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Flavor and spin structure of quark fragmentation functions in a diquark model for octet baryons
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We use a simple quark-diquark model to describe unpolarized, longitudinally polarized, and transversely
polarized fragmentation functions for the octet baryons. All free parameters of the model are determined based
on the experimental data on octet bary®production in thee e~ —BX process. The S(@3) flavor symmetry
breaking effect in the octet baryon fragmentation functions is investigated. The strangeness suppression effect
in hyperon production oé™ e~ annihilation is found to be significant, and its relevant consequences for the
cross sections of octet hyperon productiorpimcollisions are estimated. In order to check the flavor structure
of the octet hyperon fragmentation functions, hyperon-antinyperon asymmetriespircollisions are pro-
vided. Furthermore, we find that the spin observables calculated with\tligmentation functions are
compatible with available experimental data on the longitudinally polamz@doduction. Spin observables for
other octet baryons produced in various inclusive processes are also predicted for future experiments.
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[. INTRODUCTION unpolarized and polarized fragmentation functions for she
were extracted9] based on a diquark model. It was found

The unpolarized, helicity, and transverse quark distributhat the spin structure of the diquark model fragmentation
tions are three fundamental quark distributions of thefunctions is compatible with available data dnproduction
nucleon. The quark flavor and spin structure of the nucleofi10—15, which motivates us to extend the analysis from the
have been extensively studied both theoretically and experiA case to other octet baryons since some experimental data
mentally over the past several decafiz?]. However, we 4, the proton and other hyperon productioreine™ annihi-
have much less knowledge of the quark distributions of thstion are availablé16—24.

octet hyperons than of those of the nucleon. The main reason ; \vas found that there exists an &) symmetry break-

lies in the fact that it is difficult for us to access the quarkingl in the octet baryon fragmentation functiof25—27, in

distributions of the octet hyperons because their short life- articular, the strong strangeness suppreskah in octet

time makes them difficult as targets. For this reason, hyperoﬁyperon production oé*e~ annihilation. However, there is

production is regarded as a very important source from : : s
which we can get information on the quark structure proper-a lack of a detailed investigation of the &) symmetry

ties of the octet hyperons. Thie hyperon is of special inter- breaking effect on the flavor and spin structure of fragmen-

est in this respect since its decay is self-analyzing with refation functions. The diquark model has a clear physics mo-

spect to its spin direction because of the dominant wealivation and can reflect the $8) symmetry breaking effect.
decayA —p=~ and the particularly large asymmetry of the The _advantage _of the model is that it allows us to do such a
angular distribution of the decay proton in therest frame. ~ detailed analysis. We plan to check the (SUsymmetry
So polarization measurements are relatively simple to peroreaking effect on some observables that are related to the
form and the polarized fragmentation functions of quarks tdlavor and spin structure of fragmentation functions for octet
the A can be measured. Also, the fragmentation of quarks t®aryons. In addition, we will study relevant consequences of
S andE hyperons can be investigated experimentally sincdn€ Strangeness suppression in other processes sugh as
the detection technique f&t and = hyperons is gradually —BX by estimating the cross sections for octet baryon pro-
maturing and will allow us to measure various quark to hy-duction. _ _ _ _
peron fragmentation functiorf8—6]. Therefore, investigat- _ We have noticed that th& fragmentation functions with
ing quark to octet baryon fragmentation functions can she®U(3) flavor symmetry7,8] can fit the experimental data as
light on many phenomena in nonperturbative QCD, such a¥ell as those[9] with SU(3) flavor symmetry breaking.
SU(3) symmetry breaking in the quark flavor and spin struc- Therefore, it seems to be impossible for us to resplve differ-
ture of fragmentation functions, and can enrich our knowl-€nt flavor structures of the\ fragmentation functions by
edge about the quark structure of hadrons. means of the experimental data on the unpolarizegro-
There has been some excellent wpFk8] on extractingh duction ine*e™ annihilation. There exists a similar situation
fragmentation functions based on the available experimentdPr other octet hyperons. However, the flavor structure of the
data onA production. Recently, with the experimental dataA and other octet hyperon fragmentation functions will be
on the unpolarized\ production ine*e~ annihilation, the ~ crucially important as well as their spin structure in order to
well understand the hadronization mechanism. It was found
in recent researcf28] that the asymmetry foA/A produc-
*Electronic address: jjyang@fis.utfsm.cl tion in k™ p collisions can be used to resolve the flavor struc-
"Mailing address. ture of the A fragmentation functions. We will extend this
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analysis to other octet hyperons and use the hyperon-
antihyperon asymmetries to check the flavor structure of the A;;(k,Pg ,SB):S, J’
hyperon fragmentation functions. X

ﬁeik'§<0|¢-(§)lP Sg:X)
(2m)* neEeE
Recently, there has been some great progress in the mea- o=
surements of polarized production. LongitudinalA polar- X<PB’SBvX|‘/’i(O)|O>v 1)
ization ine” e annihilation at theZ pole was observed by
several collaborations at CERNI0-12. The HERMES Col-
laboration at DESY reported a result for the longitudinal spin

transfer to the\ in polarized positron deep inelastic scatter—mOmentum is denoted bly. The basic idea of the diquark

ing (DIS) [13]. Also,_thE_ E665 Collaboration at Fermilab 0 1 assign a definite mass and the quantum numbers
measured the\ and A spin transfers from muon DIBL4].  of 5 diquark system to the intermediate outgoing sti@s
Very recently, a measurement Af polarization in neutrino together with the baryorB characterized byPs and Sg.

