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Helicity and transversity distributions of the nucleon and A hyperon from A fragmentation
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It is shown thatA -hyperon fragmentation in charged lepton deep inelastic scattering on a polarized nucleon
target can provide sensitive information concerning the quark helicity and transversity distributions for both the
nucleon and\ hyperon at largex. Numerical predictions are given for the spin transfers of the prodiced
when the target nucleon is polarized either longitudinally or transversely, and with the nucledn quratk
distributions evaluated both in an 8) quark-spectator-diquark model and in a perturbative QCD based
model. It is also shown that the predicted spin transfers have different behaviors for proton and neutron targets,
and this can provide sensitive tests of different predictions for the quark helicity and transversity distributions
of thed valence quark of the proton at large
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Trying to understand the spin content of hadrons is a very There has been a suggesti¢i| for measuring the
challenging research direction of high-energy physics, and saucleon strange polarizations by the longitudinapolariza-
far many unexpected discoveries have been found in contragibn in the current fragmentation region of charged lepton
with naive theoretical considerations. The quark helicity dis-DIS on a longitudinally polarized nucleon target. Such a pro-
tributions of the protonAq(x) have been extensively ex- cess, as pointed out by Jaffe], should be most suitable for
plored in recent years and our knowledge of them has beegxtracting both the quark helicity distributions of the target
considerably enriched. However, there are still some unceryng the fragmentation functions of the longitudinally polar-
tainties concerning the flavor decomposition of the quark,q quark to longitudinally polarized. Thus it is possible

helicity distributions, especially for the less dominahv_a— to make a systematic study of the quark helicity and trans-
lence quark of the proton. For example, there are differeng

theoretical predictions for the ratibd(x)/d(x) atx—1: the versity distributions of nucleons, and of the polarized quark

. : to polarizedA fragmentations, by using the available facili-
perturbative QCD(PQCD based counting rule analydi] . . )
predicts Ad(x)/d(x)—>1, whereas the S6) quark- ties, such as COMPASS, HERMES, and the Spin Muon Col

spectator-diquark moddl2] predicts Ad(x)/d(x)— — 1/3. Iaboration(SMC), pnA fragmentation in charged_ lepton DIS
The available experimental data are not yet accurate enoudlf! Poth_longitudinally and transversely polarized nucleon
to provide a decisive test of the above two different predic1argets. The target nucleon can be chosgn to be a proton or a
tions. On the other hand, our knowledge of the quark transeutron (experimentally through?H and “He targets re-
versity distributionssq(x) is very poor, since it is difficult to  SPectively, and this can provide additional information for a
measure such quantities experimentally, although there havéear distinction of different predictions.

been attempts in this direction recenfl§]. Among some We now look at the quark t& fragmentation functions
proposals for measuring the quark transversity distributionsl;)qA(z). Recently there has been progress in understanding
Artru and Mekhfi[4], and later Jaffd5], have noticed that the quark toA fragmentations[8] by using the Gribov-
the A-hyperon transverse polarization, in the current frag-Lipatov (GL) relation[9]

mentation region of charged lepton deep inelastic scattering

(DIS) on the transversely polarized nucleon target, can pro- D(2)~20(2) (1)

vide information of the quark transversity distribution of the ) ) ) )
target. However, such a measurement needs the fragmenfg_order to connect the fragmentation functions with the dis-
tion functions of the transversely polarized quark to transdribution functions. This relation, wherg(z) is the frag-
versely polarized\. In the absence of any theoretical esti- mentation function for a quarl splitting into a hadrorh
mate of such a quantity, one possible analysis is to us#ith longitudinal momentum fractiorz, and qn(z) is the
positivity bounds[6], but here we will make more specific quark distribution of finding the quarginside the hadroi
assumptions. carrying a momentum fractior=z, is only known to be

valid nearz—1 on an energy scal@% in leading-order ap-
proximation[10]. However, predictions ofA polarizations

*Email address: mabq@phy.pku.edu.cn [8] based on quark distributions of thein the SU6) quark-
TEmail address: ischmidt@fis.utfsm.cl spectator-diquark model and in the PQCD based counting
*Email address: Jacques.Soffer@cpt.univ-mrs.fr rule analysis have been found to be supported by all avail-
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FIG. 1. The predicted ratids) Aq(x)/q(x) and(b) 5q(x)/q(x) FIG. 2. The predicted ratids) Aq(x)/q(x) and(b) 5q(x)/q(x)

for proton in the quark-diquark modéhick curves and the PQCD  for A in the quark-diquark modefthick curves and the PQCD
based model(thin curve$. Solid curves are fou valence quarks based modelthin curves. Solid curves are fos valence quarks and
and dashed curves are fdivalence quarks. dashed curves are farandd valence quarks.

