÞðσi · σjÞCij; ð7Þ

where λi and σi are the Gell-Mann and Pauli matrices for
quark i, respectively, and Cij is the coupling constant given
by [5,52]

Cij ¼ 3
αsðRÞ
R3

μ̄iμ̄jIij: ð8Þ

In the bag model framework [3,4], the magnetic moment
of a quark is

μ̄i ¼
R
6

4ωiRþ 2miR − 3

2ωiRðωiR − 1Þ þmiR
; ð9Þ

and the hadron can be expressed as

μ ¼ hψ j
X
i

2μiSizjψi; ð10Þ

where ψ is the basic eigenvector of the color spin.
The relevant parameters of the bag model are given in the

Refs. [5,40,51,52] as

mn ¼ 0 GeV; ms ¼ 0.279 GeV;

mc ¼ 1.641 GeV; mb ¼ 5.093 GeV;

Z0 ¼ 1.84; B1=4 ¼ 0.145 GeV:

ð11Þ

The solution to the mass formula Eq. (1) depends on the
parameters R and xi, where xi is the solution to the
transcendental in Eq. (3) and is contingent upon the varia-
tional parameterR. Here, the values of xi and the bag radiusR
can be obtained through iterative calculations.

III. THE COMPACT LIMIT
OF MULTIQUARK STATES

Next, we will discuss the binding limits described by the
bag model. According to Eq. (1), the second and third terms
represent the vacuum states inside and outside the hadron,
respectively. In the original Ref. [5], the expression for the
zero-point energy E0 ¼ − Z0

R was derived by considering the
truncation of gluon and quark fields at a finite scale, while
the bag constant B represents vacuum condensation in the
background field. The original work also provided results for
the masses, magnetic moments, and charge radii of hadrons
such as p, Λ, Σ, Ξ, Δ, and Ω, using parameters B1=4 ¼
0.145 GeV and Z0 ¼ 1.84, which matched experimental

values well. Subsequent exploratory studies on heavy flavor
baryons confirmed that the original bag parametersB and Z0

are reliable [40,51,52,58]. Additionally, color confinement
requires that the perturbative and nonperturbative vacuum
phases does not allow for the exchange of color, whichmeans
that the hadron behaves like a cave with the boundary in a
nonperturbative vacuum. To maintain this condition, we
must ensure that the binding energy resulting from the
vacuum effect is negative. Here, we define the bag binding
energy (also referred to as the bag confinement energy) EB,

EB ¼ 4

3
πR3B −

Z0

R
; ð12Þ

where Z0 and B are given by Eq. (11). When R <
5.615 GeV−1 (or 1.11 fm), EB < 0, and the corresponding
radius is considered as the critical value for bag confinement.
Similarly, lattice quantum chromodynamics and the

Schwinger model suggest that the string breaking limit
for the interaction between two quarks is 1.13–1.29 fm
[59–61], which is largely consistent with the result we
present here. For compact multiquark states, we can view
them as a two-body problem in color space, consisting of
an arbitrarily color 3c quark and a quark group with
anticolor 3̄c (see Fig. 1). Therefore, in compact states,
no quark is allowed to exceed the limits of color inter-
action. Based on this perspective, we can extrapolate the
two-body problem involving color interactions to a multi-
body problem. In the bag model, we find that an increasing
number of quarks leads to a continuous increase in the
radius of the hadron, approaching or potentially even
exceeding the bag constraint limit. Therefore, we can
exclude certain multiquark states that involve noncolor
interactions based on the bag binding energy or the limit
radius defined by Eq. (12).
Here, we investigate the effects of flavors and the number

of quarks N on the hadron bag radius R and bag binding
energy EB. In Eq. (1), we neglect the contribution of the

FIG. 1. Multiquark states in color space. The solid red circles
represent individual color triplet quarks, while the dashed circles
indicate quark groups with color antitriplet and the blue back-
ground represents the confinement region.
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CMI terms between quarks. This is because the dependence
of the hadron bag radius R on quark flavors and the number
of quarks N is significantly stronger than the contributions
from the CMI, particularly regarding the replacement of
Q ↔ q (where Q ¼ c, b and n ¼ u, d) and the number of
light quarks Nn. The results for the bag radius R in
Refs. [40,51,52] illustrate this point. Based on the consid-
erations above, we present the spin-independent bag radius
R and bag binding energy EB for several quark systems, as
listed in Table I. In Fig. 2, we show the variation of the bag
binding energy (or bag confinement energy) EB as a
function of the hadron bag radius R, with solid points
corresponding to the results listed in Table I. Additionally,
Fig. 2 indicates that, although the expressions for bag
confinement differ from those of lattice QCD [59–61], their
graphical representations are similar over a finite range.
This also addresses the earlier discussion on why the scales
of the bag breaking limits provided by the bag model align
with the results obtained from lattice QCD.
The results in Table I indicate that the bag radius of

hadrons increases significantly with the number of quarks,

while the presence of heavy quarks has a suppressive
effect on the hadron radius. This is because light quarks
enhance the nonperturbative effects of hadrons more
significantly than heavy quarks do. The numerical results
show that the radii of conventional baryon and meson
systems are both less than the critical bag radius. For the
tetraquark states, the bag radius of the all-light flavor
combination nn̄nn̄ (where n ¼ u, d) exceeds the binding
limit, while the single heavy tetraquark cn̄nn̄ is close to
the binding limit, and the doubly heavy tetraquark cc̄nn̄
has an average bag radius below the binding limit.
Therefore, this does not support the compactness of
tetraquark systems with all-light flavors. In the pentaquark
systems, the calculated bag radii for the flavor combina-
tions c̄cnnn and c̄ccnn are approximately 5.832 and
5.491 GeV−1, respectively, both of which are close to
the limits for compact states. This also motivates us to
further investigate triply-heavy and quadruply-heavy pen-
taquark states within the bag framework.
Here, we need to clarify that in our discussion binding

criticality refers to the potential for forming compact
structures, while whether these structures are compact
or non-compact may also relate to the hadronization-
processes.
In order to check whether there is any confusion between

the limit radius of compact states and the radii of molecular
states, we can provide a rough estimate of the minimum
radius for some molecular states using the MIT bag model.
For example, the minimum radius of the DD molecular
state can be considered as the sum of the radii of two D
mesons, which is approximately 7.95 GeV−1 (1.57 fm).
Similarly, we estimate the minimum radius of the BB
molecular state to be about 6.676 GeV−1 (1.317 fm),
referring to the spin-independent bag radii of cn̄ and bn̄
provided in Table I. Here, we consider the BB molecular
state to be the molecular state with the smallest radius,
which is 6.676 GeV−1. Therefore, the limit radius of the
compact states does not encompass the scale range of
molecular states, and there exists at least a discrepancy
interval of approximately 5.615–6.676 GeV−1.

TABLE I. Ignoring the chromomagnetic interaction, we present the average bag radius and binding energy, where n represents either u
or d quarks. The unit of the bag radius R is GeV−1, while the unit of the bag binding energy is MeV.

System R EB System R EB System R EB System R EB

c̄nnnn 6.057 108 nn̄nn̄ 5.984 89 nnn 5.223 −88 cn̄ 3.975 −347
c̄cnnn 5.832 52 cn̄nn̄ 5.574 −10 cnn 4.862 −166 cc̄ 3.442 −459
c̄ccnn 5.491 −29 cc̄nn̄ 5.012 −134 ccn 4.422 −256 bn̄ 3.388 −471
c̄cccn 5.273 −77 cc̄cn̄ 4.864 −165 ccc 4.125 −316 bb̄ 1.948 −931
b̄nnnn 5.924 74 cc̄cc̄ 4.608 −218 bnn 4.605 −219
b̄bnnn 5.520 −22 bn̄nn̄ 5.482 −31 bbn 3.854 −371
b̄bbnn 5.050 −126 bb̄nn̄ 4.701 −199 bbb 2.346 −760
b̄bbbn 4.308 −279 bb̄bn̄ 4.145 −312
b̄bbbn 3.484 −450 bb̄bb̄ 3.073 −545

FIG. 2. The curve of bag binding energy as a function of bag
radius R.
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IV. MASSES AND DECAYS
OF MULTIHEAVY PENTAQUARKS

Due to the existence of multiple flavor configurations in
triply-heavy pentaquark states, we investigate the penta-
quark state nnQQQ̄, which contains one heavy antiquark
(where n ¼ u, d and Q ¼ c, b). We focus solely on
pentaquark systems with heavy quark flavor symmetry,
specifically nnccc̄=bbb̄, as well as those with strangeness
S ¼ −1;−2, such as nsccc̄=bbb̄ and ssccc̄=bbb̄.
The color structure of pentaquarks can be viewed as a

coupling between two substructures: one substructure
consisting of three quarks and another substructure com-
posed of a quark and an antiquark [62–66]. By separately
considering the color configurations of each substructure,
two types of color singlet configurations can be obtained:
one corresponds to a basis vector ϕP