DIS was made by the NOMAD Collaborati¢a5]. The high  \wjith the diquark assumption, the matrix element appearing

statistics investigation of polarized production is one of i, the right-hand side of Eq1) can be expressed as
the main future goals of the HERMES Collaboration, who

will improve their detector for this purpose by adding so . o
called Lambda wheels. There is also the possibility of mea- (Pg,Sg; Xg #(0)|0)=U(Pg,Sg)Ps
suring the polarization of other hyperon productj8r-6]. In

addition, the spin asymmetry for a hyperon producecpy
collisions at the BNL Relativistic Heavy lon CollidéRHIC)
may be measured with high luminosit29]. Therefore, it is
of great significance to predict some spin observables for <PBvSB;XV|$(0)|O>:U(PBvSB)CD\'L;(
near future experiments.

The paper is organized as follows. In Sec. Il, we briefly
describe fragmentation functions for octet baryons by using & the case of a vector antidiquark, whebey is a quark-
simple diquark model. All free parameters of the model arediquark-baryon vertex which connects the quark with the
determined based on the experimental data on octet barydWo outgoing particles, anél, is a polarization vector in the
production ine*e~ annihilation, and the strangeness sup-case of a vector antidiquark. For the quark-diquark-baryon
pression in hyperon production is shown. In Sec. lll, weVertex, the following Dirac structure is usually adopfed]:
propose a possible cross check of the strangeness suppres-

which contains information about how a parton fragments
into a baryorB. The outgoing baryon states are characterized
by the momentum and spin vectdg,Sg) and the quark

i
2
k—m) 2
in the case of a scalar antidiquark, or by
i
k—m

o

— 2

sion via octet baryon production mp collisions. In Sec. IV, ®s=1g5(k%) )
we study the flavor structure of the fragmentation functions

: L . and
by means of baryon-antibaryon asymmetrieskinp colli-
sions. In Sec. V, we investigate the helicity structure of the (K?) p
fragmentation functions by predicting spin observables in cpvzgv 75(7 _B)_ (5)
various octet baryon production processes. In Sec. VI, the J3 Mg

transversely polarized fragmentation functions for the octet

baryons are used to predict the transverse quark to baryofhe form factorsyp(k?) (D=S, V), which reflect the com-
polarization transfers in charged lepton DIS on a transverselposite structure of the baryon and the antidiquark, are chosen
polarized nucleon target. Finally, we present a discussion ani the same form for scaldlS) and axial vector(V) antidi-
summary with our conclusions in Sec. VII. quarks,

k2_ m2
2\ —
Il. QUARK FRAGMENTATION FUNCTIONS FOR THE 9o(k%)=N (kZ—A(Z))Z' ©

OCTET BARYONS

ith a normalization constaril and a mass parametdr,.
utting all ingredients together, the quark-quark correlation

have many data to parametrize quark distributions of th : )
nucleon. In contrast to the nucleon parton distributions, w unctions can be calculated with the assumed form factor. By

have much less information on the fragmentation functionénaking.the Dira_c projections of }_he Obt"?“”?d quark-guark
orrelation functions, the probability of finding a quagk

for the octet baryons. We can only constrain the shape of thgorrelatic . M
fragmentation functions with the help of models in order tos_pllttlng into a baryorB with longitudinal momentum frac-
reduce the number of free parameters. Some models such
those using strings and shower algoritHi86] involve many
parameters. We have noticed that the diquark model given in
Ref.[31] gives a clear physics picture with few parameters. ald®)(z)=
According to the field-theoretical description, fragmentation b
functions are defined as the Dirac projections of the quark-

guark correlation functiof31] with

After more than three decades of experimental studies, W§

Qn z and emitting a scalar or axial vector antidiquark, can
€ calculated ag31]

N?z%(1-2)° [2(Mg+my2)?+R*(2)]
64 R8(z2)

)
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TABLE |. Quark fragmentation functions of octet baryons in diquark model.

m, my mg
Baryon D ADG (MeV) (MeV) (MeV)
p D, (1/6)al'P + (1/2)al® ADY —(1/18a{P + (1/2)aP) 350 1100 900
(uud) D} (1/3)af’® ADf — (1/9)aP) 350 1100 900
n D3, (13l AD} — (L/9)aWm 350 1100 900
(udd) D (1/6)aldm + (1/2)ad'™ ADg — (/18R + (1/2)3E/™ 350 1100 900
57 DX (el V+(1/2al*)  ADY — (118" )+ (125 ) 350 1276 1076
(uus) D§:+ (13)af*") A Dg:* — (U/9)aEE") 526 1100 900
30 pX°  (112a{"7+(Waal™  ADY — (1/36}{"*") + (1/4yal™ 350 1276 1076
(uds) Dgu" (U12)a(*+ (U4l ADY —(1/36)a{*) + (1/4ya">" 350 1276 1076
D?:O (1/3)af" AD}’ — (19" 526 1100 900
" D3, (L6yal"™ )+ (1/2)al’> ) ADG —(118)al"™ )+ (12" ) 350 1276 1076
(dds) Dy (1/3)af> ") AD; —(1/9)al>") 526 1100 900
A° DAY (U4l )+ (11200 ADY — (1120l + (1/12/aL A0 350 1276 1076
(uds) DQUO (142 + (17122 A DQUO — (112 + (1/12)¢"" 350 1276 1076
DQUO (1/3)a"" A D;‘:O (1/3)a8™" 526 1100 900
E- D3 (1/3)a=) AD5 — (L/9)aED) 350 1452 1252
(ds9 DS (1/6)al= )+ (1/2)af= ") ADE —(118faE )+ (1/2)a8= ) 526 1276 1076
E° DZ’ (1/3)a’=" ADE’ — (1/9)a=" 350 1452 1252
(us9 D=’ (1/6)al’=" + (1/2)af'=" ADZ’ — (U18REE) 4 (1/2)a=" 526 1276 1076
R(2)= 2z —2(1-2)Ag+(1-2) Mg, ® 500 (2)= %a(sll/p)(z) - %éﬁ,”’p’(z), (13

wherem, is the quark mass, anéllg and mp(D =S or V)
are the masses of the baryBrand a diquark, respectively. 1
In order to get the fragmentation function for a specified oDR (z)=— _égldfp)(z)l (14)
quark flavor, we need to combir&®)(z) with the flavor v 9
coupling of the octet wave function from scalar and axial
vector diquarks. As an example, the unpolarized valencith
quark to proton fragmentation functions can be obtained as

