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Investigations on the flavor-dependent axial charges of the octet baryons
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We have investigated the axial charges of the ground octet baryons within the extended chiral constituent quark
model, where all the possible compact five-quark Fock components qqq(qq̄)(q = u, d, s) in the baryons are
considered. The transition couplings between the three- and five-quark components in the baryons are assumed
to be via the 3 P0 mechanism, which could reproduce the sea asymmetry in proton very well. The numerical
results for the flavor-dependent axial charges of the octet baryons are comparable to those predicted by other
theoretical approaches. It is shown that the singlet axial charges of the octet baryons, which should indicate
total baryons spin arising from the spin of the quarks, fall in the range 0.45–0.75 in present model. This is in
consistent with the predictions by lattice QCD and chiral perturbation theory. It is also very interesting that the
light quarks spin �u and �d in the � baryon are of small but negative values, which exactly vanish in the
traditional three-quark model.
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I. INTRODUCTION

The flavor-dependent axial charges of baryons, i.e., the
singlet axial charge g(0)

A , the isovector axial charge g(3)
A , and

the SU (3) octet axial charge g(8)
A , are fundamental observables

in hadronic physics, since they may provide us information
about the spin structure and properties of baryons. As we
know, g(0)

A should indicate the total baryons spin arising from
the spin of quarks, and g(3)

A and g(8)
A should govern the neutron

and hyperons β decays, and provide a quantitative measure of
spontaneous chiral symmetry breaking in low energy hadronic
physics. In addition, Goldberger-Treiman relation shows that
the isovector axial charge of nucleon could be directly re-
lated to the pion decay constant [1]. Therefore, one may
establish a connection between the weak and strong interac-
tions by explicit investigations on the flavor-dependent axial
charges.

During the past years from 1990s, intensively experimental
measurements on the axial charges of nucleon have been
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performed, triggered by the renowned EMC experiments,
which raised up the proton spin puzzle [2,3]. Especially,
the COMPASS collaboration has made great efforts on cor-
responding measurements [4–7] at Q2 = 3 GeV2, and their
latest results show that the singlet axial charge of the proton is
g(0)

A = 0.32 ± 0.02stat. ± 0.04syst. ± 0.05evol., if the SU (3) fla-
vor symmetry is assumed, which should yield g(8)

A = 0.585 ±
0.025 [7]. And very recently, the first moment g1 of nucleon
at small Q2 is also measured [8,9]. On the other hand, tremen-
dous theoretical investigations on the nucleon spin structure
have also been done using different approaches, such as the
lattice QCD [10–16], the chiral perturbation theory [17–20],
the meson cloud models [21,22], and other phenomenological
models with higher Fock components in nucleon [23–27].
For recent reviews about the nucleon spin structure, see
Refs. [28–34].

For the axial charges of the hyperons, experimental data
is still lack up to now. While the lattice QCD has demon-
strated remarkable progress in computing the hyperons axial
transition couplings during the last two decades [35–41], and
the corresponding calculations are with very high accuracy.
Besides, there have been also other theoretical efforts dedi-
cated to investigations on the hyperons axial couplings using
various approaches, including the chiral perturbation theory
and phenomenological hadronic models [42–49].

Recently, the extended chiral constituent quark model
(EχCQM), within which higher Fock components in the
baryons are included, has been applied to the sea content
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of the octet baryons [50], the sea flavor asymmetry of the
proton d̄ − ū = 0.118 ± 0.012 [51,52] could be very well re-
produced by taking the model parameters to be the empirical
values. Later, we have applied the work [50] to the baryon
sigma terms [53,54], the intrinsic light and strange quark-
antiquark pair in the proton and nonperturbative strangeness
suppression [55], and the orbital angular momentum of the
proton [56]. And in a very recent work, the axial charges of
the proton has been investigated employing the EχQM [57].
The numerical results obtained in all the above referred works
are in good agreements with predictions by other theoretical
approaches. Consequently, we extend the work [57] to estima-
tions on the hyperons axial charges in present work.

The present paper is organized as follows. In Sec. II, we
give the framework which includes the extended chiral con-
stituent quark model and the formalism for the octet baryons
axial charges in corresponding model, the explicit numerical
results are presented in Sec. III. Finally, a brief summary is
given in Sec. IV.

II. FRAMEWORK

In this work, we investigate the axial charges of the ground
state octet baryons employing the EχCQM, which has been
developed to investigate the intrinsic sea content of the octet
baryons in [50]. Accordingly, in this section, we will briefly
introduce the EχCQM in Sec. II A, and present the formalism
for calculations of octet baryons’ axial charges in Sec. II B.

A. EχCQM

In the EχCQM developed in [50], the wave functions of
the ground state octet baryons can be expressed as

|B〉 = 1√N

(
|qqq〉 +

∑
i

Cq
i |qqq(qq̄), i〉

)
, (1)

where the first term represents the wave function for the three-
quark component of the octet baryons, and the second term
denotes the wave functions for the compact five-quark compo-
nents, with the sum over i runs over all the possible five-quark
configurations with a qq̄ (dd̄ , uū, ss̄,...)1 pair which may form
higher Fock components in the octet baryons, Cq

i /
√N are just

the corresponding probability amplitudes for the five-quark
components with N being a normalization constant.

In the present case, we consider the ground states of baryon
octet, whose parities are positive, so that the orbital quantum
number L must be an odd number 1, 3,..., 2n + 1. On the other
hand, the total spin S of a five-quark system arising from the
quark spin can only be 1

2 , 3
2 , or 5

2 , therefore, L cannot be higher
than 3 to combine with S to form spin JB = L ⊕ S for the
ground state octet baryons. As discussed explicitly in [50],
only the five-quark configurations with L = 1 and the nr = 0
can form possible Fock components in the ground state octet
baryons with considerable probability amplitudes.

1In this work, we do not take cc̄ and bb̄ into account, since the prob-
abilities for them are much smaller than other five-quark components
inside the octet baryons in the low energy scale.

Accordingly, there are 17 possible five-quark configura-
tions with different orbital, flavor, spin, and color symmetries
in each of the octet baryons, which are shown explicitly in
Table I, where the symbols [. . . ]ν are the Young tableaux of
corresponding wave functions with ν = χ , F , S, and C repre-
senting orbital, flavor, spin, and color, respectively. Finally,
[. . . ]FS[. . . ]F [. . . ]S is just a shorthand for corresponding
flavor-spin decomposition.

As we can see in Table I, the 17 five-quark configurations
can be categorized into two groups according to the spin wave
functions of the four-quark subsystem, namely, spin symmetry
[22]S and [31]S , those should lead to the total spin of the
four-quark system S4 = 0 and 1, respectively. For the configu-
rations with spin symmetry [22]S , explicit wave functions can
be expressed as

|B,↑〉5q =
∑
i jkln

∑
ab

∑
ms̄z

C
1
2 ,↑

1,m; 1
2 ,s̄z

C[14]
[31]k

χFS ;[211]k̄
C

C
[31]k

χFS

[O]i
χ ;[FS] j

FS

× C
[FS] j

FS

[F ]l
F ;[22]n

S
C[23]C

a,b |[211]k̄
C (a)〉|[11]C,q̄(b)〉|I, I3〉[F ]l

F

× |1, m〉[O]i
χ |[22]n

S〉|χ̄ , s̄z〉φ({�rq}), (2)

where the coefficients C[··· ]
[··· ][··· ] represent the Clebsch-Gordan

coefficients of the S4 permutation group, |[211]C
k̄

(a)〉 and
|[11]C,q̄(b)〉 are the color wave functions for the four-quark
subsystem and the antiquark, combination of which should
lead to the color singlet [23]C .

