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Understanding the flavor symmetry breaking and nucleon flavor-spin structure within the chiral
quark model
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In yQM, a quark can emit Goldstone bosons. The flavor symmetry breaking in the Goldstone boson
emission process is used to interpret the nucleon flavor-spin structure. In this paper, we study the inner
structure of constituent quarks implied in yQM caused by the Goldstone boson emission process in
nucleon. From a simplified model Hamiltonian derived from yQM, the intrinsic wave functions of
constituent quarks are determined. Then the obtained transition probabilities of the emission of Goldstone
boson from a quark can give a reasonable interpretation to the flavor symmetry breaking in nucleon flavor-

spin structure.
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I. INTRODUCTION

The measurements of the polarized structure functions
of the nucleon in deep inelastic scattering (DIS) experi-
ments [1—4] show the complication in proton spin struc-
ture. Only a portion of the proton spin is carried by valence
quarks. Moreover, several experiments [5—7] clearly indi-
cate the i — d asymmetry as well as the existence of the
strange quark content 5 in the proton sea. Also the distri-
bution of strange quark in the proton sea is polarized
negative. The DIS results deviate significantly from the
naive quark model (NQM) expectation.

NQM gives many fairly good descriptions of hadron
properties. Why does NQM work? It is a puzzle that the
quarks inside a hadron could be treated as nonrelativistic
particles in NQM. The chiral quark model (yQM) tries to
bridge between QCD and NQM. It was originated by
Weinberg [8] and formulated by Manohar and Georgi
[9]. Between the QCD confinement scale (Agcp =
200 MeV) and a chiral symmetry breaking scale (A,gp =
1 GeV), the strong interaction is described by an effective
Lagrangian of quarks ¢, gluons g and Nambu-Goldstone
bosons II. An important feature of the yQM is that,
between Agcp and A g, the internal gluon effects in a
hadron can be small compared to the internal Goldstone
bosons IT and quarks ¢, so the effective degrees of freedom
in this region can be ¢ and II.

It is interesting that yQM can also be used to explain
why NQM does not work in the above DIS experiments.
By the emission of Goldstone boson, yQM allows the
fluctuation of a quark ¢ into a recoiling quark plus a
Goldstone boson ¢ — ¢'I1. The ¢'Il system then further
splits to generate quark sea through

(i) the helicity-flipping process

g — 11 +q]— (q3) + q (D

(i1) and the helicity-nonflipping process
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g — 1 + g1 — (q3") + q (2)
where the subscript indicates the helicity of quark. In
both the process, ¢'I1 is in a relative P-wave state. In
the helicity-flipping process (1), the orbital angular
momentum along helicity direction must be (/.) =
+ 1. In the helicity-nonflipping process (2), (/) = 0.
The process cause a modification of the spin content
of the nucleon because a quark changes its helicity in
(1). Also it causes a modification of the flavor con-
tent because the generated quark sea from I1 is flavor
dependent [10,11].

xQM was first used to explain the nucleon sea flavor
asymmetry and the smallness of the quark spin fraction by
Eichten, Hinchliffe, and Quigg [10]. The flavor asymmetry
of sea quark distribution arises from the mass differences in
different quark flavors and in different Goldstone bosons.
Only the lightest Goldstone boson 7~ was considered since
its contribution dominates. From a perturbation calcula-
tion, the probability for an up quark to emit a 7% was
estimated to be a = 0.083. This would induce a flavor
asymmetry in parton distributions of nucleon and other
hadrons.

However, the estimated transition probability is not
enough to fully account for the flavor asymmetry in DIS
experiments. Contribution from other I1°s and even ' was
considered by Cheng and Li [11]. Explicit SU;(3) breaking
in the transition probabilities was later introduced in
Refs. [12,13] and further used by several authors [14—
19]. Nevertheless, in all these calculations, the transition
probabilities were put into the model by hand. To fit the
experimental data, the probability of an up quark emitting
7+ needs to be set to @ = 0.1, which is about 20% larger
than the perturbation calculation. Although the probability
of 7r emission can be enlarged by using a higher momen-
tum cutoff A > A, gy in the perturbation calculation [20],
however, the chiral quark model is no longer valid at
arbitrary high energies A > A qu.

