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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 baryonB production in thee1e2→BX process. The SU~3! flavor symmetry
breaking effect in the octet baryon fragmentation functions is investigated. The strangeness suppression effect
in hyperon production ofe1e2 annihilation is found to be significant, and its relevant consequences for the
cross sections of octet hyperon production inpp collisions are estimated. In order to check the flavor structure
of the octet hyperon fragmentation functions, hyperon-antihyperon asymmetries ink1p collisions are pro-
vided. Furthermore, we find that the spin observables calculated with theL fragmentation functions are
compatible with available experimental data on the longitudinally polarizedL production. Spin observables for
other octet baryons produced in various inclusive processes are also predicted for future experiments.
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I. INTRODUCTION

The unpolarized, helicity, and transverse quark distri
tions are three fundamental quark distributions of
nucleon. The quark flavor and spin structure of the nucle
have been extensively studied both theoretically and exp
mentally over the past several decades@1,2#. However, we
have much less knowledge of the quark distributions of
octet hyperons than of those of the nucleon. The main rea
lies in the fact that it is difficult for us to access the qua
distributions of the octet hyperons because their short l
time makes them difficult as targets. For this reason, hype
production is regarded as a very important source fr
which we can get information on the quark structure prop
ties of the octet hyperons. TheL hyperon is of special inter
est in this respect since its decay is self-analyzing with
spect to its spin direction because of the dominant w
decayL→pp2 and the particularly large asymmetry of th
angular distribution of the decay proton in theL rest frame.
So polarization measurements are relatively simple to p
form and the polarized fragmentation functions of quarks
theL can be measured. Also, the fragmentation of quark
S andJ hyperons can be investigated experimentally sin
the detection technique forS and J hyperons is gradually
maturing and will allow us to measure various quark to h
peron fragmentation functions@3–6#. Therefore, investigat-
ing quark to octet baryon fragmentation functions can s
light on many phenomena in nonperturbative QCD, such
SU~3! symmetry breaking in the quark flavor and spin stru
ture of fragmentation functions, and can enrich our kno
edge about the quark structure of hadrons.

There has been some excellent work@7,8# on extractingL
fragmentation functions based on the available experime
data onL production. Recently, with the experimental da
on the unpolarizedL production ine1e2 annihilation, the
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unpolarized and polarized fragmentation functions for theL
were extracted@9# based on a diquark model. It was foun
that the spin structure of the diquark model fragmentat
functions is compatible with available data onL production
@10–15#, which motivates us to extend the analysis from t
L case to other octet baryons since some experimental
on the proton and other hyperon production ine1e2 annihi-
lation are available@16–24#.

It was found that there exists an SU~3! symmetry break-
ing in the octet baryon fragmentation functions@25–27#, in
particular, the strong strangeness suppression@25# in octet
hyperon production ofe1e2 annihilation. However, there is
a lack of a detailed investigation of the SU~3! symmetry
breaking effect on the flavor and spin structure of fragm
tation functions. The diquark model has a clear physics m
tivation and can reflect the SU~3! symmetry breaking effect
The advantage of the model is that it allows us to do suc
detailed analysis. We plan to check the SU~3! symmetry
breaking effect on some observables that are related to
flavor and spin structure of fragmentation functions for oc
baryons. In addition, we will study relevant consequences
the strangeness suppression in other processes such app
→BX by estimating the cross sections for octet baryon p
duction.

We have noticed that theL fragmentation functions with
SU~3! flavor symmetry@7,8# can fit the experimental data a
well as those@9# with SU~3! flavor symmetry breaking.
Therefore, it seems to be impossible for us to resolve dif
ent flavor structures of theL fragmentation functions by
means of the experimental data on the unpolarizedL pro-
duction ine1e2 annihilation. There exists a similar situatio
for other octet hyperons. However, the flavor structure of
L and other octet hyperon fragmentation functions will
crucially important as well as their spin structure in order
well understand the hadronization mechanism. It was fou
in recent research@28# that the asymmetry forL/L̄ produc-
tion in k1p collisions can be used to resolve the flavor stru
ture of theL fragmentation functions. We will extend thi
©2002 The American Physical Society35-1
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analysis to other octet hyperons and use the hype
antihyperon asymmetries to check the flavor structure of
hyperon fragmentation functions.

Recently, there has been some great progress in the
surements of polarizedL production. LongitudinalL polar-
ization in e1e2 annihilation at theZ pole was observed by
several collaborations at CERN@10–12#. The HERMES Col-
laboration at DESY reported a result for the longitudinal s
transfer to theL in polarized positron deep inelastic scatte
ing ~DIS! @13#. Also, the E665 Collaboration at Fermila
measured theL and L̄ spin transfers from muon DIS@14#.
Very recently, a measurement ofL polarization in neutrino
DIS was made by the NOMAD Collaboration@15#. The high
statistics investigation of polarizedL production is one of
the main future goals of the HERMES Collaboration, w
will improve their detector for this purpose by adding
called Lambda wheels. There is also the possibility of m
suring the polarization of other hyperon production@3–6#. In
addition, the spin asymmetry for a hyperon produced byppW
collisions at the BNL Relativistic Heavy Ion Collider~RHIC!
may be measured with high luminosity@29#. Therefore, it is
of great significance to predict some spin observables
near future experiments.

The paper is organized as follows. In Sec. II, we brie
describe fragmentation functions for octet baryons by usin
simple diquark model. All free parameters of the model
determined based on the experimental data on octet ba
production ine1e2 annihilation, and the strangeness su
pression in hyperon production is shown. In Sec. III, w
propose a possible cross check of the strangeness sup
sion via octet baryon production inpp collisions. In Sec. IV,
we study the flavor structure of the fragmentation functio
by means of baryon-antibaryon asymmetries ink1p colli-
sions. In Sec. V, we investigate the helicity structure of
fragmentation functions by predicting spin observables
various octet baryon production processes. In Sec. VI,
transversely polarized fragmentation functions for the oc
baryons are used to predict the transverse quark to ba
polarization transfers in charged lepton DIS on a transver
polarized nucleon target. Finally, we present a discussion
summary with our conclusions in Sec. VII.