3 formed by the
coupling of two color singlets 1 ⊗ 1, while the other
involves two basis vectors, ϕP

1 and ϕP
2 , resulting from the

coupling of color octets 8 ⊗ 8. The specific forms of these
three color basis vectors are provided in the Appendix A
[Eqs. (A2)–(A4)]. Since we only consider the ground
state, the spin basis vectors for the pentaquarks can be
constructed from the spins of the two substructures using
Clebsch-Gordan coefficients, resulting in a total of 10
basis vectors, denoted as χi (where i ¼ 1; 2; 3…10), as
shown in Eq. (A5). The color-spin basis vectors ϕP

j χ
P
i

can be derived based on the group algebra of
SUð3Þc ⊗ SUð2Þs, as presented in Eqs. (A6)–(A8).
For pentaquarks, there are various flavor combination

representations. For instance, the nsccc̄ pentaquark state
can undergo three strong decay processes: ΞcJ=ψ , ΞccDs,
and ΩccD, which are described by the wave functions of
three different representations: csn ⊗ cc̄, ccn ⊗ sc̄, and
ccs ⊗ nc̄, as shown in Table XVI. The choice of basis
vectors may vary due to flavor symmetry; for example, the
symmetry of ccn ⊗ sc̄ or ccs ⊗ nc̄ is higher than that of
csn ⊗ cc̄ (not considering the symmetry of cc̄ here), which
results in a greater number of basis vectors for csn ⊗ cc̄
compared to ccn ⊗ sc̄ or ccs ⊗ nc̄. Therefore, the eigen-
states for csn ⊗ cc̄ include nonphysical states. These
nonphysical states can be excluded by matching them with
the eigenvalues from the representations of ccn ⊗ sc̄
or ccs ⊗ nc̄.
According to the color-spin basis states of the penta-

quarks given in Table XVI, we can solve for the eigenvalues
and eigenstates of Eq. (1). The general form of the
eigenstates is as follows:

ψ ¼ c1ϕP
1 χ

P
1 þ � � � c2ϕP

2 χ
P
2 þ � � � c3ϕP

3 χ
P
1 þ � � � ; ð13Þ

where the eigenstate of the pentaquark system is a color-spin
mixing state. The coefficient c3 in front of ϕP

3 describes the
combination of color 1 ⊗ 1. When jc3j2 > 0.8, it is sug-
gested that this configuration corresponds to scattering

states of baryon and meson [62,66]. In addition, the
identification of scattering states should take into account
the eigenstates in each final state representation. If a
particular state satisfies the scattering state condition in
any of these representations, it should be classified as a
scattering state, as it tends to decay rapidly to that final state
and has a large decay width.
After obtaining the eigenstates of the hadrons, we can

discuss the partial widths of the strong decays of the
pentaquarks. Drawing on the methods employed in these
studies [49,62,63,67,68], we consider only the S-wave
decay:

Γi ¼ γiαk · jcij2; ð14Þ

here, Γi represents the width of decay channel i, γi is related
to the decay dynamics, α is the coupling constant, k is the
momentum of the final state hadrons, and jcij2 denotes the
contribution of the corresponding decay final state com-
ponent. For the two-body decay process A → Bþ C,
momentum conservation in the center-of-mass frame
requires that the momentum of the final state products k
satisfies the equation

mA ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
m2

B þ k2
q

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
m2

C þ k2
q

; ð15Þ

in the case of pentaquarks, B represents a baryon and C
represents a meson. This decay mode is classified as OZI-
superallowed [3].
The initial state mass of the hadron can be obtained by

solvingEq. (1), while the final states can be determined based
on flavor combinations and spin basis vectors. For example,
for the pentaquark nsccc̄ with total angular momentum
J ¼ 1=2, there are several possible flavor combinations, such
as nsc ⊗ cc̄, ncc ⊗ sc̄, and scc ⊗ nc̄. The corresponding
final state combinations of baryons and mesons should be
Ξ�
cJ=ψ , Ξcηc, Ξ�

ccD�
s , ΞccDs,ΩccD, andΩ�

ccD�. In Eq. (14),
the coefficients ci are determined by the coefficients of
ϕP
3 in the eigenstates. For certain decay final states whose

baryon masses remain experimentally unknown in this
paper, such as Ξ�

cc, Ξbb, Ξ�
bb, Ωcc, Ω�

cc, and Ωbb, Ω�
bb, we

use the results from the bag model calculations [51].
For specific processes, such as the decay final states with

configuration nsc ⊗ cc̄ and J ¼ 3
2
, possible states include

Ξ�
cJ=ψ , Ξ�

cηc, Ξ0
cJ=ψ , and Ξ0

cJ=ψ . In Eq. (15), the coef-
ficients γi depend on the spatial wave functions of the initial
and final hadronic states, and in the heavy quark limit [68],
the values of γi should satisfy the following relation:

γΞ�
cJ=ψ ¼ γΞ�

cηc ¼ γΞ0
cJ=ψ ¼ γΞ0

cJ=ψ : ð16Þ

Therefore, we can study the ratios of decay widths based on
the factor jcij2 · k. Furthermore, Γi strongly depends on
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jcij2 · k, which allows us to make rough estimates of the
partial decay widths based on the values of jcij2k [67].

A. qqQQQ̄ system

Next, we discuss the pentaquarks nnccc̄ with numerical
results presented inTable II. Due to spin symmetry, the states
with JP ¼ 5=2− are all scattering states. For the isospin state
with quantum number I ¼ 1, the masses range in 5.70–
6.00 GeV, and the lightest state ð1=2−; 5.704Þ exceeds
the lowest threshold of the baryon-meson pair Σcηc. For
the isospin statewith quantumnumber I ¼ 0, themass range
is 5.50–5.90 GeV, and the lightest state ð1=2−; 5.529Þ
exceeds the lowest threshold of the baryon-meson pair
Λcηc. Additionally, except for the state ðI; JP;MÞ ¼
ð1; 1=2−; 5.996Þ, all other states have binding energies
greater than −10 MeV.
In Table III, we present the decay branching ratios for the

two color-flavor configurations of nnccc̄, specifically
nnc ⊗ cc̄ and ccn ⊗ c̄n. According to Eq. (16), for spins
determined by the flavor configuration of the final state,
such as ðI; JPÞ ¼ ð1; 3=2−Þ, we have γΣcJ=ψ ¼ γΣ�

cηc ¼
γΣ�

cJ=ψ . Therefore, we only need to compute the values
of jcij2 · k and then calculate the ratios to obtain the partial
decay width ratios. Here, we define the decay final state
corresponding to the maximum value of k · jcij2 as 1 and
indicate the final states with corresponding values less than
150 MeV in parentheses.
For the nnc ⊗ cc̄ configuration, the maximum values of

jcij2 · k for the I ¼ 1 states, such as ð3=2−; 5.784Þ and
ð1=2−; 5.704Þ, are 121 MeV, and 139 MeV, respectively.
For the I ¼ 0 states ð3=2−; 5.592Þ, ð1=2−; 5.837Þ,
ð1=2−; 5.755Þ, and ð1=2−; 5.529Þ, the corresponding

maximum values of jcij2 · k are 137, 24, 76, and
144 MeV, respectively.
Based on the results from Tables II and III, the following

states are noteworthy: ðI; JP;MÞ includes ð1; 3=2−; 5.784Þ,
ð1; 1=2−; 5.704Þ, ð0; 3=2−; 5.781Þ, ð0; 1=2−; 5.755Þ,
ð0; 3=2−; 5.592Þ, and ð0; 1=2−; 5.529Þ. On one hand, these
states have binding energies that exceed −30 MeV; on the
other hand, their decay widths are suppressed due to the
relatively small values of jcij2 · k. Therefore, it is highly
likely that they will be observed experimentally through
decay channels involving ΣcJ=ψ and J=ψΛc.
The results for the nnbbb̄ present in Table IV. The mass

range of this system is 15.60–16.10 GeV, with the minimum
masses for isospin states of 1 and 0 being ð1; 1=2−; 15.839Þ
and ð0; 1=2−; 15.653Þ, respectively, both of which exceed
the lowest thresholds of the baryon-meson pairs Σbηb
and Λbηb. Furthermore, compared to the nnccc̄ system, it
exhibits smaller mass splittings, magnetic moments, and
radii, reflecting the suppressive effect of the heavy quark
cluster. Additionally, the increase in bag binding energy is
particularly notable, with a binding energy EB of approx-
imately −150 MeV, indicating a higher degree of compact
stability for the nnbbb̄ system compared to nnccc̄.
Furthermore, in Table V, we present the decay branching
ratios for the color-flavor configurations nnb ⊗ bb̄ and
nbb ⊗ nb̄. The states with quantum numbers ðI; JP;MÞ
are ð1; 5=2−; 15.882Þ and ð0; 5=2−; 16.012Þ, which are
believed to correspond to the scattering states of Σ�

bϒ and
Ξ�
bbB

�, respectively. For the nnb ⊗ bb̄ configuration, the
corresponding quantum numbers are ð1; 3=2−; 16.090Þ,
ð1; 1=2−; 16.095Þ, ð0; 3=2−; 15.994Þ, ð0; 3=2−; 15.959Þ,
ð0; 1=2−; 15.977Þ, and ð0; 1=2−; 15.937Þ. The strong decay

TABLE II. The bag radius R of the pentaquark state nnccc̄ is measured in units of GeV−1, with the representation of the eigenbasis
given by ccn ⊗ nc̄, the mass spectrum is expressed in units of GeV, the magnetic moment is provided in units of μN , and the binding
energy EB is measured in units of GeV, and “� � �” represents scattering states.