N?z%(1-2)* [2(Mg+m42)?—R¥(2)]

~(a/B) —
1 1 a zZ)= ,
DP (z)=zalP(z)+ Za{"P(z), (9) o () 642 R%(z)
Uy 2 6 (15
1
D}, (2= 33" (10 and
. o . R N?z2(1—2)3 (Mg+m,z)?
Similarly, the longitudinally and transversely polarized a(Dq/B)(Z): B' 4 , (16)

quark to proton fragmentation functions are

1. 1.
AD (2)=535"P(2) - 120" (2),

1
Ang(z)=—§a<V<”P>(z),

3272 R%(z)

(11) fo_r D=S or\(. The expressiqns for unpolarized and longitu-
dinally polarized fragmentation functions for all octet bary-

ons are listed in Table | whe¥® anda¥® are given in

(12) Egs. (7) and (15), respectively. The e>_<pressions for trans-
versely polarized fragmentation functions are the same as
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those for longitudinally polarized ones but with the replace-functions for baryons containing a valensequark (and a
ment of allal%® by al%® which are given in Eq(16). further overall suppression factor for baryons containing two

There are some parameters in the expressicnf)"é?)(z). s quarks. In our present analysis, we simply introduce an
However, the quark, diquark, and baryon masses have sonfverall strangeness suppression faoter (H=A, 2, and
commonly accepted valugsee Table )l and only the nor- E) multiplying a}l_ the fragmentation functions of a given
malization constarl is a free parameter. We assume that all"yPeronH containings quarks(one or twg. _
octet baryons share the same normalization condafol- To sum up, our model, which describes the fragmentation
lowing Ref.[31], we take the mass parameter in the formfunctions of all the octet baryons involves a total seven free
factor (6) asA,=500 MeV. We find that the numerical cal- Parameters
culation results are not sensitive to its precise value.

It is valuable to mention that the diquark model neglects a

detailed description of final state interactions, which could bqt is noteworthy that the ﬂa\/or structure Of fragmentation
relevant in the fragmentation process, in particular regardingnctions in the diquark model still remains when the overall
the so-called time-reversal odd fragmentation functions, alstrangeness suppression factors are introduced. In addition,
though the difference in the diquark masses can be undejge also hope that the introduction of the strangeness sup-
stood as the results of some state interactions. In additiorpression factors does not alter the spin structure of the frag-
the quark-diquark description of fragmentation functionsmentation functions. For this reason, we assume that the po-
should be reasonable only in the largeegion where the |arized fragmentation functions for the octet hyperons have
valence quark contribution dominates. In the smaakgion,  the same strangeness suppression factors as the unpolarized
sea contributions are difficult to include in the framework of gnes.

the diquark model itself. Therefore, we adopt a simple func- e determine the free parameters of the model according
tional form to some experimental data on the differential cross sections
for the semi-inclusive octet baryon production process
e"e”—B+X [16—18. The model fragmentation functions

) ) ) at the initial scale are evolved to the experimental energy
to parametrize fragmgntatlon functions of the sea quark.gje by using the evolution package of R3] suitably
Dq.(2) and antiquarkD(2) for g=u,d,s. We assume that modified for the evolution of fragmentation functions in
DgB, ADS’ 5D§, ADE and sD® — at the initial scale leading order with the input scal®3=1.0 GeV and the

ag(a) * ag(a) _
. QCD scale parameteYocp=0.3 GeV. We perform a lead-
are zero and they only appear due to QCD evolution. Hencelhg order analysis since the results in R¢#%&34] show that

the input u.npolanzejd and polanzgd quarks to the bargon the leading order fit can arrive at the same fitting quality as
fragmentation functions can be written as . . >
the next-to-leading order fit. In addition, we use ordy

DB(z)=DB(2)+DB(2) (18) >0.05 data samples because understanding the very low-
q a, qg /o . . .
region data needs some further modifications to the evolution

N,Ns,a’s,ﬂs,)\/\,kz,)\g. (21)

D5 (2)= Dg(z) = Ngz(1—2)Ps, 17)

of fragmentation functiong7,34]. However, we find that

B _ B
ADq(Z)_AD%(Z)’ (19 some data in the lov region can still be described by our
q fragmentation functions. We obtain values for the parameters
an as follows:
B _ B
6D4(2)=6Dg (2). (20 N=32.4228, N,=0.6708, ag=—0.2695, B.=3.9657,