II. QUARK FRAGMENTATION FUNCTIONS FOR THE
OCTET BARYONS

After more than three decades of experimental studies
have many data to parametrize quark distributions of
nucleon. In contrast to the nucleon parton distributions,
have much less information on the fragmentation functio
for the octet baryons. We can only constrain the shape of
fragmentation functions with the help of models in order
reduce the number of free parameters. Some models su
those using strings and shower algorithms@30# involve many
parameters. We have noticed that the diquark model give
Ref. @31# gives a clear physics picture with few paramete
According to the field-theoretical description, fragmentati
functions are defined as the Dirac projections of the qua
quark correlation function@31#
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D i j ~k,PB ,SB!5(
X

E d4j

~2p!4
eik•j^0uc i~j!uPB ,SB ;X&

3^PB ,SB ;Xuc̄ j~0!u0&, ~1!

which contains information about how a parton fragme
into a baryonB. The outgoing baryon states are characteriz
by the momentum and spin vectorsuPB ,SB& and the quark
momentum is denoted byk. The basic idea of the diquar
model is to assign a definite mass and the quantum num
of a diquark system to the intermediate outgoing statesuX&
together with the baryonB characterized byPB and SB .
With the diquark assumption, the matrix element appear
in the right-hand side of Eq.~1! can be expressed as

^PB ,SB ;XSuc̄~0!u0&5Ū~PB ,SB!FSS i

k”2m
D ~2!

in the case of a scalar antidiquark, or by

^PB ,SB ;XVuc̄~0!u0&5Ū~PB ,SB!FV
mS i

k”2m
D em ~3!

in the case of a vector antidiquark, whereFS(V) is a quark-
diquark-baryon vertex which connects the quark with t
two outgoing particles, andem is a polarization vector in the
case of a vector antidiquark. For the quark-diquark-bary
vertex, the following Dirac structure is usually adopted@31#:

FS51gS~k2! ~4!

and

FV5
gV~k2!

A3
g5S gm1

PB
m

MB
D . ~5!

The form factorsgD(k2) (D5S, V), which reflect the com-
posite structure of the baryon and the antidiquark, are cho
in the same form for scalar~S! and axial vector~V! antidi-
quarks,

gD~k2!5N
k22m2

~k22L0
2!2

, ~6!

with a normalization constantN and a mass parameterL0.
Putting all ingredients together, the quark-quark correlat
functions can be calculated with the assumed form factor.
making the Dirac projections of the obtained quark-qua
correlation functions, the probability of finding a quarkq
splitting into a baryonB with longitudinal momentum frac-
tion z and emitting a scalar or axial vector antidiquark, c
be calculated as@31#

aD
(q/B)~z!5

N2z2~12z!3

64p2

@2~MB1mqz!21R2~z!#

R6~z!
~7!

with
5-2
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TABLE I. Quark fragmentation functions of octet baryons in diquark model.

mq mV mS

Baryon Dqv

B DDqv

B ~MeV! ~MeV! ~MeV!