e*e” annihilation [11-13, polarized charged lepton DIS and 2, where the ratia&q(x)/q(x) and oq(x)/q(x) for the

process[14,15, and most recently, neutrin@ntineutring ~ valence quarks of both protofirig. 1) and A (Fig. 2) are

DIS procesg16]. Thus it is natural to extend the same kind presented.

of analysis from longitudinally to transversely polarized We notice that thed quark in the proton is predicted to

cases, and then check the validity of the method by compahave a negative quark helicity distributionyat>1, and this

ing theoretical predictions with experimental data. Such arieature is different from the PQCD counting rule prediction

analysis can also serve as a theoretical guidance to desi@f “helicity retention,” which means that the helicity of a

future experiments. valence quark will match that of the parent hadron at lacge
The SU6) quark-spectator-diquark mode,17,19 starts  Explicitly, the quark helicity distributions of a hadrdrhave

from the three quark S6) quark model wave function of been shown to satisfy the counting r{is],

the baryon, and if any one of the quarks is probed, one reor-

ganizes the other two quarks in terms of two quark wave An(x)~(1=x)P, 2

functions with spin 0 or Xscalar and vector diquarks.e.,

the diquark serves as an effective particle, called the spect}here

tor. Some nonperturbative effects such as gluon exchanges

between the two spectator quarks or other nonperturbative

gluon effects in the hadronic debris can be effectively taker]_|eren is the minimal number of the spectator quarks, and
into account by the mass of the diquark spectator. The mas S,— |S§'—S*z‘| —0 or 1 for parallel or antiparallel quark :amd

difference between the scalar and vector diquarks has be d helicii i 1. Therefore th " lel
shown to be important for producing consistency with ex- adron helicilies, respec ivefiL]. Therefore the an Iparafle

erimental observations of the ratidli(x)/F3(x)=1/4 atx helicity quark distributions are suppressed by a relative fac-
P 2 tor (1—x)2, and consequenthAq(x)/q(x)—1 as x—1.

T()lt(jﬁu;r? dlzé?ﬁr(?r?rl{); ):|pz eer(;rle?rgﬁélg’ngg ta;frzi?drghfuné[aking only the leading term, we can write the quark helicity
b P P P distributions of the valence quarks as

tions at largex [2,18]. The light-cone SI(b) quark-spectator-
diguark mode[2] is an extended version of this framework, yy
taking into account the Melosh-Wigner rotation effects Ty _J 172 1-x)%
[19,20Q, in order to build up the quark helicity and transver- ai () Bj X7 '
sity distributions of the nucleon. A detailed discussion of

p=2n—1+2AS,. 3

quark helicity and transversity distributions in the light-cone ¢
SU(6) quark-diguark model can be found in RE21]. It has ah(x)= ﬁxfllz(l_x)S, (4)
been also shown recent]22] that the predicted-dependent Bs

transversity distributions are compatible with the available L

HERMES data for the azimuthal asymme{8}. The appli- whereA,+Cy= N is the valence quark number for quark
cation of the model for discussing the quark helicity distri-B,=B(1/2n+1) is the g function defined byB(1—a,n
butions of theA can be found in Ref8], where it is shown +1)=J3x"%(1—x)"dx for «=1/2, andB;=32/35 andBs

that theu and d quarks inside the\ should be positively =512/693. The application of the PQCD counting rule
polarized at large, although their net spin contributions to analysis to discuss the unpolarized and polarized structure
the A polarization might be zero or negative, and such afunctions of nucleons can be found in REf], and the ex-
prediction was found8] to be in good agreement with the tension to the\ can be found in Ref8]. Theu andd quarks
experimental data. The extension of this framework to thenside theA are also predicted to be positively polarized at
quark transversity distributions is straightforward, since ondargex [8], just as in the quark-diquark model prediction. It
only needs to replace the Melosh-Wigner rotation factor foris interesting that the predictions based on the PQCD based
helicity by that for transversitf20,21]. We found similar  counting rule analysis are also fouf®l to be in agreement
qualitative features between the helicity and transversity diswith the experimental data, after some adjustment to the pa-
tributions for each quark flavor, as can be seen from Figs. tameters with higher-order terms included.
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TABLE |I. The parameters for quark distributions of the nucleon Anth the PQCD based model.