The diquark model can be used to partly reflect thé3U \ —0.4416, Ay=0.1141, Az=0.0401.
flavor symmetry breaking effect since the probabilities
a¥®(z) are different for the various baryons due to the dif-In Fig. 1, our results for thee dependence of the inclusive
ferences in the quark, antidiquark, and baryon masses. Hovectet baryon production cross section ddf)do/dxg in
ever, the measured values for average hadronic multiplicitiee® e~ annihilation are compared with some of the experi-
per hadronie™e™ annihilation evenf32] indicate that there mental datd16—18.
is significant strangeness suppression for hyperon production With the obtained values of the parameters, we calculate
as compared with proton production. The flavor symmetryfragmentation functions for all octet baryons at the initial
breaking provided by the diquark model is not enough toscale and evolve them into an expected energy scale. We call
describe the observed strong strangeness suppression. Acthiese fragmentation functions the @Y broken ones since
ally, we find that the cross sections far 3, andE baryons they contain S(B) symmetry breaking due to the strange-
in e"e” annihilation would be overestimated by up to two ness suppression and the differences in the quark, diquark,
orders of magnitude if we considered only the(S8JUsym-  and baryon masses. We regard the strangeness suppression as
metry breaking in the framework of the diquark model. an SU3) symmetry breaking since it actually reflects the
Therefore, it seems that the strangeness suppression effe&®itS3) symmetry breaking in the normalization constants for
can only be considered in a separate way. In [R&5], the the fragmentation functions. In order to check the(3JU
strangeness suppression effect is reached by putting a supymmetry breaking effect, we propose another set of frag-
pression factor in ther, d, and sea quark fragmentation mentation functions with an SB) symmetry assumption.
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E ™ . . STRANGENESS SUPPRESSION EFFECT IN pp
: N COLLISIONS
! 3 The experimental data on octet hyperon production in
i . e’e  annihilation indicate that the strangeness suppression
10 L ALEPH effect in octet baryon production is very strong. According to
V2912 Gev by the factorization theorem, the fragmentation functions are in-
_of . dependent of the processes. The fragmentation functions de-
10 ¢ » termined in thee"e™ —BX process can be used for quanti-
F tative predictions of inclusive single baryon cross sections in
1L b4 other processes. The strangeness suppression effect should
N also have relevant consequences for the cross sections of
o -f . some processes like tipp— B X process, i.e., the cross sec-
NG oPAL OPAL tions for the strange baryon production should have a signifi-
© i v $=91.2 Gev ‘ Vv 3=01.2Gev ‘ cant suppression as compared with those for nonstrange
2 10‘2; L i baryon production. In order to have a cross check of the
3 g & strangeness suppression effect, we calculate the cross sec-
o B AN tions for thepp— BX process.
} T FE In leading order perturbative QCD, the differential cross
~ - . section for thepp— B X process can be schematically written
o 'L ! R in a factorized form as
E ALEPH
E “._ V3=912Gev “.‘
=20 5 3 1 1 ~
o ‘ e =3 o [Caxfo. Q2
i d*p  abed Jx, Xp
TE . 1 do
X506, Q?)DE(2,Q%) - —=(ab—cd),
10 F ALEPH
E v 5=91.2 GeV (22)
ol _
107 10! 1077 10" with
Xe
FIG. 1. Comparison of our results for tlhg dependence of the — xreY —  XxXre Y
inclusive octet baryon production cross sectiono¢dd)do/dxg in Xa:mv Xb:Zx——xey’
e*e™ annihilation and some experimental dath6-18. The T a T
dashed and solid curves are predictions witt=91.2 GeV by
using the SW@3) symmetry and SI(B) broken fragmentation func- S —y Xt y 23
tions, respectively. = 2_Xbe + 2_Xae ' (23

wherex;=2ps/+/s (Vs is the center of mass energy pp
. _ ~ collisions. pr, E, andy are the transverse momentum, en-
We take the proton fragmentation functions at the '”'t'alergy, and rapidity of the produced baranf;\(xa,Qz) and

scale as references and calculate the initial fragmentatiopg . 0?) are unpolarized distribution functions of parton
functions for all other octet baryons by setting the strange-b( b,Q") are unpolarized distribution functions of partons

ness suppression factorsas=1.0 (H=A, 3, andE) and & agd b én proztor_15A and B, respectively, at the scal@?

the quark, diquark, and baryon masses as those of the protori.PT- Dc(z,Q7) is the fragmentation function of parton

It should be pointed out that the $8) symmetry case is only m}o t[le baryorB with the momentum fractiom of partonc.

a supposed reference in order to check thé33gymmetry  do/dt is the differential cross section for the subprocass
breaking effect. In Fig. 1, we show the results with theg®U +b—c+d andt=—x,pr\/se Y/z is the Mandelstam vari-
fragmentation functiongdashed curvesas compared with able at the parton level.

those with the SIB) broken fragmentation functionsolid By charge-conjugation invariance, tled e~ —BX cross
curves. From Fig. 1, one can see that the (8Usymmetry  sections for a baryon production should be equal to those for
model overestimates by up to two orders of magnitude théhe corresponding antibaryon production. Therefore, only the
cross sections for hyperon productiondtie” annihilation. combinationng’+ Df; can be determined, and similarly for
Therefore, the S(B) symmetry breaking, especially the the antiquark fragmentation functions. However,pip col-
strangeness suppression, is necessary in order to understdisibns, we can observe differences in the cross sections for
the data on hyperon production. baryon and antibaryon production. Therefore, we also predict
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IV. BARYON-ANTIBARYON ASYMMETRIES IN
COLLISIONS

k*p

We have noticed that the cross sectiomoproduction in
e*e” annihilation is not sensitive to the flavor structure of
the A fragmentation functions, i.e., both the &)Y flavor
symmetry and S(B) broken fragmentation functions can be
used to describe the cross section. However, the flavor struc-
ture is an important aspect of fragmentation functions as well
as the spin structure. It is of great significance to study some
observables which are related to the flavor structure of the
fragmentation functions. Recently, it has been found that a

measurement ofA/A asymmetry ink*p collisions can be
used to resolve the flavor structure of fragmentation func-
tions for theA [28]. In order to check the flavor structure of
the obtained fragmentation functions for the octet baryons,
we extend this analysis from the to all octet baryons. We
consider the reaction