p Duv

p (1/6)aV
(u/p)1(1/2)aS

(u/p) DDuv

p
2(1/18)ãV

(u/p)1(1/2)ãS
(u/p) 350 1100 900

(uud) Ddv

p (1/3)aV
(d/p) DDdv

p
2(1/9)ãV

(d/p) 350 1100 900

n Duv

n (1/3)aV
(u/n) DDuv

n
2(1/9)ãV

(u/n) 350 1100 900

(udd) Ddv

n (1/6)aV
(d/n)1(1/2)aS

(d/n) DDdv

n
2(1/18)ãV

(d/n)1(1/2)ãS
(d/n) 350 1100 900

S1
Duv

S1

(1/6)aV
(u/S1)1(1/2)aS

(u/S1) DDuv

S1

2(1/18)ãV
(u/S1)1(1/2)ãS

(u/S1) 350 1276 1076

(uus) Dsv

S1

(1/3)aV
(s/S1) DDsv

S1

2(1/9)ãV
(s/S1) 526 1100 900

S0
Duv

S0 (1/12)aV
(u/S0)1(1/4)aS

(u/S0) DDuv

S0
2(1/36)ãV

(u/S0)1(1/4)ãS
(u/S0) 350 1276 1076

(uds) Ddv

S0 (1/12)aV
(d/S0)1(1/4)aS

(d/S0) DDdv

S0
2(1/36)ãV

(d/S0)1(1/4)ãS
(d/S0) 350 1276 1076

Dsv

S0
(1/3)aV

(s/S0) DDsv

S0
2(1/9)ãV

(s/S0) 526 1100 900

S2
Ddv

S2

(1/6)aV
(d/S2)1(1/2)aS

(d/S2) DDdv

S2

2(1/18)ãV
(d/S2)1(1/2)ãS

(d/S2) 350 1276 1076

(dds) Dsv

S2

(1/3)aV
(s/S2) DDsv

S2

2(1/9)ãV
(s/S2) 526 1100 900

L0
Duv

L0
(1/4)aV

(u/L0)1(1/12)aS
(u/L0) DDuv

L0
2(1/12)ãV

(u/L0)1(1/12)ãS
(u/L0) 350 1276 1076

(uds) Ddv

L0
(1/4)aV

(d/L0)1(1/12)aS
(d/L0) DDdv

L0
2(1/12)ãV

(d/L0)1(1/12)ãS
(d/L0) 350 1276 1076

Dsv

L0
(1/3)aS

(s/L0) DDsv

L0
(1/3)ãS

(s/L0) 526 1100 900

J2
Ddv

J2

(1/3)aV
(d/J2) DDdv

J2

2(1/9)ãV
(d/J2) 350 1452 1252

(dss) Dsv

J2

(1/6)aV
(s/J2)1(1/2)aS

(s/J2) DDsv

J2

2(1/18)ãV
(s/J2)1(1/2)ãS

(s/J2) 526 1276 1076

J0
Du

J0
(1/3)aV

(u/J0) DDuv

J0
2(1/9)ãV

(u/J0) 350 1452 1252

(uss) Dsv

J0
(1/6)aV

(s/J0)1(1/2)aS
(s/J0) DDsv

J0
2(1/18)ãV

(s/J0)1(1/2)ãS
(s/J0) 526 1276 1076
ed

ia
nc
a

d

u-
y-

s-
as
R~z!5AzmD
2 2z~12z!L0

21~12z!MB
2, ~8!

wheremq is the quark mass, andMB and mD(D5S or V)
are the masses of the baryonB and a diquark, respectively.

In order to get the fragmentation function for a specifi
quark flavor, we need to combineaD

(q/B)(z) with the flavor
coupling of the octet wave function from scalar and ax
vector diquarks. As an example, the unpolarized vale
quark to proton fragmentation functions can be obtained

Duv

p ~z!5
1

2
aS

(u/p)~z!1
1

6
aV

(u/p)~z!, ~9!

Ddv

p ~z!5
1

3
aV

(d/p)~z!. ~10!

Similarly, the longitudinally and transversely polarize
quark to proton fragmentation functions are

DDuv

p ~z!5
1

2
ãS

(u/p)~z!2
1

18
ãV

(u/p)~z!, ~11!

DDdv

p ~z!52
1

9
ãV

(d/p)~z!, ~12!
09403
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p ~z!5
1

2
âS

(u/p)~z!2
1

18
âV

(u/p)~z!, ~13!

dDdv

p ~z!52
1

9
âV

(d/p)~z!, ~14!

with

ãD
(q/B)~z!5

N2z2~12z!3

64p2

@2~MB1mqz!22R2~z!#

R6~z!
,

~15!

and

âD
(q/B)~z!5

N2z2~12z!3

32p2

~MB1mqz!2

R6~z!
, ~16!

for D5S or V. The expressions for unpolarized and longit
dinally polarized fragmentation functions for all octet bar
ons are listed in Table I whereaD

(q/B) and ãD
(q/B) are given in

Eqs. ~7! and ~15!, respectively. The expressions for tran
versely polarized fragmentation functions are the same
5-3
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JIAN-JUN YANG PHYSICAL REVIEW D 65 094035
those for longitudinally polarized ones but with the replac
ment of all ãD

(q/B) by âD
(q/B) which are given in Eq.~16!.

There are some parameters in the expression ofaD
(q/B)(z).

However, the quark, diquark, and baryon masses have s
commonly accepted values~see Table I! and only the nor-
malization constantN is a free parameter. We assume that
octet baryons share the same normalization constantN. Fol-
lowing Ref. @31#, we take the mass parameter in the fo
factor ~6! asL05500 MeV. We find that the numerical ca
culation results are not sensitive to its precise value.

It is valuable to mention that the diquark model neglect
detailed description of final state interactions, which could
relevant in the fragmentation process, in particular regard
the so-called time-reversal odd fragmentation functions,
though the difference in the diquark masses can be un
stood as the results of some state interactions. In addi
the quark-diquark description of fragmentation functio
should be reasonable only in the largez region where the
valence quark contribution dominates. In the smallz region,
sea contributions are difficult to include in the framework
the diquark model itself. Therefore, we adopt a simple fu
tional form

Dqs

B ~z!5Dq̄
B
~z!5Nsz

as~12z!bs, ~17!

to parametrize fragmentation functions of the sea qu
Dqs

B (z) and antiquarkDq̄
B(z) for q5u,d,s. We assume tha

Dg
B , DDg

B , dDg
B , DDqs(q̄)

B , and dDqs(q̄)
B at the initial scale

are zero and they only appear due to QCD evolution. Hen
the input unpolarized and polarized quarks to the baryoB
fragmentation functions can be written as

Dq
B~z!5Dqv

B ~z!1Dqs

B ~z!, ~18!

DDq
B~z!5DDqv

B ~z!, ~19!

and

dDq
B~z!5dDqv

B ~z!. ~20!

The diquark model can be used to partly reflect the SU~3!
flavor symmetry breaking effect since the probabiliti
aD

q/B(z) are different for the various baryons due to the d
ferences in the quark, antidiquark, and baryon masses. H
ever, the measured values for average hadronic multiplic
per hadronice1e2 annihilation event@32# indicate that there
is significant strangeness suppression for hyperon produc
as compared with proton production. The flavor symme
breaking provided by the diquark model is not enough
describe the observed strong strangeness suppression.
ally, we find that the cross sections forL, S, andJ baryons
in e1e2 annihilation would be overestimated by up to tw
orders of magnitude if we considered only the SU~3! sym-
metry breaking in the framework of the diquark mod
Therefore, it seems that the strangeness suppression e
can only be considered in a separate way. In Ref.@25#, the
strangeness suppression effect is reached by putting a
pression factor in theu, d, and sea quark fragmentatio
09403
-

me

ll

a
e
g
l-
r-
n,

f
-

rk

e,

w-
s

on
y
o
ctu-

.
ect

up-

functions for baryons containing a valences quark ~and a
further overall suppression factor for baryons containing t
s quarks!. In our present analysis, we simply introduce
overall strangeness suppression factorlH (H5L, S, and
J) multiplying all the fragmentation functions of a give
hyperonH containings quarks~one or two!.

