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The flavor and spin structure for the quark distributions of shbaryon is studied in a perturbative QCD
(PQCD analysis and in the SB) quark-diquark model, and then applied to calculate Ahpolarization of
semi-inclusiveA production ine™e™ annihilation near th& pole. It is found that the quark-diquark model
gives a very good description of the available experimental data. The PQCD model can also give a good
description of the data by taking into account the suppression of quark helicities compared to the riéjve SU
quark model spin distributions. Further information is required for a clean distinction between different pre-
dictions concerning the flavor and spin structure of Ahe

PACS numbgs): 14.20.Jn, 12.38.Bx, 12.39.Ki, 13.60.Hb

I. INTRODUCTION dominant valence dowr(d) quark, so thatAd(x)/d(x)
=—1/3 in the quark-diquark mod¢®,10], a result which is

The flavor and spin structure of the nucleons is one of thelifferent from the PQCD predictioAq(x)/q(x)=1 for ei-
most active research directions of the high energy physicgheru andd [7]. At the moment, there is still no clear data in
community. Though there have been remarkable achievesrder to check these different predictions, although the avail-
ments in our knoWIedge of the quark'gluon structure of theab|e measuremen'[ﬂ_Z] for the po'arizedd quark distribu-
nucleon from three decades of experimental and theoreticglons seem to be negative at largeslightly in favor of the
investigation in various deep inelastic scatterifgS) pro- quark-diquark model prediction.
cesses, the detailed flavor and spin structure of the nucleon |; g important to perform high precision measurements of
remains a domain with many unknowns, and there have beeg 4;apje physical quantities and/or to measure new quanti-

many unexpected surprises with respect to naive theoretica s related to the flavor and spin structure of the nucleon, in

con3|d9rat|pns. The sea content_of the nuqleon has reCeV & der to reveal more about the quark-gluon structure of the
extensive investigation concerning its spin struct(iie,

strange conten3,4], flavor asymmetry2], and isospin sym- ngclegn. Howevgr, it should be more meaningful and ef.f"
metry breaking[5]. Even our knowledge of the valence cient if we can find a new domain where the same physics

quark is still not well established, reflected from the recen@NceMing the structure of the nucleon can manifest itself in

investigations concerning the flavor and spin structure of th& Way that is more easy and clean to be detected and
valence quark for the nucleon near 1. For example, there checked. It seems that physics is such a new frontier, and

are different predictions concerning the ratiéx)/u(x) at  therefore can be used to test various ideas concerning the
x—1 from the perturbative QCIPQCD) analysig[6,7] and  Structure of the nucleon. It was found by Burkardt and Jaffe
the SU6) quark-diquark model8—10], and there are differ- [13] that theu andd quarks inside a\ should be negatively
ent predictions concerning the valueR§(x)/F8(x) at large  Polarized from SUB) symmetry. It was also pointed out by
x, which has been taken to be 1/4 as in the quark-diquar@offer and one of ugl4] that the flavor and spin content of
model in most parametrizations of quark distributions. A re-the A can be used to test different predictions concerning the
cent analysig11] of experimental data from several pro- spin structure of the nucleon and the quark-antiquark asym-
cesses suggests tHaj(x)/F5(x) —3/7 asx—1, in favor of ~ metry of the nucleon sea. Most recently, we fold] that
the PQCD prediction. The spin structure of the valencehe flavor and spin structure of thle nearx=1 can provide
quarks is also found to be different neax 1 in these mod- clean tests between perturbative QGBRCD and the SW5)
els, and predictions have been made concerning the nomuark-diquark model predictions. We also found that the
nondominant up(u) and down(d) quarks should be posi-
tively polarized at large, even though their net spin contri-

*Email address: mabg@hptc5.ihep.ac.cn butions to theA might be zero or negative. Thus it is clear
"Mailing address. that the quark structure of is a frontier which can enrich
*Email address: ischmidt@fis.utfsm.cl our understanding concerning the flavor and spin structure of
$Email address: jiyang@fis.utfsm.cl the nucleon and provides a new domain to test various ideas
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concerning the hadron structure that come from the availablbetween various parametrizations. There is also a recent sug-
nucleon studies. gestion[14] to measure a complete set of quarkAounpo-
Unlike the nucleon case where the protons and neutroniarized and polarized fragmentation functions for different
(in the nuclej can be used as targets in various deep inelastiquark flavors by the systematic exploitation of unpolarized
scattering(DIS) processes, direct measurement of the quarlgnd polarized\ andA productions in neutrino, antineutrino,
distributions of theA is dlfflCUlt, since theA is a Charge- and po|arized electron DIS processes.
neutral particle which cannot be accelerated as incident beam Recently there have been detailed measurements of the
and its short lifetime makes it also difficult to be used as ayolarizations from thez decays ine*e~ annihilation[30—
target. However, the quark distributions and the quark frag32]. The measured\ polarization has been compared with
mentation functions are interrelated quantities that can Ungeveral theoretical calculatiof@5,27—29 based on simple
cover the structure of the involved hadrft6,17. For ex-  gnsatz such adD’(2)=C,(2)D(2) with constant coeffi-
ample, the quark distributions inside a hadron are related b¥ientqu, or Mon('ge Carloqeven% generators without a clear
crossing symmetry to the fragmentation functions of theypysical motivation. It is the purpose of this paper to calcu-
same flavor quark to the same hadron, by a simple reciprogze thep polarization ine*e~ annihilation at thez pole by