While combination of the four-quark spin [31]S which
leads to S4 = 1 and the orbital angular momentum of the
five-quark system L = 1 should result in J = L ⊕ S4 = 0 or
1, both of the two cases of J are legal in present framework,
since couplings of both the values of J and spin of the anti-
quark sq̄ = 1/2 could lead to JB = 1/2 for the octet baryons.
Hereafter, we denote these two cases as Set I and Set II, re-
spectively. And wave functions of the five-quark components
octet baryons in these two cases are

|B,↑〉5q =
∑
i jkln

∑
ab

∑
msz

C00
1,m;1,sz

C[14]
[31]k

χFS ;[211]k̄
C

C
[31]k

χFS

[O]χi ;[FS] j
FS

×C
[FS] j

FS

[F ]l
F ;[31]n

S
C[23]C

a,b |[211]k̄
C (a)〉|[11]C,q̄(b)〉|I, I3〉[F ]l

F

× |1, m〉[O]i
χ |[31]n

S, sz〉|χ̄ , s̄z〉φ({�rq}). (3)

|B,↑〉5q =
∑
i jkln

∑
ab

∑
Jz s̄z

∑
msz

C
1
2 , 1

2

1,Jz ; 1
2 ,s̄z

C1,Jz

1,m;1,sz
C[14]

[31]k
χFS ;[211]k̄

C

×C
[31]k

χFS

[O]i
χ ;[FS] j

FS

C
[FS] j

FS

[F ]l
F ;[31]n

S
C[23]C

a,b |[211]k̄
C (a)〉|[11]C,q̄(b)〉

×|I, I3〉[F ]l
F |1, m〉[O]χi |[31]S

n, sz〉|χ̄ , s̄z〉φ({�rq}), (4)

respectively.
One should note that |I, I3〉[F ]l

F in Eqs. (2)–(4) just repre-
sents coupling of the flavor wave functions for the four-quark
subsystem and the antiquark to form appropriate isospin quan-
tum number. Explicit flavor decompositions of the five-quark
configurations in the octet baryons are given in Appendix A.
The coefficients Cq

i in Eq. (1), in the framework of the
EχCQM developed in Ref. [50], can be related to the coupling
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TABLE I. The orbital-flavor-spin configurations for five-quark configurations those may exist as higher Fock components in ground octet
baryons.

i 1 2 3 4 5
Config. [31]χ [4]FS[22]F [22]S [31]χ [31]FS[211]F [22]S [31]χ [31]FS[31]F1 [22]S [31]χ [31]FS[31]F2 [22]S [4]χ [31]FS[211]F [22]S

i 6 7 8 9 10
Config. [4]χ [31]FS[31]F1 [22]S [4]χ [31]FS[31]F2 [22]S [31]χ [4]FS[31]F1 [31]S [31]χ [4]FS[31]F2 [31]S [31]χ [31]FS[211]F [31]S

i 11 12 13 14 15
Config. [31]χ [31]FS[22]F [31]S [31]χ [31]FS[31]F1 [31]S [31]χ [31]FS[31]F2 [31]S [4]χ [31]FS[211]F [31]S [4]χ [31]FS[22]F [31]S

i 16 17
Config. [4]χ [31]FS[31]F1 [31]S [4]χ [31]FS[31]F2 [31]S

between the three-quark and the corresponding five-quark
components, which reads

Cq
i = 〈qqq(qq̄), i|T̂ |qqq〉

MB − Ei
. (5)

Here, MB denote the physical mass of the baryon B [58], and
Ei is the energy of the ith qqq(qq̄) five-quark component. The
transition coupling operator T̂ depends on the quark-antiquark
creation mechanism, in present work, we take the widely ac-
cepted 3P0 mechanism following Ref. [50], where the explicit
form of T̂ is

T̂ = −γ
∑
j=1,4

F00
j,5C00

j,5COFSC

∑
m

〈1, m; 1,−m|00〉

× χ1,m
j,5 Y1,−m

j,5 ( �p j − �p5)b†( �p j )d
†( �p5), (6)

where γ is an dimensionless transition coupling constant,
F00

j,5 and C00
j,5 are the flavor and color singlet of the created

quark-antiquark pair q jq̄5, χ1,m
j,5 , and Y1,−m

j,5 are the total spin
Sqq̄ = 1 and relative orbital P state of the created quark-
antiquark system, the operator COFSC is to calculate the
overlap factor between the residual three-quark configuration
in the five-quark component and the valence three-quark com-
ponent, finally, b†( �p j ), d†( �p5) are the quark and antiquark
creation operators.

Finally, to calculate the energy for a given five-quark con-
figuration Ei in Eq. (5), we employ the chiral constituent
quark model, in which the quark-quark hyperfine interaction
is flavor-dependent [59], as follows:

Hhyp = −
∑
i< j

�σi �σ j

[
3∑

a=1

Vπ (ri j )λ
a
i λ

a
j

+
7∑

a=4

VK (ri j )λ
a
i λ

a
j + Vη(ri j )λ

8
i λ

8
j

]
, (7)

numerical values for all the exchange coupling strength con-
stants VM used in present work are taken to be the empirical
ones [58]. Thus, the energies Ei for the 17 five-quark configu-
rations in Table I should be

Ei = E0 + 〈Hhyp〉 + δqq̄, (8)

where E0 is a degenerated energy for the 17 five-quark config-
urations shown in Table I. The parameter E0 is dependent on
the constituent quark masses, the kinetic quark energies, and

also the energies of the quark confinement interactions and the
quark potentials. Here we take E0 = 2127 MeV, δuū = δdd̄ =
0, and δss̄ = 240 MeV as used in Ref. [50].

B. Formalism for the axial charges of octet baryons

In this section, we present the formalism for the axial
charges g(0)

A , g(3)
A and g(8)

A of octet baryons within the frame-
work of EχCQM shown in Sec. II A.

The quark spin contribution �q, which is related to the
flavor-dependent axial vector current operator, is defined as〈

B, sz|
∫

dxq̄γ μγ 5q|B, sz

〉
= sμ�q, (9)

where sμ is the baryon states polarization vector, and �q is

�q = (q↑ + q̄↑) − (q↓ + q̄↓). (10)

Combinations of different flavor � f with f = u, d, s lead to
flavor-singlet, isovector, and SU(3) octet axial charges of octet
baryons, as follows:

g(0)
A = �u + �d + �s, (11)

g(3)
A = �u − �d, (12)

g(8)
A = �u + �d − 2�s. (13)

In the nonrelativistic approximation, � f can be gotten
directly through the formula

� f = 〈Bsz|
∑

j

σ̂ z
j δ j f |Bsz〉, (14)

where |Bsz〉 is the wave function Eq. (1) of octet baryons, σ̂ z
j

is Pauli operator acting on the jth quark, and δ j f is a flavor-
dependent operator, defined as

δ j f =
{

1 if the flavor of jth quark is f
0 if the flavor of jth quark is not f

. (15)

Consequently, for each of the octet baryons, one can get

� f = 1

N 〈qqq, sz|
∑
j=1,3

σ̂ z
j δ j f |qqq, sz〉 +

∑
i

(
Cq

i

)2

N

× 〈qqq(qq̄), i, sz|
∑
j=1,5

σ̂ z
j δ j f |qqq(qq̄), i, sz〉, (16)

where the nondiagonal terms are neglected.
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TABLE II. Numerical results for � f ( f = u, d, s) of the octet baryons, compared to the predictions by lattice QCD [12] and chiral effective
field theory [20] shown in the last two rows, respectively.

p n �+ �0 �− �0 �− �

�u Set I 0.883 ± 0.005 −0.213 ± 0.003 0.922 ± 0.005 0.473 ± 0.004 0.023 ± 0.003 −0.215 ± 0.002 0.030 ± 0.006 0.026 ± 0.003
Set II 0.710 ± 0.012 −0.225 ± 0.008 0.762 ± 0.014 0.348 ± 0.004 −0.066 ± 0.007 −0.194 ± 0.002 −0.059 ± 0.007 −0.020 ± 0.002

LQCD [12] 0.794(21)(2)
χPT [20] 0.90+0.03

−0.04
�d Set I −0.213 ± 0.003 0.883 ± 0.005 0.023 ± 0.003 0.473 ± 0.004 0.922 ± 0.005 0.030 ± 0.006 −0.215 ± 0.002 0.026 ± 0.003

Set II −0.225 ± 0.008 0.710 ± 0.012 −0.066 ± 0.007 0.348 ± 0.004 0.762 ± 0.014 −0.059 ± 0.007 −0.194 ± 0.002 −0.020 ± 0.002
LQCD [12] −0.289(16)(1)
χPT [20] −0.38+0.03

−0.03
�s Set I 0.015 ± 0.002 0.015 ± 0.002 −0.205 ± 0.002 −0.205 ± 0.002 −0.205 ± 0.002 0.929 ± 0.001 0.929 ± 0.001 0.674 ± 0.001

Set II −0.020 ± 0.003 −0.020 ± 0.003 −0.180 ± 0.003 −0.180 ± 0.003 −0.180 ± 0.003 0.798 ± 0.011 0.798 ± 0.011 0.551 ± 0.006
LQCD [12] −0.023(10)(1)
χPT [20] −0.007+0.004

−0.007

For simplicity, we denote the matrix elements for the three-
quark components and an explicit given five-quark component
in Eq. (16) as

� f 3q = 〈qqq, sz|
∑
j=1,3

σ̂ z
j δ j f |qqq, sz〉, (17)

� f 5q
i =

〈
qqq(qq̄), i, sz|

5∑
j=1

σ̂ z
j δ j f |qqq(qq̄), i, sz

〉
. (18)

Accordingly, one can easily obtain the explicit expression
of the matrix elements results for �u, �d and �s of octet
baryons as

�u = 1

N �u3q +
∑
i,q

(
Cq

i

)2

N �u5q
i , (19)

�d = 1

N �d3q +
∑
i,q

(
Cq

i

)2

N �d5q
i , (20)

�s = 1

N �s3q +
∑
i,q

(
Cq

i

)2

N �s5q
i . (21)

Finally, considering the SU (2) isospin symmetry, one can
get the relations of the spin contributions of quarks with dif-
ferent flavour to spin of the proton and neutron as

�u(p) = �d (n),�d (p) = �u(n),�s(p) = �s(n), (22)

and the resulted relations of the axial charges of proton and
neutron as

g(0)
A (p) = g(0)

A (n), g(3)
A (p) = −g(3)

A (n), g(8)
A (p) = g(8)

A (n).
(23)

For the spin of quarks with different flavor and the axial
charges of the other octet baryons, analogous relationship can
be obtained.

