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Several spin and flavor dependent parameters characterizing the strangeness content of the nucleon

have been calculated in the chiral constituent quark model with configuration mixing (�CQMconfig) which

is known to provide a satisfactory explanation of the ‘‘proton spin crisis’’ and related issues. In particular,

we have calculated the strange spin polarization �s, the strangeness contribution to the weak axial vector

couplings �8 etc., strangeness contribution to the magnetic moments �ðpÞs etc., the strange quark flavor

fraction fs, the strangeness dependent quark flavor ratios 2�s
uþd and

2�s
�uþ �d

etc. Our results are consistent with

the recent experimental observations.

DOI: 10.1103/PhysRevD.78.014001 PACS numbers: 12.39.Fe, 14.20.Dh

The recent measurements by several groups SAMPLE at
MIT-Bates [1], G0 at JLab [2], A4 at MAMI [3], and by
HAPPEX at JLab [4] regarding the contribution of strange-
ness to the electromagnetic form factors of the nucleon
have triggered a great deal of interest in finding the strange-
ness magnetic moment of the proton [�ðpÞs]. The
SAMPLE experiment has observed �ðpÞs to be 0:37�
0:26� 0:20 [1] whereas G0 [2], A4 [3], and HAPPEX
[4] have observed the combination of electric and magnetic
form factors. A global fit has also been carried out by
including the data from SAMPLE, G0, A4, and HAPPEX
and it gives �ðpÞs ¼ 0:12� 0:55� 0:07 [5]. The first
lattice calculations by Dong et al. give �0:36� 0:20 [6],
whereas a recent phenomenology study with lattice inputs
[7] also predicts a very small value for the strange magnetic
moment, �ðpÞs ¼ �0:046� 0:19�N . In the naive con-
stituent quark model (CQM) [8–10], �ðpÞs is predicted
to be zero. The broader question of contribution of strange-
ness in the nucleon has also been discussed by several
authors recently [11]. It is widely recognized that a knowl-
edge about the strangeness content of the nucleon would
undoubtedly provide vital clues to the nonperturbative
aspects of QCD.

The existence of strangeness in the nucleon has been
indicated in the context of low energy experiments [12,13],
whereas it has been observed in the deep inelastic scatter-
ing (DIS) experiments [14–17]. In the context of DIS, the
strange spin polarization of the nucleon [18] looks to be
well established through the measurements of polarized
structure functions of the nucleon [15–17]. Apart from the
observations of DIS data regarding strangeness dependent
spin polarization functions, several interesting facts have
also been revealed regarding the quark flavor distribution
functions in the DIS experiments. In particular, the NuSea
Collaboration [19] have given the results for the integrals
of �u� �d and �u= �d asymmetries indicating that the flavor
structure of the nucleon is not limited to u and d quarks
only. Also the CCFR Collaboration and more recently the
NuTeV collaboration [12] have given a fairly good deal of

information regarding the integrals of strangeness depen-
dent quark ratios in the nucleon given as 2�s

uþd ¼ 0:099þ0:009
�0:006

and 2�s
�uþ �d

¼ 0:477þ0:063
�0:053: In the context of low energy experi-

ments, the large pion-nucleon sigma term value [13] in-
dicating nonzero strange quark flavor fraction fs is also
indicative of the presence of strange quarks in the nucleon,
although there is no consensus regarding the various mech-
anisms that can contribute to fs [20]. Therefore, the in-
dications of the strange quark degree of freedom in DIS, as
well as low energy experiments, provide a strong moti-
vation to examine the strangeness contribution to the nu-
cleon, thereby giving vital clues to the nonperturbative
effects of QCD.
One may think that the strangeness content of the nu-

cleon perhaps can be obtained through the generation of
‘‘quark sea’’ perturbatively from the quark-pair production
by gluons. However, this kind of ‘‘sea’’ is symmetric w.r.t.
�u and �d [21], negated by the observed value of �u� �d
asymmetry [19]. Therefore, one has to consider the ‘‘quark
sea’’ produced by the nonperturbative mechanism. One
such model, which can yield an adequate description of the
‘‘quark sea’’ generation through the chiral fluctuations, is
the chiral constituent quark model (�CQM) [22], which is
not only successful in giving a satisfactory explanation of
‘‘proton spin crisis’’ [23] but is also able to account for the
violation of the Gottfried sum rule [21,23,24], baryon mag-
netic moments, and hyperon �-decay parameters [21,25].
Recently, it has been shown that configuration mixing
generated by spin-spin forces improves the predictions of
�CQM regarding the quark distribution functions and spin
polarization functions [26]. Further, the chiral constitu-
ent quark model with configuration mixing (�CQMconfig)