We should not be surprised by this discrepancy since the
XQM works in a region right above the QCD confinement
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scale Agcp. There one may expect the confinement effect
is important and the perturbative calculation of QCD may
contain large error. However, there is another essential
difference between the above model calculations and the
perturbation calculation. In the perturbation calculation,
the emitted Goldstone bosons are virtual particles. In the
above model calculations which are closely related to
NQM, however, the Goldstone bosons are close to mass
shell under the nonrelativistic approximation.

Since yQM can be a bridge between NQM and QCD, it
is interesting to explore QM from the NQM side where
we use the wave function method. This will give the above
model calculations a concrete foundation in NQM and help
us further understand the flavor symmetry breaking
mechanism.

In this paper, we will use wave function method to
investigate the flavor symmetry breaking in yQM. In a
conventional quark model [21], a hadron consists of con-
fined constituent quarks and its wave function is con-
structed in the configuration space of the constituent
quarks. To incorporate the transition process of emitting
Goldstone boson of yQM into the quark model, the con-
stituent quarks will have intrinsic wave functions within
the configuration g + ¢'II.

In Sec. II, we first present the composite wave function
of constituent quarks including components of ¢'Il. The
wave functions and the transition probabilities of g — ¢'I1
are determined from a simplified yQM Hamiltionian. In
Secs. III and IV, the obtained transition probabilities are
used to calculate nucleon flavor-spin structure and baryon
octet magnetic moments, respectively. The numerical re-
sults and a brief summary are presented in Sec. V.

II. THE WAVE FUNCTION OF A CONSTITUENT
QUARK

In yQM, the effective Lagrangian below the chiral
symmetry breaking scale Ay involves quarks, gluons,
and Goldstone bosons. The first few terms in this
Lagrangian are [9]:

Loom = ¥D, + V, )y y + igahA, v v — mypiy
+3f2wor3te, X + .. 3)

where D,, = 9, + igG, is the gauge-covariant derivative
of QCD, G, the gluon field, and g the strong coupling
constant. The dimensionless axial-vector coupling g, =
0.7524 is determined from the axial charge of the nucleon.
m represents the constituent quark masses due to chiral
symmetry breaking. The pseudoscalar decay constant is
f= =93 MeV. The X field, vector currents V,, and axial-
vector currents A, are given in terms of the Goldstone
boson fields ®
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% m° + ﬁ n 'l Kt
d = " —\/iiaro_Jr%n K | @
K~ K° —%n
S = exp(i\/iq)) 3)
fa
\% 1
(4") = 5 (€10 = €0, (6)

An expansion of the currents in powers of ®/f . yields the
effective interaction between II and ¢ [10]

g -
L, = _\/—2—/}771#%(1)’}’“75(#- 3)

This allows the fluctuation of a quark into a recoil quark
plus a Goldstone boson g — ¢'II.

In the quark model, a hadron is built with constituent
quarks. In accordance with yQM, we should treat a con-
stituent quark as a composite particle including such com-
ponents ¢'Il. Here we denote the wave function of a
composite constituent quark as |g)). At rest,

) = 1) + D x¥ylg'TD). ©
q'll

In our paper, the state normalization relation is always
taken as

(plp"y = & — P (10)

The above wave function is of essential importance in
our work. The square of the modulus of the coefficient of
each ¢'Il configuration is just the probability for the
corresponding IT emission process

Pq—»q’l‘[ = |xZIH|2’ (11)

and
P = (1= 3 Poyn)
q'1l

is the probability of no IT emission.
To determine the wave function (9), we first construct a
simplified Hamiltonian in the degrees of freedom ¢ and II,

H=H,+ Hp + H,. (12)

H, represents the kinetic energies of ¢ and II. It reads

Hy = f d%{(ﬁ(z’a V4 m)p % Td? + (V)]

+ %%mﬁ@ﬂﬁ}, (13)
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where my; is the physical mass of II which is nonzero and
nondegenerate.

H =— /d3x£1, (14)

is the yQM interaction. Hp is an accessory interaction
which is needed to bind the ¢'II together. In our simplified
Hamiltonian, we will not discuss the explicit formalism of
Hj. Instead, we will put some physical restriction condi-
tions on it later in this section, which is sufficient to our
calculation.

