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We have performed a study of the isovector, octet, and singlet axial charges of the proton in an extended
chiral constituent quark model, where all the possible uudqq̄ (q ¼ u, d, s) five-quark Fock components in
the proton wave function are taken into account. The 3P0 quark-antiquark creation mechanism is assumed
to account for the transition coupling between three- and five-quark components in proton, and the
corresponding transition coupling strength is fixed by fitting the intrinsic sea flavor asymmetry d̄ − ū data
for proton. Accordingly, with all the parameters fixed by empirical values, the probabilities of the intrinsic
five-quark Fock components in proton wave function should be ∼30–50%, which lead to the numerical
results for quark spin Δu, Δd, and Δs, as well the axial charges of proton consistent with the experimental
data and predictions by other theoretical approaches.
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I. INTRODUCTION

Study of the structure of nucleon and nucleon excitations
is one of the most important topic in hadronic physics.
Experimentally, most of the explicit information about
proton structure is from the deep inelastic scattering
measurements. Two renowned measurements performed
by European Muon Collaboration (EMC) [1,2] and New
Muon Collaboration (NMC) [3], showed us that, in
addition to the up and down quarks, there are also other
contributions to the proton spin. Furthermore, the anti-up
and antidown quarks are asymmetry inside the proton.
Later, there have been also other experimental efforts
dedicated to the measurements of the proton structure
[3–9]. Very recently, new experimental results by
SeaQuest Collaboration confirmed precisely that the dis-
tributions of anti-up and antidown quarks inside proton are
considerably different and there are more antidown quark
than anti-up quark over a wide range of momenta [10].

On the other hand, one can also use the spin dependent
structure function g1ðxÞ of the proton to investigate the
contribution of the spin of the quarks to the proton spin. It
also relates the integral over all x of the difference of g1ðxÞ
for the proton to the scale-invariant axial charges gA of the
target proton. Indeed, in Ref. [2,11], it was shown that the
flavor-singlet, isovector, and SU(3) octet axial charges of
proton, can be obtained by combining the deep inelastic
scattering (DIS) data with the nucleon and hyperon β-decay

data, which are: gð0ÞA ¼ 0.120� 0.093� 0.138, gð3ÞA ¼
1.254� 0.006, gð8ÞA ¼ 0.688� 0.035. However, these val-
ues are obviously different with the constituent quark

model predictions which are gð0ÞA ¼ 1, gð3ÞA ¼ 5=3, and

gð8ÞA ¼ 1, respectively. In addition, the recent measurements
performed by COMPASS collaboration [12,13] showed

that gð0ÞA ¼ 0.33� 0.03, gð3ÞA ¼ 1.2670� 0.0035, and

gð8ÞA ¼ 0.58� 0.03� 0.05. Detailed reviews about the
experimental and theoretical progress on proton spin puzzle
and the intrinsic sea flavor asymmetry in proton, were made
in Refs. [14–20]. The fact that the quark-quark interaction
is relatively weak at large energy and momentum scales,
whereas it is clouded by the increasingly strong interaction
at lower energy scales is the reason why, so far, we have no
clear picture for the structure of proton.
In fact, one has to go beyond the original three-quark

qqq picture of proton to explain the experimental
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measurements mentioned above. In Ji’s sum rule [21], the
proton spin should be decomposed as the inner intrinsic
quark spin, orbital angular momentum, as well as those of
the gluon inside proton. All these decomposed contents
have been intensively calculated by Lattice QCD [22–27].
Phenomenologically, both the proton spin puzzle and the
intrinsic sea flavor asymmetry could be solved within
the meson cloud model [28,29]. It’s also shown that the
strangeness spin, strangeness magnetic moment, axial form
factors of nucleon [30–33], and electromagnetic and strong
decays of several nucleon resonances [34–37] could be
described well by considering five-quark Fock components
in the baryons’ wave functions. In Ref. [38], the intrinsic
sea content of proton was investigated by an extension of
the traditional chiral constituent quark model to including
the five-quark components, where the 3P0 model is adopted
to account for the quark-antiquark pair creation in hadrons,
which could result in the transitions between three- and
five-quark components. Recently, the model of Ref. [38]
was phenomenologically applied to study the quark orbital
angular momentum in proton [39], where the theoretical
calculations showed that Lq ¼ 0.158� 0.014. It was shown
that the study of the intrinsic sea quark content of proton is of
great interest to explore its properties. Consequently, by
explicit considering the contributions of the intrinsic five-
quark Fock components, we employ the extended chiral
constituent quark model (EχCQM) of Ref. [38] to calculate
the isovector, flavor-octet, and -singlet axial charges of
nucleon in present work.
The present manuscript is organized as follows. In