when coupled with the quark sea polarization and orbital
angular momentum through the Cheng-Li mechansim [21]
is able to give an excellent fit [27] to the octet magnetic
moments. It, therefore, becomes desirable to carry out a
detailed analysis in the �CQMconfig of the strangeness de-

pendent spin polarization functions as well as the quark
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distribution functions, particularly in light of some recent
observations [1–4,12,13,16,28].

The purpose of the present communication is to carry
out detailed calculations of the parameters characterizing
the strangeness of the nucleon within the �CQMconfig.

In particular, we would like to calculate the strange spin
polarization �s, strangeness contribution to the weak axial
vector couplings �3, �8, and �0, strangeness contribution
to the magnetic moments �ðpÞs and �ðnÞs, the strange
quark flavor fraction fs, the strangeness dependent quark
flavor ratios 2�s

uþd and
2�s
�uþ �d

. For the sake of completeness, we

would also like to calculate the strangeness contribution
to the magnetic moments of decuplet baryons �ð�þþÞs,
�ð�þÞs, �ð�oÞs, and �ð��Þs which have not been ob-
served experimentally.

To make the manuscript more readable as well as for
ready reference, we mention the essentials of �CQMconfig;

for details we refer the reader to [21,25,26]. The basic

process in the �CQM formalism is the emission of a
Goldstone boson (GB) by a constituent quark which further
splits into a q �q pair, for example,

q� ! GB0 þ q0� ! ðq �q0Þ þ q0�; (1)

where q �q0 þ q0 constitute the ‘‘quark sea’’ [21] and the
� signs refer to the quark helicities. The effective Lagrang-
ian describing interaction between quarks and a nonet of
GBs, consisting of octet and a singlet, can be expressed as

L ¼ g8 �q

�
�þ �

�0ffiffiffi
3

p I

�
q ¼ g8 �qð�0Þq; (2)

where � ¼ g1=g8, g1, and g8 are the coupling constants for
the singlet and octet GBs, respectively, I is the 3� 3
identity matrix. The GB field, which includes the octet
and the singlet GBs, is written as

�0 ¼
�0ffiffi
2

p þ � �ffiffi
6

p þ � �0ffiffi
3

p �þ �Kþ

�� � �0ffiffi
2

p þ � �ffiffi
6

p þ � �0ffiffi
3

p �K0

�K� � �K0 �� 2�ffiffi
6

p þ � �0ffiffi
3

p

0
BBB@

1
CCCA and q ¼

u
d
s

0
@

1
A: (3)

SU(3) symmetry breaking is introduced by consider-
ing Ms >Mu;d as well as by considering the masses of
GBs to be nondegenerate (MK;� >M� and M�0 >MK;�)
[21,25]. The parameter að¼ jg8j2Þ denotes the probability
of chiral fluctuation uðdÞ ! dðuÞ þ �þð�Þ, �2a, �2a and
�2a respectively denote the probabilities of fluctuations
uðdÞ ! sþ K�ð0Þ, uðd; sÞ ! uðd; sÞ þ �, and uðd; sÞ !
uðd; sÞ þ �0. Further, to make the transition from �CQM
to �CQMconfig, the nucleon wave function gets modified
because of the configuration mixing generated by the
chromodynamic spin-spin forces [8–10,26] as follows,

jBi ¼ cos�j56; 0þiN¼0 þ sin�j70; 0þiN¼2; (4)

where� represents the j56i–j70imixing. For details of the
spin, isospin, and spatial parts of the wave function, we
refer the reader to [29].