I JP R0 Eigenvector (ccn ⊗ nc̄) Mbag μbag EB

1 5=2− 5.571 � � � 5.837 4.479, 1.497, −1.484 −0.010
3=2− 5.570 −0.14, −0.15, 0.39, 0.43, 0.63, −0.30, −0.36 5.963 0.601, 0.471, 0.341 −0.010

5.556 0.72, −0.15, 0.39, −0.36, 0.01, 0.19, −0.36 5.831 3.563, 0.524, −2.515 −0.014
5.476 0.26, 0.68, 0.24, 0.28, 0.26, 0.34, 0.39 5.784 0.708, 0.175, −0.358 −0.032
5.425 −0.62, 0.14, 0.47, −0.40, −0.02, 0.42, −0.17 5.746 2.654, 0.410, −1.834 −0.044

1=2− 5.646 −0.11, 0.20, 0.23, 0.22, −0.52, −0.72, −0.16, 0.17 5.996 0.963, 0.753, 0.544 0.007
5.562 0.41, −0.70, 0.31, −0.30, −0.05, −0.11, −0.33, 0.17 5.838 3.731, 1.157, −1.418 −0.012
5.450 0.20, −0.35, −0.03, 0.71, 0.23, −0.14, 0.46, 0.23 5.767 0.905, 0.253, −0.399 −0.038
5.346 −0.17, 0.30, 0.54, −0.03, 0.51, 0.07, −0.13, 0.55 5.704 0.744, 0.300, −0.143 −0.061

0 5=2− 5.595 � � � 5.914 1.502 −0.005
3=2− 5.563 0, 0.33, 0.28, 0.39, −0.68, −0.23, −0.37 5.878 1.346 −0.012

5.407 0, 0.02, −0.49, 0.32, 0.07, 0.61, −0.53 5.781 1.153 −0.048
5.441 0, −0.6, 0.32, 0.43, −0.25, 0.39, 0.36 5.592 0.110 −0.040

1=2− 5.511 0.10, 0.06, 0.12, −0.53, 0.23, −0.46, 0.64, −0.14 5.837 0.301 −0.024
5.420 −0.13, −0.07, −0.10, 0.17, 0.58, −0.42, −0.44, −0.48 5.755 −0.093 −0.045
5.469 −0.80, −0.46, 0.28, −0.01, −0.11, 0.10, 0.18, −0.15 5.603 −0.804 −0.034
5.265 −0.3, −0.17, −0.67, −0.23, 0.11, −0.21, −0.08, 0.55 5.529 0.004 −0.079
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widths of these states are suppressed by the reduced values
of jcij2 · k.
For the system nsccc̄ with strangeness S ¼ −1, the

results in Table VI indicate that the mass range of these
states is 6.10 − 5.70 GeV. For most states, the binding
energy is greater than −10 MeV, with some states even
reaching −40 MeV. We present the decay branching ratios

for three color-flavor configurations of the nsccc̄ state:
nsc ⊗ cc̄, ccn ⊗ c̄s, and ccs ⊗ c̄n, as shown in Table VII.
Our specific focus is on the decay modes of the nsc ⊗ cc̄
configuration, particularly the final states Ξ�

cJ=ψ , Ξ�
cηc,

Ξ0
cηc, Ξ0

cηc, Ξ0
cJ=ψ , and Ξ0

cJ=ψ , for which we provide
the corresponding branching ratios. These states, such as
ð3=2−; 5.764Þ, ð1=2−; 5.702Þ, and ð1=2−; 5.842Þ, exhibit

TABLE III. The final states with a decay width ratio of 1 are assumed to have the largest jcij2 · k values, with the corresponding final
states having jcij2 · k values of approximately 0.1 GeV denoted in parentheses. A “0” indicates a branching ratio less than 1 × 10−4, the
star denotes states below the threshold, and � � � represents scattering states.

nnc ⊗ cc̄ ccn ⊗ c̄n

I JP Mass Λcηc ΛcJ=ψ Σcηc ΣcJ=ψ Σ�
cηc Σ�

cJ=ψ ΞccD Ξ�
ccD̄� ΞccD̄� Ξ�

ccD̄

1 5=2− 5.837 � � �
3=2− 5.963 0.006 1(0.053) 0.014 1 0.378 0.720

5.831 0.006 0.271 1 0 1(0.096) 0.292
5.784 1(0.121) 0.868 0.364 0.283 1(0.097) 0.826
5.746 1 0.623 0 0.001 0.017 1(0.116)

1=2− 5.996 0.024 0.086 1(0.087) 0.078 1 0.056
5.838 0.029 0.224 1 0.321 0.083 1(0.081)
5.767 1 0.315 0.127 0.365 0.051 1
5.704 1(0.139) 0.827 0.009 1 � 0.035

0 5=2− 5.914 � � �
3=2− 5.878 1(0.013) 1 0.380 0.158

5.781 1(0.008) 0.008 0.670 1
5.592 1(0.139) � � 1(0.024)

1=2− 5.837 0.184 1(0.024) 0.066 0.036 1
5.755 1(0.076) 0.001 1 0.008 0.576
5.603 0.072 1 1(0.012) � �
5.529 1(0.144) 0.001 1(0.097) � �

TABLE IV. The bag radius R of the pentaquark state nnbbb̄ is measured in units of GeV−1, with the representation of the eigenbasis
given by ccn ⊗ nc̄, the mass spectrum is expressed in units of GeV, the magnetic moment is provided in units of μN , and the binding
energy EB is measured in units of GeV, and � � � represents scattering states.

I JP R0 Eigenvector (bbn ⊗ nb̄) Mbag μbag EB

5=2− 5.013 � � � 15.882 3.491, 0.808, −1.874 −0.134
3=2− 5.004 0.04, 0.31, −0.33, −0.36, −0.57, 0.37, 0.45 16.090 −0.071, −0.081, −0.091 −0.136

5.009 −0.70, 0.32, −0.18, 0.45, 0.18, −0.09, 0.37 15.883 3.497, 0.935, −1.628 −0.135
4.977 0.30, 0.57, 0.52, 0.11, 0.34, 0.42, 0.13 15.866 0.788, 0.201, −0.387 −0.141
4.943 −0.65, −0.07, 0.41, −0.46, −0.07, 0.31, −0.30 15.849 3.037, 0.811, −1.416 −0.149

1=2− 5.023 −0.03, 0.05, 0.39, 0.18, −0.39, −0.71, −0.22, 0.33 16.095 −0.127, −0.136, −0.146 −0.132
5.019 0.42, −0.73, 0.28, −0.30, 0.16, 0.09, −0.25, 0.18 15.887 3.262, 0.785, −1.692 −0.133
4.961 −0.18, 0.31, 0.10, −0.72, −0.23, 0.10, −0.50, −0.18 15.859 0.644, 0.160, −0.325 −0.145
4.917 0.20, −0.35, −0.45, −0.01, −0.59, −0.19, 0.04, −0.49 15.839 0.703, 0.163, −0.377 −0.154

0 5=2− 5.014 � � � 16.012 0.809 −0.134
3=2− 4.981 0, −0.40, −0.21, −0.35, 0.64, 0.25, 0.44 15.994 0.809 −0.154

4.907 0, −0.04, −0.47, 0.33, 0.08, 0.65, −0.49 15.959 0.272 −0.156
4.902 0, −0.55, 0.38, 0.46, −0.33, 0.32, 0.35 15.660 −0.002 −0.157

1=2− 4.947 0.03, 0.02, 0.21, −0.52, 0.13, −0.37, 0.71, −0.13 15.977 0.645 −0.148
4.869 0.03, 0.02, −0.15, −0.18, −0.53, 0.37, 0.31, 0.65 15.937 −0.343 −0.164
4, 910 −0.79, −0.45, 0.29, 0.07, −0.16, 0.17, 0.10, −0.14 15.662 0.138 −0.156
4.872 −0.36, −0.21, −0.64, −0.22, 0.30, −0.37, −0.14, 0.35 15.653 0.017 −0.164
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significant compact stability, while their decays are sup-
pressed by the factor jcij2 · k.
The numerical values for nsbbb̄ are listed in Table VIII.