E ..............-.‘

kt+p—B+X (24

for inclusive production of a baryoB with thek™ beam and
target proton ). The xg distribution of the cross section
d30B/d3pg of the reaction(24) can be obtained from its
expression for the\ in Ref.[28] by some suitable replace-
ments of other octet baryons. With the parton distributions of
g . the incident hadron and the target nucleon, we can calculate
1 the xg distribution of the asymmetry foB/B production in

' k*p collisions,

o

T
&

0 1 2 0 1 B 5 d3oB/d3pg—d3cB/dipg
A(XF)zsss 3 Bj434—
Y d3a®/d3pg+d3a®/d3pg

(25

FIG. 2. The cross sections for baryofs®lid curve$ and anti-
baryons(dotted curves production inpp collisions are obtained
with the SU3) broken fragmentation functions afls=500 GeV
andpy=15 GeVk.

By using thek™ parton distributions[39], we calculate
AB(xg) for all octet baryons and antibaryons produced in
k™" p collisions and the results are presented as solid curves in
Fig. 3 for future test in experiments. In Fig. 3, we also show
the cross sections for the antibaryBwhose quark fragmen-  the results with the S(3) symmetry fragmentation functions

tation functions can be obtained according to matter and arfdashed curvesActually, the differences between the solid
B and dashed curves here only reflect the(3Usymmetry

breaking due to the differences in quark, antidiquark, and
baryon masses, since the strangeness suppression effect is
canceled in the asymmet®(xg). The same meaning is
implied when we refer to the SB) symmetry breaking ef-
fect in the spin observables to be discussed in the following
sections.

The calculated results shown in Fig. 3 indicate that the

timatter symmetry, i.e.,Dia(z)zng(z) and ADEE(Z)

=AD%q(z) for a spin observable analysis.

By adopting the leading ordeiLO) set of unpolarized
parton distributions of Ref[35], we present in Fig. 2 the
cross sections for octet baryofsolid curve$ and antibary-
ons(dotted curvesproduced inpp collisions and the results
are calculated with/s=500 GeV andp;=15 GeVk. By
comparing the cross sections of hyper@nmtihyperon pro-  hyperon-antihyperon asymmetrieskiip collisions are sen-
duction with those of protofantiproton production, one can Sitive to the flavor structure of the hyperon fragmentation
easily find the strangeness suppression effect in hyperon préanctions. The asymmetrie!!sAo, AEO, andA*" in the current
duction. Therefore, the cross sections for octet baryon profragmentation region are suitable observables to reveal the
duction inpp collisions can be used as a cross check of theSU(3) symmetry breaking effect and to check various flavor
strangeness suppression effect. Some experiments have bestructures of fragmentation functions. For other octet hyper-
done with baryon production ipp collisions[36]. Unfortu-  ons, we may observe the 8) symmetry breaking effect on
nately, the available data were given in the lpw region.  their asymmetries in the target fragmentation region. There-
We need some data at highy in order to check our predic- fore, a measurement of the hyperon-antihyperon asymme-
tions in the partonic framework. This may be realized bytries in k*p collisions may be used to resolve the flavor
RHIC at BNL[29,37,38 in the near future. structure of the hyperon fragmentation functions.
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FIG. 3. The baryon-antibaryon asymmetrieskinp collisions o o
are obtained withys=30 GeV andp;=3.0 GeVk. The dashed FIG 4 The longitudinal octet baryon polarlzgtlﬂ@; ine’e
and solid curves are the results with the(Ssymmetry and S(B) annlhllgtlon at. theZ pole. The dashed and solid curves are the
broken fragmentation functior(see texl, respectively. predictions using the SB8) symmetry and S(B) broken fragmen-
tation functions, respectively. The experimental dataXoproduc-

. .. tion are taken from Ref§10-12.
A comment on the above calculation approach is in order. $ 2

Usually, experimental data for baryon productiorkifp col-
lisions were given in the lowp; region, e.g., p% . o ) )
<0.8 (GeVk)? for A production in Ref[40]. Giving con- In e"e” annihilation near the& pole,.there exists an in-

sideration to both the experimental preference for low terference between the vector and. axial vector co.uplmgs in
measurements and the limitation of our perturbative treatfEhe standarc_i mpdel of electroweak Interactions, which results
ment, pr=3.0 GeVk is adopted in our calculation. This in the polarization of quark; ar_1d antiquarks produce_d from
value of py is still somewhat small for a safe use of the the Z decay. Then the polarization of quarks and antiquarks

factorized expressions for the cross sections and the a vill be transferred to the baryons via fragmentation. The
proach remains to be verified aryon polarization can be expressed as

A. Octet baryon polarizations in e*e™ annihilation

AADB(z)—AD2(z

V. HELICITY OBSERVABLES IN OCTET BARYON % alADg(2)~AD(2)]
PRODUCTION Pg=— X - : (26)

% C{[D§(2)+De(2)]

There are available data on polarizad fragmentation
functions ine*e” annihilation at theZ pole and also in A A
lepton DIS. We can check the obtained fragmentation funcwhereA, andC,(q=u, d, ands) can be found in Ref41].
tions based on these experimental data. In addition, it is ofhe available experimental data on thepolarization near
significance to make some predictions for other octet hypertheZ pole[10—12 can be used to check thefragmentation
ons since the detection technique ®rand E hyperons is  functions. Our theoretical predictions for the octet baryon
gradually maturing. polarizations at th& pole are shown in Fig. 4 together with
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FIG. 5. The predictions of thedependence for spin transfers to FIG. 6. The predictions of dependence for octet baryon polar-
octet baryons and antibaryons in polarized charged lepton DIS oirations in neutrino DIS. The dashed and solid curves correspond to
the proton target. The dashed and solid curves are the predictionge predictions by using the $8 symmetry and S(B) broken
for the produced baryons by using the @Usymmetry and S(B) fragmentation functions with the Bjorken variabléntegrated over
broken fragmentation functions, respectively. The dotted curves are.02—0.4 andy integrated over 8-1. The experimental data are
the predictions for the produced antibaryons by using th¢3s5U taken from Ref[15].
broken fragmentation functions. The HERMES data/omproduc-
tion are taken from Ref.13]. The E665 data oA and A produc-