To sum up, our model, which describes the fragmentat
functions of all the octet baryons involves a total seven f
parameters

N,Ns ,as ,bs ,lL ,lS ,lJ . ~21!

It is noteworthy that the flavor structure of fragmentati
functions in the diquark model still remains when the over
strangeness suppression factors are introduced. In add
we also hope that the introduction of the strangeness s
pression factors does not alter the spin structure of the f
mentation functions. For this reason, we assume that the
larized fragmentation functions for the octet hyperons ha
the same strangeness suppression factors as the unpola
ones.

We determine the free parameters of the model accord
to some experimental data on the differential cross sect
for the semi-inclusive octet baryon production proce
e1e2→B1X @16–18#. The model fragmentation function
at the initial scale are evolved to the experimental ene
scale by using the evolution package of Ref.@33# suitably
modified for the evolution of fragmentation functions
leading order with the input scaleQ0

251.0 GeV2 and the
QCD scale parameterLQCD50.3 GeV. We perform a lead
ing order analysis since the results in Refs.@7,34# show that
the leading order fit can arrive at the same fitting quality
the next-to-leading order fit. In addition, we use onlyz
.0.05 data samples because understanding the very loz
region data needs some further modifications to the evolu
of fragmentation functions@7,34#. However, we find that
some data in the lowz region can still be described by ou
fragmentation functions. We obtain values for the parame
as follows:

N532.4228, Ns50.6708, as520.2695, bs53.9657,

lL50.4416, lS50.1141, lJ50.0401.

In Fig. 1, our results for thexE dependence of the inclusiv
octet baryon production cross section (1/s tot)ds/dxE in
e1e2 annihilation are compared with some of the expe
mental data@16–18#.

With the obtained values of the parameters, we calcu
fragmentation functions for all octet baryons at the init
scale and evolve them into an expected energy scale. We
these fragmentation functions the SU~3! broken ones since
they contain SU~3! symmetry breaking due to the strang
ness suppression and the differences in the quark, diqu
and baryon masses. We regard the strangeness suppress
an SU~3! symmetry breaking since it actually reflects th
SU~3! symmetry breaking in the normalization constants
the fragmentation functions. In order to check the SU~3!
symmetry breaking effect, we propose another set of fr
mentation functions with an SU~3! symmetry assumption
5-4
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FLAVOR AND SPIN STRUCTURE OF QUARK . . . PHYSICAL REVIEW D65 094035
We take the proton fragmentation functions at the init
scale as references and calculate the initial fragmenta
functions for all other octet baryons by setting the stran
ness suppression factors aslH51.0 (H5L, S, andJ) and
the quark, diquark, and baryon masses as those of the pr
It should be pointed out that the SU~3! symmetry case is only
a supposed reference in order to check the SU~3! symmetry
breaking effect. In Fig. 1, we show the results with the SU~3!
fragmentation functions~dashed curves! as compared with
those with the SU~3! broken fragmentation functions~solid
curves!. From Fig. 1, one can see that the SU~3! symmetry
model overestimates by up to two orders of magnitude
cross sections for hyperon production ine1e2 annihilation.
Therefore, the SU~3! symmetry breaking, especially th
strangeness suppression, is necessary in order to under
the data on hyperon production.

FIG. 1. Comparison of our results for thexE dependence of the
inclusive octet baryon production cross section (1/s tot)ds/dxE in
e1e2 annihilation and some experimental data@16–18#. The
dashed and solid curves are predictions withAs591.2 GeV by
using the SU~3! symmetry and SU~3! broken fragmentation func
tions, respectively.
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III. STRANGENESS SUPPRESSION EFFECT IN pp
COLLISIONS

The experimental data on octet hyperon production
e1e2 annihilation indicate that the strangeness suppres
effect in octet baryon production is very strong. According
the factorization theorem, the fragmentation functions are
dependent of the processes. The fragmentation functions
termined in thee1e2→BX process can be used for quan
tative predictions of inclusive single baryon cross sections
other processes. The strangeness suppression effect s
also have relevant consequences for the cross section
some processes like thepp→BX process, i.e., the cross se
tions for the strange baryon production should have a sign
cant suppression as compared with those for nonstra
baryon production. In order to have a cross check of
strangeness suppression effect, we calculate the cross
tions for thepp→BX process.

In leading order perturbative QCD, the differential cro
section for thepp→BX process can be schematically writte
in a factorized form as

E
d3s

d3p
5 (

abcd
E

x̄a

1

dxaE
x̄b

1

dxbf a
Ã~xa ,Q2!

3 f b
B̃~xb ,Q2!Dc

B~z,Q2!
1

pz

dŝ

d t̂
~ab→cd!,

~22!

with

x̄a5
xTey

22xTe2y
, x̄b5

xaxTe2y

2xa2xTey
,

z5
xT

2xb
e2y1

xT

2xa
ey, ~23!

wherexT52pT /As (As is the center of mass energy ofpp
collisions!. pT , E, andy are the transverse momentum, e

ergy, and rapidity of the produced baryonB. f a
Ã(xa ,Q2) and

f b
B̃(xb ,Q2) are unpolarized distribution functions of parton

a and b in protonsÃ and B̃, respectively, at the scaleQ2

5pT
2 . Dc

B(z,Q2) is the fragmentation function of partonc
into the baryonB with the momentum fractionz of partonc.
dŝ/d t̂ is the differential cross section for the subprocessa

1b→c1d and t̂52xapTAse2y/z is the Mandelstam vari-
able at the parton level.