The average bag radius is approximately 5.0 GeV−1,
with a mass range of 16.15 − 15.81 GeV. The mass
splitting is very small, and the bag binding energy is
about −130 MeV. Indicators such as the magnetic
moment suggest a dependence on the heavy quarks. In

Table IX, we present the decay width ratios for nsbbb̄. We
pay particular attention to the decay channels of the nsb ⊗
bb̄ configuration, with final states including Ξ�

bϒ, Ξ�
bηb,

Ξ0
bηb, Ξ0

bηb, Ξ0
bϒ, and Ξ0

bϒ. The results indicate that the
decay widths of the following states: ð3=2−; 16.050Þ,
ð3=2−; 16.081Þ, ð3=2−; 16.157Þ, ð1=2−; 16.030Þ, ð1=2−;
16.065Þ, and ð1=2−; 16.162Þ, are suppressed by the factor
jcij2 · k.

TABLE V. A 0 indicates a branching ratio less than 1 × 10−4, the star denotes states below the threshold, and � � � represents scattering
states.

nnb ⊗ bb̄ bbn ⊗ b̄n

I JP Mass Λbηb Λbϒ Σbηb Σbϒ Σ�
bηb Σ�

bϒ ΞbbB̄ Ξ�
bbB̄

� ΞbbB̄� Ξ�
bbB̄

1 5=2− 15.882 � � �
3=2− 16.090 0 1(0.011) 0 1 0.662 0.461

15.883 0 0.783 1 0.204 1 0.056
15.866 0.288 0.654 1 0.595 0.1 1
15.849 1 0.220 0.005 0.045 0.983 1

1=2− 16.095 0.063 0.303 1(0.013) 0.239 1 0.103
15.887 0.014 0.071 1 0.573 0.125 1(0.082)
15.859 1 0.363 0.100 0.137 0.032 1
15.839 0.727 1 0 1 0.280 0.014

0 5=2− 16.012 � � �
3=2− 15.994 1(0.014) 1 0.163 0.505

15.959 1(0.012) 0.016 1 0.581
15.660 1 � 0.769 1(0.051)

1=2− 15.977 0.125 1(0.004) 0.035 0.25 1
15.937 1(0.014) 0 1 0.277 0.216
15.662 0.050 1 1(0.013) � 0.346
15.653 1 0.003 1(0.081) � 0.085

TABLE VI. The bag radius R of the pentaquark state nsccc̄ is measured in units of GeV−1, with the representation of the eigenbasis
given by ccn ⊗ sc̄, the mass spectrum is expressed in units of GeV, the magnetic moment is given in units of μN , and the binding energy
EB is measured in units of GeV, and � � � represents scattering states.

JP R0 Eigenvector (ccn ⊗ sc̄) Mbag μbag EB

5=2− 5.557 � � � 5.963 1.733, −1.219 −0.013
5.582 � � � 6.015 1.732, −1.219 −0.008

3=2− 5.421 0.03, −0.62, 0.27, 0.45, −0.22, 0.39, 0.37 5.764 0.230, −0.038 −0.044
5.527 0.54, −0.21, −0.64, 0.41, 0.05, −0.24, −0.14 5.878 0.192, −0.481 −0.020
5.542 0.33, 0.18, 0.27, −0.01, 0.03, −0.55, 0.70 5.896 1.354, −0.105 −0.017
5.546 0.22, 0.64, −0.01, 0.38, 0.25, 0.55, 0.16 5.916 1.395, −0.245 −0.016
5.548 0.71, −0.07, 0.49, −0.26, −0.09, 0.14, −0.40 5.956 0.718, −1.132 −0.015
5.556 −0.12, 0.33, 0.20, 0.47, −0.68, −0.27, −0.28 5.986 2.965, −2.061 −0.014
5.583 0.17, 0.11, −0.41, −0.44, −0.64, 0.30, 0.31 6.052 1.150, 0.849 −0.007

1=2− 5.314 −0.28, −0.16, −0.67, −0.25, 0.05, −0.17, −0.06, 0.58 5.702 0.303, 0.496 −0.068
5.384 0.79, 0.47, −0.27, 0.04, 0.11, −0.07, −0.19, 0.17 5.775 −0.270, −0.560 −0.053
5.432 0.21, −0.27, −0.54, 0.03, −0.53, −0.01, 0.18, −0.52 5.842 0.475, 0.144 −0.042
5.452 0.18, 0.03, 0.19, 0.01, −0.44, 0.36, 0.57, 0.52 5.879 −0.278, 0.884 −0.039
5.485 −0.16, 0.38, 0.06, −0.67, −0.37, 0.30, −0.37, −0.10 5.899 0.164, −0.017 −0.030
5.518 0.08, −0.37, 0.05, 0.42, −0.26, 0.37, −0.65, 0.22 5.946 0.002, −1.982 −0.022
5.516 0.41, −0.58, 0.32, −0.52, −0.01, −0.33, −0.08, 0.09 5.965 1.581, −1.041 −0.023
5.593 −0.14, 0.25, 0.19, 0.22, −0.54, −0.71, −0.13, 0.14 6.086 1.004, 1.121 −0.005
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The numerical results for the ssccc̄ and ssbbb̄ systems
with strangeness S ¼ −2 are presented in Tables X and XII.
For the ssccc̄ system, themass ranges from6.18 to 5.98GeV,
with the states ð3=2−; 6.014Þ and ð1=2−; 5.975Þ showing
significant binding energies and enhanced compact stability.
In contrast, the mass distribution for the ssbbb̄ system
spans from 16.24 to 16.00 GeV, with binding energies
typically around −120 MeV. Additionally, the decay width

information for both the ssccc̄ and ssbbb̄ systems is shown
in Tables XI and XIII.

B. qQQQQ system

In this section, we present information on the bag radius,
mass spectrum, magnetic moment, and bag binding energy
of the nQQQQ̄ system, specifically including ncccc̄ and

TABLE VII. A 0 indicates a branching ratio less than 1 × 10−4, the star denotes states below the threshold, and � � � represents
scattering states.

ccn ⊗ sc̄ ccs ⊗ nc̄ cns ⊗ cc̄

JP Mass Ξ�
ccD̄�

s ΞccD̄�
s Ξ�

ccD̄s ΞccD̄s Ω�
ccD̄� ΩccD̄� Ω�

ccD̄ ΩccD̄ Ξ�
cJ=ψ Ξ�

cηc Ξ0
cηc Ξ0

cηc Ξ0
cJ=ψ Ξ0

cJ=ψ

5=2− 5.963 � � �
6.015 � � �

3=2− 5.764 � 0.558 1(0.071) � 0.396 1(0.085) 0 0.002 0.393 1(0.124)
5.878 0.026 0.277 1(0.043) 0.003 0.169 1 0.003 0.980 1 0.148
5.896 0.001 1 0.697 0.042 0.187 0.159 0.039 0.012 1(0.081) 0.449
5.916 0.133 0.075 1 0.070 1 0.014 0.070 1 0.020 0.014
5.956 0.042 1(0.124) 0.127 0.269 1 0.762 1 0.217 0.005 0.009
5.986 1 0.207 0.211 1 0.510 0.093 0.305 0.203 0.360 1(0.011)
6.052 1 0.275 0.279 1 0.352 0.200 0.859 1(0.068) 0.006 0.003

1=2− 5.702 � � 1 � � 1 � 0.0434 1(0.134) 0 0
5.775 � 0.65 1(0.020) � 1(0.020) 0.923 0 0.049 0.108 0.423 1
5.842 0 0.082 1 0 0.025 1 0.014 0.976 0.428 1(0.116) 0.208
5.879 0.238 0.894 1 0.765 0.968 1 0.021 0.053 1(0.079) 0.134 0.030
5.899 0.438 1(0.093) 0.105 0 0.64 1 0.125 1 0.103 0.233 0.072
5.946 0.235 1 0.149 0.987 1 0.014 1(0.057) 0.031 0.192 0 0.504
5.965 1(0.066) 0.072 0.117 0.006 1 0.124 1 0.023 0.001 0.359 0.024
6.086 1 0.041 0.057 1 0.048 0.051 1(0.113) 0.011 0.004 0.051 0.014

TABLE VIII. The bag radius R of the pentaquark state nsbbb̄ is measured in units of GeV−1, with the representation of the eigenbasis
given by bbn ⊗ sb̄, the mass spectrum is expressed in units of GeV, the magnetic moment is given in units of μN , and the binding energy
EB is measured in units of GeV, and � � � represents scattering states.