Before proceeding further, we briefly discuss the
strangeness dependent spin polarization functions, quark
distribution functions, and the related quantities of the
nucleon. To begin with, we consider the spin structure of
a nucleon defined as [21]

B̂ � hBjNjBi; (5)

where jBi is the nucleon wave function defined in Eq. (4)
and N is the number operator given by

N ¼ nuþuþ þ nu�u� þ ndþdþ þ nd�d� þ nsþsþ

þ ns�s�; (6)

nq� being the number of q� quarks. Following Ref. [26],

the contribution to the proton spin by different quark
flavors in �CQMconfig can be given by the spin polariza-

tions �q ¼ qþ � q� expressed as

�u ¼ cos2�

�
4

3
� a

3

�
7þ 4�2 þ 4

3
�2 þ 8

3
�2
��

þ sin2�

�
2

3
� a

3

�
5þ 2�2 þ 2

3
�2 þ 4

3
�2
��

; (7)

�d ¼ cos2�

�
� 1

3
� a

3

�
2� �2 � 1

3
�2 � 2

3
�2
��

þ sin2�

�
1

3
� a

3

�
4þ �2 þ 1

3
�2 þ 2

3
�2
��

; (8)

�s ¼ cos2�½�a�2� þ sin2�½�a�2�: (9)

A closer look at the above equations reveals that � repre-
sents the configuration mixing angle, the constant factors
represent the CQM results and the factors which are mul-
tiple of a represent the contribution from the ‘‘quark sea.’’
It is important to mention here that the presence of s�s in the
‘‘quark sea’’ (Eq. (1)) involves the terms�2a,�2a, and �2a

respectively denoting the fluctuations uðdÞ ! sþ Kþð0Þ,
uðd; sÞ ! uðd; sÞ þ �, and uðd; sÞ ! uðd; sÞ þ �0. It is
clear from the above fluctuations that the strange quarks
come from the fluctuations of the u and d quarks as well
and therefore, apart from contributing to the strange spin
polarization, the strange quarks also contribute to the spin
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polarizations of u and d quarks. It should also be noted that
the �d� �u asymmetry in this case can be easily understood
in terms of the above fluctuations where the valence u
quarks are likely to produce more �d than the valence d
quarks producing �u in the proton. The spin polarization
functions are also related to the axial vector couplings
measured in the baryon weak decays [18], for example,
the nonsinglet combinations of the quark spin polarizations
(�3 and �8) can be expressed as

�3 ¼ �u� �d ¼ FþD; (10)

�8 ¼ �uþ�d� 2�s ¼ 3F�D; (11)

where F and D are the usual SU(3) parameters character-
izing the weak matrix elements. The flavor singlet combi-
nation on the other hand can be related to the total spin
carried by the quarks as

�0 ¼ 1
2�� ¼ 1

2ð�uþ �dþ�sÞ: (12)

After discussing the spin polarization functions, we
would like to discuss the formalism for the strangeness
contribution to the magnetic moments. It would be impor-
tant to mention here that the predictions for all the octet
and decuplet baryon magnetic moments, including the
transition magnetic moments, have been discussed in detail
in Ref. [27] and have been found to be in good agreement
with the recent measurements as well as other theoretical
estimates. The magnetic moment of a given baryon in the
�CQM can be expressed as

�ðBÞtotal ¼ �ðBÞval þ�ðBÞsea; (13)

where �ðBÞval represents the contribution of the valence
quarks and �ðBÞsea corresponding to the ‘‘quark sea’’
[Eq. (1)]. Further, �ðBÞsea can be written as

�ðBÞsea ¼ �ðBÞspin þ�ðBÞorbit; (14)

where the first term is the magnetic moment contribution of
the q0 in Eq. (1) coming from the spin polarization and the
second term is due to the rotational motion of the two
bodies, q0 and GB, corresponding to the fluctuation given
in Eq. (1) and referred to as the orbital angular momentum
by Cheng and Li [21].

To find the strangeness contribution to the magnetic mo-
ment of the proton �ðpÞs we should note that there are no
‘‘strange’’ valence quarks, therefore �ðpÞs receives con-
tributions only from the ‘‘quark sea’’ and is expressed as

�ðpÞs ¼ �ðpÞsspin þ�ðpÞsorbit: (15)

Following Ref. [27], �ðpÞsspin in the chiral constituent

quark model with configuration mixing can be expressed as

�ðpÞsspin ¼
X

q¼u;d;s

�qðpÞssea�q; (16)

where �q ¼ eq
2Mq

(q ¼ u, d, s) is the quark magnetic mo-

ment, eq and Mq are the electric charge and the mass,

respectively, for the quark q. The contribution of strange-
ness to the spin polarization functions is given as

�uðpÞssea ¼ cos2�

�
� a

3

�
4�2 þ 4

3
�2 þ 8

3
�2
��

þ sin2�

�
�a

3

�
2�2 þ 2

3
�2 þ 4

3
�2
��

; (17)