By charge-conjugation invariance, thee1e2→BX cross
sections for a baryon production should be equal to those
the corresponding antibaryon production. Therefore, only

combinationsDq
B1Dq

B̄ can be determined, and similarly fo
the antiquark fragmentation functions. However, inpp col-
lisions, we can observe differences in the cross sections
baryon and antibaryon production. Therefore, we also pre
5-5
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the cross sections for the antibaryonB̄ whose quark fragmen
tation functions can be obtained according to matter and

timatter symmetry, i.e.,Dq,q̄
B (z)5Dq̄,q

B̄ (z) and DDq,q̄
B (z)

5DDq̄,q
B̄ (z) for a spin observable analysis.

By adopting the leading order~LO! set of unpolarized
parton distributions of Ref.@35#, we present in Fig. 2 the
cross sections for octet baryons~solid curves! and antibary-
ons~dotted curves! produced inpp collisions and the results
are calculated withAs5500 GeV andpT515 GeV/c. By
comparing the cross sections of hyperon~antihyperon! pro-
duction with those of proton~antiproton! production, one can
easily find the strangeness suppression effect in hyperon
duction. Therefore, the cross sections for octet baryon p
duction inpp collisions can be used as a cross check of
strangeness suppression effect. Some experiments have
done with baryon production inpp collisions@36#. Unfortu-
nately, the available data were given in the lowpT region.
We need some data at highpT in order to check our predic
tions in the partonic framework. This may be realized
RHIC at BNL @29,37,38# in the near future.

FIG. 2. The cross sections for baryons~solid curves! and anti-
baryons~dotted curves! production inpp collisions are obtained
with the SU~3! broken fragmentation functions atAs5500 GeV
andpT515 GeV/c.
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IV. BARYON-ANTIBARYON ASYMMETRIES IN k¿p
COLLISIONS

We have noticed that the cross section ofL production in
e1e2 annihilation is not sensitive to the flavor structure
the L fragmentation functions, i.e., both the SU~3! flavor
symmetry and SU~3! broken fragmentation functions can b
used to describe the cross section. However, the flavor st
ture is an important aspect of fragmentation functions as w
as the spin structure. It is of great significance to study so
observables which are related to the flavor structure of
fragmentation functions. Recently, it has been found tha
measurement ofL/L̄ asymmetry ink1p collisions can be
used to resolve the flavor structure of fragmentation fu
tions for theL @28#. In order to check the flavor structure o
the obtained fragmentation functions for the octet baryo
we extend this analysis from theL to all octet baryons. We
consider the reaction

k11p→B1X ~24!

for inclusive production of a baryonB with thek1 beam and
target proton (p). The xF distribution of the cross section
d3sB/d3pB of the reaction~24! can be obtained from its
expression for theL in Ref. @28# by some suitable replace
ments of other octet baryons. With the parton distributions
the incident hadron and the target nucleon, we can calcu
the xF distribution of the asymmetry forB/B̄ production in
k1p collisions,

AB~xF!5
d3sB/d3pB2d3s B̄/d3pB̄

d3sB/d3pB1d3s B̄/d3pB̄

. ~25!

By using the k1 parton distributions@39#, we calculate
AB(xF) for all octet baryons and antibaryons produced
k1p collisions and the results are presented as solid curve
Fig. 3 for future test in experiments. In Fig. 3, we also sh
the results with the SU~3! symmetry fragmentation function
~dashed curves!. Actually, the differences between the sol
and dashed curves here only reflect the SU~3! symmetry
breaking due to the differences in quark, antidiquark, a
baryon masses, since the strangeness suppression eff
canceled in the asymmetryAB(xF). The same meaning is
implied when we refer to the SU~3! symmetry breaking ef-
fect in the spin observables to be discussed in the follow
sections.

The calculated results shown in Fig. 3 indicate that
hyperon-antihyperon asymmetries ink1p collisions are sen-
sitive to the flavor structure of the hyperon fragmentati
functions. The asymmetriesAL0

, AS0
, andAS1

in the current
fragmentation region are suitable observables to reveal
SU~3! symmetry breaking effect and to check various flav
structures of fragmentation functions. For other octet hyp
ons, we may observe the SU~3! symmetry breaking effect on
their asymmetries in the target fragmentation region. The
fore, a measurement of the hyperon-antihyperon asym
tries in k1p collisions may be used to resolve the flav
structure of the hyperon fragmentation functions.
5-6
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A comment on the above calculation approach is in ord
Usually, experimental data for baryon production ink1p col-
lisions were given in the low pT region, e.g., pT

2

<0.8 (GeV/c)2 for L production in Ref.@40#. Giving con-
sideration to both the experimental preference for lowpT
measurements and the limitation of our perturbative tre
ment, pT53.0 GeV/c is adopted in our calculation. Thi
value of pT is still somewhat small for a safe use of th
factorized expressions for the cross sections and the
proach remains to be verified.

V. HELICITY OBSERVABLES IN OCTET BARYON
PRODUCTION

There are available data on polarizedL fragmentation
functions in e1e2 annihilation at theZ pole and also in
lepton DIS. We can check the obtained fragmentation fu
tions based on these experimental data. In addition, it is
significance to make some predictions for other octet hyp
ons since the detection technique forS and J hyperons is
gradually maturing.