JP R0 Eigenvector (bbn ⊗ sb̄) Mbag μbag EB

5=2− 5.054 � � � 16.001 1.012, −1.668 −0.125
5.061 � � � 16.097 1.012, −1.668 −0.124

3=2− 4.935 0.01, −0.56, 0.37, 0.46, −0.33, 0.32, 0.35 15.821 0.001, −0.023 −0.150
4.925 −0.65, −0.06, 0.43, −0.45, −0.08, 0.31, −0.29 15.971 0.484, −0.659 −0.152
4.987 0.29, 0.59, 0.53, 0.11, 0.33, 0.39, 0.17 15.986 0.111, −0.244 −0.193
5.049 −0.70, 0.30, −0.20, 0.43, 0.17, −0.11, 0.39 16.002 0.632, −0.749 −0.126
5.084 −0.02, −0.01, −0.44, 0.35, 0.11, 0.65, −0.50 16.050 0.679, −1.581 −0.119
5.092 0.01, −0.40, −0.21, −0.37, 0.64, 0.26, 0.42 16.081 1.872, −2.925 −0.117
5.144 −0.05, −0.30, 0.35, 0.36, 0.57, −0.38, −0.43 16.157 0.094, −0.125 −0.106

1=2− 4.896 −0.35, 0.20, −0.66, −0.23, -.29, −0.36, −0.14, 0.37 15.814 0.041, 0.011 −0.159
4.953 0.79, 0.46, −0.29, −0.06, 0.16, −0.16, −0.10, 0.14 15.823 0.112, 0.059 −0.147
4.982 0.20, −0.34, −0.46, −0.01, −0.60, −0.17, 0.05, −0.49 15.962 0.151, −0.178 −0.140
5.012 −0.18, 0.32, 0.09, −0.70, −0.22, 0.10, −0.52, −0.19 15.980 0.095, −0.153 −0.134
5.074 0.42, −0.73, 0.27, −0.28, 0.15, 0.08, −0.28, 0.18 16.005 0.532, −0.780 −0.121
5.085 0.04, 0.03, −0.12, −0.20, −0.53, 0.39, 0.31, 0.64 16.030 −0.812, 0.827 −0.118
5.104 0.04, 0.01, 0.21, −0.55, 0.13, −0.37, 0.69, −0.13 16.065 1.448, −1.86 −0.114
5.198 0.03, −0.06, −0.38, −0.18, 0.41, 0.71, 0.21, −0.32 16.162 −0.332, −0.266 −0.094
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nbbbb̄, as well as the strangeness S ¼ −1 systems scccc̄
and sbbbb̄ (see Tables XIVand XV). For the ncccc̄ system,
the bag radius is approximately 5.2 GeV−1, with the mass
distribution ranging from 6.93 to 7.12 GeV. The bag
binding energy is around −100 MeV, indicating a deep
binding. Additionally, the calculated mass of ncccc̄
exceeds the thresholds of Ξ�

ccJ=ψ and ΩcccD�, where
the masses of Ξ�

cc and Ωccc are 3.714 and 4.841 GeV,
respectively [51]. For the nbbbb̄ system, the bag radius
is approximately 4.3 GeV−1. Due to the color-magnetic
interactions of the b quark, the mass distribution is confined
to a very narrow range between 20.36 and 20.42 GeV, with
a bag binding energy of about −270 MeV. The masses are
also above the thresholds of Ξ�

bbϒ and ΩbbbB�, where the

masses of Ξ�
bb and Ωbbb are 10.360 and 14.626 GeV,

respectively. For the scccc̄ system, the bag radius is
comparable to that of ncccc̄, and there is little sensitivity
of the bag radius and binding energy to the presence of
strange quarks. The mass distribution lies between 7.06 and
7.22 GeV. The mass range for sbbbb̄ is between 20.44 and
20.51 GeV. Furthermore, the masses of both scccc̄
and sbbbb̄ are above the thresholds of the corresponding
mesons and baryons.
Based on the results from the calculations in Secs. IVA

and IV B, we will provide a qualitative discussion on
multiflavor pentaquark states, focusing on two themes:

(I) The compactness potential of multiheavy penta-
quarks.

TABLE IX. A 0 indicates a branching ratio less than 1 × 10−4, the star denotes states below the threshold, and � � � represents scattering
states.

bbn ⊗ sb̄ bbs ⊗ nb̄ bns ⊗ bb̄

JP Mass Ξ�
bbB

�
s Ξ�

bbBs ΞbbB�
s ΞbbBs Ω�

bbB
� Ω�

bbB
� ΩbbB� ΩbbB̄ Ξ�

bϒ Ξ�
bηb Ξ0

bηb Ξ0
bηb Ξ0

bϒ Ξ0
bϒ

5=2− 16.001 � � �
16.097 � � �

3=2− 15.821 0.842 0.819 1 0.629 0.911 1 0 0 0.361 1
15.971 0.064 1 0.894 0.025 1 0.891 0.005 0.285 1 0.317
15.986 0.716 1 0.192 0.553 1 0.091 1 0.729 0.285 0.083
16.002 0.192 0.072 1 0.159 0.061 1 1 0.714 0 0
16.050 0.031 1 0.573 0.006 1 0.602 0 1(0.007) 0.067 0.181
16.081 1 0.164 0.441 1 0.145 0.496 0.240 0 0.580 1(0.005)
16.157 1 0.449 0.552 1 0.399 0.674 0 1(0.015) 0 0

1=2− 15.814 0.531 0.121 1 0.545 0.121 1 0 0.386 1 0.001 0
15.823 0.809 0.462 1 0.83 0.462 1 0 0.021 0.055 0.396 1
15.962 0.104 0.009 1 0.105 0.009 1 0 0.748 0.216 1 0.313
15.980 0.033 1 0.149 0.034 1 0.150 0.126 1 0.315 0.367 0.166
16.005 0.078 1 0.503 0.079 1 0.476 1 0.0122 0.004 0.063 0.020
16.030 0.309 0.214 1 0.312 0.214 1 0 0.123 1(0.016) 0 0
16.065 0.255 1 0.040 0.264 1 0.040 0.154 0.133 0.425 0.047 1(0.005)
16.162 1 0.092 0.221 1 0.091 0.219 1(0.024) 0.113 0.020 0.219 0.069

TABLE X. The bag radius R of the pentaquark state ssccc̄ is measured in units of GeV−1, with the representation of the eigenbasis
given by ccs ⊗ sc̄, the mass spectrum is expressed in units of GeV, the magnetic moment is given in units of μN , and the binding energy
EB is measured in units of GeV, and � � � represents scattering states.

JP R0 Eigenvector (ccs ⊗ sc̄) Mbag μbag EB

5=2− 5.626 � � � 6.093 −0.993 0.003
3=2− 5.643 0.21, 0.04, −0.40, −0.48, −0.65, 0.25, 0.27 6.147 0.195 0.007

5.614 0.71, −0.07, 0.47, −0.30, 0.10, 0.22, −0.34 6.087 −1.961 −0.001
5.535 −0.32, −0.66, −0.04, −0.34, −0.18, −0.25, −0.50 6.043 −0.379 −0.018
5.482 0.21, 0.04, −0.40, −0.48, −0.66, 0.25, 0.27 6.014 −1.255 −0.031

1=2− 5.719 −0.18, 0.31, 0.14, 0.24, −0.55, −0.69, −0.11, 0.09 6.183 −0.379 0.024
5.608 −0.38, 0.66, −0.30, 0.31, 0.18, 0.22, 0.37, −0.14 6.088 −0.785 −0.002
5.512 0.22, −0.39, −0.01, 0.69, 0.19, −0.18, 0.43, 0.24 6.032 −0.333 −0.024
5.414 −0.16.0.27, 0.58, −0.02, 0.46, 0.01, −0.16, 0.57 5.975 0.014 −0.046
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(II) The threshold characteristics and strong decay prop-
erties of multiheavy pentaquarks.

As shown in Table I, the impact of light-flavor quarks on
the hadronic bag radius is significantly greater than that
of heavy-flavor quarks. On one hand, considering the

short-range interactions between heavy quarks, these inter-
actions can influence the internal dynamics of hadrons in
multiheavy flavor systems. Therefore, in the case of triply
heavy pentaquarks, the short-range interactions amongheavy
quarksmay lead to the formation of a core (see Fig. 3). On the

TABLE XII. The bag radius R of the pentaquark state ssbbb is measured in units of GeV−1, with the representation of the eigenbasis
given by bbs ⊗ sb̄, the mass spectrum is expressed in units of GeV, the magnetic moment is given in units of μN , and the binding energy
EB is measured in units of GeV, and � � � represents scattering states.