ity relation[17] using the physics results presented in H&6]. It will be
shown that the quark-diquark model gives a very good de-
scription of the available experimental data; PQCD can also
give a good description of the data by taking into account the
suppression of quark helicities compared to thg@duark
‘model values of quark spin distributions. Thus the prediction

An(x)*Dg(2), (1)

where z=2p-g/Q? is the momentum fraction of the pro-
duced hadron from the quark jet in the fragmentation pro

_ 2 . . . B
cess, dand<t— ?h/ 2p-qis t?e ijork?_n Sci“?hg varlal:iw(lef corret:r-] of positive polarizations for tha andd quarks inside the\
sponding o the momentum fraction of the quark from the,,, 4 jq supported by the available experimental data.

ha:jron Il'g thte DIS pr?cess.lAlzthfough s;’Ch aélrelafon g1ay be The paper is organized as follows. In Sec. Il of the paper
only valid at a specific scal@” for x—1 andz—1 under .we will present the formulas for thd polarization in the

leading order approximation and there are corrections to th|8+e_ annihilation near th& pole. In Sec. Il we calculate

;?é?at:gzofr:(s)[TS?Xi?ir;nr?enrtc?\lliggsa(la rr\gzt;%?q:lt?lg tcrl)enor:gctzltcic?:l Ct?(iihe A polarization in the S6) quark-diquark model and

tween differené h sicgl uantities and lead to different re-find that the model gives a very good description of the
o phy 9 . P vailable data. In Sec. IV we present the analysis for three

dictions about the fragmentations based on our

understanding of the quark structure of a hadfa#,19. cases in the PQCD framework and find that we can also give

. : a good description of the data by taking into account the
e e s UpDESion of Qi helles compared o e naGS.
! ) : : quark model spin distributions. Finally, we present discus-
tation due to its self-analyzing property owing to the charac-_. . .
L i ) . sions and conclusions in Sec. V.
teristic decay modd — p7r~ with a large branching ratio of
64%. Thus we can use variodsfragmentation processes to
investigate the spin and flavor structure of theand to test Il. A POLARIZATION IN e*e™ ANNIHILATION NEAR
various ideas concerning the hadron structure. From another THE Z POLE
point of view, studying the quark td fragmentations is also ) , ) —
interesting in itself. We may consider our study as a phenom- ©One Lntﬁrestlng_ feature of quark-antiquakgj produc-
enological method to parametrize the quarkitdragmenta- tionine e annihilation near th& pole is tha_t the produced
tion functions, and the validity and reasonableness of théuarks(antiquarks are polarized due to the interference be-
method can be checked by comparison with the experimentdy'een the vector and axial vector couplings in the _s'ga}Lndard
data on various quark td fragmentation functions. modelof electroweak mterqcnons, even thoug.h the indial
There have been many proposals concerning the measur@?d € beams are unpolarized. Such quéaktiquark po-
ments of theA fragmentations functions in different pro- larization leads to the polarization of the (A) from the
cesses, for different physical godl$3—15,18—2F, and in  decays of the quarks, therefore we can study the polarized
this paper we will focus our attention on the longitudinally quark toA fragmentations by the semi-inclusive production
polarized case. One promising method to obtain a completef A in e"e™ annihilation near th& pole[13,20,27,28
set of polarized fragmentation functions for different quark The differential cross section for the*e’—>qa process
flavors is based on the measurement of the helicity asymmenear theZ pole is
try for semi-inclusive production of\ hyperons ine"e”
annihilation on thez® resonanc¢13]. Measurements of the do @?(Q?)

light-flavor quark fragmentations int& have been also sug- —= = NC4—{(1+CO§0)[e§— 2X1VeVqBq+ X2(a2+V2)
gested from polarized electron DIS procga3] and neutrino s

DIS procesg25], based on the-quark dominance assump- X(a2+v2)]+2 cosf — 2 x18.34€

- - . a'Vaq 1%e“%q~q

tion. It has been also suggested to determine the polarized

fragmentation functions by measuring the helicity transfer +4x28:8qVeVql} (2

asymmetry in the processp— AX [26]. From its depen-
dence on the rapidity of tha, it is possible to discriminate where
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1 s(s—M2)
X 16 siry,coL 0y (5— M2)2+M2r2’

B 1 s?
256 sirf 6,008 6y (s—M2)2+M2I'2’