Baryon o] dz Aq, Cq, Aqg, Ca, Aq, éql qu Ca,

p u d 1.375 0625 0.275 0.725 1.52 048 0.305 0.695
n d u 1.375 0625 0.275 0.725 1.52 0.48 0.305 0.695
A s ud) 0.825 0.175 0.4125 0.5875 0.912 0.088 0.457 0.543

The quark transversity distributions are closely related tanay readjust the values when experimental constraints be-
the quark helicity distributions. A useful inequality has beencome available, or if we believe other models are more rea-
obtained[24], which constrains the quark transversity distri- sonablg/21]. It is encouraging that the obtained transversity
butions by the quark unpolarized and polarized distributionsdistributions for the nucleons have been found to give con-
and there also exists an approximate relafit] which con-  sistent descriptionf22] of the available HERMES data for
nects the quark transversity distributions with the quark hethe azimuthal asymmetry. The parameters for the nucleons
licity and spin distributions. Two sum rul¢g1], connecting andA quark distributions can be found in Table I. The ratios
the integrated quark transversities with some measured quai-q(x)/q(x) and 6q(x)/q(x) for the valence quarks of the
tities and two model correction factors with limited uncer- proton and theA in the PQCD based model are also pre-
tainties, have been also recently obtained. For example, if weented in Figs. 1 and 2, respectively. Notice that the helicity

assume the saturation of the inequalid#| and transversity distributions are close to each other at large
X. This comes from the fact that the Wigner-Melosh rotation
2[6q(x)[=q(x)+Aq(x), (5 factors reduce to 1 at the limi¢t—1.

For A production in the current fragmentation region
along the virtual photon direction, the spin transfer to the
longitudinal polarized\ is written as[5,7]

then we obtainsg= 3[q(x) + Aq(x)]=q'(x), and this sug-
gests that in general we may exprésgx) in terms ofq’(x)
andg'(x). All these considerations indicate that it is conve-
nient to parametrize the valence quark transversity distribu-

tions in a similar form as the helicity distributions. Therefore > eAqN(x,Q%)ADy(2,QY)

we use as a second model AM(x,2)= d (8)

A C 24N 23 (A 2
Aq, -1z s_Ca 1 5 Eq: €30 (X,Q9)Dy(z,Q%)
oq(x)= Bs (1—x) B~ (1-x)5, (6)

for charged lepton DIS on a longitudinally polarized nucleon
which clearly satisfies the inequalit$). These quark trans- N target, and that to the transversely polarized written as
versity distributions are constrained byQ=fisq(x) dx  [4.5]

from the two sum rules in Ref21]. We also take&q+ Cq

=N, as in the case of the helicity distributions, in order to E e 5qN(x Q? )5D (2,Q%)

reduce the number of uncertain parameters. In addition, all AMN(x,2)= 9)
quark distributions for the valence quarks of nucleons and 2 N oA )
the A are assumed to be connected between each other by % €d"(x,Q%)Dq(z,Q%)
the SU3) symmetry relation

for charged lepton DIS on a transversely polarized nuchkon
up:dn:EuA+ fSA. target. Now we have the quark distributiogéx), Aq(x),
3 377 and 8q(x) for the valence quarks of nucleons and thean
both the SW6) quark-diquark model and the PQCD inspired
Py n_4 A EsA R0 analysrs For the quark td fragmentation function® 2 q(2),
3 37 ADA q(2), and sDA q(2), we use the Gribov-Lipatov relatron
Eq. (1) in order to connect them with the corresponding
With the inputs of the quark helicity surﬁl AU+AD quark distributions of the\ in the two models. Therefore we
+AS~0.3, the Bjorken sum ruld®—I'"=%(AU—AD) have the necessary inputs for a first numerical evaluation of
=$0a/9y~0.2, both obtained in charged lepton DIS experi-the two spin transfers Eq$8) and (9) in the largex and z
ments[21], and taking the two model correction factors bothregions, where the valence quarks are dominant inside the
to be equal to 1 for the two sum rules of quark transversitiebaryons. Extension to the smalregion requires the knowl-
[21], we obtainAU=0.75, AD=-0.45, SU=1.04, and edge of quark helicity and transversity distributions of the
6D=—0.39 for the proton, assumingS=0. Such a sce- target in this region, where we may use theoretical estima-
nario should be able to reflect the bulk features of the vations or parametrizations from other kinds of experiments as
lence quarks for the octet baryons, although it might be toanputs. Similarly, we can also use other experiments or the-
rough for their sea content. Th#J and 6D so obtained are oretical considerations to constrain the various quarlkto
compatible with those from a chiral soliton modéb]. We  fragmentation functions, and extend our knowledge from the
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1 E 1 E quently, we have qualitatively similakD(z)/Dg(z) and