III. THE NUMERICAL RESULTS AND DISCUSSIONS

In this section, we present our numerical results of the cal-
culations on the quark spin contributions and the axial charges
of the octet baryons in the framework shown in Sec. II.

Before going to the final numerical results, firstly, we
have to discuss the model parameters in the EχCQM. In
Ref. [50], the intrinsic sea contents of the octet baryons
have been studied in the EχCQM by taking the empiri-
cal values for the model parameters, only except for the

TABLE III. Numerical results of g(0)
A , g(3)

A , g(8)
A of octet baryons, compared to the predictions by other theoretical approaches.

Baryon Set I Set II LQCD [35] LQCD [40] χPT [44] χEFT [20] RCQM [45] PCQM [47]

g(0)
A N 0.685 ± 0.007 0.465 ± 0.023 0.51+0.07

−0.08

� 0.740 ± 0.010 0.516 ± 0.024
� 0.744 ± 0.009 0.545 ± 0.020
� 0.726 ± 0.008 0.511 ± 0.010

g(3)
A N 1.096 ± 0.005 0.935 ± 0.019 1.18(4)(6) 1.18 1.27 1.65 1.263

� 0.899 ± 0.008 0.828 ± 0.021 0.900(42)(54) 0.762(22) 1.03 0.93 0.896
� −0.245 ± 0.008 −0.135 ± 0.009 −0.277(15)(19) −0.248(9) −0.23 −0.32 −0.275
� 0 0 0.085(15) 0

g(8)
A N 0.640 ± 0.010 0.525 ± 0.026 0.53+0.06

−0.06

� 1.355 ± 0.011 1.056 ± 0.026
� −2.043 ± 0.010 −1.849 ± 0.031
� −1.296 ± 0.009 −1.142 ± 0.016
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TABLE IV. The numerical results of the probabilities Pqq̄ and the matrix elements of the quark spin � f 5q
i of all the 17 five-quark

configurations of proton in Set I and Set II. Note that we have denoted the five-quark configurations uudqq̄ with light quark-antiquark pairs as
l l̄ , and those with strange quark-antiquark pairs as ss̄.

Set I Set II

Con. i qq̄ Pqq̄ �u5q
i �d5q

i �s5q
i Pqq̄ �u5q

i �d5q
i �s5q

i

1 l l̄ 0.146 ± 0.015 0 −1/3 0 0.157 ± 0.016 0 −1/3 0
ss̄ 0.010 ± 0.001 0 0 −1/3 0.011 ± 0.002 0 0 −1/3

2 l l̄ 0 − − − 0 − − −
ss̄ 0.004 ± 0.001 0 0 −1/3 0.004 ± 0.001 0 0 −1/3

3 l l̄ 0.016 ± 0.002 −2/9 −1/9 0 0.018 ± 0.002 −2/9 −1/9 0
ss̄ 0 − − − 0 − − −

4 l l̄ 0 − − − 0 − − −
ss̄ 0.003 ± 0.001 0 0 −1/3 0.003 ± 0.001 0 0 −1/3

5 l l̄ 0 − − − 0 − − −
ss̄ 0.009 ± 0.001 0 0 −1/3 0.009 ± 0.001 0 0 −1/3

6 l l̄ 0.041 ± 0.004 −2/9 −1/9 0 0.045 ± 0.005 −2/9 −1/9 0
ss̄ 0 − − − 0 − − −

7 l l̄ 0 − − − 0 − − −
ss̄ 0.007 ± 0.001 0 0 −1/3 0.007 ± 0.001 0 0 −1/3

8 l l̄ 0.073 ± 0.007 2/3 1/3 0 0.157 ± 0.016 4/9 −1/9 0
ss̄ 0 − − − 0 − − −

9 l l̄ 0 − − − 0 − − −
ss̄ 0.006 ± 0.001 0 0 1 0.014 ± 0.002 4/9 −1/9 0

10 l l̄ 0 − − − 0 − − −
ss̄ 0.003 ± 0.001 0 0 1 0.007 ± 0.001 1/2 1/12 −1/4

11 l l̄ 0.006 ± 0.001 0 1 0 0.013 ± 0.001 1/3 0 0
ss̄ 0.002 ± 0.000 0 0 1 0.004 ± 0.001 1/3 1/6 −1/6

12 l l̄ 0.005 ± 0.001 2/3 1/3 0 0.010 ± 0.001 1/3 0 0
ss̄ 0 − − − 0 − − −

13 l l̄ 0 − − − 0 − − −
ss̄ 0.001 ± 0.000 0 0 1 0.002 ± 0.001 7/18 1/36 −1/12

14 l l̄ 0 − − − 0 − − −
ss̄ 0.008 ± 0.001 0 0 1 0.017 ± 0.002 1/2 1/12 −1/4

15 l l̄ 0.015 ± 0.002 0 1 0 0.032 ± 0.003 1/3 0 0
ss̄ 0.004 ± 0.001 0 0 1 0.009 ± 0.001 1/3 1/6 −1/6

16 l l̄ 0.012 ± 0.001 2/3 1/3 0 0.025 ± 0.002 1/3 0 0
ss̄ 0 − − − 0 − − −

17 l l̄ 0 − − − 0 − − −
ss̄ 0.002 ± 0.000 0 0 1 0.004 ± 0.001 7/18 1/36 −1/12

newly introduced V which should indicate the transition
coupling strength for the processes qqq ↔ qqq(qq̄), arising
from calculations on the matrix elements of the opera-
tor (6). The parameter V is determined by fitting the sea
asymmetry in proton d̄ − ū = 0.118 ± 0.012 [51,52], which
yields

V = 570 ± 46 MeV. (24)

As we have discussed in Sec. II A, the spin symme-
try of the four-quark subsystem in the configurations listed
in Table I should lead to two sets for the wave functions
of the five-quark components in the octet baryons, namely,
Eqs. (3) and (4), respectively. In Ref. [50], only the former
case was considered because of the possible lower energy,
while in the very recent work [57], both of the two sets of
wave functions have been employed to investigate the axial
charges of the proton. Keeping all the other model param-
eters being the empirical values, the parameter V should

be
V = 697 ± 80 MeV, (25)

to fit the intrinsic sea asymmetry of the proton when the set of
wave functions (4) is used.

In the present work, we will consider both Set I and Set II
to study the axial charges of the octet baryons following work
[57]. And the resulting numerical results for the probabilities
of the five-quark Fock components, the quark spin contri-
butions to the octet baryons, and the flavor-dependent axial
charges of the octet baryons are presented in the following
three subsections, respectively.

A. Probabilities of the intrinsic five-quark Fock components
in the octet baryons

Employing the values for all the model parameters men-
tioned above, explicit calculations on the transition couplings
between three- and five-quark components, and energies for
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TABLE V. The numerical results of the probabilities Pqq̄ and the matrix elements of the quark spin � f 5q
i of the neutron, conventions are

the same as in Table IV.

Set I Set II

Con. i qq̄ Pqq̄ �u5q
i �d5q

i �s5q
i Pqq̄ �u5q

i �d5q
i �s5q

i

1 l l̄ 0.146 ± 0.015 −1/3 0 0 0.157 ± 0.016 −1/3 0 0
ss̄ 0.010 ± 0.001 0 0 −1/3 0.011 ± 0.002 0 0 −1/3

2 l l̄ 0 − − − 0 − − −
ss̄ 0.004 ± 0.001 0 0 −1/3 0.004 ± 0.001 0 0 −1/3

3 l l̄ 0.016 ± 0.002 −1/9 −2/9 0 0.018 ± 0.002 −1/9 −2/9 0
ss̄ 0 − − − 0 − − −

4 l l̄ 0 − − − 0 − − −
ss̄ 0.003 ± 0.001 0 0 −1/3 0.003 ± 0.001 0 0 −1/3

5 l l̄ 0 − − − 0 − − −
ss̄ 0.009 ± 0.001 0 0 −1/3 0.009 ± 0.001 0 0 −1/3

6 l l̄ 0.041 ± 0.004 −1/9 −2/9 0 0.045 ± 0.005 −1/9 −2/9 0
ss̄ 0 − − − 0 − − −

7 l l̄ 0 − − − 0 − − −
ss̄ 0.007 ± 0.001 0 0 −1/3 0.007 ± 0.001 0 0 −1/3

8 l l̄ 0.073 ± 0.007 1/3 2/3 0 0.157 ± 0.016 −1/9 4/9 0
ss̄ 0 − − − 0 − − −

9 l l̄ 0 − − − 0 − − −
ss̄ 0.006 ± 0.001 0 0 1 0.014 ± 0.002 −1/9 4/9 0

10 l l̄ 0 − − − 0 − − −
ss̄ 0.003 ± 0.001 0 0 1 0.007 ± 0.001 1/12 1/2 −1/4

11 l l̄ 0.006 ± 0.001 1 0 0 0.013 ± 0.001 0 1/3 0
ss̄ 0.002 ± 0.000 0 0 1 0.004 ± 0.001 1/6 1/3 −1/6