FIG. 3. The baryon-antibaryon asymmetries ink1p collisions
are obtained withAs530 GeV andpT53.0 GeV/c. The dashed
and solid curves are the results with the SU~3! symmetry and SU~3!
broken fragmentation functions~see text!, respectively.
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A. Octet baryon polarizations in e¿eÀ annihilation

In e1e2 annihilation near theZ pole, there exists an in
terference between the vector and axial vector coupling
the standard model of electroweak interactions, which res
in the polarization of quarks and antiquarks produced fr
the Z decay. Then the polarization of quarks and antiqua
will be transferred to the baryons via fragmentation. T
baryon polarization can be expressed as

PB52

(
q

Âq@DDq
B~z!2DDq̄

B
~z!#

(
q

Ĉq@Dq
B~z!1Dq̄

B
~z!#

, ~26!

whereÂq andĈq(q5u, d, ands) can be found in Ref.@41#.
The available experimental data on theL polarization near
theZ pole@10–12# can be used to check theL fragmentation
functions. Our theoretical predictions for the octet bary
polarizations at theZ pole are shown in Fig. 4 together wit

FIG. 4. The longitudinal octet baryon polarizationPB in e1e2

annihilation at theZ pole. The dashed and solid curves are t
predictions using the SU~3! symmetry and SU~3! broken fragmen-
tation functions, respectively. The experimental data forL produc-
tion are taken from Refs.@10–12#.
5-7
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JIAN-JUN YANG PHYSICAL REVIEW D 65 094035
the experimental data forL production. From Fig. 4~a!, one
can see that the prediction ofL polarization with the SU~3!
broken fragmentation functions is a little closer to the expe
mental data than the prediction with the SU~3! symmetry
fragmentation functions although both results are compat
with the experimental data. We also find that the SU~3! sym-
metry breaking effect on the hyperon polarization main
exists in the medium and largez region; in particular, the
effect onS polarization is significant.

B. Spin transfers to octet baryons in polarized charged
lepton DIS

Another good observable for checking the helicity stru
ture of the fragmentation functions for a baryon is the s
transfer to the baryon in polarized charged lepton DIS, wh

FIG. 5. The predictions of thez dependence for spin transfers
octet baryons and antibaryons in polarized charged lepton DIS
the proton target. The dashed and solid curves are the predic
for the produced baryons by using the SU~3! symmetry and SU~3!
broken fragmentation functions, respectively. The dotted curves
the predictions for the produced antibaryons by using the SU~3!
broken fragmentation functions. The HERMES data onL produc-

tion are taken from Ref.@13#. The E665 data onL and L̄ produc-
tion are taken from Ref.@14#.
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the charged lepton beam is longitudinally polarized and
proton target is unpolarized. The baryon polarization alo
its own momentum axis is given in the quark parton mo
by @42#

PB~x,y,z!5PbD~y!AB~x,z!, ~27!

where Pb is the polarization of the charged lepton bea
which is of the order of 0.7 or so@13,14#. D(y) with y
5n/E is the longitudinal depolarization factor of the virtu
photon with respect to the parent lepton, and

AB~x,z!5

(
q

eq
2@qN~x,Q2!DDq

B~z,Q2!1~q→q̄!#

(
q

eq
2@qN~x,Q2!Dq

B~z,Q2!1~q→q̄!#

~28!

n
ns

re

FIG. 6. The predictions ofz dependence for octet baryon pola
izations in neutrino DIS. The dashed and solid curves correspon
the predictions by using the SU~3! symmetry and SU~3! broken
fragmentation functions with the Bjorken variablex integrated over
0.02→0.4 andy integrated over 0→1. The experimental data ar
taken from Ref.@15#.
5-8
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FLAVOR AND SPIN STRUCTURE OF QUARK . . . PHYSICAL REVIEW D65 094035
is the longitudinal spin transfer to the baryonB. In our nu-
merical calculations, the quark distributionqN(x,Q2) of the
nucleonN target is adopted as the CTEQ5 set 1 parame
zation form@43# at Q254 GeV2 and the Bjorken variablex
is integrated over the range@0.02,0.4#. Similarly, we can also
calculate the longitudinal spin transfer to the antibaryonB̄.
The calculated results for the longitudinal spin transfers
the octet baryons@the dashed and solid curves are for t
SU~3! symmetry and SU~3! broken cases, respectively# and
antibaryons@the dotted curves with the SU~3! broken frag-
mentation functions# are shown in Fig. 5. The spin transfer
the L is dominated by theu quark fragmentation function
due to the charge factor for theu quark. Moreover, due to
isospin symmetry theu andd quark spin transfers to theL
are expected to be equal. We can check theu and d quark
fragmentation functions by means ofL production in the
polarized charged lepton DIS process. As shown in Fig. 5~a!,
our predictions are compatible with the available experim
tal data @13,14# on L production in the mediumz region,
which seems to suggest that theu andd quark toL fragmen-
tation functions are likely positive polarized in the mediu
and largez region, and supports our previous studies@41#.
n
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to
e
o
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-
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The spin transfer toL̄ is also comparable with the E665 da
@14#. Another two experimental data points of the E665 C
laboration are not shown in the figure since their central
solute values are larger than 1 with very big errors. The s
transfer to theJ0 at largez seems to be a suitable observab
to check various valence quark spin structures of fragme
tion functions. The SU~3! symmetry breaking can affect th
spin transfers to other octet hyperons somewhat. It is va
able to notice that the spin transfer to the antibaryonB̄ is
very different from the spin transfer to the baryonB.

C. Octet baryon polarizations in neutrino-antineutrino DIS

Neutrinos~antineutrinos! can be regarded as a purely p
larized lepton beam since neutrinos~antineutrinos! are left
~right! handed. The scattering of a neutrino beam on a h
ronic target provides a source of polarized quarks with s
cific helicity and flavor structure. The baryons produced
quark fragmentation in neutrino~antineutrino! DIS are polar-
ized. The longitudinal polarizations of the baryonB in its
momentum direction for the baryonB in the current frag-
mentation region can be expressed as@44#
Pn
B~x,y,z!52

@dN~x!1ÃsN~x!#DDu
B~z!2~12y!2ūN~x!@DDd̄

B
~z!1ÃDDs̄

B
~z!#

@dN~x!1ÃsN~x!#Du
B~z!1~12y!2ūN~x!@Dd̄

B
~z!1ÃDs̄

B
~z!#

, ~29!