X2

a.=—1,
Ve=—1+4sirféy,
aq:2T3q,

Vq=2T3q—4€,Sif by,

The corresponding cross section for the production of polar-
(3)  ized hadrorh production can be written g43]

d’Ac N @?(Q?)
=—N——
(4) dQdz 2s

:%{FeuﬁﬁWJADaﬁ—ADaﬁ]

X(1+c0og 6) +2a,v [ AD(2) + AD(2)]cos}

©) + xa{(v2+a2)vqa [ AD}(2) — AD(2))(1+ o)
(6) +2veac(vi+ag)[AD}(2) + ADy(z)]coso}}. (11)
(7 The polarizations of the initial quarks froei" e~ annihi-

lation are given by

)

whereTz,= 1/2 for u, ¢, while T3q=—1/2 for d, s, b quarks, ~ Aq(1+ cos ) + B,cos6

Pq= (12

N.=3 is the color numberg, is the charge of the quark in a Cq(1+c0o$6)+Dcosf’

units of the proton charge), is the angle between the outgo-
ing quark and the incoming electroi,, is the Weinberg where
angle, andV, andI', are the mass and width @°.
In the parton-quark model, the differential cross section S
for the semi-inclusive hadroth) production process*e” Aq=2x2(Vetag)Vqaq—2€gx18gVe;
—h+X is obtained by summing over the above cross sec-
tion, weighted with the probabilit)DQ(z,QZ) that a quark Bq=4X2Veae(V§+a§)—4eqX13qu-

(13

(14)

with momentumP/z fragments into a hadrdmwith momen-

tum P,

d?o" do
— h
d0dz =2 dn a2 Q).

where theDg(z,QZ) are normalized so that

; f zDg(z,Qz)dz= 1.

Cq=65—2x1VeVqeq+ x2(a+vi)(a+vd), (19

9

Dq=8x28c8qVeVq—4X18c84€q - (16)

Averaging overg, one obtainsP,= —0.67 forq=u, c, and
Pq=—0.94 forg=d, s, andb at theZ pole. From the cross

(10) section formulas for the unpolarized and polaringgroduc-

tion, we can write the formula for th& polarization

> {Ay(1+cog6)[AD](2)— Aog(z)] +B,cos6[ AD(2) + AD%(Z)]}

17

PA(6)=——

>, {Cq(1+c0$)[D}(2) +Dg(2)]+ D4cos[Df(2) + D(2)1}
q

By averaging ove® we obtain

>, AAD}(2)-AD((2)]
PA: - i

Eq) Co[D§(2)+Dg(2)]

A. Since theq quark helicity is expected to be opposite that
of the q quark, the identical polarizatioR, is assumed for
eitherA andA in the treatment of the data. Therefore we can
consider their data a8, for A production by Eq(18). From

(18) Eqg. (18) it can be found that we need both the quark and

antiquark distributions to calculate the polarizationP, at
all x. However, the main purpose of this paper aims at check-
ing the flavor and spin structure of theat largex predicted

There have been measurements ofAhpolarization near in Ref. [15], thus we neglect the contribution from the sea
the Z pole [30—-32. The ALEPH Collaboratiorf30] mea- quarks in our calculations of th& polarization in the fol-
sured theA polarization by combining data of both and  lowing discussions.
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lll. A POLARIZATION IN THE SU (6) QUARK-DIQUARK Auy(x) = ul(x) = ul(x)
MODEL
— 1 Y 1 S

Before we look into the details of the flavor and spin =~ 7gvOOWg 00+ Zas00Wq(x),
structure for the valence quarks of the we briefly review
the analysis of the unpolarized and polarized quark distribu-
tions in light-cone SI(6) quark-spectator-diquark moded],
which can be considered as a revised version of the original
SU(6) quark-diquark model$8]. The light-cone formalism in which qu(x) andW}]’(x) are the Melosh-Wigner correc-
provides a convenient framework for the relativistic descrip-tion factors [9,37,3§ for the scalar and axial vector
tion of hadrons in terms of quark and gluon degrees of freespectator-diquark cases. They are obtained by averaging Eq.
dom [33-39. Light-cone quantization has a number of (21) overk, with k*=xM and M 2=(mZ+k?)/x+(m}
unique features that make it appealing, most notably, the- kf)/(l—x), wheremp is the mass of the diquark specta-
ground state of the free theory is also a ground state of thtor, and are unequal due to unequal spectator masses, which
full theory, and the Fock expansion constructed on thideads to unequal, distributions. The explicit expression for
vacuum state provides a complete relativistic many-particléhe Melosh-Wigner rotation factgB7] is
basis for diagonalizing the full theof86].