JP R0 Eigenvector (bbs ⊗ sb̄) Mbag μbag EB

5=2− 5.103 � � � 16.124 −1.482 −0.115
3=2− 5.106 −0.06, −0.27, 0.35, 0.38, 0.58, −0.36, −0.43 16.229 −0.996 −0.114

5.099 −0.7, 0.30, −0.23, 0.45, 0.13, −0.10, 0.38 16.124 −1.280 −0.115
5.069 0.28, 0.60, 0.48, 0.13, 0.33, 0.42, 0.18 16.109 −0.278 −0.122
5.042 0.65, 0.04, −0.42, 0.45, 0.06, −0.33, 0.29 16.095 −1.089 −0.128

1=2− 5.127 −0.04, 0.08, 0.35, 0.19, −0.43, −0.72, −0.21, 0.29 16.235 −0.149 −0.109
5.104 0.42, −0.73, 0.29, −0.30, 0.11, 0.04, −0.27, 0.18 16.126 −1.338 −0.114
5.057 0.19, −0.32, −0.09, 0.72, 0.22, −0.10, 0.49, 0.18 16.104 −0.272 −0.124
5.014 0.19, −0.33, −0.48, −0.01, −0.58, −0.16, 0.06, −0.52 16.086 −0.269 −0.134

TABLE XI. A 0 indicates a branching ratio less than 1 × 10−4, the star denotes states below the threshold, and � � � represents scattering
states.

ccs ⊗ sc̄ ssc ⊗ cc̄

JP Mass Ω�
ccD�

s ΩccD�
s Ω�

ccDs ΩccDs Ω�
cJ=ψ Ω�

cηc ΩcJ=ψ Ωcηc

5=2− 6.093 � � �
3=2− 6.147 1 0.207 0.185 0.012 0.034 1

6.087 0.064 1(0.098) 0.423 0.017 1 0.134
6.043 0.094 1 0.282 1 0.116 0.304
6.014 0.001 0.008 1 0.908 0.002 1

1=2− 6.183 1 0.028 0.026 0.034 0.008 1
6.088 0.283 1 0.169 0.419 0.611 1
6.032 0.121 1 0.413 0.254 1 0.152
5.975 0 0.055 1 0.790 1 0.021

TABLE XIII. A 0 indicates a branching ratio less than 1 × 10−4, the star denotes states below the threshold, and � � � represents
scattering states.

bbs ⊗ sb̄ ssc ⊗ bb̄

JP Mass Ω�
bbB

�
s ΩbbB�

s Ω�
bbBs ΩbbBs Ω�

bϒ Ω�
bηb Ωbϒ Ωbηb

5=2− 16.124 � � �
3=2− 16.229 1 0.572 0.393 0.569 1 0.387

16.124 0.116 1 0.074 1 0.119 0.075
16.109 1 0.206 0.069 0.190 0.586 1
16.095 0.035 0.779 1 0.786 0.036 1

1=2− 16.235 1 0.089 0.180 0.233 0.073 1
16.126 0.024 1 0.269 0.095 0.017 1
16.104 0.041 1 0.149 0.351 1 0.107
16.086 0.081 0.011 1 1 0.736 0.003
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other hand, the bag binding energy of multiheavy penta-
quarks is generally negative, which also supports their
compactness.
In our results, nearly all multiheavy pentaquarks have

masses above the lowest thresholds of baryons and mesons.
Therefore, we provide some qualitative explanations based
on the bag model to elucidate why compact structures
exhibit such threshold characteristics. For compact penta-
quark systems that satisfy the binding energy condition
EB < 0, the increase in the number of quarks significantly
enhances the nonperturbative effects of hadrons, resulting
in generally higher energies for these compact systems
compared to the thresholds of mesons and baryons.

Furthermore, although they have the potential for compact-
ness, their compact stability remains lower than that of
traditional mesons or baryons, which can be explained by
the bag binding energy. As shown in Fig. 3, the average
radius RP ¼ 5.516 GeV−1 for the pentaquark state nsccc̄
(ignoring chromomagnetic interactions), and according to
Eq. (12), its binding energy is EB ¼ −23 MeV. For the
baryon nsc, the average radius is RB ¼ 4.86 GeV−1, with
a binding energy of EB ¼ −166 MeV. For the meson cc̄,
the average radius is RM ¼ 3.4GeV−1, with a binding
energy of EB ¼−471MeV. Therefore, the strong decay
processes of compact pentaquark states can be approx-
imately understood in the bag model framework as a

TABLE XIV. The bag radius R of the pentaquark state ncccc̄ is measured in units of GeV−1, with the representation of the eigenbasis
given by cc=bbn ⊗ nc̄=b̄, the mass spectrum is expressed in units of GeV, the magnetic moment is given in units of μN , and the binding
energy EB is measured in units of GeV, and � � � represents scattering states.

State JP R0 Eigenvector (ccn=bbn ⊗ cc̄=bb̄) Mbag μbag EB

ncccc̄ 5=2− 5.298 � � � 7.065 2.891, 0.056 −0.072
3=2− 5.315 0.44, −0.14, −0.31, −0.67, −0.30, 0.38, 0.08 7.085 1.311, 0.047 −0.068

5.273 −0.51, −0.13, −0.61, −0.25, 0.45, −0.09, 0.27 7.039 2.380, −0.281 −0.077
5.084 −0.21, 0.62, 0.38, −0.53, −0.05, −0.26, 0.26 6.927 1.346, 1.306 −0.119

1=2− 5.398 0.29, −0.44, −0.04, −0.32, 0.57, 0.54, 0.04, −0.03 7.122 1.105, 0.556 −0.050
5.246 0.07, −0.49, 0.37, 0.24, −0.54, 0.33, −0.34, 0.23 7.023 1.165, 0.302 −0.083
5.158 0.64, 0.25, 0.10, 0.29, −0.04, 0.07, 0.51, 0.41 6.975 −0.630, −0.166 −0.103

nbbbb̄ 5=2− 4.385 � � � 20.401 1.383, −0.948 −0.263
3=2− 4.378 −0.45, 0.15, 0.31, 0.65, 0.30, −0.39, −0.07 20.412 0.677, −0.458 −0.265

4.324 0.51, 0.12, 0.61, 0.27, −0.45, 0.10, −0.27 20.386 1.337, −0.819 −0.276
4.205 −0.19, 0.62, 0.38, −0.54, −0.07, −0.25, 0.26 20.341 −0.253, −0.218 −0.300

1=2− 4.411 0.28, −0.43, −0.06, −0.33, 0.59, 0.53, 0.05, −0.04 20.422 0.107, −0.248 −0.258
4.307 0.21, −0.45, 0.38, 0.28, −0.51, 0.36, −0.22, 0.31 20.381 0.179, −0.277 −0.279
4.259 0.62, 0.35, 0.02, 0.23, 0.07, 0.01, 0.56, −0.35 20.362 0.058, 0.096 −0.289

TABLE XV. The bag radius R of the pentaquark state scccc̄ is measured in units of GeV−1, with the representation of the eigenbasis
given by cc=bbs ⊗ sc̄=b̄, the mass spectrum is expressed in units of GeV, the magnetic moment is given in units of μN , and the binding
energy EB is measured in units of GeV, and � � � represents scattering states.

State JP R0 Eigenvector (ccs=bbs ⊗ cc̄=bb̄) Mbag μbag EB

scccc̄ 5=2− 5.324 � � � 7.174 0.282 −0.066
3=2− 5.339 −0.044, 0.13, 0.30, 0.68, 0.30, −0.38, −0.08 7.188 0.161 −0.063

5.303 0.51, 0.14, 0.61, 0.25, −0.45, 0.09, −0.27 7.155 −0.067 −0.071
5.127 −0.22, 0.62, 0.38, −0.53, −0.05, −0.27, 0.26 7.059 1.295 −0.109

1=2− 5.419 0.29, −0.45, −0.04, −0.31, 0.56, 0.55, 0.04, −0.02 7.224 0.582 −0.045
5.279 0.02, −0.50, 0.36, 0.22, −0.54, 0.32, −0.37, 0.20 7.141 0.289 −0.076
5.192 0.65, 0.22, 0.13, 0.30, −0.08, 0.09, 0.48, 0.42 7.098 −0.105 −0.095

sbbbb̄ 5=2− 4.419 � � � 20.491 −0.798 −0.257
3=2− 4.389 −0.45, 0.15, 0.31, 0.66, 0.30, −0.39, −0.07 20.504 −0.382 −0.263

4.392 0.51, 0.12, 0.61, 0.27, −0.45, 0.10, −0.27 20.482 −0.684 −0.262
4.286 −0.19, 0.62, 0.38, −0.54, −0.07, −0.25, 0.26 20.442 −0.222 −0.284

1=2− 4.470 0.28, −0.43, −0.06, −0.33, 0.59, 0.43, 0.05, −0.04 20.513 −0.227 −0.246
4.377 0.19, −0.45, 0.38, 0.27, −0.51, 0.36, −0.24, 0.30 20.478 −0.256 −0.265
4.334 0.62, 0.33, 0.03, 0.24, 0.05, 0.01, 0.56, 0.36 20.461 0.103 −0.271
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process of releasing binding energy, leading to a direction
toward higher compact stability.