Sec. II, we give the framework which includes the extended
chiral constituent quark model and the formalism for the
nucleon 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 section, we will briefly introduce the EχCQM
in Sec. II A, and present the formalism for calculations
of the proton axial charges within present model in
Sec. II B.

A. EχCQM

Following Ref. [38], within the EχCQM for the ground
state of octet baryons, the wave function for proton can be
expressed as:

jpi ¼ 1ffiffiffiffiffi
N

p
�
juudi þ

X
i

Cq
i juudqq̄; ii

�
; ð1Þ

where the first term represents the wave function for the
three-quark uud component of the proton, while the sum
over i runs over all the possible five-quark configurations

with a qq̄ðdd̄; uū; ss̄; ...Þ1 pair which may form higher Fock
components in the proton, Cq

i =
ffiffiffiffiffi
N

p
are just the correspond-

ing probability amplitudes for the five-quark components.
One should notice that the orbital quantum number of the

inner quark and antiquark of the five-quark components in
proton must be odd number 2nþ 1 because of the positive
parity, while there is no obvious limit for the radial
quantum number of the five-quark system.
Once an explicit quark-antiquark pair creation mecha-

nism in the proton is pinned down, the coefficients Cq
i can

be calculated by

Cq
i ¼

huudqq̄; ijT̂juudi
Mp − Ei

; ð2Þ

where Mp is the physical mass of proton, and Ei is the
energy of the ith uudqq̄ five-quark component. The tran-
sition coupling operator T̂ related to the quark-antiquark
creation mechanism, which is taken to be the widely
accepted 3P0 coupling mechanism in the EχCQM, as shown
in Fig. 1, can be expressed as

T̂ ¼ −γ
X
j¼1;4

F 00
j;5C

00
j;5COFSC

X
m

h1; m; 1;−mj00i

× χ1;mj;5 Y
1;−m
j;5 ðp⃗j − p⃗5Þb†ðp⃗jÞd†ðp⃗5Þ; ð3Þ

where γ is an dimensionless transition coupling constant for
uud → uudqq̄, F 00

j;5 and C
00
j;5 are the flavor and color singlet

of the created quark-antiquark pair qjq̄5, χ
1;m
j;5 and Y1;−m

j;5 are
the total spin S ¼ 1 and relative orbital P– states 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 component, finally, b†ðp⃗jÞ; d†ðp⃗5Þ are the quark
and antiquark creation operators.
Explicit calculations of the matrix elements of the

operator COFSC, show that the transition coupling between
a qqqqq̄ configuration with orbital quantum number l ≥ 3

FIG. 1. Transition qqq → qqqqq̄ caused by a quark-antiquark
pair creation in a baryon via the 3P0 mechanism.

1In this work, we do not take cc̄ and bb̄ into account, since the
probabilities for them are much smaller than other five-quark
components inside the proton in the low energy scale.
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or the radial quantum number nr ≠ 0 and the qqq compo-
nent in proton vanishes. Consequently, there should be 17
different flavor-spin-orbital five-quark configurations
which may form Fock components in the wave function
of proton, which are shown in Table I. In each five-quark
configuration, ½v�F denotes the flavor wave function of four-
quark subsystem, and there may be four different flavor
symmetry, i.e., ½v�F¼½31�F1 , ½31�F2 , ½22�F and ½211�F,
respectively.
For the uudqq̄ configurations with ½v�F ¼ ½31�F1 , the

quark-antiquark pair can only be uū and dd̄. On the other
hand, one can easily obtain that the decomposition between
the flavor wave function for the four-quark subsystem and
the antiquark should be

����12 ;
1

2

�½31�F1

I
¼

ffiffiffi
2

3

r
ju3d½31�F1 i⊗ jūiþ

ffiffiffi
1

3

r
ju2d2½31�F1 i⊗ jd̄i;

ð4Þ

where j 1
2
; 1
2
i½31�F1I denotes the isospin state of the proton.