From H,, we can expand free fields s and II in terms of
creation and annihilation operators

d’p 1 ‘
1(x) = [ —5 —= ) [apsu?(p, s)e” P~
P

+ bl (v (p, 5)e ] po_ps, (15)

11 — d3p 1 I ,—ipx It Jip-x

CI) (.X) - W \/ﬁ[cp e + Cp e ]PO:EE,
P
(16)
where
EY = \Jp? +m

is the quark energy of flavor ¢,

E) = ./p* + m}

is the energy of Goldstone boson II. agz and bg:r are the
creation operators of quark ¢ and antiquark g

{agr all} = b5, b2} = 6O - p)5s,,. (A7)

cll,IJr is the creation operator of II

[e, ey 1= 8% (p — p'). (18)

Next, we will replace the field ¢ and ® in the
Hamiltonian (12) with the free field of (15) and (16).
Then we can express the Hamiltonian in creation and
annihilation operators, for example

Ho=2> 2 f & pEjlag)ays + biibj]
q s

T z]d3pEgc§*cgl. (19)
11

In all the model calculations [11-19], the emitted II is
assumed bound to the quark source. To represent that g'I1
are bound, we use the well-known SHO function as their
spatial wave function
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|
lg11) = \/_N(_l)

g f & plple P2y (6, p)c"Eagtl; 110,
(20)

1 2 2
lqT11 :\/N\g(—i)f‘ﬁplple—(n 27,10, ¢)c " all0)

1, . -
_\/—N\/%(_l)ffpphﬂe (Fz/uz)ylo(a, ¢)
x " fatt|0), @1

where A is the “characteristic radius” parameter in the
Gaussian function. 1/ VN is the normalization factor,

N= f dppte”P/IV) = 2\/%/\5. (22)

However, we need a binding interaction Hp in the
Hamiltonian. Yet we do not know how to write out the
explicit form of Hg. However, Hy should provide enough
binding energy. That is, for the ¢'I1 system, we must have

(qIl|Hy + HglgIl) = m, + my;. (23)
That is
Ep = (qUl|Hg|qIl) = m, + my — (qIL|Hy|q1T)
=m, — E9+ mpy — E". (24)

As a rough estimation, we will take the minimum value of
Eg

Ep = — q,aHX{Eq —m, + E" — mp}

= —(E" —m, + E™ — m,). (25)

Then the wave function of a composite constituent quark
is determined from the Schrodinger equation

Hlg)) = M,lg)). (26)

After taking the above simplification, we need only solve a
matrix eigenvalue problem

(5 o)) =ml5e) @
where

a8’(0) =<(qlHlg),  B,16°(0) = {qlH|q'II),

Cq/H;q//H/83(0) = <qu|H|q”Hl>, XZ,H = .X'Z,H.

For example, let us consider the process u emitting IT.
There are four possible |¢'II) states generated by the
fluctuations of a u quark: |u7®), lun), |[d7") and |sK™).
Thus
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d7™)
xe |SKT). (28)

) = 2luy + x_lum®) + ity lum) + xt

Taking these wave functions as a basis, we can calculate
the matrix of the Hamiltonian in (27).

a=m,. (29)

C is diagonalized. Its diagonal matrix elements are calcu-
lated from H,,

1 o [
Cmro;mro = ﬁ fdpp4e (p*/ )( p2 + mlzt +.4/pt mirO)

+ Ep, (30)

1 o
Cunun =5 fdpp“e IR fp2 + m2 + \p + )

+ Ep, 3D

1 _
Cd7T+;d7T+ = N [dpp4e ([)2//\2)(\/1)2 + mlzl + \/p + mi.+)

+ Ep, (32)
1 2 2

Coxriskt = N fdpp e /A '(p? + mi +[p + my.)
+ Ep. (33)

B is calculated from H;

1

0
AELET,
E™,
- JEL + mu<1 +_——r ) (34)
Ep + m,

=(p?/22%)

0 d
B, 2\/-7Tf77\/—f pp'e

1

By = — f dppte— /2
2f 6mfn VN JAELET,
E”
. u 4 4P
JES mu<l o m) (35)