�dðpÞssea ¼ cos2�

�
� a

3

�
��2 � 1

3
�2 � 2

3
�2
��

þ sin2�

�
� a

3

�
�2 þ 1

3
�2 þ 2

3
�2
��

; (18)

�sðpÞssea ¼ cos2�½�a�2� þ sin2�½�a�2�: (19)

Similarly, the contribution of the orbital angular momen-
tum of the ‘‘quark sea’’ to the magnetic moment of a given
quark is expressed as

�ðpÞsorbit ¼ 4
3½�ðuþ ! s�Þ� � 1

3½�ðdþ ! s�Þ�; (20)

where

�ðqþ ! s�Þ ¼ es
2Mq

hlqi þ
eq � es
2MGB

hlGBi: (21)

The quantities ðlq; lGBÞ and ðMq;MGBÞ are the orbital an-

gular momenta and masses of quark and GB, respectively.
The orbital angular momentum contribution to the mag-
netic moment due to all the fluctuations is then given as

�ðuþ ! s�Þ ¼ a

�
� M2

�

2M�ðMu þM�Þ �
�2ðM2

K � 3M2
uÞ

2MKðMu þMKÞ

þ ð3þ �2 þ 2�2ÞM2
�

6M�ðMu þM�Þ
�
�N; (22)

�ðdþ ! s�Þ ¼ a
Mu

Md

�
� �2M2

K

2MKðMd þMKÞ

� ð�2 þ 2�2ÞM2
�

12M�ðMd þM�Þ
�
�N; (23)

where M�, MK, and M� are the masses of pion, kaon, and

� respectively and �N is the Bohr magneton. The strange-
ness contribution to the magnetic moments of the neu-
tron nðdduÞ as well as the decuplet baryons �þþðuuuÞ,
�þðuudÞ, �oðuddÞ, and ��ðdddÞ can be calculated
similarly.
The integral of the quark distribution functions [30]

incorporating the strangeness content in the �CQM are
expressed as [21,26]
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�u ¼ 1
12½ð2� þ �þ 1Þ2 þ 20�a;

�d ¼ 1
12½ð2� þ �� 1Þ2 þ 32�a;

�s ¼ 1
3½ð� � �Þ2 þ 9�2�a;

(24)

u� �u ¼ 2; d� �d ¼ 1; s� �s ¼ 0: (25)

The integral of the quark distribution functions would
henceforth be referred to as ‘‘averaged’’ quark distribution
functions.

Similarly, the other important quantities having impli-
cations for the strangeness contribution to the nucleon are

the averaged quark flavor fractions fq ¼ qþ �qP
q
ðqþ �qÞ , which

are expressed in terms of the �CQM parameters as

fu ¼ 12þ að21þ �2 þ 4� þ 4�2 þ �ð2þ 4�ÞÞ
3ð6þ að9þ �2 þ 6�2 þ 2�2ÞÞ ;

fd ¼ 6þ að33þ �2 � 4� þ 4�2 þ �ð�2þ 4�ÞÞ
3ð6þ að9þ �2 þ 6�2 þ 2�2ÞÞ ;

fs ¼ 4að�2 þþ9�2 � 2�� þ �2Þ
3ð6þ að9þ �2 þ 6�2 þ 2�2ÞÞ : (26)

It is clear from the above expressions that the nonzero
value of the parameters a, �, �, and � implies fs � 0 as
well as modify fu and fd due to the strangeness contribu-
tions coming from the ‘‘quark sea.’’ Further, the ratio of the
functions

f3 ¼ fu � fd; f8 ¼ fu þ fd � 2fs; (27)

and the averaged ratios

2�s

ðuþ dÞ ¼ 4að9�2 þ �2 � 2�� þ �2Þ
18þ að27þ �2 þ 4�� þ 4�2Þ ;

2�s

ð �uþ �dÞ ¼
4ð9�2 þ �2 � 2�� þ �2Þ
27þ �2 þ 4�� þ 4�2

;