For the uudqq̄ configurations with ½v�F ¼ ½31�F2 , the
quark-antiquark pair can only be ss̄, and the corresponding
isospin wave function of the proton is

���� 12 ;
1

2

�½31�F2

I
¼ ju2ds½31�F2 i ⊗ js̄i: ð5Þ

For the uudqq̄ configurations with ½v�F ¼ ½22�F,
���� 12 ;

1

2

�½22�F

I
¼ ju2d2½22�Fi ⊗ jd̄i; ð6Þ

���� 12 ;
1

2

�½22�F

I
¼ju2ds½22�Fi ⊗ js̄i; ð7Þ

which are the isospin wave functions for the five-quark
components in proton with dd̄ and ss̄ pairs, respectively.
At last, for the uudqq̄ configurations with ½v�F ¼ ½211�F,

which limits the quark-antiquark pair to be ss̄,

���� 12 ;
1

2

�½211�F

I
¼ ju2ds½211�Fi ⊗ js̄i: ð8Þ

The total spin for the four-quark system with spin
symmetry ½22�S should be S ¼ 0, therefore, a general wave
function for the five-quark configurations with numbers
i ¼ 1…7 can be expressed as

jp;↑i ¼
X
ijkln

X
ab

X
ms̄z

C
1
2
;↑

1;m;1
2
;s̄z
C½14�
½31�χFSk ;½211�C

k̄

C
½31�χFSk

½O�χi ;½FS�FSj

× C
½FS�FSj
½F�Fl ;½22�Sn

C½23�C
a;b j½211�C

k̄
ðaÞij½11�C;q̄ðbÞi

���� 12 ;
1

2

�½F�Fl

I

× j1; mi½O�χi j½22�Snijχ̄; s̄ziϕðfr⃗qgÞ; ð9Þ

where the coefficients C½����
½����½���� represent the CG coefficients

of the S4 permutation group, j½211�C
k̄
ðaÞi and j½11�C;q̄ðbÞi

the color wave functions for the four-quark subsystem and
the antiquark, combination of which results in the color
singlet j½23�Ci as

j½23�Ci ¼
X
ab

C½23�C
a;b j½211�C

k̄
ðaÞij½11�C;q̄ðbÞ: ð10Þ

And the state j1; mi½O�χi , which combines to the spin of the
antiquark jχ̄; s̄zi to form the proton spin state jp;↑i, can be
obtained from the decomposition of the orbital angular
momentum of the four-quark subsystem and the antiquark.
For the configurations with numbers i ¼ 8…17, the spin

symmetry ½31�S of the four-quark subsystem results in the
spin S ¼ 1, which leads to J ¼ 0 or 1 when combining the
orbital angular momentum of the four-quark subsystem to
the antiquark. For the J ¼ 0 case, which has been consid-
ered explicitly in Ref. [38], a general wave function for the
10 configurations can be expressed as

jp;↑i ¼
X
ijkln

X
ab

X
msz

C00
1;m;1;sz

C½14�
½31�χFSk ;½211�C

k̄

C
½31�χFSk

½O�χi ;½FS�FSj

× C
½FS�FSj
½F�Fl ;½31�Sn

C½23�C
a;b j½211�C

k̄
ðaÞij½11�C;q̄ðbÞi

���� 12 ;
1

2

�½F�Fl

I

× j1; mi½O�χi j½31�Sn; szijχ̄; s̄ziϕðfr⃗qgÞ: ð11Þ

TABLE I. The orbital-flavor-spin configurations for five-quark configurations those may exist as higher Fock components in proton.