Pn̄
B
~x,y,z!52

~12y!2uN~x!@DDd
B~z!1ÃDDs

B~z!#2@ d̄N~x!1Ã s̄N~x!#DDū
B
~z!

~12y!2uN~x!@Dd
B~z!1ÃDs

B~z!#1@ d̄N~x!1Ã s̄N~x!#Dū
B
~z!

, ~30!
uark
ly-

is

to
c-

n at
t
s

where the terms with the factorÃ5sin2uc /cos2uc(uc is the
Cabibbo angle! represent Cabibbo suppressed contributio
There are similar formulas to Eqs.~29!,~30! for the anti-
baryon.

Recently, the NOMAD Collaboration@15# provided some
data onL polarization in neutrino DIS. The data have mu
smaller errors than the data for the longitudinal spin trans
to theL in polarized charged lepton DIS, which allows us
have a further check ofL fragmentation functions. For th
case of neutrino DIS, we present our predictions
z-dependence for the baryon polarizations in Fig. 6 and
tibaryon polarizations in Fig. 7. From Fig. 6~a!, we find that
our prediction ofL polarization in neutrino DIS is compat
ible with the NOMAD data@15#. For the case of antineutrin
DIS, we find that the polarizations of baryons and antiba
ons can be approximately related to those in neutrino DIS

Pn̄
B.2Pn

B̄ ~31!

for all octet baryons, and

Pn̄
B̄.2Pn

B ~32!
s.

r

f
n-

-
y

for B5p, n, S1, S0, L0, andJ0. As for S2 andJ2, Pn̄
B̄

and Pn
B (B5S2, J2) are very small and their relative

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

Pn̄
B̄.Pn

B , ~33!

for B5S2,J2. In addition, the SU~3! symmetry breaking
effect on the octet hyperon polarizations in neutrino DIS

not strong. However,Pn
J̄1

seems to be a useful observable
distinguish different spin structures of fragmentation fun
tions in the largez region.

D. Spin asymmetries inpp¢ collisions

Some programs on spin physics have been undertake
BNL RHIC @29,38#. Theoretically, it has been pointed ou
that theL polarization in polarized proton-proton collision
is a useful tool to check the spin structure of theL fragmen-
tation functions@45,46#. In very recent work@37#, the spin
asymmetries for the octet baryons produced inppW collisions
5-9
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JIAN-JUN YANG PHYSICAL REVIEW D 65 094035
were extensively studied and some very useful informat
was extracted. In order to express the spin asymmetries
need the polarized differential cross sectionEd3Ds/d3p
which can be obtained from the expression of the unpo
ized cross sectionEd3s/d3p in Eq. ~22! by replacing

f b
B̃(xb ,Q2), Dc

B(z,Q2), anddŝ/d t̂ by the corresponding po

larzied counterpartsD f b
B̃(xb ,Q2), DDc

B(z,Q2), anddDŝ/d t̂,
respectively. Then the spin asymmetry can be defined as
ratio

App
B 5

E
pT

min
Ed3Ds/d3p

E
pT

min
Ed3s/d3p

. ~34!

The spin asymmetries as shown in Fig. 8 are obtained
adopting the LO set of unpolarized parton distributions
Ref. @35# and polarized parton distributions of LO Glu¨ck-
Reya-Stratmann-Vogelsang~GRSV! ‘‘standard’’ scenario
@47#. In addition, the total center of mass energyAs
5500 GeV is used and the transverse momentumpT is in-
tegrated with the lower cutoffpT

min513 GeV/c @45,37#.

FIG. 7. The same as Fig. 6, but for the octet antibaryon po
izations in neutrino DIS.
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From Fig. 8, one can see that the SU~3! symmetry breaking
decreases somewhat the magnitude of the spin asymme

VI. TRANSVERSELY POLARIZED SPIN TRANSFERS

The transverse polarizations of the octet baryons p
duced in the current fragmentation region of charged lep
DIS on a transversely polarized nucleon target can prov
information on the quark transverse fragmentation functio
for octet baryons. Actually, some progress in this direct
has been made by recent investigations@41#. For baryonB
production in the current fragmentation region along the v
tual photon direction@48#, the spin transfer to the trans
versely polarized baryonB can be written as@42,49#

ÂB~x,z!5

(
q

eq
2dqN~x,Q2!dDq

B~z,Q2!

(
q

eq
2qN~x,Q2!Dq

B~z,Q2!

~35!

r-
FIG. 8. The predictions of the spin asymmetries as a function

rapidity for octet baryons production inppW collisions. The dashed
and solid curves are obtained with the SU~3! symmetry and SU~3!
broken fragmentation functions, respectively.
5-10
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FLAVOR AND SPIN STRUCTURE OF QUARK . . . PHYSICAL REVIEW D65 094035
for charged lepton DIS on a transversely polarized nucleoN
target. In Sec. II, we have obtained theq→B fragmentation
functionsDq

B(z) anddDq
B(z). In order to calculateÂB(x,z),

we need transverse quark distributions in the nucleon, wh
can also be described within the framework of the qua
diquark model@9,31#. We may use the following relation to
connect the quark transverse distributions with the unpo
ized quark distributions@9,41#:

duv
N~x!5Fuv

N~x!2
1

2
dv

N~x!GM̂S
(u)~x!

2
1

6
dv

N~x!M̂V
(u)~x!,

ddv
N~x!52

1

3
dv

N~x!M̂V
(d)~x!, ~36!

with

M̂D
(q)~x!5

f̂ D
(q)~x!

f D
(q)~x!

