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Nucleon spin-flavor structure in the SU3)-breaking chiral quark model
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The SU3) symmetric chiral quark model, which describes interactions between quarks, gluons, and the
Goldstone bosons, explains reasonably well many aspects of the flavor and spin structure of the proton, except
for the values off ;/fg and A;/Ag. Introducing the S(B)-breaking effect suggested by the mass difference
between the strange and nonstrange quarks, we find that this discrepancy can be removed and better overall
agreement obtainefiS0556-282(197)07205-9

PACS numbdss): 12.39.Fe, 11.30.Rd, 14.20.Dh

I. INTRODUCTION work. In the chiral quark model the effective strong coupling
constanta could be as small as 0.2—0.3, which implies that
One of the important goals in high energy physics is tothe hadrons can be treated as weakly bound states of effec-
reveal the internal structure of the nucleon. This includes théve constituent quarks. The model gave a correct value for
study of the flavor and spin contents of the quark and gluodGa/Gy)n_.p=(5/3)ga=1.25, with g4=0.75, and a fairly
constituents in the nucleon and how these are related to tH#o0d prediction for baryon magnetic moments.
nucleon properties: spin, magnetic moment, elastic form fac- The extended description given ji2] can solve many
tors, and deep inelastic structure functions. In the late 19808uzzles related to the proton flavor and spin structures: a
the polarized deep inelastic lepton nucleon scattering expergignificant strange quark presence in the nucleon indicated in
ments[1] surprisingly indicated that only a small portion of the 10w energy pion nucleon sigma tewm,, the asymme-
the proton spin is carried by the quark and antiquarks, and By betweenu and d densities, the total net quark spin
significant negative strange quark polarization in the protorﬁz”—‘ll3 and nonzero negative strange polarization
sea. Since then, a tremendous effort has been made for soRS=—0.10. However, the S@3) symmetry description
ing this puzzle both theoretically and experimentdtigcent ~ Yi€ldsfs/fg=1/3 andA;/Ag=>5/3 (the definitions off 3 sand

review seg2-5]). According to the most recent res{@, 7], Asg ar_ehga/en in Sec. Il ?ISOI se{&IZ]),r\]/yhich are inc_onsiz—
the quarks contribute about one third of proton’s spin, which€nt with the experimental values. In this paper, we introduce

is only one half of the spin expected from the hyperon deca)?n SU3) symmetry-breaking effect that arises from the mass

data (A3 ~0.6) and the strange quark polarization is aboutdlfference between the strange and nonstrange quarks, which

~0.10, which deviates significantly from the naive quarkresults in a suppressed amplitude for produ_cmg the “kaons.
: The result shows that not only the above discrepancy can be
model expectation. On the other hand, the baryon magnetic
removed but also better agreement between some other theo-

moments can be reasonably well described by the spin-flavar’.. L . . )
. e : retical predictions and experimental results is obtained. The
structure in the nonrelativistic constituent quark model.

Most recently, the New Muon CollaboratighiMC) ex- 7 meson is not included in the $8) breaking here despite

periments 8] have shown that the Gottfried sum rul] is its sirange quark contents because it is not well established
iolated. which indi hat th density is | han th as a Goldstone boson. An investigation in this direction is
v_|oate., which in icates that t . ensity Is larger than the underway and the result will be presented elsewhere. Our
u density in the nucleon sea. This asymmetry has been co

- . . - Timited goal in this work is to look at the SB) breaking by
firmed by the NAS1 Collaboration experimeft0], which  fiot introducing the suppression of kaon fluctuations.
shows thatu/d=0.51 at x=0.18. From the perturbative
QCD motivated quark model of the nucleon, the density of
u would be almost the same as that fif the sea quark
pairs are produced by the flavor-independent glusnso(ld In the scale range betweeh, sg and Aqcp in the chiral
be different because @hs>m, ). quark model, the relevant degrees of freedom are the quasi-
Many theoretical works, trying to solve these puzzles,particles of quarks, gluons and the Goldstone bosons associ-
have been published. Among these, the application of thated with the spontaneous breaking of thg W SU(3) chi-
chiral quark model, suggested by Eichten, Hinchliffe, andral symmetry. In this quasiparticle description, the effective
Quigg[11], and then extended by Cheng and 12], seems gluon coupling is small and the important interaction is taken
to be more promising. The chiral quark model was originatedo be the coupling among quarks and Goldstone bosons,
by Weinberg[13] and then developed by Manohar and which may be treated as an excitationoaf pair produced in
Georgi[14]. In this model, they introduced an effective La- the interaction between the constituent quark and the quark
grangian for quarks, gluons and Goldstone bosons in the resondensate. Note that these Goldstone bosons can be
gion between the chiral symmetry-breaking scalgdg=1 identified, in quantum numbers, with the usual pseudoscalar
GeV) and the confinement scale\ fcp=0.1-0.3 GeV. mesons, but thepropagate inside the nucleon aate not
The great success of the constituent quark model in low erfree on-shell mesons.
ergy hadron physics can be well understood in this frame- The sea quark-antiquark pairs could also be created by the