12 l l̄ 0.005 ± 0.001 1/3 2/3 0 0.010 ± 0.001 0 1/3 0
ss̄ 0 − − − 0 − − −

13 l l̄ 0 − − − 0 − − −
ss̄ 0.001 ± 0.000 0 0 1 0.002 ± 0.001 1/36 7/18 −1/12

14 l l̄ 0 − − − 0 − − −
ss̄ 0.008 ± 0.001 0 0 1 0.017 ± 0.002 1/12 1/2 −1/4

15 l l̄ 0.015 ± 0.002 1 0 0 0.032 ± 0.003 0 1/3 0
ss̄ 0.004 ± 0.001 0 0 1 0.009 ± 0.001 1/6 1/3 −1/6

16 l l̄ 0.012 ± 0.001 1/3 2/3 0 0.025 ± 0.002 0 1/3 0
ss̄ 0 − − − 0 − − −

17 l l̄ 0 − − − 0 − − −
ss̄ 0.002 ± 0.000 0 0 1 0.004 ± 0.001 1/36 7/18 −1/12

the corresponding five-quark components by taking the wave
functions of Set I and Set II lead to the numerical results for
the probabilities of the intrinsic five-quark components in the
octet baryons, those are shown in Tables IV–XI.

As discussed in Ref. [57], taking the wave functions of
Set II, one can obtain larger probabilities for the five-quark
components in the proton than those resulted by using the
wave functions of Set I. While the results of Set II are very
close to the predictions obtained by the model proposed by
Brodsky, Hoyer, Peterson, and Sakai (BHPS model) [60]. It is
very similar for the probabilities of the five-quark in the other
octet baryons, as one can see in the tables.

One may note that the most significant difference of the
results obtained in Sets I and II, is that the probabilities of the
five-quark configuration with i = 8 in all the octet baryons
obtained in Set II are about two times of those obtained in Set
I. In fact, one can also find similar amplifications for the prob-
abilities of the five-quark configurations with i = 9 − 17 in
those the spin symmetry of the four-quark subsystem is [31]S .

These amplifications are mainly caused by the larger matrix
elements 〈T̂ 〉 for the transition couplings qqq ↔ qqq(qq̄) via
the 3 P0 mechanism obtained using the wave function (4) in
Set II than using Eq. (3) in Set I.

Straightforwardly, for Set I, one can get the total probabil-
ities of the five-quark components in the octet baryons

PN
I = 0.373, P�

I = 0.338,

P�
I = 0.303, P�

I = 0.330 (26)

with uncertainties ∼10% for all the values caused by the
experimental errors of the data for d̄ − ū in proton, and

PN
II = 0.548, P�

II = 0.519,

P�
II = 0.467, P�

II = 0.504 (27)

with uncertainties ∼10%.
An examination of the obtained probabilities is to estimate

the pion- and strangeness-baryon σ terms of the octet baryons.
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TABLE VI. The numerical results of the probabilities Pqq̄ and the matrix elements of the quark spin � f 5q
i of �+, conventions are the

same as in Table IV.

Set I Set II

Con. i qq̄ Pqq̄ �u5q
i �d5q

i �s5q
i Pqq̄ �u5q

i �d5q
i �s5q

i

1 l l̄ 0.066 ± 0.007 0 −1/3 0 0.071 ± 0.008 0 −1/3 0
ss̄ 0.020 ± 0.002 0 0 −1/3 0.021 ± 0.003 0 0 −1/3

2 l l̄ 0.010 ± 0.001 0 −1/3 0 0.010 ± 0.001 0 −1/3 0
ss̄ 0 − − − 0 − − −

3 l l̄ 0.017 ± 0.002 −1/4 −1/12 0 0.018 ± 0.002 −1/4 −1/12 0
ss̄ 0.004 ± 0.001 0 0 −1/3 0.004 ± 0.001 0 0 −1/3

4 l l̄ 0.001 ± 0.000 0 −1/3 0 0.001 ± 0.000 0 −1/3 0
ss̄ 0 − − − 0 − − −

5 l l̄ 0.022 ± 0.002 0 −1/3 0 0.023 ± 0.002 0 −1/3 0
ss̄ 0 − − − 0 − − −

6 l l̄ 0.043 ± 0.005 −1/4 −1/12 0 0.046 ± 0.005 −1/4 −1/12 0
ss̄ 0.010 ± 0.001 0 0 −1/3 0.011 ± 0.001 0 0 −1/3

7 l l̄ 0.002 ± 0.001 0 −1/3 0 0.002 ± 0.000 0 −1/3 0
ss̄ 0 − − − 0 − − −

8 l l̄ 0.054 ± 0.006 3/4 1/4 0 0.117 ± 0.013 37/72 −1/72 −12/72
ss̄ 0.008 ± 0.001 0 0 1 0.018 ± 0.002 1/3 0 0

9 l l̄ 0.003 ± 0.001 0 1 0 0.006 ± 0.001 4/9 −4/9 1/3
ss̄ 0 − − − 0 − − −

10 l l̄ 0.008 ± 0.001 0 1 0 0.017 ± 0.002 1/2 −1/4 1/12
ss̄ 0 − − − 0 − − −

11 l l̄ 0.004 ± 0.000 0 1 0 0.009 ± 0.001 1/3 −1/6 1/6
ss̄ 0.004 ± 0.001 0 0 1 0.010 ± 0.002 1/3 0 0

12 l l̄ 0.005 ± 0.001 3/4 1/4 0 0.011 ± 0.002 13/36 −1/36 0
ss̄ 0.001 ± 0.000 0 0 1 0.002 ± 0.001 1/3 0 0

13 l l̄ 0 − − − 0 − − −
ss̄ 0 − − − 0 − − −

14 l l̄ 0.019 ± 0.002 0 1 0 0.040 ± 0.004 1/2 −1/4 1/12
ss̄ 0 − − − 0 − − −

15 l l̄ 0.010 ± 0.001 0 1 0 0.021 ± 0.002 1/3 −1/6 1/6
ss̄ 0.011 ± 0.001 0 0 1 0.024 ± 0.003 1/3 0 0

16 l l̄ 0.013 ± 0.002 3/4 1/4 0 0.029 ± 0.003 13/36 −1/36 0
ss̄ 0.003 ± 0.000 0 0 1 0.007 ± 0.001 1/3 0 0

17 l l̄ 0 − − − 0.001 ± 0.000 7/18 −1/12 1/36
ss̄ 0 − − − 0 − − −

In the model developed in Ref. [53], the corresponding σ

terms could be related to the probabilities of the five-quark
components with light and strangeness quark-antiquark pairs
Pqq̄ as

σπN = 3 + 2
(PN

uū + PN
dd̄

)
3 + 2

(PN
uū + PN

dd̄
− 2PN

ss̄

) σ̂ , (28)

σsN = ms

ml

2P ss̄
N

3 + 2
(Puū

N + Pdd̄
N

)σπN , (29)

for the nucleon, and

σπY = 2 + 2
(PY

uū + PY
dd̄

)
3 + 2

(PN
uū + PN

dd̄

)σπN , (30)

σsY = 1 + 2PY
ss̄

2PN
ss̄

σsN = ms

ml

1 + 2PY
ss̄

3 + 2
(PN

uū + PN
dd̄

)σπN , (31)

for the hyperons � and �, and

σπ� = 1 + 2
(P�

uū + P�
dd̄

)
3 + 2

(PN
uū + PN

dd̄

)σπN , (32)

σs� = 2 + 2P�
ss̄

2PN
ss̄

σsN = ms

ml

2 + 2P�
ss̄

3 + 2
(PN

uū + PN
dd̄

)σπN , (33)

for the hyperon �, where the nonsinglet component was taken
to be σ̂ = 33 ± 5 MeV, as extracted within the chiral per-
turbation theory [61] and the ratio of the light and strange
quark masses was taken to be ms

ml
= 27.5 ± 1 as shown by the

Particle Data Group [59].
As shown in [53], the numerical results of the obtained

employing the wave functions of Set I in present work are in
general consistent with the predictions of chiral perturbation
theory and lattice QCD. While by the obtained probabilities of
the five-quark components shown in Tables IV–XI employing
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TABLE VII. The numerical results of the probabilities Pqq̄ and the matrix elements of the quark spin � f 5q
i of �0, conventions are the

same as in Table IV.