(28)

have also been measured, therefore providing an opportu-
nity to check the strange quark content of the nucleon.
The �CQMconfig involves five parameters, four of these

a, a�2, a�2, a�2 representing, respectively, the probabil-
ities of fluctuations to pions, K, �, �0, following the
hierarchy a > �> �> � , while the fifth represents the
mixing angle. The mixing angle � is fixed from the con-
sideration of neutron charge radius [10], whereas for the
other parameters we would like to update our analysis
using the latest data [31]. In this context, we find it conve-
nient to use �u, �3, �u� �d, and �u= �d as inputs with their
latest values given in Tables I and III. Before carrying out
the fit to the above-mentioned parameters, we would like to
find their ranges by qualitative arguments. To this end, the
range of the symmetry breaking parameter a can be easily
found by considering the spin polarization function �u, by
giving the full variation to the parameters �, �, and � , for
example, one finds 0:10 & a & 0:14. The range of the
parameter � can be found from averaged �u= �d using the
latest experimental measurement [19] and it comes out to
be �0:70 & � & �0:10. Using the above found ranges of
a and � as well as the latest measurement of �u� �d asym-

TABLE I. The calculated values of the strangeness dependent
spin polarization functions and weak axial vector couplings in
the CQM and �CQMconfig.

Parameter Data CQM �CQMconfig

�ua 0:85� 0:05 [15] 1.333 0.867

�d �0:41� 0:05 [15] �0:333 �0:392
�s �0:10� 0:04 [15] 0 �0:08

�0:07� 0:03 [16]

�3
a 1:267� 0:0035 [31] 1.666 1.267

�8 0:58� 0:025 [31] 1 0.59

�0 0:19� 0:025 [31] 0.50 0.19

F=D 0:575� 0:016 [31] 0.673 0.589

aInput parameters

TABLE II. The calculated values of the strangeness contribution to the magnetic moment of
nucleon and � decuplet baryons in the CQM and �CQMconfig.

Parameter Data CQM �CQMconfig

�ðpÞsspin, �ðpÞsorbit — 0, 0 �0:09, 0.05
�ðpÞs 0:37� 0:26� 0:20 [1] 0 �0:03

0:12� 0:55� 0:07 [5]

�ðnÞsspin, �ðnÞsorbit — 0, 0 0.06, �0:09
�ðnÞs — 0 �0:03
�ð�þþÞsspin, �ð�þþÞsorbit — 0, 0 �0:29, 0.18
�ð�þþÞs — 0 �0:11
�ð�þÞsspin, �ð�þÞsorbit — 0, 0 �0:14, 0.11
�ð�þÞs — 0 �0:03
�ð�oÞsspin, �ð�oÞsorbit — 0, 0 �0:04, �0:03
�ð�oÞs — 0 �0:07
�ð��Þsspin, �ð��Þsorbit — 0, 0 �0:09, 0.15
�ð��Þs — 0 0.06
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metry [19], � comes out to be in the range 0:2 & � & 0:7.
Similarly, the range of � can be found by considering the
flavor nonsinglet component �3 and it comes out to be
0:2 & � & 0:5. After finding the ranges of the symmetry
breaking parameters, we have carried out a fine grained
analysis using the above ranges as well as considering
� � � by fitting �u, �3 [31] as well as �u� �d, �u= �d [19]
leading to a ¼ 0:13, � ¼ �0:10,� ¼ � ¼ 0:45 as the best
fit values. The parameters so obtained have been used to
calculate the spin polarization functions and the averaged
quark distribution functions. The calculated quantities per-
taining to spin polarization functions have been corrected
by including the gluon polarization effects [21,32] and
symmetry breaking effects [21,25]. Similarly, the averaged
quark distribution functions have been corrected by includ-
ing the symmetry breaking effects. The orbital angular
momentum contributions to magnetic moment are charac-
terized by the parameters of �CQM as well as the masses
of the GBs. For the u and d quarks, we have used their most
widely accepted values in hadron spectroscopy [21,29], for
example, Mu ¼ Md ¼ 330 MeV. For evaluating the con-
tribution of GBs, we have used its on mass shell value in
accordance with several other similar calculations [33].