: the charged lepton beam is longitudinally polarized and the
tion are taken from Ref.14].

proton target is unpolarized. The baryon polarization along

_ ) . its own momentum axis is given in the quark parton model
the experimental data fok production. From Fig. @), one by [42]

can see that the prediction &f polarization with the S(B)

broken fragmentation functions is a little closer to the experi- Pg(X,y,2)=PyD(y)Ag(X,2), (27)
mental data than the prediction with the @Y symmetry

fragmentation functions although both results are compatible

with the experimental data. We also find that the(®ym-  where P, is the polarization of the charged lepton beam,
metry breaking effect on the hyperon polarization mainlywhich is of the order of 0.7 or sp13,14. D(y) with y
exists in the medium and largeregion; in particular, the =w/E is the longitudinal depolarization factor of the virtual
effect on polarization is significant. photon with respect to the parent lepton, and

B. Spin transfers to octet baryons in polarized charged

lepton DIS > eqN(x,Q)ADE(z.Q) +(d—0)]
Another good observable for checking the helicity struc-Ag(x,z)= d (29
ture of the fragmentation functions for a baryon is the spin e2raN(x.02)DB(2.02) + (4— )
transfer to the baryon in polarized charged lepton DIS, where 2q ald"(x.Q)Dg(2Q9+(q—a)]
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is the longitudinal spin transfer to the baryBnIn our nu-  The spin transfer ta\ is also comparable with the E665 data
merical calculations, the quark distributiof(x,Q%) of the  [14]. Another two experimental data points of the E665 Col-
nucleonN target is adopted as the CTEQS set 1 parametritahoration are not shown in the figure since their central ab-
zation form[43] atQ*=4 Ge\* and the Bjorken variablg  solute values are larger than 1 with very big errors. The spin
is integrated over the ran6.02,0.4. Similarly, we can also  transfer to the=° at largez seems to be a suitable observable
calculate the longitudinal spin transfer to the antibarfgn to check various valence quark spin structures of fragmenta-
The calculated results for the longitudinal spin transfers tdion functions. The S(B) symmetry breaking can affect the
the octet baryon$the dashed and solid curves are for thespin transfers to other octet hyperons somewhat. It is valu-

SU(3) symmetry and S(B) broken cases, respectivélgnd  aple to notice that the spin transfer to the antibaroiis

antibaryonsthe dotted curves with the $8) broken frag-  very different from the spin transfer to the baryBn
mentation functionkare shown in Fig. 5. The spin transfer to

the A is dominated by thel quark fragmentation functions
due to the charge factor for the quark. Moreover, due to
isospin symmetry thet andd quark spin transfers to thé& Neutrinos(antineutrinog can be regarded as a purely po-
are expected to be equal. We can checkuhendd quark larized lepton beam since neutrin¢@ntineutrinos are left
fragmentation functions by means &f production in the (right) handed. The scattering of a neutrino beam on a had-
polarized charged lepton DIS process. As shown in Fig\,5 ronic target provides a source of polarized quarks with spe-
our predictions are compatible with the available experimencific helicity and flavor structure. The baryons produced via
tal data[13,14] on A production in the mediunz region, quark fragmentation in neutrin@ntineutring DIS are polar-
which seems to suggest that theandd quark toA fragmen- ized. The longitudinal polarizations of the bary@&nin its
tation functions are likely positive polarized in the medium momentum direction for the baryoB in the current frag-
and largez region, and supports our previous studjés]. mentation region can be expressed 44

C. Octet baryon polarizations in neutrino-antineutrino DIS

[dN(x)+wsV(x)]JADE(2) — (1—y)2uN(x)[AD3(2) + wADZ(2)]

B — — 2
PTG + 08 0082+ (1-y AN [D%(2) + wDE2)] =
8 (1-y)2uN(X)[AD§(2) + wADE(2)]— [d"(x) + ws"(x) JAD(2)
PL(Xy,2)=— 30

(1-y)2uN(x)[DE(2) + wDE(2) 1+ [dN(x) + wsN(x)]D(2)

where the terms with the factas = sin?6,/cos'6,(6, is the ¢, B=p, n, 3%, 3% A andZ0. As for S~ and= - pB

Cabibbo anglerepresent Cabibbo suppressed contrlbutlonsémd P? (B=S", ) are very small and their relative

sign depends on the magnitude of the polarized sea quark
and antiquark fragmentation functions. In our present analy-
sis, we have

There are similar formulas to Eq$29),(30) for the anti-
baryon.

Recently, the NOMAD CollaboratiofiL5] provided some
data onA polarization in neutrino DIS. The data have much
smaller errors than the data for the longitudinal spin transfer
to theA in polarized charged lepton DIS, which allows us to
have a further check oA fragmentation functions. For the Lo - .
case of neutrino DIS, we present our predictions offor B=3",E". In addition, the S_l(B)_sym_metry b_reakmg .
z-dependence for the baryon polarizations in Fig. 6 and an(::-ffect on the octet hy&eron polarizations in neutrino DIS is
tibaryon polarizations in Fig. 7. From Fig(#, we find that  not strong. HoweveR}” seems to be a useful observable to
our prediction ofA polarization in neutrino DIS is compat- distinguish different spin structures of fragmentation func-
ible with the NOMAD datd 15]. For the case of antineutrino tions in the largez region.