Set I Set II

Con. i qq̄ Pqq̄ �u5q
i �d5q

i �s5q
i Pqq̄ �u5q

i �d5q
i �s5q

i

1 l l̄ 0.066 ± 0.007 −1/6 −1/6 0 0.071 ± 0.008 −1/6 −1/6 0
ss̄ 0.020 ± 0.002 0 0 −1/3 0.021 ± 0.003 0 0 −1/3

2 l l̄ 0.010 ± 0.001 −1/6 −1/6 0 0.010 ± 0.001 −1/6 −1/6 0
ss̄ 0 − − − 0 − − −

3 l l̄ 0.017 ± 0.002 −1/6 −1/6 0 0.018 ± 0.002 −1/6 −1/6 0
ss̄ 0.004 ± 0.001 0 0 −1/3 0.004 ± 0.001 0 0 −1/3

4 l l̄ 0.001 ± 0.000 −1/6 −1/6 0 0.001 ± 0.000 −1/6 −1/6 0
ss̄ 0 − − − 0 − − −

5 l l̄ 0.022 ± 0.002 −1/6 −1/6 0 0.023 ± 0.002 −1/6 −1/6 0
ss̄ 0 − − − 0 − − −

6 l l̄ 0.043 ± 0.005 −1/6 −1/6 0 0.046 ± 0.005 −1/6 −1/6 0
ss̄ 0.010 ± 0.001 0 0 −1/3 0.011 ± 0.001 0 0 −1/3

7 l l̄ 0.002 ± 0.001 −1/6 −1/6 0 0.002 ± 0.000 −1/6 −1/6 0
ss̄ 0 − − − 0 − − −

8 l l̄ 0.054 ± 0.006 1/2 1/2 0 0.117 ± 0.013 1/4 1/4 −1/6
ss̄ 0.008 ± 0.001 0 0 1 0.018 ± 0.002 1/6 1/6 0

9 l l̄ 0.003 ± 0.001 1/2 1/2 0 0.006 ± 0.001 0 0 1/3
ss̄ 0 − − − 0 − − −

10 l l̄ 0.008 ± 0.001 1/2 1/2 0 0.017 ± 0.002 1/8 1/8 1/12
ss̄ 0 − − − 0 − − −

11 l l̄ 0.004 ± 0.000 1/2 1/2 0 0.009 ± 0.001 1/12 1/12 1/6
ss̄ 0.004 ± 0.001 0 0 1 0.010 ± 0.002 1/6 1/6 0

12 l l̄ 0.005 ± 0.001 1/2 1/2 0 0.011 ± 0.002 1/6 1/6 0
ss̄ 0.001 ± 0.000 0 0 1 0.002 ± 0.001 1/6 1/6 0

13 l l̄ 0 − − − 0 − − −
ss̄ 0 − − − 0 − − −

14 l l̄ 0.019 ± 0.002 1/2 1/2 0 0.040 ± 0.004 1/8 1/8 1/12
ss̄ 0 − − − 0 − − −

15 l l̄ 0.010 ± 0.001 1/2 1/2 0 0.021 ± 0.002 1/12 1/12 1/6
ss̄ 0.011 ± 0.001 0 0 1 0.024 ± 0.003 1/6 1/6 0

16 l l̄ 0.013 ± 0.002 1/2 1/2 0 0.029 ± 0.003 1/6 1/6 0
ss̄ 0.003 ± 0.000 0 0 1 0.007 ± 0.001 1/6 1/6 0

17 l l̄ 0 − − − 0.001 ± 0.000 1/24 1/24 1/4
ss̄ 0 − − − 0 − − −

the wave functions of Set II, one can get

σπN = 36 ± 5 (MeV), σsN = 46 ± 8 (MeV), (34)

σπ� = 26 ± 4 (MeV), σs� = 302 ± 57 (MeV), (35)

σπ� = 16 ± 3 (MeV), σs� = 535 ± 102 (MeV), (36)

σπ� = 27 ± 4 (MeV), σs� = 286 ± 55 (MeV), (37)

accordingly, all the results are very close to those obtained in
Ref. [53].

B. The quark spin contributions to the octet baryons

In this section, we present our numerical results for the
quark spin contributions to the octet baryons. Employing the
wave functions of Sets I and II, explicit calculations on the
matrix elements (18) lead to numerical results for � f 5q

i shown
in Tables IV–XI in Appendix B.

Analogously to the results in Ref. [57], as we can see in
the tables in Appendix B, the numerical results for � f 5q

i with
i = 1–7 of Set I are the same with those of Set II, this is
because of that the wave functions of the five-quark config-
urations i = 1 − 7 in Sets I and II are the same one as shown
in Eq. (2). And only spin of the antiquarks contribute to � f 5q

i
of these five-quark configurations, since spin of the four-quark
subsystem is 0. For � f 5q

i with i = 8–17, both the quarks and
antiquark should contribute, and the different wave functions
of the five-quark configurations in Eqs. (3) and (4) in Sets I
and II lead to different results.

Straightforwardly, we can obtain the numerical results for
the quark spin contributions of the octet baryons � f by the
obtained � f 5q

i and Pqq̄ using Eqs. (19)–(21), the results are
shown in Table II.

In most of the theoretical studies on the quark spin con-
tributions of baryons, only nucleon has been considered. As
discussed in Ref. [57], the numerical results of � f of the
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TABLE VIII. The numerical results of the probabilities Pqq̄ and the matrix elements of the quark spin � f 5q
i of �−, conventions are the

same as in Table IV.

Set I Set II

Con. i qq̄ Pqq̄ �u5q
i �d5q

i �s5q
i Pqq̄ �u5q

i �d5q
i �s5q

i

1 l l̄ 0.066 ± 0.007 −1/3 0 0 0.071 ± 0.008 −1/3 0 0
ss̄ 0.020 ± 0.002 0 0 −1/3 0.021 ± 0.003 0 0 −1/3

2 l l̄ 0.010 ± 0.001 −1/3 0 0 0.010 ± 0.001 −1/3 0 0
ss̄ 0 − − − 0 − − −

3 l l̄ 0.017 ± 0.002 −1/12 −1/4 0 0.018 ± 0.002 −1/12 −1/4 0
ss̄ 0.004 ± 0.001 0 0 −1/3 0.004 ± 0.001 0 0 −1/3

4 l l̄ 0.001 ± 0.000 −1/3 0 0 0.001 ± 0.000 −1/3 0 0
ss̄ 0 − − − 0 − − −

5 l l̄ 0.022 ± 0.002 −1/3 0 0 0.023 ± 0.002 −1/3 0 0
ss̄ 0 − − − 0 − − −

6 l l̄ 0.043 ± 0.005 −1/12 −1/4 0 0.046 ± 0.005 −1/12 −1/4 0
ss̄ 0.010 ± 0.001 0 0 −1/3 0.011 ± 0.001 0 0 −1/3

7 l l̄ 0.002 ± 0.001 −1/3 0 0 0.002 ± 0.000 −1/3 0 0
ss̄ 0 − − − 0 − − −

8 l l̄ 0.054 ± 0.006 1/4 3/4 0 0.117 ± 0.013 −1/72 37/72 −12/72
ss̄ 0.008 ± 0.001 0 0 1 0.018 ± 0.002 0 1/3 0

9 l l̄ 0.003 ± 0.001 1 0 0 0.006 ± 0.001 −4/9 4/9 1/3
ss̄ 0 − − − 0 − − −

10 l l̄ 0.008 ± 0.001 1 0 0 0.017 ± 0.002 −1/4 1/2 1/12
ss̄ 0 − − − 0 − − −

11 l l̄ 0.004 ± 0.000 1 0 0 0.009 ± 0.001 −1/6 1/3 1/6
ss̄ 0.004 ± 0.001 0 0 1 0.010 ± 0.002 0 1/3 0

12 l l̄ 0.005 ± 0.001 1/4 3/4 0 0.011 ± 0.002 −1/36 13/36 0
ss̄ 0.001 ± 0.000 0 0 1 0.002 ± 0.001 0 1/3 0

13 l l̄ 0 − − − 0 − − −
ss̄ 0 − − − 0 − − −

14 l l̄ 0.019 ± 0.002 1 0 0 0.040 ± 0.004 −1/4 1/2 1/12
ss̄ 0 − − − 0 − − −

15 l l̄ 0.010 ± 0.001 1 0 0 0.021 ± 0.002 −1/6 1/3 1/6
ss̄ 0.011 ± 0.001 0 0 1 0.024 ± 0.003 0 1/3 0

16 l l̄ 0.013 ± 0.002 1/4 3/4 0 0.029 ± 0.003 −1/36 13/36 0
ss̄ 0.003 ± 0.000 0 0 1 0.007 ± 0.001 0 1/3 0

17 l l̄ 0 − − − 0.001 ± 0.000 −1/12 7/18 1/36
ss̄ 0 − − − 0 − − −

proton obtained using the EχCQM are in general consistent
with the predictions by lattice QCD theory. Therefore, here we
only compare the present numerical results to those predicted
in Refs. [12] and [20], a more comprehensive comparison
of the numerical results for � f of the nucleon obtained in
present model to other theoretical predictions can be found
in [57].