84 1 4 —(p2/2)2) 1
Byr = = —fdppe(" —
27fz IN 4ELET,
ET,
JEL+ md<1 " dip) (36)
EP + mg
ga 1 f sy |
B+ = — —— d e P
sK 27Tf77- \/N pp

VAEEX,
EX,
E + ms<1 + 7"> (37)
E]S, + my

By diagonalizing this Hamiltonian matrix, we will obtain a
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new mass of the constituent u quark M,, and its composite
wave function. The constituent masses and wave functions
of d and s quarks can be obtained similarly. We have

ld)) = 2/Id) + x4 _oldn®) + x§, ldn) + xi - lum™)
+x‘1 o|SKO), (38)

ls)) = z*[s) + x3,lsm) + xfmoldlz‘)} + x5 - [uK™). (39)

From isospin symmetry, m, = m,, we have

d — u. d — . d
= Zu’ xd7r0 - meO Xum™ = xd7r+’
(40)
However, since m, # m,, one should notice that
s Uu. ) u
75 F 74 dK° # x Xyg- T Xipee 41

After the diagonalization, the Goldstone bosons II are
separated from quarks g approximately. With only degrees
of freedom ¢ one can rebuild the quark model and so M,
M, M should be regarded as the constituent quark masses
in the quark model.

ITI. FLAVOR AND SPIN STRUCTURE OF PROTON

Having known the wave functions of constituent quark ¢
and the transition amplitudes of g emitting each Goldstone
bosons I, we are able to calculate the quark distribution in
a constituent quark following Refs. [11-13]. In yQM, II
will further split into a quark-antiquark pair. By substitut-
ing the quark contents of II into wave functions (28), (38),
and (39), we can rewrite the wave functions of constituent
quark g as

)y = 2{u) + (f + I)luwa»

u

(S = e utady - (s
+ Xy |d(ud)) + x5 (us)), (42)

% f
( 4 e )|d<dd>> - (55
+ x4 |u(di)) + x" . |s(ds)), (43)

|d)) = z'|d) + ( )ld(uu»

19 = 21s) + 2 sua) + 2 1s(ady - 222

7 7 NG s(s5))
+x* cold(sd)) + x5 - lu(si)). (44)

Then the antiquark and quark flavor contents of the
proton (uud) are
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=2 Yin | Yurt 2+ Xin _ Xt 2+|x” .2

B 2T | et
u=i-+?2, (45)
_ U w U x4 2
d= “n 4 um +2 un _ Tumw +2|xu +|2,

V6 V2 Vo V2 a
d=d+1, (46)
§=2x,1* +3lx 1% s=5 (47)

Some important quantities depending on the above
quark distribution are: the Gottfried sumrule I; = % + % X
(it — d) whose deviation indicates the i — d asymmetry in
proton sea; ii/d measured through the ratio of muon pair
production cross sections; and the fractions of quark fla-
vors in proton f, = %, fi=fu—fqand fs=f, +
f d 2f s

We can further calculate the spin structure of a proton.
Here one should consider the effects of configuration mix-
ing generated by spin-spin forces [22]. We take the baryon
wave functions from the quark model calculation [23-25].
The proton wave function, for example, is expressed as

|P, 1) = 0.90|P3Ss) — 0.34]P3S,) — 0.27|P3S,y)  (48)

where the baryon SU(6) ® O(3) wave functions are de-
noted as |B3 "!L,), N is SU(3) multiplicity. S, L are the
total spin and total orbital angular momentum while o =
S, M, A denotes the permutation symmetry of SU(6). The
spin polarization functions will be remarkably affected by
configuration mixing. Following Refs. [15,17], we define
the number operator by

A

N = nquy + nyuy + npdy + ngd) + ngsy + ngs),

where n., n, are the number of g;, g; quarks. The spin
structure of the ““mixed” proton is given by

P =(P,AINIP,})
= (0.90% + 0.34%)Gu; + tuy + 1d; + 2d))
+ 0'272(%”1 + %”1 + %dT + %dl)- (49)