i 1 2 3 4 5
Configuration ½31�χ ½4�FS½22�F½22�S ½31�χ ½31�FS½211�F½22�S ½31�χ ½31�FS½31�F1 ½22�S ½31�χ ½31�FS½31�F2 ½22�S ½4�χ ½31�FS½211�F½22�S
i 6 7 8 9 10
Configuration ½4�χ ½31�FS½31�F1 ½22�S ½4�χ ½31�FS½31�F2 ½22�S ½31�χ ½4�FS½31�F1 ½31�S ½31�χ ½4�FS½31�F2 ½31�S ½31�χ ½31�FS½211�F½31�S
i 11 12 13 14 15
Configuration ½31�χ ½31�FS½22�F½31�S ½31�χ ½31�FS½31�F1 ½31�S ½31�χ ½31�FS½31�F2 ½31�S ½4�χ ½31�FS½211�F½31�S ½4�χ ½31�FS½22�F½31�S
i 16 17
Configuration ½4�χ ½31�FS½31�F1 ½31�S ½4�χ ½31�FS½31�F2 ½31�S
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While for the J ¼ 1 cases,

jp;↑i¼
X
ijkln

X
ab

X
Jzs̄z

X
msz

C
1
2
;1
2

1;Jz;
1
2
;s̄z
C1;Jz
1;m;1;sz

C½14�
½31�χFSk ;½211�C

k̄

×C
½31�χFSk

½O�χi ;½FS�FSj
C
½FS�FSj
½F�Fl ;½31�Sn

C½23�C
a;b j½211�C

k̄
ðaÞij½11�C;q̄ðbÞi

×

����12 ;
1

2

�½F�Fl

I
j1;mi½O�χi j½31�Sn;szijχ̄; s̄ziϕðfr⃗qgÞ: ð12Þ

In present work, we consider both J ¼ 0 and J ¼ 1
cases. Hereafter, we denote these two cases as Set I and Set
II, respectively.
Finally, to calculate the energy for a given five-quark

configuration Ei in Eq. (2), we employ the traditional chiral
constituent quark model, in which the quark-quark hyper-
fine interaction is [40]

Hhyp ¼ −
X
i<j

σ⃗i · σ⃗j

�X3
a¼1

VπðrijÞλai λaj

þ
X7
a¼4

VKðrijÞλai λaj þ VηðrijÞλ8i λ8j
�
; ð13Þ

where λai is the Gell-Mann matrix in flavor space which acts
on the ith quark, VMðrijÞ is the potential of the meson M
exchange interaction between ith quark and jth quark.
Numerical values for all the exchange coupling strength
constants are taken to be the empirical ones [40]. Then the
energies Ei for the 17 five-quark configurations in Table I
should be

Ei ¼ E0 þ hHhypi þ δqq̄; ð14Þ

where E0 is a degenerated energy for the 17 five-quark
configurations. The parameter E0 is dependent on the
constituent quark masses, the kinetic quark energies, and
also the energies of the quark confinement interactions.
Here we take E0 ¼ 2127 MeV, δuū ¼ δdd̄ ¼ 0, and δss̄ ¼
240 MeV as used in Ref. [38].

B. Formalism for the axial charges of proton

In this section, we present the formalism for the axial
charges gð0ÞA , gð8ÞA , and gð3ÞA of proton within the EχCQM.
It is shown that quark spin contribution Δq measured in

polarized DIS is related to the matrix element of the quark
axial vector current operator as

hp; sz
����
Z

dxq̄γμγ5qjp; szi ¼ sμ · Δq; ð15Þ

where sμ is the proton polarization vector, and Δq the
difference of quark with spin parallel or antiparallel to the
proton spin

Δq ¼ ðq↑ þ q̄↑Þ − ðq↓ þ q̄↓Þ: ð16Þ

Combinations of different flavor Δf with f ¼ u, d, s lead
to isovector, flavor octet, and flavor singlet axial charges of
proton,

gð3ÞA ¼ Δu − Δd; ð17Þ

gð8ÞA ¼ Δuþ Δd − 2Δs; ð18Þ

gð0ÞA ¼ Δuþ Δdþ Δs: ð19Þ

In the nonrelativistic approximation, Δf can be calcu-
lated as:

Δf ¼ hpszj
X
j

σ̂zjδjfjpszi; ð20Þ

where jpszi is the wave function Eq. (1) of proton, σ̂zj is
Pauli operator acting on jth quark, and δjf is a flavor-
dependent operator. δjf ¼ 1 when the flavor of jth quark is
same with f, otherwise, δjf ¼ 0. Consequently, one can get