DIS, we find that the polarizations of baryons and antibary-
ons can be approximately related to those in neutrino DIS by D. Spin asymmetries inpp collisions

Pe=pE, (33

Some programs on spin physics have been undertaken at
BNL RHIC [29,38. Theoretically, it has been pointed out
that theA polarization in polarized proton-proton collisions
is a useful tool to check the spin structure of thdragmen-
tation functions[45,46. In very recent work37], the spin

B_ B >
P,=—P, (32 asymmetries for the octet baryons produceg pcollisions

pB~ —pB (31)

for all octet baryons, and

094035-9



JIAN-JUN YANG PHYSICAL REVIEW D 65 094035

0.2 0.1 0.2
r r (a) r
o1 | 0;05 5 L o |
- B <20 E . WE T
OF °F -005 | OF
—0.1 :I | EITREN I REN RN 0.2 P PR R BRI 0.1 ST I RS —-0.1 :I TSI RS R T N
02 04,06 08 02 04,06 08 -2 0 2 -2 0 2
Y Y
01 0.3 ¢ 0.1
Fo© E y G
0.05 . 02 F \ F
N 27 E ELN: ~
o} o ' F - A
0 - —y 0.1 i N ~
-0.05 0 F T E )
—0.1 S A A A I ETETETE BRI SR i —0.1 I RN R ~0.2 Lol by 1y
02 04_06 08 02 04 _06 08 -2 0 2 -2 0 2
z z y Yy
02 0.1 0.1 -
F @ E E @ 00+ E
o1 b 0.05 | 0.05 0.02 F
W f o S / oo E wEo E =
OF —0.05 | ~0.05 E | 7002 B
o Bt gy Bt oq Bota ol TO0Y L
02 04_06 08 02 04,06 08 -2 0 2 ) 0 2
Y Y
01 0.3 ¢ 01
@ o4 & o E @ o
w0 F S .2 F .20 F
-0.1 | - E -01 |
B r o B
r 0 E r
-0.2 Co Lo Loty |y I TR ETETET I SR i —0.1 I RSN RNV I B! 0.2 T IR M W W N
02 04_06 08 02 04 06 038 -2 0 2 -2 0 2
y Y

FIG. 7. The same as Fig. 6, but for the octet antibaryon polar-

izations in neutrino DIS. FIG. 8. The predictions of the spin asymmetries as a function of

rapidity for octet baryons production jmp collisions. The dashed

. . . . and solid curves are obtained with the @Usymmetry and S(B)
were extensively studied and some very useful informatioryoyen fragmentation functions, respectively.

was extracted. In order to express the spin asymmetries, we

n?fdh the p;)olariéfc_j d(ijffferentitil Cross se_ctiEruftAhcr/d3p | From Fig. 8, one can see that the (SUsymmetry breaking
}geldc c?gsns ze(():tioa£33o/rg?:) ine eE);F_)r?S;)IOEyO repelalcjzinnzo AYecreases somewhat the magnitude of the spin asymmetries.
fB(xp,Q%), DE(z,Q%), andda/dt by the corresponding po-
larzied counterpart& f2(x,,Q?), AD(z,Q?), anddA o/dft,
respectively. Then the spin asymmetry can be defined as the The transverse polarizations of the octet baryons pro-
ratio duced in the current fragmentation region of charged lepton
DIS on a transversely polarized nucleon target can provide
j EdAo/d? information on the quark transverse fragmentation functions
. ald°p f : SR
min or octet baryons. Actually, some progress in this direction
Agp= . (349  has been made by recent investigatip#s]. For baryonB
f _Eda/dp production in the current fragmentation region along the vir-
pr" tual photon direction/48], the spin transfer to the trans-
The spin asymmetries as shown in Fig. 8 are obtained byersely polarized baryoB can be written a§42,49
adopting the LO set of unpolarized parton distributions of
Ref. [35] and polarized parton distributions of LO Gk+

VI. TRANSVERSELY POLARIZED SPIN TRANSFERS

Reya-Stratmann-VogelsangGRSV) “standard” scenario > e569"M(x,Q%) 8D (2,Q%)

[47]. In addition, the total center of mass energjs AB(x,z)z d (35)
=500 GeV is used and the transverse momenpynis in- e2gN(x. 02)DB(z.0?

tegrated with the lower cutofp?'"=13 GeVk [45,37. % ad”(x.Q%)Dy(2.Q7)
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for charged lepton DIS on a transversely polarized nuchon 0.2 ¢ 04 M
target. In Sec. I, we have obtained the-B fragmentation F© R~
functionsD§(z) and 8D§(2). In order to calculatd\g(x,2), °<0'1 2 owo,z -

we need transverse quark distributions in the nucleon, whick R

can also be described within the framework of the quark- E r

diguark model9,31]. We may use the following relationto  —pq Lol o i biin 1l g Liliwn v b i1