Il. SU(3) SYMMETRY BREAKING
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gluons. Since the gluon is flavor independent, a valence Defining fs=f,—fy, fg=f,+f4—2f;, Az=Au—Ad,
quark cannot change its flavor by emitting a gluon. Also theand Ag=Au+Ad—2As, the SU3) symmetry description
spin cannot be changed due to the vector coupling naturgields
between the quarks and gluons. On the other hand, emitting
a Goldstone boson a valence quark could change its flavor fs/fg=1/3(expt:0.23, Az/Ag=5/3(expt:2.]. (2.6)
and certainly change its spin because of pseudoscalar cou- _ o )
pling between the quarks and Goldstone bosons. The pref? Ref.[12], Cheng and Li suggested that this inconsistency
ence of Goldstone bosons in the nucleon causes quite a dieetween theoreuc_al prediction and data could be attributed to
ferent sea quark flavor-spin content from that given bySome SU3)-breaking effects.
emitting gluons from the quarks. Hence the chiral quark We assume that the breaking of @flavor symmetry
model may provide a better understanding to the abov&rises frqm a mass dlfference between the strange and non-
puzzles. strange light quarks. Since time,>m, 4 the breaking would

The effective Lagrangian describing interaction betweerfause a suppressed amplitude, and thus a smaller probability,

quarks and Goldstone bosons can be wrifte?| for a u quark to fluctuate into & =(us) plus a strange
quark than fluctuate into pion and a nonstrange light quark.

u Defining ¥ (u—=m"d) as the probability amplitude of a
7+ meson emission from a quark, etc., we have

— — d
Li=0s0¢q+v1/3goa7'q, Qq= , (2D
L ° s W (u— 7 d)|2= | (d— 7~ u)|?=|ggl>=a, etc. (2.7)

for pion emission, and
where

W (u—K*s)|?=|¥(d—KO%)|?=ea (2.9

1
=Tt =7 ™ K™ for kaon emission. The new parametedenotes the ratio of
V2© e i e ;

the probability of emitting a kaon to that of a pion from the
1 1 quarks, and we expect<Qe<1. In the following, we will
show that a reasonable valee-0.5—0.6 gives a good fit to
the data.
KO - __Itis easy to see that the nonstrange quark numbers, thus
V6 d—u andd/u would not be affected by the $B)-breaking
2.2 effect arising from suppression of kaon production, but the

strange quark numberandf would be reduced. A straight-
and\; (i=1,2,...,8 are the Gell-Mann matrices. If the sin- forward calculation yields the results
glet Yukawa coupling is equal to zergy=0, the quark sea
created by emitting 0 meson octet would contain more u=
quarks tharu quarks(and lesss quarks. The resultingu-d
asymmetry seems to be consistent witd <0 indicated by .
the NMC data which show a significant violation of the d=
Gottfried sum rule. However, if the singlet is as important as
the octet in the quark meson interactions and its Yukawa
coupling is equal to the octet couplings= gg, then the fla- =
vor asymmetry in the sea disappears and the numbers of

uu, dd, andss are equal. Cheng and Li suggested an un- _ .
equal singlet and octet couplingy/gg={+ 1 [see discus- which reduce to the S@3) results[12] when e—1. From

sion below Eq(2.12]. Takinga=|gg|?=0.1 and{=—1.2, Egs.(2.9-(2.1D, we obtain
they obtained