The spin structure after considering II-emission is ob-
tained by replacing for every quark in Eq. (49) by

gy — (1 = ZP)qy; + Pripping(G11) T Pronftipping(411):
(50)

where Ppipping(g]) and Pponpipping(¢1)| are the probabil-

ities of quark helicity-flipping and nonflipping for g;,

respectively. For example, in the case of u; quark we have,
Pﬂipping(”T) = %[(lxzﬂ.olz + |xﬁ,, 2)”1 + |xz77.+ |2d1

+ Ixt 12sy],

and
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Prontipping (1) = 3L(1x" o> + |xti, Duy + x4 |2d;
+ |X?K+|ZST]'
Finally the spin polarization functions defined as Ag =
gy — q, are
Au = (0.90% + 0.34?)
o [4 B (114|)CZ7TO|2 + 48|xk, 1> + 36|x?K+|2>}

3 27
o2 66]x" ,|? + 24[xi, |2 + 18]x",. |
3 27 i
(S
Ad = (0.90* + 0.34%)
W1 6l |2 + 12]x, 2 + 9]xt, . |?
3 27
o[l 420" o2 + 12xt, 12 + 9lxt . |2
K] 27 '
(52)
x4, 2
As = — lgl (53)

There are several measured quantities which can be
expressed in terms of the above spin polarization functions.
The quantities usually calculated are A; = Au — Ad and
Ag = Au + Ad — 2As, obtained from the neutron
B-decay and the weak decays of hyperons, respectively.
Another important quantity is the flavor singlet component
of the total quark spin content defined as 2A3 = Au +
Ad + As. We also calculate some weak axial-vector form
factors which are also related to the spin polarization
functions, (Ga/Gy)p—p = 3 (2Au — Ad — As),
(GA/GV)E_—vn = Ad — AS, and (GA/GV)E_—>A :% X
(Au + Ad — 2As).

IV. BARYON OCTET MAGNETIC MOMENTS

Considering the relative angular momentum between
quark and Goldstone boson II, the magnetic moment
e

operator of a gII system is
[52 2
e, . pH + ml—[ ~
,&qH = m—qS + 4 )
q 2\/p3 + m? \/p?] +ml + \/p%-[ + m¥

2 2
pP; +m R
°n e i (54
2P} + miy ([0 + m2 + \Jphy + miy

where e, and ey are the electric charges carried by ¢ and

II, respectively, § the quark spin operator and [ the relative
angular momentum between ¢ and II. The first term in

094018-5



ZHAN SHU, XIAO-LIN CHEN, AND WEI-ZHEN DENG

Eq. (54) is the intrinsic magnetic moment of quark and the
other two terms are the contribution of the orbital angular
momentum. Here we have to consider the relativistic effect
since the relative momentum of ¢ or II are comparable to

their masses in the gII system
Py~ A~m,qn.

With the SHO wave functions of (20), the magnetic
moment of gIl system (54) can be readily calculated.
Then we can recalculate the magnetic moments of con-
stituent quarks taking into account of the relativistic effect.
For example, the magnetic moments of the u quark is

= 12y lag) + Py (a0
+ Pu—>u1]<u77|ﬂ|u7]> + Pu—>d7T+<d7T+|I[1’|d7T+>
+ Pu—>sK*<SK+|,a|SK+>; (55)

where

A eu
<M1|M|MT> = o (56)

u
and the contribution from gII systems are
Cu + Lu
6m, 3N

(ur’|plum®y = —

Vp* + my 7+ m3

dp

1

X -

pre=(P?/N), (57)

e, +€u

6m, 3N

1/p +m
X
w/p + m2 +1/p +m

p4e*(p2/A2)’ (58)

(unlplun) = —

1

X -

drt|pldmty = — 24+ 24

- s
lpz_l_mé 3N
_l’_
Jop ks
pr+md+pr+md

p4 ~(*/2%), (59)
p*+ mz
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€y €y

6m, 3N

(SKT|alsK™) = =

p? +mK

dp

f Jp? + m?+p? + m%
1 4

X pie

X/ \/p +m
\/m+1/p + mk

% —p e~ P/ (60)
\/Pz + mK

The magnetic moments of d and s quarks can be calculated
similarly.