As we know, it is proper to describe deep inelastic scat- Wtk ) (k*+m)?—k?
tering as the sum of incoherent scatterings of the incident a0 k)= (k" +m)2+k?’
lepton on the partons in the infinite momentum frame or in *
the light-cone formalism. The unpolarized valence quark diswhich ranges between-91 due to the quark intrinsic trans-
tributionsu, (x) andd,(x) are given in this model by verse motions. From Eq19) one gets

1
Ady()=d}(x) = dy(x) = = Sav(x) Wy (x), (20

(21)

aS(X) = ZUV(X) - dv(X); ,
1 1
uy(x)= Eas(x) + gav(x), ay(x)=3d,(x). (22)

Combining Egs(20) and(22) we have

1
dy()= zav(x), (19 Au,()= Wa(x) = 5 d(OWg(x),

1
UV(X) - Edv(x)

1
— Y
whereap(x) (D=S for scalar spectator o¥ for axial vec- Ad,(x) == 3d,(x)Wg(X). (23

tor spectatoris normalized such thatydxap(x)=3, and it

denotes the amplitude for quackto be scattered while the Thus we arrive at simple relatiofi8] between the polarized
spectator is in the diquark sta Exact SWU6) symmetry and unpolarized quark distributions for the valencand d
provides the relatiorag(x) =ay(x), which implies the va- quarks. The relation@3) can be considered as the results of
lence flavor symmetry, (x) =2d,(x). This gives the pre- the conventional Si§) quark model, and which explicitly
diction FJ}(x)/F8(x)=2/3 for allx, which is ruled out by the take into account the Melosh-Wigner rotation effg&] and
experimental observatioR}(x)/FB(x)<1/2 for x—1. The the flavor asymmetry introduced by the mass difference be-

SU(6) quark-diquark mod€]l8] introduces a breaking to the tween th_e scalar and .VeCt,?i spegtat{ﬁ)};NThe galculgted
exact SW6) symmetry by the mass difference between thepolanzaﬂon asymmetriesA; = 2xgs (x)/F5(x), including

. . the Melosh-Wigner rotation, have been fouf] to be in
scalar a”‘?' vector dlq.uagks and predidix)/ u(.x)ﬂo atx. reasonable agreement with the experimental data, at least for
—1, leading to a ratid=5(x)/F5(x)— 1/4, which could fit

_ HA L y=>0.1. A large asymmetry betwedS(x) andWY(x) leads

the data and has been accepted in most parametrizations @f » petter fit to the data than that obtained from a small
quark distributions for the nucleon. It has been shown thaésymmetry.

the SU6) quark-spectator-diquark model can reproduce the ‘One interesting feature predicted from the relation is that
u andd valence quark asymmetry that accounts for the 0b'Au(x)/u(x)—>1 andAd(x)/d(x)— —1/3 atx—1. The pre-
served ratioF3(x)/F5(x) at largex [9]. This supports the diction Ad(x)/d(x)— — 1/3 is different from the PQCD pre-
quark-spectator picture of deep inelastic scattering in whichdiction Ad(x)/d(x)—1 at largex, and with the available
the difference between the mass of the scalar and vectefata it is still not possible to make a clear distinction between
spectators is essential in order to reproduce the explicithe two predictions. Thus thad(x)/d(x) behavior atx
SU(6) symmetry breaking while the bulk $8) symmetry of —1 can provide a new test between PQCD and the quark-

the quark model still holds. diquark model predictions.
The quark helicity distributions for theandd quarks can In the following we analyze the valence quark distribu-
be written a4 9] tions of the A by extending the S(6) quark-spectator-
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diguark model[9] from the nucleon case to th&. The A 1.4 E
wave function in the conventional $6) quark model is 1.2
written as o 1 F
S 08 F
1 0.6 |
IATY=——[(u'd'+d'u")—(u'd"+d'ut)]s! 0.4 F
213 O'g T N Lo
The SU6) quark-diquark model wave function for the is FIG. 1. The raticu(x)/s(x) of the A in the SU6) quark-diquark
Tl — g Tl Tl . o
W yt=sinfey|qV)! +cosbegqS) ', 29 similar to the nucleon case, the quark spin distributions for

with the three valence quarks can be expressed as
| V>T ! 1 v (d ) Li_y ( )dT | Auv(x):Adv(X)
q =t — oldsS)u’*—Vp(US ’
V6 1

1
- \/EV (dsyubT+ \/EV (us)d-1] B TzaV(qS)(X)WV(qS)(XH TZaS(qS)(X)WS(qS)(X),

1
|qs>m=%[S(ds)umrsws)dm—25(ud)sH], Asy(X) = 3 8s(ua)(X) Ws(ua)(X), (29

(26) where Wp(x) is the correction factor due to the Melosh-
whereV; (d.10,) stands for aj,q, vector diquark Fock state VVigner rotation and is expressed as

with third spin componens,, S(q.0,) stands for agq,

scalar diquark Fock state, arg, stands for the momentum W (X):J [dZE W, (x)
space wave function of the quark-diquark wishrepresent- D(a19) D(419)
ing the vector(V) or scalar(S) diquarks. The anglé is a

mixing angle that breaks the $8) symmetry at9+ /4 and X (%K) (P(kal)lzlaD(qlqz)(X)- (30)

in this paper we choose the bulk 8) symmetry cased

=7/4. One can turn off the Melosh-Wigner rotation effect by set-
From Eq.(25) we get the unpolarized quark distributions ting Wp(x) =1, which should be only true at—1. This

for the three valence, d, ands quarks for theA, case was discussed in REL5].