(£%+2¢+6), 2.9

w| o

(£%+8), (2.10

w| o

({?—2¢+10)—3a(1—e), (2.11

w| o

1-¢
s

— __ 2a u__ (
d—u—?(l—é’), d——1—2 (2.12

U/d=0.53 expt:0.510.04+ 0.05), (2.3

lg= =0.236expt:0.235-0.026, u/d=0.51, which leads to (%¢)/({%+8)=0.24, and
0 X {=—1.2. The explanation faf+ 1 in[12] was that the non-
(2.4 planar contributiong15] in the 1N, expansion break the
_ U(3) symmetry. A study given ifl6] shows that the singlet
— 2s —0.19expt:0.18:0.03, (2.5 and nonsinglet couplings are renormalized differently in the
3+2(u+d+s) e T ' chiral quark model since they receive different contributions
from the loops of Goldstone bosons. A detail model calcula-
where fq=(q+0q)/[2(q+0)] (g=u,d,s). Using the same tion in[16] gave{=—2. But it still needs further study.
parameters, the quark spin polarizations are also consistent For the spin contents of the proton, the SlJbreaking

with the data(see[12]). results are

fl FO(x) — F)(x) since data shows>U anda>0, hence/<1. From the data,

S



2626

A _4 a _ . 4a
u—§—§(8§ +37)+ ?(1—6), (2.13

_ 1 2a ) a
Ad——§+?(§ _1)_5(1_6), (2.19
As=—a+a(l—e). (2.15

One can see that with the $8)-breaking effect arising from
the kaon suppressiohu would bemore positive Ad more

negativeand As less negativeaCompared to the results with-

out SU3) breaking,

AS—(AS)SU(3)=8.(1—6), AE—(AE)SU(3)=2a(1—e).

(2.19
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TABLE I. Quark flavor contents for the proton in the chiral
quark model §=0.1, = —1.2) with (¢=0.5 and 0.6 and without
(e=1.0) SU3) breaking.

Quantity Data e=0.5 €=0.6 e=1.0
ud 0.51+0.09 0.53 0.53 0.53
I 0.235+0.026 0.236 0.236 0.236
f, 0.51 0.50 0.48
fq 0.35 0.35 0.33
s 0.18+0.03 0.15 0.15 0.19
falfg 0.23+0.05 0.26 0.27 0.33

parameters, {, ande in the SU3)-breaking description, one
obtains

Hence a consequence of this breaking is that the strange sef, /f;=0.26 expt:0.23, Az/Ag=1.94expt:2.10; (3.1)

polarization is reducedless negativeand the total quark
spin would slightly increase.
From Egs.(2.9—(2.11), we have

fa/f L ! 2.1
83 L, 4o 219
1+(4a/3)({—1)
For the nonsinglet axial charges, one obtains
5 a
A3=§ 1—§(2§2+4+3e) , (2.18
a
A8=1—§(2§2+10—36), (2.19
and
a
5 1—§(2§2+7)+a(1—e)

a
1—§(Z{Z+7)—a(1—e)

It is obvious that the correction factors, appearing in

Egs. (2.17 and (2.20, due to the S(B) breaking, are in
the right direction, i.e.,f;/fg decreaseqprovided that
1+(4a/3)({—1)>0 ande<1l] andA3/Ag increases. The
SU(3) results can be recovered by takiag-1.

Ill. NUMERICAL RESULTS AND DISCUSSION

To maintain the agreement obtained in the($lsymme-
try description, we choosg=0.1 and{=—1.2 used in Ref.
[12] (one can see from Eq2.12) thata and{ are completely
determined by fitting datad/u and d—u. Two remarks

should be made. First, dath—u is obtained from the mea-
surement of the Gottfried sury by assuming there is no

charge symmetry breaking in the sg&¥]. Second, “data”
d/u are measured only at one particubarpoint). For the
SU(3)-breaking paramete#, we choosee=0.5-0.6, which
is quite a reasonable value if we assume thatproportional
to the ratiom, 4/mg, wherem,, 4 andmg are the constituent

the theoretical predictions are now much closer to the data
than those from S(B) description and the inconsistency
shown in[12] is removed. The results for the quark flavor
and spin contents in the proton are listed in Tables | and II,
respectively. Comparison with Cheng and Li's @Jsym-
metry prediction and data are shown. For comparison, the
experimental results from the analysis given by Ellis and
Karliner [18] are also shown.

Several remarks are in order.