One can easily obtain the octet baryon magnetic mo-
ments by replacing the valence quarks inside the baryons
with the corresponding constituent quarks. Again we take
proton as an example,

= (0.902 + 0.342) (4, —

—(p2/X) 4 CK*
3N

g) +0.27 Gy, + Sua).
(61)

If we replace the u, by (55), u,, can be further expressed
as the baryon magnetic moment in conventional quark
model plus the contribution from the Goldstone boson
emission process [26]. The magnetic moments for other
octet baryons can be calculated similarly.

V. NUMERICAL RESULTS AND CONCLUSIONS

In the numerical calculation, most of the parameters can
be taken from the experimental data or the chiral quark
model. We collect these fixed input parameters of our
calculation in Table I. Here we have used the physical
masses of Goldstone bosons [27].

For the quark masses, since our work focuses on the
inner context of the constituent quarks in the quark model,
naturally we will refer to the quark masses from the quark
model, instead of the chiral quark model values. Here we
will use the quark mass values from the widely accepted
Isgur’s quark model [21] as shown in Table II. However,
one should be cautious that, in our model, it is the quark
with the Goldstone boson mixing which corresponds to the
constituent quark in the quark model. That is, mass values
M, after the diagonalization process should be set to the
quark masses in Isgur’s model. Our strategy is to adjust the

TABLE I. The fixed input parameters from chiral quark model
and experimental data.

8a frMeV)  m, (MeV) mg (MeV) m, (MeV)
0.7524 93 135 494 548
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TABLE II.
mixing.

The quark masses with vs without Goldstone boson

A Eg MeV) m,, (MeV) m, (MeV) M, ; MeV) M, (MeV)
152 —218 288 474 220 419

quark masses m, in the model Hamiltonian to fit the M,
values.

Finally we are left only with one free parameter A which
describes the confinement of the emitted Goldstone boson
in our model. An overall fit to the experimental data of
nucleon flavor-spin structure and octet baryon magnetic
moments shows that the best value should be A =
152 MeV. With this value of A and a minimum binding
energy Ep = —218 MeV, the “bare” values of quark
masses m, without Goldstone boson mixing are shown
also in Table II.

Transition probabilities of the light and strange quarks to
various ¢'I1 systems are given in Tables III and IV respec-
tively. The probability of a u quark emitting a 7+ P(u —
d + ") = 0.145 is significantly larger than the perturba-
tion calculation a = 0.083. One may notice that the A
parameter value 152 MeV in our wave function, which is
below Aqcp, is rather small than another energy scale
A, qum in chiral quark model. Surely this will weaken the
interaction between ¢ and ¢'I1. However, one should also
notice that the binding energy Ez = —218 MeV will make
the energy of a gII system much closer to the single quark
energy. This will enhance the mixing of ¢’Il components
in a constituent quark.

Also, we notice that the asymmetry between the proba-
bilities of u(d) — s + K and s — u(d) + K. Whether this
asymmetry leads to any observable consequence in hadron
structure needs further investigation.

Next, we will compare our calculate results with the
experimental data. Since our emphasis is on the substruc-
ture of a constituent quark in NQM, here we also quote the
results from NQM. In Table V, the calculated flavor and
spin structures of the proton are shown. It should be
mentioned that the quark spin polarization functions can
be further corrected by the gluon anomaly [13,15,17,29—
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31] through

2
2909 = 0g - D g0, @

o

and the flavor singlet component of the total helicity is
modified accordingly as

3a,(0%)

AZ(Q?) = A3 —
dar

Ag(0?), (63)

where Ag(Q?) and A3 (Q?) are the experimentally mea-
sured quantities, Ag and A3 correspond to the calculated
quantities without gluon correction. Using the experimen-
tal data 2(Q% =5 GeV?) =0.19 =0.02 [2], a,(Q*> =
5 GeV?) = 0.285 = 0.013 [27], and our result A =
0.346, the gluon polarization Ag(Q?) is estimated to be
2.293. Both the results with and without gluon polarization
corrections are presented in Table V. The inclusion of
gluon polarization leads to a better agreement with experi-
mental data for the spin structure.

The calculated magnetic moments of octet baryons are
given in Table VI. Although the deviation is somewhat
around 30% in the case of Z~, our overall fit to octet
baryon magnetic moments is in good agreement with ex-
periments. Also it should be mentioned that even in the
case of E~ the fit can perhaps be improved if corrections
due to pion loops are taken into account [33,34].