Δf ¼ 1

N
huud; szj

X
j¼1;3

σ̂zjδjfjuud; szi

þ
X
i

ðCq
i Þ2
N

huudqq̄; i; szj
X
j¼1;5

σ̂zjδjfjuudqq̄; i; szi;

ð21Þ

where the nondiagonal terms are assumed to be negligible.
For simplicity, we denote the matrix elements for an

explicit given five-quark component in the second term in
Eq. (21) as

Δfqi ¼ huudqq̄; i; szj
X5
j¼1

σ̂zjδjfjuudqq̄; i; szi: ð22Þ

Finally, one can easily obtain the explicit expression of
the matrix elements results for Δu, Δd, and Δs of proton as
following

Δu ¼ 1

N
4

3
þ
X
i;q

ðCq
i Þ2
N

Δuqi ; ð23Þ

Δd ¼ 1

N

�
−
1

3

�
þ
X
i;q

ðCq
i Þ2
N

Δdqi ; ð24Þ

Δs ¼
X
i;q

ðCq
i Þ2
N

Δsqi : ð25Þ
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III. THE NUMERICAL RESULTS

Using the formalism developed in the previous section,
here we present our numerical results for the axial charges
of the proton. Before showing the theoretical results, we
first discuss the model parameter V, which is the coupling
strength for Goldstone boson exchange. The parameter V
can be easily obtained from the matrix elements of the
operator in Eq. (3), and it is a common factor for all
the five-quark configurations listed in Table I, in which the
transition coupling constante γ is included. As discussed in
Sec. II A, we have two different sets in present calculations.
For Set I, we just employ the numerical values for the
parameters using in Ref. [38], where J ¼ 0was considered.
While for Set II, we keep all the parameters to be the same

values as Set I except for V, which is, now, for the case of
J ¼ 1. For Set II, the value of V is determined by fitting the
sea flavor asymmetry of proton d̄ − ū ¼ 0.118� 0.012 [9],
and one can get

V ¼ 697� 80 MeV; ð26Þ

where the uncertainty is obtained from the experimental
error of the value of d̄ − ū.
Accordingly, explicit calculations result in the numerical

results for the probabilities of five-quark components Pqq̄,
and contributions to the quark spin of each five-quark
configuration Δfqi shown in Table II for Set I and II,
respectively. Note that we have listed the quark-antiquark

TABLE II. The numerical results of the probabilities Pqq̄ and the matrix elements of the quark spin Δfqi of all the 17 five-quark
configurations in Set I and Set II. Note that we have denoted the five-quark configurations uudqq̄ with light quark-antiquark pairs as ll̄,
and those with strange quark-antiquark pairs as ss̄.

Set I Set II

Configuration i qq̄ Pqq̄ Δuqi Δdqi Δsqi Pqq̄ Δuqi Δdqi Δsqi
1 ll̄ 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 ll̄ 0 � � � � � � � � � 0 � � � � � � � � �

ss̄ 0.004� 0.001 0 0 −1=3 0.004� 0.001 0 0 −1=3
3 ll̄ 0.016� 0.002 −2=9 −1=9 0 0.018� 0.002 −2=9 −1=9 0

ss̄ 0 � � � � � � � � � 0 � � � � � � � � �
4 ll̄ 0 � � � � � � � � � 0 � � � � � � � � �

ss̄ 0.003� 0.001 0 0 −1=3 0.003� 0.001 0 0 −1=3
5 ll̄ 0 � � � � � � � � � 0 � � � � � � � � �

ss̄ 0.009� 0.001 0 0 −1=3 0.009� 0.001 0 0 −1=3
6 ll̄ 0.041� 0.004 −2=9 −1=9 0 0.045� 0.005 −2=9 −1=9 0

ss̄ 0 � � � � � � � � � 0 � � � � � � � � �
7 ll̄ 0 � � � � � � � � � 0 � � � � � � � � �

ss̄ 0.007� 0.001 0 0 −1=3 0.007� 0.001 0 0 −1=3
8 ll̄ 0.073� 0.007 2=3 1=3 0 0.157� 0.016 4=9 −1=9 0