V. SUMMARY

We investigated the limiting binding radius under color
interactions within the framework of the MIT bag model,
which is set at 5.516 GeV−1. We found that this value is
consistent with the limit of color interactions between
quarks predicted by lattice quantum chromodynamics
(QCD). Furthermore, the confinement patterns predicted
by the bagmodel are similar to the curves provided by lattice
QCDat a certain scale.We extended this result tomultiquark
systems to evaluate their potential for forming compact
structures. In our study of pentaquarks, we examined several
combinations of heavy and light flavors and found that the
flavor combination nnncc̄ has a bag radius that is close to
and slightly above the binding limit,while the average radius
for the flavor combination nnccc̄ is below the binding limit.
This suggests that there may exist pentaquark states with
higher compact stability in the nnccc̄ system. Subsequently,
we took into account chromomagnetic interactions and
calculated the radius, magnetic moment, mass, and bag
binding energy for both the triply and quadruply heavy
flavor pentaquarks. Additionally, we investigated the partial
width ratios of the triply heavy flavor pentaquarks in the
baryon-meson representation.
For the nnccc̄ system, the predicted mass range is 5.53–

6.00 GeV. After considering the chromomagnetic inter-
actions, the binding energies of most states are above
−20 MeV. Additionally, the mass distribution ensures that
each state has at least one strong decay channel, although
for some decay channels, the decay width is suppressed due
to phase space or final state occupancy effects. For the
nnbbb̄ system, the mass range is distributed between 15.60
and 16.10 GeV. All binding energies are above −120 MeV,
indicating a strong binding. Furthermore, we have calcu-
lated the triplet or quadruplet heavy pentquarks with

strangeness quantum numbers S ¼ −1;−2, and we have
also predicted the magnetic moments for each state. Our
theoretical rationale for the potential compact configura-
tions of multiquark states, particularly pentaquarks, is
based on two main aspects: first, the bag binding energy
defined by the bag model indicates the presence of compact
stability; second, we take into account the short-range
interactions between heavy quarks.
One insight from the bag model is that compact hadronic

states have a limiting radius, which could be related to the
confinement properties of hadrons. The study of multiquark
states can provide evidence for this conclusion, particularly
since triplet pentaquarks may exist at a relatively sensitive
scale. Additionally, we look forward to more extensive
studies of multiquark states from lattice QCD, as well as
richer experimental data to support our conclusions.
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APPENDIX A: COLOR AND SPIN
WAVEFUNCTIONS

For the pentaquark state, the direct product among the
five quarks can be regarded as the product of a group
formed by three quarks and a quark–antiquark pair, leading
to the following expression:

ð3⊗3⊗3Þ⊗ ð3⊗ 3̄Þ¼ð1⊕8⊕8⊕10Þ⊗ ð1⊕8Þ: ðA1Þ

On the right side of the above equation, there are two color
combinations of 8 ⊗ 8, which can each yield a color
singlet. Additionally, 1 ⊗ 1 can also produce a color singlet
combination. Therefore, the pentaquark state can be char-
acterized by a total of three types of color singlet wave
functions, as shown in the following expression:

ϕP
1 ¼

1

4
ffiffiffi
3

p ½ð2bbgr−2bbrgþgbrb−gbbrþbgrb−bgbr

− rbgbþ rbbg−brgbþbrbgÞb̄þð2rrbg−2rrgb

þ rgrb− rgbrþgrrb−grbrþ rbgr− rbrgþbrgr

−brrgÞr̄þð2ggrb−2ggbr−rggbþ rgbg−grgb

þgrbgþgbgr−gbrgþbggr−bgrgÞḡ�; ðA2Þ

FIG. 3. Distribution of heavy quarks and decay schematic in
triply heavy pentaquark states, where Ri (with i ¼ P, B, M)
represents the radius of the pentaquark state, baryon radius, and
meson radius, respectively.
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ϕP
2 ¼

1

12
½ð3bgbr−3gbbr−3brbgþ3rbbg− rbgb−2rgbb

þ2grbbþbrgbþgbrb−bgrbÞb̄þð3grrb−3rgrb

−3brrgþ3rbrg− rbgr−2gbrrþ2bgrr−grbr

þ rgbrþbrgrÞr̄þð3grgb−3rggbþ3bggr−3gbgr

−grbgþ rgbgþ2rbgg−2brggþgbrg−bgrgÞḡ�;
ðA3Þ

ϕP
3 ¼

1

3
ffiffiffi
2

p ½ðgrbb− rgbbþ rbgb−brgbþbgrb−gbrbÞb̄

þðgrbr− rgbrþ rbgr−brgrþbgrr−gbrrÞr̄
þðgrbg− rgbgþ rbgg−brggþbgrg−gbrgÞḡ�:

ðA4Þ

For the spin basis of the pentaquarks, a similar treatment
can be applied, which can be regarded as the spin
summation of the three-quark group and the quark–
antiquark pair:

χP1 ¼ j½ð12Þ13�3=2ð45̄Þ1i5=2; χP2 ¼ j½ð12Þ13�3=2ð45̄Þ1i3=2;
χP3 ¼ j½ð12Þ13�3=2ð45̄Þ0i3=2; χP4 ¼ j½ð12Þ13�1=2ð45̄Þ1i3=2;
χP5 ¼ j½ð12Þ03�1=2ð45̄Þ1i3=2; χP6 ¼ j½ð12Þ13�3=2ð45̄Þ1i1=2;
χP7 ¼ j½ð12Þ13�1=2ð45̄Þ1i1=2; χP8 ¼ j½ð12Þ13�1=2ð45̄Þ0i1=2;
χP9 ¼ j½ð12Þ03�1=2ð45̄Þ1i1=2; χP10¼ j½ð12Þ03�1=2ð45̄Þ0i1=2:

ðA5Þ

Here, the indices 1, 2, 3, 4, and 5 refer to the quarks, while
the subscripts in parentheses indicate the spins of the
respective subgroups. The outermost subscript denotes
the total spin of the pentaquark state, which is crucial
for determining the decay final states discussed in the text.
The basis vectors of the pentaquarks states are described

by the algebra of the SUð3Þ ⊗ SUð2Þ groups, resulting in a
total of thirty basis vectors, which are labeled according to
their angular momentum. The basis vectors for angular
momentum J ¼ 5

2
, J ¼ 3

2
, and J ¼ 1

2
are shown as follows.

JP ¼ 5=2−

ϕ1χ1 ¼ j½ð12Þ613�83=2ð45̄Þ81i5=2; ϕ2χ1 ¼ j½ð12Þ3̄13�83=2ð45̄Þ81i5=2; ϕ3χ1 ¼ j½ð12Þ3̄13�13=2ð45̄Þ11i5=2: ðA6Þ

JP ¼ 3=2−

ϕ1χ2¼ j½ð12Þ613�83=2ð45̄Þ81i3=2; ϕ1χ3¼ j½ð12Þ613�83=2ð45̄Þ80i3=2; ϕ1χ4¼ j½ð12Þ613�81=2ð45̄Þ81i3=2;
ϕ1χ5¼ j½ð12Þ603�81=2ð45̄Þ81i3=2; ϕ2χ2¼ j½ð12Þ3̄13�83=2ð45̄Þ81i3=2; ϕ2χ3¼ j½ð12Þ3̄13�83=2ð45̄Þ80i3=2;
ϕ2χ4¼ j½ð12Þ3̄13�81=2ð45̄Þ81i3=2; ϕ2χ5¼ j½ð12Þ3̄03�81=2ð45̄Þ81i3=2; ϕ3χ2¼ j½ð12Þ3̄13�13=2ð45̄Þ11i3=2;
ϕ3χ3¼ j½ð12Þ3̄13�13=2ð45̄Þ10i3=2; ϕ3χ4¼ j½ð12Þ3̄13�11=2ð45̄Þ11i3=2; ϕ3χ5¼ j½ð12Þ3̄03�11=2ð45̄Þ11i3=2: ðA7Þ