It is very interesting that �u and �d of the � hy-
peron in present model are small but nonzero values. As
we know, in the traditional constituent quark model in
which the baryons are assumed to be composed of three
quarks, the two light quarks in � are completely anti-
symmetric, therefore, the � spin arising from the light
quarks spin vanishes. While in present work, contributions
of the five-quark components are taken into account, as we
can see in Table XI, several of the five-quark components
have nonzero contributions to �u and �d . Accordingly,
experimental investigations on the contributions of light

quarks to � spin may be an examination of the present
model.

On the other hand, the magnetic moments, spins and orbital
angular momenta of the octet baryons have been studied in an
unquenched quark model in Ref. [43]. In that work, the spin
of proton carried by different flavor of quarks were obtained
to be �u = 1.098, �d = −0.417, and �s = −0.005, and for
the � hyperon, the values �u = −0.055, �d = −0.055, and
�s = 0.961 were predicted.

C. The flavor-dependent axial charges of the octet baryons

The singlet axial charge g(0)
A , isovector axial charge g(3)

A ,
and SU (3) octet axial charge g(8)

A of the octet baryons can
be directly obtained by using Eqs. (11)–(13) with the values
of � f shown in Table II, the numerical results are shown in
Table III in columns Set I and Set II for the two sets of wave
functions discussed in Sec. II. As we can see in the table, the
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TABLE IX. The numerical results of the probabilities Pqq̄ and the matrix elements of the quark spin � f 5q
i of �0, conventions are the same

as in Table IV.

Set I Set II

Con. i qq̄ Pqq̄ �u5q
i �d5q

i �s5q
i Pqq̄ �u5q

i �d5q
i �s5q

i

1 l l̄ 0.083 ± 0.009 −2/9 −1/9 0 0.094 ± 0.011 −2/9 −1/9 0
ss̄ 0 − − − 0 − − −

2 l l̄ 0.010 ± 0.001 0 −1/3 0 0.011 ± 0.001 0 −1/3 0
ss̄ 0 − − − 0 − − −

3 l l̄ 0.011 ± 0.002 −2/9 −1/9 0 0.012 ± 0.001 −2/9 −1/9 0
ss̄ 0.009 ± 0.001 0 0 −1/3 0.010 ± 0.002 0 0 −1/3

4 l l̄ 0.002 ± 0.000 0 −1/3 0 0.002 ± 0.001 0 −1/3 0
ss̄ 0 − − − 0 − − −

5 l l̄ 0.022 ± 0.002 0 −1/3 0 0.025 ± 0.003 0 −1/3 0
ss̄ 0 − − − 0 − − −

6 l l̄ 0.027 ± 0.003 −2/9 −1/9 0 0.030 ± 0.004 −2/9 −1/9 0
ss̄ 0.023 ± 0.002 0 0 −1/3 0.026 ± 0.003 0 0 −1/3

7 l l̄ 0.005 ± 0.001 0 −1/3 0 0.006 ± 0.001 0 −1/3 0
ss̄ 0 − − − 0 − − −

8 l l̄ 0.028 ± 0.003 2/3 1/3 0 0.064 ± 0.007 1/18 −1/18 1/3
ss̄ 0 − − − 0 − − −

9 l l̄ 0.006 ± 0.001 0 1 0 0.014 ± 0.002 0 −1/3 2/3
ss̄ 0 − − − 0 − − −

10 l l̄ 0.008 ± 0.001 0 1 0 0.018 ± 0.002 1/12 −1/4 1/2
ss̄ 0 − − − 0 − − −

11 l l̄ 0 − − − 0 − − −
ss̄ 0 − − − 0 − − −

12 l l̄ 0.003 ± 0.001 2/3 1/3 0 0.006 ± 0.001 1/18 −1/18 1/3
ss̄ 0.003 ± 0.001 0 0 1 0.006 ± 0.001 0 0 1/3

13 l l̄ 0.001 ± 0.001 0 1 0 0.001 ± 0.000 1/12 −1/4 1/2
ss̄ 0 − − − 0 − − −

14 l l̄ 0.018 ± 0.002 0 1 0 0.041 ± 0.005 1/12 −1/4 1/2
ss̄ 0 − − − 0 − − −

15 l l̄ 0.028 ± 0.003 2/3 1/3 0 0.065 ± 0.008 1/18 −1/18 1/3
ss̄ 0 − − − 0 − − −

16 l l̄ 0.008 ± 0.001 2/3 1/3 0 0.018 ± 0.002 1/18 −1/18 1/3
ss̄ 0.007 ± 0.001 0 0 1 0.015 ± 0.002 0 0 1/3

17 l l̄ 0.001 ± .0.001 0 1 0 0.003 ± 0.001 1/12 −1/4 1/2
ss̄ 0 − − − 0 − − −

obtained numerical results of g(0)
A of the � and � hyperons are

larger than that of the nucleon, which should indicate larger
contributions of the quark spin to hyperons spin than those to
nucleon spin.

In Ref. [57], the axial charges of the proton obtained using
the EχCQM have been explicitly compared to the experimen-
tal data [5] and predictions of lattice QCD [10–16], and the
chiral perturbation theory [17–20]. For the singlet axial charge
g(0)

A , which should indicate the proton spin arising from the
quarks spin, it was shown that the results in EχCQM were
consistent with predictions of other theoretical approaches,
but larger than the experimental data. In fact, it may be not
convenient for us to directly compare g(0)

A estimated in the
static quark model with the COMPASS data, since g(0)

A is often
measured at Q2 = 3 GeV2, and the increasing Q2 may result
in decreased g(0)

A [62]. Therefore, one may conclude that the
estimation of the axial charges of the proton in EχCQM are

consistent with the data and predictions by lattice QCD and
chiral perturbation theory.

Consequently, in present work, we only compare our nu-
merical results for the axial charges of the other octet baryons
with predictions by other theoretical approaches, as we can
see in Table III.

In Ref. [35], the first lattice calculations on the axial charge
g(3)

A of the � and � hyperons was performed using 2 + 1-
flavor lattices by Lin and Orginos. And in 2018, Savanur
and Lin presented the first chiral-continuum–finite-volume
extrapolation of the hyperons axial couplings g�� and g��

from Nf = 2 + 1 + 1 lattice QCD in [41], where the axial
charges g(3)

A of � and � with respect to the nucleon axial
charges were predicted to be g(3)

A /gA = 0.702(12)(4) for �

and g(3)
A /gA = −0.213(5)(1) for �, respectively.

In Ref. [37], the strangeness-conserving NN , ��, ��,
�� and the strangeness-changing �N , �N , ��, �� axial
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TABLE X. The numerical results of the probabilities Pqq̄ and the matrix elements of the quark spin � f 5q
i of �−, conventions are the same

as in Table IV.

Set I Set II

Con. i qq̄ Pqq̄ �u5q
i �d5q

i �s5q
i Pqq̄ �u5q

i �d5q
i �s5q

i

1 l l̄ 0.083 ± 0.009 −1/9 −2/9 0 0.094 ± 0.011 −1/9 −2/9 0
ss̄ 0 − − − 0 − − −

2 l l̄ 0.010 ± 0.001 −1/3 0 0 0.011 ± 0.001 −1/3 0 0
ss̄ 0 − − − 0 − − −

3 l l̄ 0.011 ± 0.002 −1/9 −2/9 0 0.012 ± 0.001 −1/9 −2/9 0
ss̄ 0.009 ± 0.001 0 0 −1/3 0.010 ± 0.002 0 0 −1/3

4 l l̄ 0.002 ± 0.000 −1/3 0 0 0.002 ± 0.001 −1/3 0 0
ss̄ 0 − − − 0 − − −

5 l l̄ 0.022 ± 0.002 −1/3 0 0 0.025 ± 0.003 −1/3 0 0
ss̄ 0 − − − 0 − − −

6 l l̄ 0.027 ± 0.003 −1/9 −2/9 0 0.030 ± 0.004 −1/9 −2/9 0
ss̄ 0.023 ± 0.002 0 0 −1/3 0.026 ± 0.003 0 0 −1/3

7 l l̄ 0.005 ± 0.001 −1/3 0 0 0.006 ± 0.001 −1/3 0 0
ss̄ 0 − − − 0 − − −

8 l l̄ 0.028 ± 0.003 1/3 2/3 0 0.064 ± 0.007 −1/18 1/18 1/3
ss̄ 0 − − − 0 − − −

9 l l̄ 0.006 ± 0.001 1 0 0 0.014 ± 0.002 −1/3 0 2/3
ss̄ 0 − − − 0 − − −

10 l l̄ 0.008 ± 0.001 1 0 0 0.018 ± 0.002 −1/4 1/12 1/2
ss̄ 0 − − − 0 − − −

11 l l̄ 0 − − − 0 − − −
ss̄ 0 − − − 0 − − −

12 l l̄ 0.003 ± 0.001 1/3 2/3 0 0.006 ± 0.001 −1/18 1/18 1/3
ss̄ 0.003 ± 0.001 0 0 1 0.006 ± 0.001 0 0 1/3

13 l l̄ 0.001 ± 0.001 1 0 0 0.001 ± 0.000 −1/4 1/12 1/2
ss̄ 0 − − − 0 − − −

14 l l̄ 0.018 ± 0.002 1 0 0 0.041 ± 0.005 −1/4 1/12 1/2
ss̄ 0 − − − 0 − − −

15 l l̄ 0.028 ± 0.003 1/3 2/3 0 0.065 ± 0.008 −1/18 1/18 1/3
ss̄ 0 − − − 0 − − −

16 l l̄ 0.008 ± 0.001 1/3 2/3 0 0.018 ± 0.002 −1/18 1/18 1/3
ss̄ 0.007 ± 0.001 0 0 1 0.015 ± 0.002 0 0 1/3

17 l l̄ 0.001 ± .0.001 1 0 0 0.003 ± 0.001 −1/4 1/12 1/2
ss̄ 0 − − − 0 − − −

charges was studied in lattice QCD with Nf = 2. The resulting
axial charges of the � and � fall in the same range as the
present obtained numerical results.