In order to perform the calculation, we employ the
Brodsky-Huang-LepagéBHL) prescription 35] of the light-
cone momentum space wave function for the quark-spectator

where ap(q q,(X) = J[d%k, ][¢(x,k,)[* (D=S or V) de-

notes the amplitude for the quagkbeing scattered while the with parametersin units of Me\) my=330 forg=u andd,
spectator is in the diquark staf, and is normalized such mg=480, ap =330, Mgg =600, Mgy =750, andmyqs)
thatfoalD(qlq y(X)dx=3. We assume the andd symmetry =950, following Ref.[9]. The differences in the diquark

D(gs)=D(us)=D(ds), from theu andd symmetry inside MassesSMgyq), Mgy, and My cause the symmetry
A. breaking betweenaD(q q)(x) in a way that agyq(x)

We get from Eq(25) the spin distribution probabilities in - >ag,(X)>ayq¢(X) at largex.

1
(X) d (X) a-V(qs)( ) 1_2a8(qs)(x),

2. 2 2, 2
mg+kT  mp+k{
X 1-x

1
Sy(x)= §aS(ud)(X)1 (27) @(X,IZL)ZADeXp{ - 12
8aD

(31)

the quark-diquark model In Fig. 1 we present the ratio(x)/s(x) calculated from
f Ll the quark-diquark model. We also present in Fig. 2 the ratio
uy=dy=1/12, uy=dy=1/6, As(x)/s(x) for the dominant valencequark which provides
i L the quantum numbers of strangeness and spin of\ithand
us=ds=1/12, us=ds=0, the ratioAu(x)/u(x) for the nondominant valence and d
. | (28)  quarks. We find that the ratids(x)/s(x) is not a constant
sv=0, sy=0, equal to 1 as is the case without Melosh-Wigner rotation.
t | The ratioAu(x)/u(x), presented in Fig. 3, is also suppressed
ss=1/3, ss=0. atx# 1. But the end-point behaviors at-+1 is unchanged.
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1.2 r
o 1.2
11 o r
L -t Ly
Log P 08 - )
)] F C 7,
<08 b <06 /" A OPAL
0.7 £ o P
E ] | N I B 'O'4; ® ALEPH
0.6 ] Il 1 1 i1 Il 1 r B
0O 02 04 06 08 1 0.2 | %/f O DELPHI
X ok d
FIG. 2. The ratioAs(x)/s(x) for the valence strange quark of 02 |
the A in the SU6) quark-diqguark model. The solid and dotted E{ T
curves are the corresponding results wiblid) and without(dot- —0.4 0 02 0.4 06 08 1
ted) the Melosh-Wigner rotation. z

FIG. 4. The comparison of the experimental dgg8—32 for
Thus the quark-diquark model predicts, in the limit-1, the longitudinalA polarizationP, in e*e ™ -annihilation process at
that u(x)/s(x)—0 for the unpolarized quark distributions, the Z pole with the theoretical calculations in the @ quark-
As(x)/s(x)—1 for the dominant valence quark, and also diquark model. .The soliq and dotted curves are the .corresponding
Au(x)/u(x)—1 for the nondominant valence and d r_esults with(solid) and without(dotted the Melosh-Wigner rota-
quarks. tion.

In Fig. 4 we present our calculated result for thepolar- IV. A-POLARIZATION IN PQCD ANALYSIS

ization P, (z) and we find that the theoretical results from
the quark-diquark model fit the data very well within its ~We now look at the PQCD analysis of the quark distribu-
present precision, at least in the largeegion. Thus the tions. In the regiox—1 PQCD can give rigorous predic-
quark-diquark model provides a successful description of th&ions for the behavior of distribution function3]. In par-
A polarizationP,(z), in addition to its successful descrip- t|cqla}r, it predicts “helicity retention,” which means that the
tions of the ratioF5(x)/F5(x) and the polarized structure he“f'ty of a \I{a]?ncehquark \Iiv'g.mattfh. that ?f thhe cﬁ)%rent
functions for the proton and neutron. It is necessary to poin :3:%;?;%5\,”%; sittiqslfjjrthe gﬂnzggn&% a hadran
out that the quark-diquark model with simple wave functions
such as the BHL prescription can provide good descriptions
of the relations between different quantities where the uncer- gn(Xx)~(1=x)P, (32
tainties in the model can be canceled between each other. It
is impractical to expect a good description of the absolutevhere
magnitude and shape for a basic physical quantity, such as
the detailed feature of the cross section, within such a model p=2n—1+2AS,. (33
with simple wave functions. In fact there have been calcula-
tions of the explicit shapes for the quark fragmentation funcHere n is the minimal number of the spectator quarks, and
tions in a quark-diquark mod¢89] and for the quark distri- AS,=|SI—S)|=0 or 1 for parallel or antiparallel quark and
butions inside the\ in the MIT bag mode[40]. We are very  hadron helicities, respective[y]. With such power-law be-
interested to notice that the two works arrived at the saméaviors of quark distributions, the ratid(x)/u(x) of the
qualitative conclusion as ours for a positiueand d polar-  nucleon was predictejd] to be 1/5 ax—1, and this gives
ization inside A at largex with small magnitude, though F35(x)/F5(x)=3/7, which is (comparatively close to the
there are some differences in detailed quantitative featuresquark-diquark model prediction 1/4. From the different
power-law behaviors for parallel and antiparallel quarks, one
easily finds thathg/g=1 asx—1 for any quark with flavor