In Tables I, II, and III, we have presented the results of
our calculations pertaining to the strangeness dependent
parameters in �CQMconfig. For comparison sake, we have

also given the corresponding quantities in CQM. To begin
with, we first discuss the quality of fit pertaining to the spin
polarization functions. In Table I, we have presented the
strangeness incorporating spin polarization functions and
the weak axial vector couplings. Using �u, �3 along with
�u� �d, �u= �d from Table III as inputs, we find that we are
able to achieve a fairly good fit in the case of spin polar-
ization functions and the weak axial vector couplings. In
particular, the agreement in terms of the magnitude as well
as the sign in the case of �s is in good agreement with the
latest data [15,16]. The agreement in the case of�8 and�0,
which receives contribution from�s also, not only justifies
the success of �CQMconfig but also strengthens our con-

clusion regarding �s. Similarly, the agreement obtained in
the case of the ratio F=D again reinforces our conclusion
that �CQMconfig is able to generate qualitatively as well

as quantitatively the requisite amount of strangeness in the
nucleon.
In Table II, we have presented the spin and orbital con-

tributions pertaining to the strangeness magnetic moment
of the nucleon and� baryons. From the table one finds that
the present result for the strangeness contribution to the
magnetic moment of proton looks to be in agreement with
the most recent results available for �ðpÞs [1,5–7]. On
closer examination of the results, several interesting points
emerge. The strangeness contribution to the magnetic mo-
ment is coming from spin and orbital angular momentum
of the ‘‘quark sea’’ with opposite signs. These contribu-
tions are fairly significant and they cancel in the right di-
rection to give the right magnitude to �ðpÞs, For example,
the spin contribution in this case is �0:09�N and the con-
tribution coming from the orbital angular momentum is
0:05�N . These contributions cancel to give a small value
for �ðpÞs �0:03�N which is consistent with the other
observed results. Interestingly, in the case of �ðnÞs, the
magnetic moment is dominated by the orbital part as was
observed in the case of the total magnetic moments [27];
however, the total strangeness magnetic moment is same as
that of the proton. Therefore, an experimental observation
of this would not only justify the Cheng-Li mechanism
[21] but would also suggest that the chiral fluctuations are
able to generate the appropriate amount of strangeness in
the nucleon. For the sake of completeness, we have also
presented the results of �ð�þþÞs, �ð�þÞs, �ð�oÞs,
�ð��Þs and here also we find that there is a substantial
contribution from spin and orbital angular momentum. In
general, one can find that whenever there is an excess of d
quarks, the orbital part dominates, whereas when we have
an excess of u quarks, the spin polarization dominates.
After finding that the �CQMconfig is able to give a fairly

good account of the spin dependent polarization func-
tions, in Table III, we have presented the results of aver-
aged quark distribution functions having implications for
strangeness in the nucleon. In line with the success of
�CQMconfig in describing the spin dependent polarization

functions, in this case also we are able to give a fairly good
account of most of the measured values. The agreement in

the case of 2s
uþd and

f3
f8
indicates that, in the �CQM, we are

able to generate the right amount of strange quarks through
chiral fluctuation. A refinement in the case of the strange-
ness dependent quark ratio 2s

�uþ �d
would have important

implications for the basic tenets of �CQM. The observed
result for the case of fs in the present case also indicates
that the strange sea quarks play a significant role in the
nucleon. This is in agreement with the observations of
other authors [20,21].
To summarize, the �CQMconfig is able to provide a fairly

good description of the spin dependent polarization func-

TABLE III. The calculated values of the strangeness depen-
dent averaged quark flavor distribution functions and related
parameters in the CQM and �CQMconfig.

Parameter Data CQM �CQMconfig

�s — 0 0.10

�u� �da �0:118� 0:015 [19] 0 �0:118
�u= �da 0:67� 0:06 [19] 0 0.66
2�s

uþd 0:099þ0:009
0:006 [12] 0 0.09

2�s
�uþ �d

0:477þ0:063
0:053 [12] 0 0.44

fs 0:10� 0:06 [12] — 0.08

f3 — — 0.21

f8 — — 1.03

f3=f8 0:21� 0:05 [12] 0.33 0.20

aInput parameters
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tions as well as the averaged quark distribution functions
having implications for strangeness in the nucleon. It is
able to give a quantitative description of the important pa-
rameters such as �s, the weak axial vector couplings �8

and �0, strangeness contribution to the magnetic moment
�ðpÞs, the strange quark flavor fraction fs, the strangeness
dependent ratios 2�s

uþd and
f3
f8
etc. In the case of �ðpÞs, our

result is consistent with the latest experimental measure-
ments as well as with the other calculations. In conclusion,
we would like to state that at the leading order constituent

quarks and the weakly interacting Goldstone bosons con-
stitute the appropriate degrees of freedom in the nonper-
turbative regime of QCD and the ‘‘quark sea’’ generation
in the �CQMconfig through the chiral fluctuation is the key

in understanding the strangeness content of the nucleon.
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