And in a recent work [40], the axial couplings of the low
lying baryons were evaluated using a total of five ensembles
of dynamical twisted mass fermion gauge configurations. As
we can see in Table III, the present numerical results for the
axial charges g(3)

A and g(8)
A of the �, �, and � hyperons are

very close to those depicted in the figures in Ref. [40], and in
Table III, we only show their predicted values for g(3)

A of the
� and � hyperons.

The axial charges of the octet baryons have also been
investigated using chiral perturbation theory [20,44]. In [20],
all the three flavor-dependent axial charges of the nucleon has
been studied, as shown in the column χEFT in Table III. In
Ref. [44], g(3)

A of the nucleon was predicted to be 1.18, while
that for the hyperons � and � were predicted to be 1.03
and −0.23, respectively, as we can see in the column χPT
in Table III.

In addition, we also compare the present obtained results
with those obtained using the relativistic constituent qqq
quark model [45] and perturbative chiral quark model [47],
which are shown in the columns RCQM and PCQM in Ta-
ble III, respectively.

IV. SUMMARY

To summarize, we investigate the intrinsic five-quark com-
ponents and the flavor-dependent axial charges of the octet
baryons within the framework of the extended chiral con-
stituent quark model, in which wave functions of the higher
five-quark Fock components in baryons are taken into ac-
count.

The probabilities of the five-quark components in the nu-
cleon are in agreements with other theoretical predictions.
And with the obtained probabilities of the five-quark com-
ponents in the wave functions of the octet baryons, we get
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TABLE XI. The numerical results of the probabilities Pqq̄ and the matrix elements of the quark spin � f 5q
i of �, conventions are the same

as in Table IV.

Set I Set II

Con. i qq̄ Pqq̄ �u5q
i �d5q

i �s5q
i Pqq̄ �u5q

i �d5q
i �s5q

i

1 l l̄ 0.115 ± 0.013 −1/6 −1/6 0 0.128 ± 0.014 −1/6 −1/6 0
ss̄ 0 − − − 0 − − −

2 l l̄ 0.003 ± 0.001 −1/6 −1/6 0 0.003 ± 0.000 −1/6 −1/6 0
ss̄ 0.003 ± 0.001 0 0 −1/3 0.003 ± 0.000 0 0 −1/3

3 l l̄ 0 − − − 0 − − −
ss̄ 0 − − − 0 − − −

4 l l̄ 0.015 ± 0.001 −1/6 −1/6 0 0.016 ± 0.002 −1/6 −1/6 0
ss̄ 0.006 ± 0.001 0 0 −1/3 0.007 ± 0.001 0 0 −1/3

5 l l̄ 0.006 ± 0.001 −1/6 −1/6 0 0.007 ± 0.001 −1/6 −1/6 0
ss̄ 0.006 ± 0.001 0 0 −1/3 0.007 ± 0..001 0 0 −1/3

6 l l̄ 0 − − − 0 − − −
ss̄ 0 − − − 0 − − −

7 l l̄ 0.037 ± 0.004 −1/6 −1/6 0 0.041 ± 0.004 −1/6 −1/6 0
ss̄ 0.015 ± 0.002 0 0 −1/3 0.017 ± 0.002 0 0 −1/3

8 l l̄ 0 − − − 0 − − −
ss̄ 0 − − − 0 − − −

9 l l̄ 0.053 ± 0.006 1/2 1/2 0 0.117 ± 0.013 0 0 1/3
ss̄ 0 − − − 0 − − −

10 l l̄ 0.003 ± 0.001 1/2 1/2 0 0.006 ± 0.001 1/8 1/8 1/12
ss̄ 0.002 ± 0.001 0 0 1 0.005 ± 0.001 1/12 1/12 1/6

11 l l̄ 0.010 ± 0.001 1/2 1/2 0 0.022 ± 0.002 1/12 1/12 1/6
ss̄ 0 − − − 0 − − −

12 l l̄ 0 − − − 0 − − −
ss̄ 0 − − − 0 − − −

13 l l̄ 0.004 ± 0.001 1/2 1/2 0 0.009 ± 0.001 1/24 1/24 1/4
ss̄ 0.002 ± 0.000 0 0 1 0.004 ± 0.001 1/12 1/12 1/6

14 l l̄ 0.005 ± 0.001 1/2 1/2 0 0.011 ± 0.002 1/8 1/8 1/12
ss̄ 0.006 ± 0.000 0 0 1 0.013 ± 0.001 1/12 1/12 1/6

15 l l̄ 0.025 ± 0.002 1/2 1/2 0 0.055 ± 0.006 1/12 1/12 1/6
ss̄ 0 − − − 0 − − −

16 l l̄ 0 − − − 0 − − −
ss̄ 0 − − − 0 − − −

17 l l̄ 0.010 ± 0.001 1/2 1/2 0 0.023 ± 0.002 1/24 1/24 1/4
ss̄ 0.004 ± 0.001 0 0 1 0.010 ± 0.001 1/12 1/12 1/6

the pion- and strangeness-baryon sigma terms consistent with
predictions by lattice QCD.

Finally, the present obtained numerical results show that
the singlet axial charges of the octet baryons, which should
indicate total baryons spin arising from the spin of the quarks,
fall in the range 0.45–0.75 in present model, it’s in consis-
tent with the predictions by lattice QCD, chiral perturbation
theory, as well the other theoretical approaches. The present
obtained axial charges g(3)

A and g(8)
A of the octet baryons are

also comparable to those predicted by lattice QCD and chiral
perturbation theory. It’s also very interesting that the quark
spin �u and �d of � arising from the five-quark components
are of small but nonzero values.
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APPENDIX A: FLAVOR DECOMPOSITIONS OF
FIVE-QUARK COMPONENTS IN THE OCTET BARYONS

In each five-quark configuration, [v]F is the flavour wave
function of four-quark subsystem, one can get the flavor wave
function of the five-quark system by combining [v]F and
antiquark flavour wave function |q̄〉. Here we give the explicit
flavor decompositions for all the possible five-quark configu-
rations in the octet baryons.
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1. Nucleon

For the proton, whose isospin wave function is | 1
2 , 1

2 〉I , the
configurations with [v]F = [31]F1 rules out the strangeness
component. Then the four-quark subsystem should couple
with the antiquark as∣∣∣∣1

2
,

1

2

〉[31]F1

I

=
√

2

3
|u3d[31]F1

〉 ⊗ |ū〉 +
√

1

3

∣∣u2d2
[31]F1

〉 ⊗ |d̄〉.