JP ¼ 1=2−

ϕ1χ6 ¼ j½ð12Þ613�83=2ð45̄Þ81i1=2; ϕ1χ7 ¼ j½ð12Þ613�81=2ð45̄Þ81i1=2; ϕ1χ8 ¼ j½ð12Þ613�81=2ð45̄Þ80i1=2;
ϕ1χ9 ¼ j½ð12Þ603�81=2ð45̄Þ80i1=2; ϕ1χ10 ¼ j½ð12Þ603�81=2ð45̄Þ80i1=2; ϕ2χ6 ¼ j½ð12Þ3̄13�83=2ð45̄Þ81i1=2;
ϕ2χ7 ¼ j½ð12Þ3̄13�81=2ð45̄Þ81i1=2; ϕ2χ8 ¼ j½ð12Þ3̄13�81=2ð45̄Þ80i1=2; ϕ2χ9 ¼ j½ð12Þ3̄03�81=2ð45̄Þ81i1=2;
ϕ2χ10 ¼ j½ð12Þ3̄03�81=2ð45̄Þ80i1=2; ϕ3χ6 ¼ j½ð12Þ3̄13�13=2ð45̄Þ11i1=2; ϕ3χ7 ¼ j½ð12Þ3̄13�11=2ð45̄Þ11i1=2;
ϕ3χ8 ¼ j½ð12Þ3̄13�11=2ð45̄Þ10i1=2; ϕ3χ9 ¼ j½ð12Þ3̄03�11=2ð45̄Þ11i1=2; ϕ3χ10 ¼ j½ð12Þ3̄03�11=2ð45̄Þ10i1=2: ðA8Þ

For these color-spin bases, all upper indices denote color representations, while the lower indices represent spin, with 1, 2,
3, 4, and 5 corresponding to the quark labels. When considering specific flavor configurations, it is crucial to
simultaneously account for the color, spin, and flavor symmetries of the substructures, ensuring that the chosen complete
basis adhere to the Pauli exclusion principle. For example, in the cases of the flavor combinations nnc ⊗ cc̄ (I ¼ 1),
ssc ⊗ cc̄, and ccn ⊗ nc̄ for J ¼ 5=2, we must consider that the diquark substructure ð12Þ1 is flavor symmetric and has
symmetric spin. Therefore, the color symmetric basis vector ϕ1χ1 is excluded because it does not satisfy the Pauli principle.
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Finally, after considering these factors, the color-spin
eigenbasis of the pentaquarks corresponding to the flavor
combinations discussed in this paper is presented in
Table XVI.

APPENDIX B: MATRIX ELEMENTS OF THE
COLOR-ELECTRIC INTERACTION

For the pentaquark state, there are three color wave
functions. We provide the specific values of the interquark
color factors according to Eq. (4). Considering the penta-
quark system q1q2q3q4q5, the diagonal elements are listed
as examples in Table XVII.
After obtaining the color factors, we can substitute

specific flavor configurations. Taking csn ⊗ cc̄ as an
example, we can extend this to the pentaquark state using

Eq. (6). The diagonal elements of the color interaction can
be represented as follows (where Bcn ¼ 0 and n ¼ u, d
quarks):

M
ϕP
1

B ¼−
1

2
Bcsþ

5

8
Bccþ

5

4
Bccþ

5

8
Bcsþ

5

4
Bcsþ

1

4
Bcc; ðB1Þ

M
ϕP
2

B ¼Bcsþ
7

8
Bccþ

1

4
Bccþ

7

8
Bcsþ

1

4
Bcsþ

1

4
Bcc; ðB2Þ

M
ϕP
3

B ¼ Bcs þ 2Bcc: ðB3Þ

The matrix elements of the color electric interactions can be
substituted into Eq. (1) for unified diagonalization.

TABLE XVI. Considering the flavor configuration, the color-spin eigenbasis of the pentaquark state.

System I JP Color-spin wave functions

nnc ⊗ cc̄=nnb ⊗ bb̄ 0 5=2− ϕ1χ1;ϕ3χ1
3=2− ϕ1χ2;ϕ1χ3;ϕ1χ4;ϕ2χ5;ϕ3χ5
1=2− ϕ1χ6;ϕ1χ7;ϕ1χ8;ϕ2χ9;ϕ2χ10;ϕ3χ9;ϕ3χ10

1 5=2− ϕ2χ1;ϕ3χ1
3=2− ϕ1χ5;ϕ2χ2;ϕ2χ3;ϕ2χ4;ϕ3χ2;ϕ3χ3;ϕ3χ4
1=2− ϕ1χ9;ϕ1χ10;ϕ2χ6;ϕ2χ7;ϕ2χ8;ϕ3χ6;ϕ3χ7;ϕ3χ8

ccn ⊗ nc̄=bbn ⊗ nb̄ 5=2− ϕ2χ1;ϕ3χ1
3=2− ϕ1χ5;ϕ2χ2;ϕ2χ3;ϕ2χ4;ϕ3χ2;ϕ3χ3;ϕ3χ4
1=2− ϕ1χ9;ϕ1χ10;ϕ2χ6;ϕ2χ7;ϕ2χ8;ϕ3χ6;ϕ3χ7;ϕ3χ8

csn ⊗ cc̄=bsn ⊗ bb̄ 5=2− ϕ1χ1;ϕ2χ1;ϕ3χ1
3=2− ϕ1χ2;ϕ1χ3;ϕ1χ4;ϕ1χ5;ϕ2χ2;ϕ2χ3;ϕ2χ4;ϕ2χ5;ϕ3χ2;ϕ3χ3;ϕ3χ4;ϕ3χ5
1=2− ϕ1χ6;ϕ1χ7;ϕ1χ8;ϕ1χ9;ϕ1χ10;ϕ2χ6;ϕ2χ7;ϕ2χ8;

ϕ2χ9;ϕ2χ10;ϕ3χ6;ϕ3χ7;ϕ3χ8;ϕ3χ9;ϕ3χ10
ccs ⊗ nc̄=ccn ⊗ sc̄=bbs ⊗ nb̄=bbn ⊗ sb̄ 5=2− ϕ2χ1;ϕ3χ1

3=2− ϕ1χ5;ϕ2χ2;ϕ2χ3;ϕ2χ4;ϕ3χ2;ϕ3χ3;ϕ3χ4
1=2− ϕ1χ9;ϕ1χ10;ϕ2χ6;ϕ2χ7;ϕ2χ8;ϕ3χ6;ϕ3χ7;ϕ3χ8

ssc ⊗ cc̄=ssb ⊗ bb̄ 5=2− ϕ2χ1;ϕ3χ1
3=2− ϕ1χ5;ϕ2χ2;ϕ2χ3;ϕ2χ4;ϕ3χ2;ϕ3χ3;ϕ3χ4
1=2− ϕ1χ9;ϕ1χ10;ϕ2χ6;ϕ2χ7;ϕ2χ8;ϕ3χ6;ϕ3χ7;ϕ3χ8

ccs ⊗ sc̄=bbs ⊗ sb̄ 5=2− ϕ2χ1;ϕ3χ1
3=2− ϕ2χ2;ϕ2χ3;ϕ2χ4;ϕ3χ2;ϕ3χ3;ϕ3χ4
1=2− ϕ1χ9;ϕ1χ10;ϕ2χ6;ϕ2χ7;ϕ2χ8;ϕ3χ6;ϕ3χ7;ϕ3χ8

ccn ⊗ cc̄=bbn ⊗ bb̄ 5=2− ϕ2χ1;ϕ3χ1
3=2− ϕ1χ5;ϕ2χ2;ϕ2χ3;ϕ2χ4;ϕ3χ2;ϕ3χ3;ϕ3χ4
1=2− ϕ1χ9;ϕ1χ0;ϕ2χ6;ϕ2χ7;ϕ2χ8;ϕ3χ6;ϕ3χ7;ϕ3χ8

TABLE XVII. The color factors of quark pairs in the pentaquarks.

q1q2 q1q3 q1q4 q1q5 q2q3 q2q4 q2q5 q3q4 q3q5 q4q5

hϕP
1 ;ϕ

P
1 i 4

3
− 5

3
− 5

3
− 10

3
− 5

3
− 5

3
− 10

3
− 8

3
2
3

2
3

hϕP
2 ;ϕ

P
2 i − 8

3
1
3

− 7
3

− 2
3

1
3

− 7
3

− 2
3

− 4
3

− 14
3

2
3

hϕP
3 ;ϕ

P
3 i − 8

3
− 8

3
0 0 − 8

3
0 0 0 0 − 16
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