In the model calculations [11-19], the Goldstone boson
sector in yQM is usually extended to include the ' meson
with U(3) symmetry. According to Cheng and Li [11], in
the large N, limit of QCD, there are nine Goldstone bosons
including the usual octet and the singlet n'. Thus a con-
stituent quark can also transit to a quark-n’ system. We
have also made a U(3) calculation. With the inclusion of
7', we find that the probabilities for 7’-emission from light
and strange quarks P(u —u+n')=Pd—d+ 7n') =
0.0021 and P(s — s + ') = 0.0018 which are negligibly
small as compared to those of octet Goldstone boson
emissions. We therefore conclude that the contribution of
7’ is not important, due to the obvious axial U(1) symme-
try breaking in meson mass spectra m,; > mg .

TABLE III. Transition probabilities of a u quark to various ¢'Il systems and the mass of
constituent u quark.

u—u+7m wu—u+n u—d+a" u—s+K" noGB-emission M,
0.072 0.003 0.145 0.010 0.770 220 MeV

TABLE IV. Transition probabilities of a s quark to various ¢'Il systems and the mass of

constituent s quark.

s—s+n s—u+ K~

s—d+ K°

no GB-emission M,

0.012 0.071

0.071

0.846 419 MeV
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TABLE V. The calculated values for the quark flavor distribution functions and spin polar-
ization functions in the proton, as compared with experimental data and NQM results.

Data NQM Our Model
With Ag Without Ag
Au 0.85 = 0.05 [2] 1.33 0.864 0.968
Ad —0.41 £0.05 [2] —0.33 —0.377 —0.274
As —0.07 £ 0.05 [2] 0 —0.107 —0.003
Ay = (G4/Gy)yp 1.270 = 0.003 [27] 1.67 1.242 1.242
(Ga/Gy) =) 0.718 = 0.015 [27] 1 0.737 0.737
(GA/Gy)s—n —0.340 = 0.017 [27] —0.33 —0.270 —0.270
(Ga/Gy)=_n 0.25 = 0.05 [27] 0.33 0.234 0.234
Ag 0.58 = 0.025 [2] 1 0.701 0.701
A3 0.19 = 0.02 [2] 0.5 0.190 0.346
i — 0.264
d — 0.392
5 — 0.036
i—d —0.118 = 0.015 [6] 0 —0.128
i/d 0.67 = 0.06 [6] 1 0.674
I 0.254 = 0.005 [6] 0.33 0.248
Sfu — 0.577
fa — 0.407
fs 0.10 = 0.06 [28] 0 0.017
f3 — 0.170
fs — 0.950
f3/f3 0.21 £ 0.05 [14] 0.33 0.179

TABLE VL

The calculated octet baryon magnetic moments in a nuclear magneton, as

compared with experiments and the results of NQM.

Octet baryons Data [27] NQM [32] Our model
p 2.79 = 0.00 2.72 2.73
n —1.91 £ 0.00 —1.81 —-1.91
3 —1.16 = 0.025 —1.01 —1.23
3* 2.46 + 0.01 2.61 2.67
=A —1.25 = 0.0014 —1.41 —-1.36
= —0.65 £ 0.002 —0.50 —0.44
A —0.61 = 0.004 —0.59 —0.56
SA 1.61 £ 0.08 1.51 1.63

To summarize, the yQM builds a bridge between the
QCD and low-energy quark model. This allows us to
understand the mechanism of flavor symmetry breaking
and nucleon flavor-spin structure in NQM through the
consideration of the sea quark and Goldstone bosons in
the substructure of constituent quarks. Using the simple
SHO wave function, we have modeled the wave functions
of the composite constituent quarks and thus estimated the
transition probabilities for Goldstone boson emissions.
These transition probabilities indeed reflect the flavor
SU(3) symmetry breaking in yQM from the differences
in quark masses m; > m, ; and differences in Goldstone

bosons masses my , > m, and they are roughly in agree-
ment with the parametrizations of other model calculations
[11-19]. The fits to both the flavor-spin structure of nu-
cleon and octet baryon magnetic moments are in good
agreement with experiments.
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