(A1)

For the configurations with [v]F = [31]F2 , the quark-antiquark
pair can only be ss̄, and the corresponding isospin wave func-
tion of the proton is∣∣ 1

2 , 1
2

〉[31]F2

I = |u2ds[31]F2
〉 ⊗ |s̄〉. (A2)

For the configurations with [v]F = [22]F , the quark-antiquark
pair can be dd̄ and ss̄. To take into account the SU (3) fla-
vor symmetry breaking effects, we treat these two kinds of
qqq(qq̄) configurations separately. And the flavour decompo-
sitions are ∣∣∣∣1

2
,

1

2

〉[22]F

I

= ∣∣u2d2
[22]F

〉 ⊗ |d̄〉, (A3)

∣∣∣∣1

2
,

1

2

〉[22]F

I

= ∣∣u2ds[22]F

〉 ⊗ |s̄〉. (A4)

At last, for the configurations with [v]F = [211]F , which
limits the quark-antiquark pair to be ss̄, the flavor decomposi-
tion is ∣∣ 1

2 , 1
2

〉[211]F

I
= ∣∣u2ds[211]F

〉 ⊗ |s̄〉. (A5)

Analogously, one can get the following flavor decomposi-
tions for the five-quark configurations in neutron according to
the isospin quark number∣∣∣∣1

2
,−1

2

〉[31]F1

I

=
√

1

3

∣∣u2d2
[31]F1

〉 ⊗ |ū〉 +
√

2

3

∣∣ud3
[31]F1

〉 ⊗ |d̄〉,

(A6)∣∣∣∣1

2
,−1

2

〉[31]F2

I

= ∣∣ud2s[31]F2

〉 ⊗ |s̄〉, (A7)

∣∣∣∣1

2
,−1

2

〉[22]F

I

= −∣∣u2d2
[22]F

〉 ⊗ |ū〉, (A8)

∣∣∣∣1

2
,−1

2

〉[22]F

I

= ∣∣ud2s[22]F

〉 ⊗ |s̄〉, (A9)

∣∣∣∣1

2
,−1

2

〉[211]F

I

= ∣∣ud2s[211]F

〉 ⊗ |s̄〉. (A10)

2. � baryons

For the �+ baryon, the isospin wave function is |1, 1〉I .
In the five-quark configurations with [v]F = [31]F1 , both
the light and strange quark-antiquark pairs survive. The

corresponding flavor decompositions are

|1, 1〉[31]F1
I =

√
3

4

∣∣u3s[31]F1

〉 ⊗ |ū〉 +
√

1

4

∣∣u2ds[31]F1

〉 ⊗ |d̄〉,
(A11)

|1, 1〉[31]F1
I = ∣∣u2s2

[31]F1

〉 ⊗ |s̄〉, (A12)

respectively.
For the configurations with [v]F = [31]F2 , in present case,

flavor decomposition of the uusss̄ configuration is the same
as the configurations with [v]F = [31]F1 . And the flavor de-
composition of the five-quark configurations with light quark
antiquark pair should be

|1, 1〉[31]F2
I = ∣∣u2ds[31]F2

〉 ⊗ |d̄〉. (A13)

For the configurations with [v]F = [22]F , both light and
strangeness five-quark components exist, and the flavor de-
compositions are

|1, 1〉[22]F
I = −|u2ds[22]F 〉 ⊗ |d̄〉, (A14)

|1, 1〉[22]F
I = |u2s2

[22]F 〉 ⊗ |s̄〉. (A15)

Finally, the configurations with [v]F = [211]F rules out the
strangeness five-quark component in �+, only uudsd̄ compo-
nent exists. And the flavor decomposition reads

|1, 1〉[211]F
I = −|u2ds[211]F 〉 ⊗ |d̄〉. (A16)

Considering the isospin SU (2) symmetry, one can obtain
the flavor decomposition

|1, 0〉[31]F1
I =

√
1

2
|u2ds[31]F1

〉 ⊗ |ū〉 −
√

1

2
|ud2s[31]F1

〉 ⊗ |d̄〉,
(A17)

|1, 0〉[31]F1
I = |uds2

[31]F1
〉 ⊗ |s̄〉, (A18)

|1, 0〉[31]F2
I =

√
1

2
|u2ds[31]F2

〉 ⊗ |ū〉 −
√

1

2
|ud2s[31]F2

〉 ⊗ |d̄〉,
(A19)

|1, 0〉[22]F
I = −

√
1

2
|u2ds[22]F 〉 ⊗ |ū〉 +

√
1

2
|ud2s[22]F 〉 ⊗ |d̄〉,

(A20)

|1, 0〉[22]F
I = |uds2

[22]F
〉 ⊗ |s̄〉, (A21)

|1, 0〉[211]F2
I =

√
1

2
|u2ds[211]F 〉 ⊗ |ū〉 −

√
1

2
|ud2s[211]F 〉 ⊗ |d̄〉,

(A22)
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for the five-quark components in the �0 baryon, and

|1,−1〉[31]F1
I =

√
1

4
|ud2s[31]F1

〉 ⊗ |ū〉 +
√

3

4
|d3s[31]F1

〉 ⊗ |d̄〉,
(A23)

|1,−1〉[31]F1
I = |d2s2

[31]F1
〉 ⊗ |s̄〉, (A24)

|1,−1〉[31]F2
I = |ud2s[31]F2

〉 ⊗ |ū〉, (A25)

|1,−1〉[22]F
I = −|ud2s[22]F 〉 ⊗ |ū〉, (A26)

|1,−1〉[22]F
I = |d2s2

[22]F 〉 ⊗ |s̄〉, (A27)

|1,−1〉[211]F
I = |ud2s[211]F 〉 ⊗ |ū〉, (A28)

for the five-quark components in the �− baryon, respectively.

3. � baryon

The isospin wave function of the �+ baryon is |1/2, 1/2〉I .
Accordingly, for the configurations with [v]F = [31]F1 , both
the five-quark components with light and strange quark-
antiquark pairs can exist. Accordingly, the flavour decompo-
sitions are∣∣∣∣1

2
,

1

2

〉[31]F1

I

=
√

2

3
|u2s2

[31]F1
〉 ⊗ |ū〉 +

√
1

3
|uds2

[31]F1
〉 ⊗ |d̄〉,

(A29)∣∣∣∣1

2
,

1

2

〉[31]F1

I

= |us3
[31]F1

〉 ⊗ |s̄〉, (A30)

respectively.
For the configurations with [v]F = [31]F2 , the ussss̄ com-

ponent is the same as the one with [31]F1 . So we only have to
consider the light five-quark components, which should be∣∣ 1

2 , 1
2

〉[31]F2

I
= ∣∣uds2

[31]F2

〉 ⊗ |d̄〉. (A31)

The flavor symmetry [v]F = [22]F rules out the five-quark
component in �+ with strange quark-antiquark pair, and the
flavor decomposition for the uss(qq̄) component is∣∣∣∣1

2
,

1

2

〉[22]F

I

= −
√

2

3
|u2s2

[22]F
〉 ⊗ |ū〉 −

√
1

3
|uds2

[22]F
〉 ⊗ |d̄〉.

(A32)

Finally, for the configurations with [v]F = [211]F , only
udssd̄ component exists in �+. And∣∣ 1

2 , 1
2

〉[211]F

I
= −|uds2

[211]F
〉 ⊗ |d̄〉. (A33)

The flavor decompositions of the five-quark components
in the �− baryon can be obtained by considering the SU (2)
isospin symmetry as∣∣∣∣1

2
,−1

2

〉[31]F1

I

=
√

1

3

∣∣uds2
[31]F1

〉 ⊗ |ū〉 +
√

2

3
|d2s2

[31]F1
〉 ⊗ |d̄〉,

(A34)

∣∣∣∣1

2
,−1

2

〉[31]F1

I

= ∣∣ds3
[31]F1

〉 ⊗ ∣∣s̄〉, (A35)

∣∣∣∣1

2
,−1

2

〉[31]F2

I

= ∣∣uds2
[31]F2

〉 ⊗ |ū〉, (A36)

∣∣∣∣1

2
,−1

2

〉[22]F

I

=−
√

1

3

∣∣uds2
[22]F

〉 ⊗ |ū〉−
√

2

3

∣∣d2s2
[22]F

〉 ⊗ |d̄〉,

(A37)∣∣∣∣1

2
,−1

2

〉[211]F

I

= ∣∣uds2
[211]F

〉 ⊗ |ū〉. (A38)

4. � baryon

In the � baryon, isospin zero rules out the five-quark
configurations with [v]F = [31]F1 . For the configurations with
[v]F = [31]F2 , the light five-quark components should be

|0, 0〉[31]F2
I =

√
1

2

∣∣u2ds[31]F2

〉 ⊗ |ū〉 +
√

1

2

∣∣ud2s[31]F2

〉 ⊗ |d̄〉.
(A39)

Additionally, the strangeness five-quark component can also
exist in �, as

|0, 0〉[31]F2
I = |uds2

[31]F2
〉 ⊗ |s̄〉. (A40)

For the five-quark configurations with [v]F = [22]F , only
the ones with light quark-antiquark pairs exist in � baryon,
and the flavor decomposition is

|0, 0〉[22]F
I = −

√
1

2
|u2ds[22]F 〉 ⊗ |ū〉 −

√
1

2
|ud2s[22]F 〉 ⊗ |d̄〉.

(A41)

Finally, for the configurations with [v]F = [211]F , the light
five-quark components should be

|0, 0〉[211]F2
I = −

√
1

2
|u2ds[211]F 〉 ⊗ |ū〉

−
√

1

2
|ud2s[211]F 〉 ⊗ |d̄〉, (A42)

and the strangeness component is

|0, 0〉[211]F
I = ∣∣uds2

[211]F

〉 ⊗ |s̄〉. (A43)

APPENDIX B: NUMERICAL RESULTS OF EACH
FIVE-QUARK COMPONENTS Pqq̄ AND � f q

i ( f = u, d, s)
OF OCTET BARYONS

In present Appendix, we show the numerical results on the
matrix elements of � f q

i ( f = u, d, s) for the octet baryons, as
shown in Tables IV–XI.
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