ss̄ 0 � � � � � � � � � 0 � � � � � � � � �
9 ll̄ 0 � � � � � � � � � 0 � � � � � � � � �

ss̄ 0.006� 0.001 0 0 1 0.014� 0.002 4=9 −1=9 0
10 ll̄ 0 � � � � � � � � � 0 � � � � � � � � �

ss̄ 0.003� 0.001 0 0 1 0.007� 0.001 1=2 1=12 −1=4
11 ll̄ 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 ll̄ 0.005� 0.001 2=3 1=3 0 0.010� 0.001 1=3 0 0

ss̄ 0 � � � � � � � � � 0 � � � � � � � � �
13 ll̄ 0 � � � � � � � � � 0 � � � � � � � � �

ss̄ 0.001� 0.000 0 0 1 0.002� 0.001 7=18 1=36 −1=12
14 ll̄ 0 � � � � � � � � � 0 � � � � � � � � �

ss̄ 0.008� 0.001 0 0 1 0.017� 0.002 1=2 1=12 −1=4
15 ll̄ 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 ll̄ 0.012� 0.001 2=3 1=3 0 0.025� 0.002 1=3 0 0

ss̄ 0 � � � � � � � � � 0 � � � � � � � � �
17 ll̄ 0 � � � � � � � � � 0 � � � � � � � � �

ss̄ 0.002� 0.000 0 0 1 0.004� 0.001 7=18 1=36 −1=12
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pairs in all the different uudqq̄ configurations being light
(uū or dd̄) and strange flavors in two rows denoted by ll̄
and ss̄ in the table, respectively.
It’s shown that Δfqi are the same ones for the five-quark

configurations with spin symmetry ½22�S in Set I and Set II,
this is because that both the two sets share the same wave
function of Eq. (9) for these configurations. For configu-
rations numbered i ¼ 8–17, whose wave functions are
Eqs. (11) and (12) for Set I and II, respectively, the
obtained Δfqi are therefore different. While the probabil-
ities for any configurations in the wave function of proton
should be different for the two sets. Indeed, for the case of
J ¼ 0, the total obtained probabilities for the five-quark
components with uū, dd̄, and ss̄ pairs are

Puū ¼ 0.098� 0.010; ð27Þ
Pdd̄ ¼ 0.216� 0.022; ð28Þ
Pss̄ ¼ 0.057� 0.006: ð29Þ

These numerical values yield the ratios

rl ¼
Puū

Pdd̄
¼ 0.5� 0.1; ð30Þ

rs ¼
Pss̄

Pdd̄
¼ 0.3� 0.1; ð31Þ

κs ¼
2Pss̄

Puū þ Pdd̄
¼ 0.4� 0.1; ð32Þ

which can be related to the ratios of pseudoscalar meson
electroproduction. These ratios were extracted to be rl ¼
0.74� 0.18, rs ¼ 0.22� 0.07 and 0.25� 0.09 by CLAS
collaboration [41]. It is found that, within errors, our results
are roughly consistent with these above experimental data.
While for the case of J ¼ 1, the theoretical results are

Puū ¼ 0.170� 0.017; ð33Þ
Pdd̄ ¼ 0.288� 0.029; ð34Þ
Pss̄ ¼ 0.090� 0.009: ð35Þ

The probabilities for both light and strange five-quark Fock
components are larger than those obtained by Set I, which is
because of that the coupling strength between the five-quark
configurations with the four-quark spin symmetry ½31�S and
the traditional three-quark component of proton for
Set II is larger than that for Set I. Accordingly, one can
get the ratios

rl ¼ 0.6� 0.1; ð36Þ
rs ¼ 0.3� 0.1; ð37Þ
κs ¼ 0.4� 0.1; ð38Þ

these values are similar with those obtained by Set I, but one
has to note that the total probability of the five-quark
components in Set II is relatively large, and the numerical
results are in agreement with both the d̄ − ū and ū=d̄ data
quite well. In addition, the present obtained probabilities of
the five-quark componentswith light quark-antiquark pair are
very close to the results obtained by theBHPSmodel that [42]

Puū ¼ 0.176; Pdd̄ ¼ 0.294: ð39Þ

Next, we discuss in detail the theoretical results in the
following two subsections for Set I and Set II, respectively.