> E i S E i 8D (2)/D4(2) for the inputs to Eqs(8) and(9), as can be

04 F o4 F seen from Fig. 2. In the nonrelativistic model, the helicity

02 F  z 02 F | and transversity distributions are the same as the quark spin
<_0(2’ > <<_Og == distributions in the quark model. Therefore the difference
04 B o4 E between the helicity and transversity distributions reflects the
-0.6 F -06 F quark relativistic motion inside the nucleon. As we men-
—0-? E | —0'? E (bl) B tioned before, the helicity and transversity distributions are

o
[
o
N
oL
oL
of
o) B

T I R AR B
02 04 06 08 | close to each other at large because the Wigner-Melosh
z rotation factors reduces to 1 at the limit~1. As a conse-

1 E 1 quence we find not much difference betweteandA. How-

08 F n 08 ‘ n ever, at small and mediumwhen the sea quark contribution
0.6 | 06 F . . .
o4 E o4 E cannot be neglected, the different chiral properties between
02 F 02 /— the helicity and transversity distributions will show up, and
< 0k (L0 pme——ennnnnnnnas their difference is ideal in order to study the chiral properties
0.2 F 02 F of the nucleon.
T E o E Also we haveu—d symmetry for the quark to\ frag-
—08 | (c) 08 | (d) mentation functions. This implies that any big qualitative
bRl I B T difference of our predictions between the proton and neutron
0.2 04 ZO.G 0.8 1

02 0406 08 1 targets are not mainly produced by the different inputs of

_ _ - various quark to\ fragmentation functions in the two mod-
FIG. 3. Thex-integrated spin transfes"(x,z) andA*(x,2) of ~ els, but by theu andd difference in the quark helicity and
A production in charged lepton DIS process on the longitudinallyyransyersity distributions of the targets. Therefore the differ-
and transversely polarized proton a_nd neutron targets, with the insnt trends between the predictions of the spin transfers for
tegratedx range of 0.6-1 for the solid curves and 0:31 for the e 16100 and neutron targets, as can be seen in Fig. 3, come
dashed curves. The thick curves correspond to the results W'tH'1ainIy from the difference of the quark helicity and trans-
quark distributions and fragmentation functions from the quark-yo, ity distributions for nucleons in the two models. This can
diquark model and the thin curves correspond to these from th%e easily understood because the weights of squared charges
PQCD based model. The data are taken from @& and HER- . .
MES [14] Collaborations. Notice that the cuts of the data arei':lre d('jffergm foru aTdd quarksi(arr]]d in the neutrohn tarr]getfthe
slightly different from that of the prediction, but this does not fzf (X)O/Tr:?%nu Val/e3n[cv5hi(llﬁlairs A da;’?xr;;gg?x\;v?rlgrr:'istogg)(ianore
change the qualitative trends. -
g g symmetry provides a bigger contribution than for the proton

|argez region to the smalg region' From the previous suc- target. This indicates that the predicted spin transfers for the
cessful prediction$8] of longitudinal A polarizations, sup- neutron target are more suppressed in the quark-diquark
ported by all available data, we expect that our results willnodel, whereas they are less suppressed in the PQCD based
have some predictive power even in the snzakgion. Fur-  model, as can be confirmed byAFig. 3. Thus we conclude that
thermore, by using the measured spin transfers for botthe spin transferd\(x,z) and A*(x,z) measured in both
AM(x,z) andA?(x,z), we can double check our predictions largex and largez regions for the proton and neutron targets
from different models, and get a deeper insight into the spirfan provide a check of the two different predictions of the
structure of both nucleons and the quark helicity and transversity distributions for the less
In the nuc'eon target, there are Onlyand d Va'ence dominantd Valence quark in the proton. They can aISO be
quarks, therefore the dominant contribution to the two spirt'Sed to test the prediction of positively polarizacand d
transfersA(x,z) andAA(x,z) should come from the and quarks inside the_\ at largex for both r_nodels. .
d quark contributions in the large and z regions. In the There are ava"?b'e data of the spin transfer to the angl-
specific case of the proton target, thejuarks are dominant tudinal polarizedA-in charged lepton proton DIS scattering
inside the target, its squared charges is 4/9, larger than 1/4 9?’ E665[15] and HERMES[14] CoIIaporanns, respec-
thed quark, and also the ratiasu(x)/u(x) andsu(x)/u(x)  uvely, and we can compare the data with our predictions as
are positive values close to 1, which causes the dominance 8pown in Fig. &). The precision of the data is St'". r(_)ugh
u quark contributions inside the target. Therefore the mairf"d the data are compatible with both model predictions at