1'? = g unless theg quark is completely negatively polariz¢d].
S5 o8 = Such prediction are quite different from the quark-diquark
} 0’6 = model prediction thathd(x)/d(x)=—1/3 asx—1 for the
¥ 0‘4 3 nucleon[9,10]. The most recent analysi$1] of experimen-
E tal data for several processes supports the PQCD prediction
0.(2) 3 of the unpolarized quark behaviok(x)/u(x)=1/5 as x
. —1, but there is still no definite test of the polarized quark
—0-2 0 02 04,06 038 1 behaviorsAd(x)/d(x) since thed quark is the nondominant

quark for the proton and does not play a dominant role at
FIG. 3. The ratioAu(x)/u(x) for the up and down valence largex.

quarks of theA in the SU6) quark-diquark model. The solid and ~ We extend the PQCD analysis from the proton case to the

dotted curves are the corresponding results gthid) and without ~ A. From the SW6) wave function of theA we get the ex-

(dotted the Melosh-Wigner rotation. plicit spin distributions for each valence quark,
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a simple model formula for the valence quark distributions,

si—1, s'=o0. (34 a'0~x"*(1-%% ' (0~x"“(1-%°% (35
In PQCD and at large, the antiparallel helicity distributions Wwhere g'(x) and g*(x) are the parallel and anti-parallel
can be neglected relative to the parallel ones, thugGpld  quark helicity distributions andv is controlled by Regge
broken to SW3)' x SU(3)!. Nevertheless, the ratio'/s' is exchanges witha~1/2 for nondiffractive valence quarks.
still 1/2 [7]. Thus helicity retention implies immediately that This model is not meant to give a detailed description of the
u(x)/s(x)—1/2 andAq(x)/q(x)—1 (for g=u, d, ands) quark distributions but to outline its main features in the
for x—1, and therefore the flavor structure of thenearx large x region. We definéB,,=B(1/2n+1) whereB(1/2n

=1 is a region in which accurate tests of PQCD can bet1) is the pg-function defined by B(1—a,n+1)
made. =[x~ *(1—-x)"dx for a=1/2. Combining EQq.(35 with

From the power-law behaviors of E@2), we write down  Eq. (34), we get

u'(x)=dl(x)= %xfl’z(l—x)? ut(x)=d(x)= %xfl’z(l—x)?
3 5

1 (36)
sT(x):§x*1’2(1—x)3, st(x)=0,
3

which obviously satisfies thatu(x)/s(x)=1/2 and to the noncollinearity of the quarks, one cannot expect that
Aq(x)/q(x)=1 (for g=u, d ands) asx—1, and it is easy the quark helicities will sum simply to the proton spin. From
to find thatB;=32/35 andB5;=512/693. the SU3) symmetry argument of Burkardt-Jaffd 3], we
However, the above simple model satisfies the(@U know that thes quark helicityAs= [§As(x)dx is suppressed

quark model spin distributiongs=1 andAu=Ad=0, and  from the simple quark model value 1 tos~0.6 and theu

the spin sunAq=1 which means that the helicity sum of 3nqd quarks are also negatively polarized with quark helici-
the quarks equals to th& spin. From the nucleon case we tjes Au=Ad~—0.2. The reduction in the quark helicities
anV\_/ that thi_s is not true in the real situation and t_he quarkmight be from sea quarks, but in this paper we simply as-
helicity sum is much more suppressed than the naive expegyme that the Burkardt-Jaffe values of quark helicities can be

tations from the famous “spin crisis” or ‘“spin puzzle” ; ; -

. . L oET RS attributed to the valence quarks, in order to amplify the effect
[1.3]. As empha3|zeq in Ref37], the helicity distributions due to the reduction of the quark helicity distributions in the
measured on the light-cone are related by the Melosh-