(1) According to the analysis given if9,2Q, the hy-
peron B8 decay data can be well accommodated within the
framework of Cabbibo’s S(B) symmetry description. For
example, Ref[19] shows that the use of $B) symmetry
with a small SU3) breaking proportional to the mass differ-
ence between strange and nonstrange quarks allows a very
satisfactory description of the hypergh decay data and
leaves little room for any further SB)-breaking contribu-
tions. Similar conclusion has been reachefi?@]. Hence as
a good approximation, one can write

A;=Au—Ad=F+D, Ag=Au+Ad—-2As=3F-D.
(3.2

TABLE II. Quark spin contents for the proton in the chiral
quark model §=0.1, {=-1.2) with (¢=0.5, 0.6 and without
(e=1.0) SUJ) breaking.

Quantity Data €e=05 =06 €=1.0

Au 0.84+0.05 (E143
0.83+0.05 (SMC)
0.85+-0.03 (E-K)

—0.43+0.05 (E143

—0.44+0.05 (SMC)

—0.41+0.03 (E-K)

—0.08+0.05 (E143

—0.09+0.05 (SMC)

—0.06+0.04 (E142

—0.08+0.03 (E-K)
0.30-0.06 (E143
0.20-0.11 (SMC)
0.39+0.10 (E142
0.37+0.07 (E-K)

0.86 0.85 0.79

—-0.34 -034 -0.32

As —-0.05 -0.06 -0.10

AY, 0.47 0.45 0.37

guark masses of nonstrange and strange quarks. Having three
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TABLE Ill. Hyperon g-decay constants in the chiral quark as 0.5-0.7. Taking they's from Egs. (2.9-(2.11) and
model @=0.1, {=—-1.2) with (¢=0.5 and 0.6 and without Aq's from Egs. (2.13—(2.15, and using as=0.35 at

(e=1.0) SUB) breaking. Q?=3.0 Ge\?, we obtain

Quantity Data e=05 =06 =10 (AD)=0.24-0.34 (¢=0.5), 0.20-0.30 (¢=1.0); (3.6)
F-D 1.2573+0.0028 1.20 1.19 111 e data from E143

F+D/3 0.718+0.015 0.70 0.70 0.67

F-D —0.340+0.017 —-0.29 —0.28 —-0.22 1 o

F-D/3 0.25+0.05 0.21 0.21 0.22 fo A1(x)dx=0.40+0.10 3.7
F/D 0.575+0.016 0.61 0.62 0.67

AglAg 2.09+0.13 1.94 1.88 167 seems to favor the symmetry-breaking description.

(4) We decompose the valence and sea contributions for
. ) the flavor contents in the proton. Neglecting the antisymme-
From the spin contents shown in Table Il, we can calculatgrization effect of theu andd sea quarks with the valence

F/D and other weak axial couplings. The results are listed ifyuarks (1, d in the nucleoh we may assume,,=2 and
Table Ill. It shows that our description gives better agree =1, sinces,,=0, and obtain

ment with the hyperor8 decay datd21,22 as well.

(2) The first moments of? andg} including QCD cor- —a_,
rections can be written as Useq=U=3({"+2{+6), (3.8
L. Cns 1 —a_ ,
IP= | dxf(0= 5 Aut 75(2Cs~Crg)AS, (33 dseimd= 5 (£2+8), (3.9
0
a_ [* Cns, 1 Seum 5= o (£—1)%+ 3ea; (3.10
%= 0 nggj_(X): n — TAS+1_8(403+CNS)AE , sed 3 y

3.4 here the equality of the sea quark number and the antiquark

) number is because the sea must be flavorless. From Egs.

where,=0.4565 andC(Q?), Cns(Q?) are the QCD radia- (3.8)—(3.10), the sea not only violates $8) flavor symme-
tive correction factors given in Reff23]. Takingas=0.35at  ry put also violates S(2) symmetry; i.e.,
Q?=3.0 Ge\? and using the spin contents in Table II, the o
first momentd P andl9 are evaluated and listed in Table IV. s<u<d. (3.11

One can see that the $8)-breaking results are also better
than those without S(3) breaking except for the moment of However, for a special case=1 ande=1, one obtains a
g%. Our prediction ofl ¢ is higher than both spin muon col- complete S(B) symmetric seas=u=d, which was dis-
laboration(SMC) and E143 data. In addition, ol value is  cussed i 11].