connect the quark transverse distributions with the unpolar- 02 04 7 06 08 02 04 7 06 08
ized quark distribution$9,41]:
1 0.6 0.1
~ c Fo@
sl =| ulx) = Sd¥(x) [MP(x) o4 [0 e T
2 & i 0 s
0.2 r
1 . -01 [
— 5 W OMP(x), 0 : R
oo il b b1 gp Dilevi bl 1
1 02 04,06 08 02 04_06 08
sdN(x)=— §o|v’“(x)|\‘/|<vd)(x), (36)
02 p 0.04 [
with o1 002 £ @
o &0 s S
M@ (x)= , (37 -0.1 | el -0.02
f(q)(X) F s C
D _0.2:I|\II|\II|II\|I _0.04_I|III|\II|II\|I
N . , 0.2 04,06 08 02 04_06 08
Wheref(Dq)(x)(D=S or V), which is the probability of find- z z
ing a quarkq being scattered while the spectator is in the
diquark staté, can be expressed in the quark-diquark model 0.6 r 0.1 r
as([31] oa £ ©@ Fo®
R <« - « 0 5
(90 NZ(1-x)3 [2(xMp+mg)?+R*(x)] @9 02 o \
X)= - s -0.1
° 3272 RE(x) OF .
oo il b1 oo Dile il 1
for unpolarized quark distributions, and 02 04,06 038 02 04,06 038
(@ N%(1-x)* (xM,+m,)? FIG. 9. Thex-integrated spin transferg(x,z) of baryon B
f[? (x)= 1672 §6( ) (39 production in charged lepton DIS on a transversely polarized proton
T X

target, withx integrated over the range of 0:8L. The dashed and
solid curves are obtained with the &) symmetry and S(B) bro-

for th_e tran§vers_ely polarized quark distributions. The ©Xien fragmentation functions, respectively.
pression forR(x) is

. 5 5 5 some similar behaviors can be found in thdependence of
R(x)= VA§(1—x)+xm3—x(1-x)M}, (40 transverse spin transfers and theependence of spin asym-
metries inpﬁ collisions.

whereM, andmp(D=S or V) are the mass of the proton
and a diquark, respectively. In the following numerical cal-
culations, the CTEQ5 set 1 parametrization forf¥8] are VII. DISCUSSION AND SUMMARY

adopted as inputs for the unpolarized quark distributions of Experimental setups are usually not able to distinguish

the nucleon in Eq(36). . between promph particles and\ particles coming from the
Thex-integrated spin transfersg(x,z) for the octet bary-  decay of3 or E baryons. The main contributions from de-
ons are presented in Fig. 9 where the dashed and solid curvegys are>°— Ay and3* — A« [50]. The parametrization
are obtained by using the $8) symmetry and S(B) broken  of theoretical fragmentation functions by using the experi-
fragmentation functions, respectivelAg(x,z) with inte- mental data can in fact generate some effective mixing be-
gratedx can provide us information on tlee—B fragmenta-  tween the corresponding fragmentation functions. The decay
tion functions. We can find some similar properties in thecontribution to theA production can be effectively included
longitudinal and transverse spin transfers by making a comin the unpolarized parton fragmentation functions by a fit to
parison between the results in Figs. 9 and 5. However, théhe experimental data. Here, we would like to briefly com-
differences in results for th® ~ and neutroricf. panels(d) ment on some possible effects of the decay contributions on
and(h) in Figs. 9 and % stand since the quark fragmenta- the spin observables. For spin transfeAirelectroproduction
tion functions are dominant for these two baryons anddathe where theu quark dominates due to the charge factor for the
guark in the proton target is negatively polarized. In addition,u quark, we have noticed thanT(ds)ovo—>A, uT(ds)Olo
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-390 and uT(ds)1,0—>E* predicted by the diquark model expected to exist in the hyperon production of other pro-
have similarz dependence. So it is expected that the spircesses.
transfer in charged lepton DIS with the effect of & and To summarize, based on the experimental data on unpo-
>* decays can be equivalently expressed by the direct hadarized octet baryon production &"e~ annihilation, we ex-
ronized A spin transfer multiplied by a factor. Hence, the tracted a set of fragmentation functions for the octet baryons
qualitative feature of the predicted spin transfer is also exwith the diquark model. The spin observable predictions with
pected to be retained after the heavier hyperon decay contiihe obtained fragmentation functions for theare compat-
butions are also included. The contribution of tHedecay ible with the available experimental data far production.
might dilute somewhat the spin transfer since thgquark ~We investigated some observables that are related to the
fragmentation function for th&° is negatively polarized. If ~strangeness suppression, the flavor and spin structure of the
the spin observables are dominated by $hguark, e.g., the obtained fragmentation functions. We found the following
A polarization ine*e™ annihilation, the modification due to points: (1) The strangeness suppression effect in the octet
the 2 decay should be small because thguark spin struc- baryon fragmentation functions is significant and the cross
ture of theE is very similar to that of the\ in the diquark  Sections for the octet baryon productiongip collisions may
model. be used to make a cross check of the eff€2;a measure-
For every octet baryon, there are 18 unpolarized, longitument of the hyperon-antihyperon asymmetriesirp colli-
dinally polarized, and transversely polarized quark-antiquarlsions can resolve the flavor structure of the hyperon frag-
fragmentation functions. In our present analysis, based omentation functions;(3) the spin transfers to the octet
the diquark model, we used only seven free parameters t@aryons in charged lepton DIS are very different from those
provide unpolarized, longitudinally polarized and trans-to the octet antibaryons4) the SU3) symmetry breaking
versely polarized fragmentation functions for all octet bary-effect on the flavor and spin structure of fragmentation func-
ons. The strangeness suppression factors lead to an enormdi@s can affect the relative observables somewhat. We ex-
simplification in our analysis and play an important role inpect that all these points together with our predictions for
our understanding of the experimental data for unpolarizegeveral observables may be useful in improving the knowl-
hyperon production ire" e~ annihilation. Although we are €dge of hadronization mechanism and baryon structure.
not able to explain the overall strangeness suppression fac-
tors for hyperon production, the experimental data on the ACKNOWLEDGMENTS
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