Wigner rotation to the ordinary spins of the quarks in anvzlentce quark reg|0n| at Iarg;:id(z) .thFor thlsk gu;pgsiz we
equal-time rest-frame wave function description. Thus, duddOPt @ more general expressioar the quark distributions

ul(x)=d'(x)=Ax Yq(1-x)3, ul(x)=d'(x)=Cx Yq(1-x)5,

sl(x)=Ax YA(1-x)3, st(x)=Cex~Y41-x)5, (37

with the following parameters: which is exact for the valence quarks due to the quark num-
ber conservation, and
A,=0.4B;, C,=0.6Bs,

1 1
A;=0.8B;, C.=0.2B;. (39 As=f As(x)dx=0.6, Au=Ad=f Au(x)dx=—0.2,
0 0

: : (40)
They are fixed by the constraints

1 1
5= f s(x)dx=1, u:d:J’ u(x)dx=1, (39 The coefficientsA,, By, C, andD, (g=u,d,s) in this section
0 0 are different from those in Sec. Il.
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ul(x)=d'(x)=Ax YA(1—x)3+Bx Y41-x)%,

1.2 F

1 F

0s |- U () =d' (0 =Cx MH1-x)5+ DX ¥A(1-x)°,

N (42)
0% F A OPAL sl(X)=Ax YA1—x)3+Bx Y(1—x)*,
I 04 . ® ALEPH

0.2 K O DELPHI st(xX)=Cex YA1—x)5+Dex Y4 1—x)".

0 T From the above constraints E@9), we get
-02 [
—0.4 b S=ABs+BB,+CBs+DBs=1,

z ’ (43

FIG. 5. The comparison of the experimental dg3@—32 for U=A,B3+ByBs+CyBs+DBe=1,

the longitudinalA polarizationP, in e"e™ -annihilation process at .

the Z pole with the theoretical calculations in the the PQCD analy-Where the 8 functions B,=256/315 andBg=2048/3003.
sis with three different case¢a) case 1: the S(6) quark-model From Eq.(40), we get

spin distributions for the quark helicities, E6) (dotted curves

(b) case 2: the Burkardt-Jaffe values for the quark helicities, Eq. As=AB;+BB,—C,Bs—D,Bg=0.7,

(37) (dashed curvegs(c) case 3: the canonical form of quark distri- (44)

butions, Eq.(42) (solid curves. Au=A,B;+B,B,~C,Bs—D Bs=—0.1

which should be strictly true only for total quark contribu- i, \hich we have changed the valence quark helicities from
tions (valencerseq. We consider Eq(37) as only a simpli- o gy rkardt-Jaffe valueds=0.6 and Au=—0.2 to As
fied model case in order to check the effect of the quark_q 7 JndAu=—0.1. to reflect the situation that the sea

helicity suppression, but cannot be really true due to the, o < ight contribute partially to the totAls=0.6 and
absence of the sea contributions. We find that th€65U Pgu: _0_29 Combining wi?h the é(ﬁ) largex relatic;n (41)

largex relation with Egs.(43) and(44), we have only 5 constraints for the 8

A =A2 (41) parameters and there are still large degrees of freedom to
b adjust the parameters for a better fit of thepolarization
is automatically satisfied for this case. data. For example, we choosg,=1/B;, C,=2/Bs, and

In Fig. 5 we present the calculated polarizationP,, for ~ Cs=2/Bs as inputs, and then have the following set of pa-
the above two simple cases of the PQCD analysis. For thEAMeters:
case(case ] of the naive SWI6) quark model spin distribu-

tions for the quark helicities, i.e., E¢36), we find that the A,=1/B3, B,=-0.55B,,

absolute magnitude is larger than the experimental data and

also than the previous calculatiof#7,28, which means that C,=2/Bs, D,=—1.45B,

there should be a source to reduce the quark helicities. The (45)

large magnitude oP, is due to the large positive contribu-
tions fromu and d quarks, i.e., positivAu(x), at largex
from the PQCD prediction. It is interesting to find that in the
case of the Burkardt-Jaffe values of the valence quark helici- C,=2Bs, D¢ =-1.858Bg,
ties(case 2, i.e., Eq.(37), one can describe the data well but
with a magnitude still slightly bigger, a result which is dif- which is denoted as case 3. This case is not meant to be
ferent from previous calculatioi®7,28 in which the reduc- totally realistic but only to show that one can have a better
tion in the quark helicities causes much smaller magnitudegescription of the availabl®, data with more reasonable
of P, than the data. This means that the reduction of quarlpicture for the flavor and spin structure of the We also
helicities from the naive values of the 8) quark spin dis- present the results for this case in Figs. 5-8. The ratios
tributions should provide a more physical picture for the realAs(x)/s(x) andAu(x)/u(x) in this case have similar behav-
world to describe the experimental data, contrary to previou$ors as those in the quark-diquark model with the Melosh-
conclusiong27,2g that the naive S(6) quark model pre- Wigner rotation effect. The calculated-polarizationP , can
dictions fit the data better. also give a good description of the data at largas can be