. ~x medium to largez range. High precision experiments are
features of the two spin transfeﬁé.‘(x,z)AandAA(x,z) a'® " needed in order to make clear distinction between different
mainly determined by the ratiosAD,(z)/D,(z) and

A A ! predictions and we notice that the physics of thgolariza-
6D, (2)/Dy(2), as can be seen from Fig. 3. Thus we canijon s strongly emphasized in the forthcoming COMPASS
check the predicted D j(z)/D(2) and 8D;}(2)/D}(2) by  experiment[26]. We also present the spin transfers inte-
the measured spin transfefs'(x,z) and A*(x,z) from a  grated overz in Fig. 4, and find that the dependence is not
proton target. strong for the proton target, especially for the quark-diquark
The two models have qualitatively similar features for themodel in which thex dependence of the ratiasg(x)/q(x)
ratios Au(x)/u(x) and su(x)/u(x) for the A, and conse- andé&q(x)/q(x) is not strong. Therefore we can use a wide

014017-4



HELICITY AND TRANSVERSITY DISTRIBUTIONS CF. .. PHYSICAL REVIEW D 64 014017

L TF include higher-order terms and to adjust the parameters of
s the PQCD based model from the constraints of the data.
Varying x and z in different regions can provide us more
information concerning the quark helicity and transversity
distributions of the target, as well as the quark\téragmen-
tation functions. We would like to mention that a similar
analysis can be also made for the spin transfers of other
members of the octet baryons. The analysis and main con-
clusion for the spin transfers of the octet baryons fragmenta-
tion, when the target nucleon is polarized either longitudi-
nally or transversely, should be similar to those found in
hadron longitudinal polarizations of the octet baryons in po-

08 [ N larized charged lepton DIS proces$gs
06 | = In conclusion, we showed in this paper that the
G4 B 2 A-hyperon fragmentation in charged lepton DIS on the po-
- - larized nucleon target can provide sensitive information con-
0z F 3 cerning the quark helicity and transversity distributions for
(= =t both nucleons and th& hyperon at largex. We calculated

—02 E L, .(.d|>. g the spin transfers of the producddwhen the target nucleon
02 04 06 08 1 is polarized either longitudinally or transversely, with the

X nucleon andA quark distributions evaluated both in the

FIG. 4. Thez-integrated spin transfess(x,z) andA*(x,z) of SWU6) quark-spectator-diquark model and in a PQCD based
A production in charged lepton DIS process on the IongitudinallymOdel' We four_ld that the predicted spin transfers have_ quite
and transversely polarized proton and neutron targets, with the inc_llfferent behaviors _for the profton and ne_qtron targets_ in the
tegratedz range of 0.6+ 1 for the solid curves and 0-31 for the two models, and this can provide a sensitive test of different

dashed curves. The thick curves correspond to the results WitHredictions for the quark helicity and transversity distribu-
quark distributions and fragmentation functions from the quark-tions for thed valence quark of the proton at large

diquark model and the thin curves correspond to these from the This work is partially supported by the National Natural

PQCD based mode|. Science Foundation of China under Grant Nos. 10025523,
19975052, and 19875024, by Fondet@hile) under Grant

integratedx range to increase the statistics of the data. WeNo. 3990048, by the cooperation programs Ecos-Conicyt and

should stress that our predictions should be considered to HBNRS-Conicyt between France and Chile, by Fondecyt

valid more qualitatively than quantitatively, especially for (Chile) Grant Nos. 1990806 and 8000017, and byteQea

the PQCD based model. In this case there is still freedom téChile).
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