closer to the SMC data, while the 8) symmetry predic- (5) For sea quark spin contents, we have to be careful in
tion is closer to the E143 data. defining the sea quark polarizations. Unlike the equality
(3) For comparison, we also evaluated a quantity defined|*®®=q holds in the unpolarized case, we do not have similar
as equality for sea quark polarization and corresponding anti-
guark polarization in generdR4,29. As an example, the
Se?Aq chiral quark mode[SU(3) symmetry or SW3)-breaking de-
(AD)=2(x) Egzq , (3.5  scriptiond gives that all antiquark polarizations are zero
q
Au=Ad=As=0. (3.12

which is a crude approximation of the asymme#§ mea-
sured in deep inelastic lepton proton scattering, wkigfds ~ The smallness of antiquark polarizations was discussed in
the average value of the Bjorken variaBl@and can be taken [25] and seems to be consistent with the most recent SMC

TABLE IV. The first moments ofg)" and g‘f in the chiral quark model g=0.1, {=—1.2) with
(e=0.5, 0.6 and without €=1.0) SU3) breaking.

Quantity Data €=0.5 €=0.6 e=1.0
IP 0.136+0.016 (SMC) 0.137 0.136 0.128
0.127+0.011 (E143
" —0.031+0.011 (E142 —0.021 —0.022 —0.021
—0.037+0.014 (E143
14 0.034+0.011 (SMC) 0.053 0.052 0.049

0.042+0.005 (E143
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experimen{26]. It is obvious from Eq(2.15 and Eq.(3.12 IP=0.125, I"=-0.033, 19=0.042, (3.19
thatat leastfor the strange quarksea polarization the equal-
ity Agse=AQq does not hold; i.e., which seem to be in better agreement with the DIS data
L listed in Tables Il and IV. Note that the prediction for hy-
Asgeq” As. (3.13  perong decay constants\s, Az and thusA;/Ag listed in

Table Il are not affected.

If we neglect the antisymmetrization effect of theand d Finally, we have

sea quarks with the valence quarks as before, we may as-
sumeAu, =3 andAd, = — 3, since no valence strange quarks Mp 3 5a 1-re
As,=0, and obtain o

2|7 6  2a 11 '
Fon 1- | 2+ | +a(l-e)
a _ ., 4a 3 4
AUsea:_§(8§ +37)+?(1_6)! (3.149 (3.20
5 wherem,=my andr=my, 4/mg are assumed. It is not nec-
a a i ;
ey NP PO essary to require to be equal to the suppression parameter
Alses=+ 9 (-1 3(1 € (3.19 €. Assumingr=¢e=0.6 and using the numbers given in

Table II, one obtaing,/u,=1.40, which can be compared
Asgeq= —ae. (3.16  to the data fup/n)exp=1.46. A more detail discussion on

) . the octet baryon magnetic moments will be given elsewhere.
For the SUW3) symmetric case ifil2], one has é=1)

AUg<0, Adges>0, ASee<O0. (3.17 IV. SUMMARY

In this paper we introduced an $&)-breaking effect into

It implies that the sea quark of each flavor is polarized in thethe SU3) symmetric chiral quark model. A breaking param-

direction opposite to the valence quark of the same flavoreter e=|¥(u—K*s)|?/|W(u—m"d)|2<1 is suggested.

However, in the S(B)-breaking descriptionddseacould be The new parameter denotes a smaller probability of the kaon
negative if 1~ €>%(4*~1)=0.3, ore<0.7. In this case, all emission from a quark than that of emitting pions. Taking
sea quarks are spinning in the opposite direction with respe@=0.5-0.6, thef3/f5 andA;/Ag values are much closer to
to the proton spin. This includes the cases=0.5 or 0.6  the data. With the breaking effect, some other theoretical
discussed in this work. A set of negative flavor asymmetricpredictions are also in better agreement with the experi-
sea polarizations |As|<|Au[<|Ad| and Aq<O for ments. The simple model suggested in this work does not
gq=u,d,s) has been used {i27]. The result shows that a set have power to predict the flavor and spin distributions in the
of valence quark helicity distributions, given by the c.m. bagnucleon. Furthermore, n@? dependence can be discussed in
model, and a set of negative sea helicity distributions canhis simple calculation. However, the success of explaining
well describe the spin-dependent structure functigf),  many puzzles by using only a few parameters encourages us
g7(x), and g‘i(x) measured in deep inelastic scatteringto present this work and to study it further.
(DIS).

(6) If the gluon axial-anomaly contributiof28] is taken ACKNOWLEDGMENTS
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