A. Set I

From the quark spin matrix elements Δfqi obtained from
the wave function as in Eqs. (9) and (11) for Set I, one can
easily find that the total spin and total angular momentum
of the four-quark subsystem in the five-quark configura-
tions with four-quark orbital symmetry ½31�χ are 0. For the
configurations with four-quark spin symmetry ½22�S and
orbital symmetry ½4�χ, and for those with four-quark spin
symmetry ½31�S and orbital symmetry ½4�χ, the total orbital
angular momentum of the quarks and the antiquark are also
0. Thus, for all the 17 five-quark configurations, only the
antiquark spin contributes to Δfqi .
With the obtained probabilities Pqq̄ and the matrix

elements Δfqi , we get the total quark spin Δf shown in
Table III, and the axial charges of proton shown in Table IV,
compared to the experimental measurement by COMPASS
[13] in the rows denoted by EXP, and the latest predictions
by lattice QCD [13,24,27,43,44] in the rows denoted by
LQCD, predictions by the extended cloudy bag model [45]
in the row denoted by CMB, and predictions by the chiral
perturbation theory [46] in the row denoted by χPT.
As one can see in Table III, predictions forΔu by most of

the theoretical approaches are about 0.8–0.9 which fall very
well in the range of the COMPASS data, while those forΔd
and Δs show a little deviation from the data. Similarly, the
present obtainedΔu is very close to the data, but Δd is only
about half of the experimental value, while the worst result
is that the sign of the present Δs is contrary to that of
the experimental result, as well the predictions by other
approaches. As discussed above, in present case, only the
antiquark spin contributes to Δfqi , and the spin states of the
anti-strange quark in the configurations numbered 8–17
should be j1=2;↑i, therefore, we obtain a small but positive
value for Δs. Most of the predictions for Δs by other
theoretical approaches are roughly consistent with the
COMPASS measurement, while a recent investigation
employing chiral perturbation theory showed a very close
to 0 but negative value [46,47].
In Table IV, the obtained gð3ÞA and gð8ÞA are in agreement

with the data and these predictions from other approaches,

with a ∼10% deviation. But the present gð0ÞA , which should
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indicate the quark spin contributions to proton spin, is more
than twice of the COMPASS data, this is because of the
small absolute value of Δd and the positive Δs obtained in
present model. In Ref. [45], a cloudy bag model was
applied to the axial charges of proton, the Nπ, Δπ, and ΛK
Fock components were taken into account, by considering
the relativistic corrections, they obtained the numerical
results for proton axial charges which fitted the experi-
mental data very well.

B. Set II

For the quark spin matrix elements Δfqi , differing from
Set I, both the quarks and antiquarks in the configurations
numbered 8–17 could contribute. And with the numerical
results for Pqq̄ and Δf

q
i , we get the results of the quark spin

Δf and the axial charges of proton listed in Table III and IV,
respectively, both results are compared to the experimental
data and predictions by other theoretical approaches.
One can immediately find that the present obtained Δu

has a deviation from the experimental data by more than
10%, and the numerical value for Δd is very close to the
one obtained by Set I, which is smaller than the COMPASS
data. The Δs is small and negative. All these numerical
results for Δf are close to the results published by QCDSF
collaboration [24].
For the isovector, flavor octet and singlet axial charges of

the proton, as one can see in Table IV, the obtained gð3ÞA is

only about 3=4 of the COMPASS data. This is because a
relatively small value of Δu is obtained in present Set II.

While numerical values of the flavor octet axial charge gð8ÞA

and the flavor singlet axial charge gð0ÞA are very close to the
lattice QCD predictions in Refs. [24,43].