In fact, the above two simple PQCD cases still sufferseen from Fig. 5, though the ratio @f(x)/s(x) has the
from the crudeness of the detailed shapes of the quark dif2QCD behavior rather than the quark-diquark type, as seen
tributions with only the leading term contributions. For a by comparing Fig. 6 with Fig. 1. For the three cases of
better reflection of the complicated real situation we adopPQCD analysis in our work, the ratios ofx)/s(x) for the
the canonical form for the quark distributions, following Ref. unpolarized quark distributiong\s(x)/s(x) for the strange
[7], polarized quark distribution, antlu(x)/u(x) for theu andd

A=2/B;, Bg=—1.158,,
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FIG. 6. The ratiau(x)/s(x) of the A in the PQCD analysis with FIG. 8. The ratioAu(x)/u(x) for the up and down valence
three cases: case(dotted curve case Adashed curveand case 3 quarks of theA in the PQCD analysis with three cases: case 1
(solid curve. (dotted curvg case 2(dashed curve and case 3solid curve.

polarized quark distributions are presented in Figs. 6—8. Th&om sea quarks and gluons have not been considered in this
guark momenta are also calculated for the three cases and wrk, and consequently the detailed features at smatl
find Figs. 4 and 5 should be unreliable. The contributions of those
A’s from the decay of other hyperons have been discussed
(Xu)=(Xg)=0.094, (xs)=0.111, and the corrections are found to be smal,27, therefore
we can neglect them as a first approximation. In our work the
connection between the quark distributions and the quark
> (Xg)=0.299 (case 1, fragmentations should be only valid at low energy scale of
q around a few GeV. The evolution effects on the fragmenta-
tion functions have been analyzed in RE26], and from
(Xu)=(Xg)=0.091, (X5)=0.104, reproducing the results in that work we notice that the evo-
lution has a very small influence on thk polarization.
Therefore theA polarization frome* e~ annihilation near
> (xq)=0.285 (case 2, (46)  theZ pole at the high energy scale does not alter the discus-
K sions concerning the. quark structure at the scale of our
study. Of course, all these contributions deserve further
study, along with the progress of the experimental precision
and a deeper understanding concerning various quark to
fragmentations.

(x)=(x¢)=0.118, (x)=0.148,

> (xq)=0.385 (case 3.
q

It is interesting to notice that the “most unlikely” sce- V. DISCUSSIONS AND SUMMARY
nario 3 in Ref.[28] is found to be better in reproducing the .
data. From our work we know that their scenario 3 with all Frl?rg_ the ;bovg rles_ults in the pape(rj, \clive fqu?d th"’;t tthhe
flavor of quarks positively polarized is closer to our picwreg\ljgirla_bIgiirpe?ngeﬁta?l\ézfaaoﬁr% gggriz;?ocrzl?nlg?eq €
with Aq(x)/q(x)=1 atx—1 for all quark flavors from the rgnnihilation near theZ pole. The PQCD analysis can also

PQCD analysis, thus it is not strange that this scenario ca . LT X
give a better description of the data than the other two. But i escribe the data well by taking into account the suppression
in the quark helicities compared to the naive (6Uquark

the PQCD analysis the net quark helicities for the valemce

andd quarks should be zero or negative, which is Oliﬁcerentmodel spin distributions. Unfortunately, it is still not possible
from their scenario 3 in which theandd quark helicities are to make a clear distinction between the two different predic-

positive tions of the flavor and spin structure of theby only the A
. ST e L )
There are other contributions that need to be considerz@c’lar'zat'on ine”e" annihilation near thé pole. This can

for a detailed description of the polarization. Those coming®® €asily understood since the quark polarizatidfss Py
P P =-0.94 andP,=—0.67, are close to each other, and the

same behaviors of As(x)/s(x), Au(x)/u(x), and

1.2 E

1.1 E Ad(x)/d(x) nearx—1 render it difficult to make a clean

1 T separation of the contributions from different flavors. Thus

o 8'2 g - new information from other quantities related to the flavor
~No07 E and spin structure of th& are needed before we can have a
3 0.6 F clean distinction between different predictions, and it seems

o I that A (A) production in the neutrindgantineutring DIS

0.4 0 0.2 04 _06 08 1 processe$l4] are more sensitive to different flavors.

X In summary, we studied the flavor and spin structure of

FIG. 7. The ratioAs(x)/s(x) for the valence strange quark in the A atlargexin a PQCD analysis and in the quark-diquark
the PQCD analysis with three cases: cas@dited curvg case 2 model, and then applied the results to discussAhpolar-
(dashed curve and case 3solid curve. ization of A production ine* e -annihilation process near
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the Z pole. We found that the two theoretical frameworks spin structure of the\ for the purpose of making a clear
give a better description of the available experimental datalistinction between different predictions.
than previous calculations and also provide more a reason-

able picture, close to the real situation. Thus the results in
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