IV. SUMMARY

To summarize, in present manuscript, the intrinsic sea
content in proton is investigated using an extended chiral
constituent quark model in which all the five-quark Fock
components are taken into account. We take the 3P0 quark-
antiquark creation mechanism to get the transition coupling
strength between the three- and five-quark components.
Taking the empirical values for the model parameters, one
can get the total probability of all possible five-quark
components in proton wave function which is about
30–50%. The theoretical calculations can fit both the sea
flavor asymmetry d̄ − ū [9] and the strangeness suppression
of qq̄ creation obtained recently by CLAS collabora-
tion [41].
In present phenomenological work, to form the positive

parity of proton, one of the quarks or antiquark in a given
five-quark Fock component of the proton wave function
must be in the orbital P-state, which contribute a value
∼0.158 to the spin of proton [39]. Consequently,
the obtained wave function for proton in present work
is then applied to study the inner quark spin of proton.

TABLE IV. Numerical results of gð3ÞA , gð8ÞA , and gð0ÞA , compared to the data and predictions by extended cloudy bag
model, and lattice QCD and chiral perturbation theory.

gð3ÞA gð8ÞA gð0ÞA

Set I 1.096� 0.0053 0.640� 0.010 0.685� 0.0076
Set II 0.935� 0.0192 0.525� 0.0258 0.465� 0.0225
EXP [13] 1.2670(35) 0.58� 0.03� 0.05 0.33� 0.03
LQCD [24] 1.082(18)(2) 0.550(24)(1) 0.482(38)(2)
LQCD [43] 1.208(6)(16)(1)(10) 0.565(11)(13) 0.494(11)(15)
LQCD [27] 1.123(28)(29)(90)
CBM [45] 1.270 0.420� 0.02 0.370� 0.02
χPT [46] 1.27 0.53þ0.06

−0.06 0.51þ0.07
−0.08

TABLE III. Numerical results of Δfðf ¼ u; d; sÞ, compared to the data and predictions by lattice QCD and chiral
perturbation theory.

Δu Δd Δs

Set I 0.883� 0.005 −0.213� 0.003 0.015� 0.002
Set II 0.710� 0.012 −0.225� 0.008 −0.020� 0.003
EXP [13] 0.84� 0.01� 0.02 −0.430� 0.01� 0.02 −0.030� 0.01� 0.02
LQCD [24] 0.794(21)(2) −0.289ð16Þð1Þ −0.023ð10Þð1Þ
LQCD [43] 0.863(7)(14) −0.345ð6Þð9Þ −0.0240ð21Þð11Þ
LQCD [27] −0.046ð26Þð9Þ
LQCD [44] 0.864(16) −0.426ð16Þ −0.046ð8Þ
χPT [46] 0.90þ0.03

−0.04 −0.38þ0.03
0.03 −0.007þ0.004

−0.007
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Our numerical results show that the obtained Δu, Δd, and
Δs are in consistent with the experimental data and
predictions by other theoretical approaches.
Within the obtained proton wave functions, we study the

isovector, flavor octet and singlet axial charges. It is shown
that the probabilities Pqq̄ might reach to ∼50% for the five-
quark Fock components in proton, and the resulting values

for gð3ÞA , gð0ÞA , and gð8ÞA are consistent with the predictions by
other theoretical approaches. Note that we have considered
only the contributions from the inner quark spin, thus the
present obtained numerical results are not fully in agree-
ment with the experimental data. We will also study
contributions from the gluon spin and orbital angular

momentum, in future, when more experimental data are
available.
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d̄=ū Asymmetry of the Nucleon Sea from Drell-Yan
Production, Phys. Rev. Lett. 69, 1726 (1992).

[6] A. Baldit et al. (NA51 Collaboration), Study of the isospin
symmetry breaking in the light quark sea of the nucleon
from the Drell-Yan process, Phys. Lett. B 332, 244 (1994).

[7] K. Ackerstaff et al. (HERMES Collaboration), The Flavor
Asymmetry of the Light Quark Sea from Semi-Inclusive
Deep Inelastic Scattering, Phys. Rev. Lett. 81, 5519 (1998).

[8] P. L. Anthony et al. (E155 Collaboration), Measurements of
the Q2 dependence of the proton and neutron spin structure
functions gp1 and gn1 , Phys. Lett. B 493, 19 (2000).

[9] R. S. Towell et al. (FNAL E866/NuSea Collaboration),
Improved measurement of the d̄=ū asymmetry in the
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