, ~37!

where f D
(q)(x)(D5S or V), which is the probability of find-

ing a quarkq being scattered while the spectator is in t
diquark stateD, can be expressed in the quark-diquark mo
as @31#

f D
(q)~x!5

N2~12x!3

32p2

@2~xMp1mq!21R̂2~x!#

R̂6~x!
~38!

for unpolarized quark distributions, and

f̂ D
(q)~x!5

N2~12x!3

16p2

~xMp1mq!2

R̂6~x!
~39!

for the transversely polarized quark distributions. The
pression forR̂(x) is

R̂~x!5AL0
2~12x!1xmD

2 2x~12x!M p
2, ~40!

whereM p and mD(D5S or V) are the mass of the proto
and a diquark, respectively. In the following numerical c
culations, the CTEQ5 set 1 parametrization forms@43# are
adopted as inputs for the unpolarized quark distributions
the nucleon in Eq.~36!.

Thex-integrated spin transfersÂB(x,z) for the octet bary-
ons are presented in Fig. 9 where the dashed and solid cu
are obtained by using the SU~3! symmetry and SU~3! broken
fragmentation functions, respectively.ÂB(x,z) with inte-
gratedx can provide us information on theq→B fragmenta-
tion functions. We can find some similar properties in t
longitudinal and transverse spin transfers by making a c
parison between the results in Figs. 9 and 5. However,
differences in results for theS2 and neutron@cf. panels~d!
and ~h! in Figs. 9 and 5# stand since thed quark fragmenta-
tion functions are dominant for these two baryons and thd
quark in the proton target is negatively polarized. In additi
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some similar behaviors can be found in thez dependence of
transverse spin transfers and they dependence of spin asym
metries inppW collisions.

VII. DISCUSSION AND SUMMARY

Experimental setups are usually not able to distingu
between promptL particles andL particles coming from the
decay ofS or J baryons. The main contributions from de
cays areS0→Lg and S* →Lp @50#. The parametrization
of theoretical fragmentation functions by using the expe
mental data can in fact generate some effective mixing
tween the corresponding fragmentation functions. The de
contribution to theL production can be effectively include
in the unpolarized parton fragmentation functions by a fit
the experimental data. Here, we would like to briefly co
ment on some possible effects of the decay contributions
the spin observables. For spin transfer inL electroproduction
where theu quark dominates due to the charge factor for t
u quark, we have noticed thatu↑(ds)0,0→L, u↑(ds)0,0

FIG. 9. The x-integrated spin transfersÂB(x,z) of baryon B
production in charged lepton DIS on a transversely polarized pro
target, withx integrated over the range of 0.3→1. The dashed and
solid curves are obtained with the SU~3! symmetry and SU~3! bro-
ken fragmentation functions, respectively.
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JIAN-JUN YANG PHYSICAL REVIEW D 65 094035
→S0, and u↑(ds)1,0→S* predicted by the diquark mode
have similarz dependence. So it is expected that the s
transfer in charged lepton DIS with the effect of theS0 and
S* decays can be equivalently expressed by the direct h
ronized L spin transfer multiplied by a factor. Hence, th
qualitative feature of the predicted spin transfer is also
pected to be retained after the heavier hyperon decay co
butions are also included. The contribution of theJ decay
might dilute somewhat the spin transfer since theu quark
fragmentation function for theJ0 is negatively polarized. If
the spin observables are dominated by thes quark, e.g., the
L polarization ine1e2 annihilation, the modification due to
the J decay should be small because thes quark spin struc-
ture of theJ is very similar to that of theL in the diquark
model.

For every octet baryon, there are 18 unpolarized, long
dinally polarized, and transversely polarized quark-antiqu
fragmentation functions. In our present analysis, based
the diquark model, we used only seven free parameter
provide unpolarized, longitudinally polarized and tran
versely polarized fragmentation functions for all octet ba
ons. The strangeness suppression factors lead to an enor
simplification in our analysis and play an important role
our understanding of the experimental data for unpolari
hyperon production ine1e2 annihilation. Although we are
not able to explain the overall strangeness suppression
tors for hyperon production, the experimental data on
cross sections can be well described in our analysis. Fur
studies are needed in order to have a deeper insight into
mechanism of strangeness suppression. In addition, altho
the octet baryon fragmentation functions were determi
from the e1e2→BX process, they can be used to pred
inclusive single baryon cross sections in other processes,
pp, pp̄, ep, np, andgp scattering. As an example, we pr
dict cross sections for octet baryon production inpp colli-
sions with the purpose of checking the strangeness supp
sion. Similarly, the strangeness suppression effect is
nu

. C

. D

. D
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expected to exist in the hyperon production of other p
cesses.

To summarize, based on the experimental data on un
larized octet baryon production ine1e2 annihilation, we ex-
tracted a set of fragmentation functions for the octet bary
with the diquark model. The spin observable predictions w
the obtained fragmentation functions for theL are compat-
ible with the available experimental data forL production.
We investigated some observables that are related to
strangeness suppression, the flavor and spin structure o
obtained fragmentation functions. We found the followin
points: ~1! The strangeness suppression effect in the o
baryon fragmentation functions is significant and the cr
sections for the octet baryon production inpp collisions may
be used to make a cross check of the effect;~2! a measure-
ment of the hyperon-antihyperon asymmetries ink1p colli-
sions can resolve the flavor structure of the hyperon fr
mentation functions;~3! the spin transfers to the octe
baryons in charged lepton DIS are very different from tho
to the octet antibaryons;~4! the SU~3! symmetry breaking
effect on the flavor and spin structure of fragmentation fu
tions can affect the relative observables somewhat. We
pect that all these points together with our predictions
several observables may be useful in improving the kno
edge of hadronization mechanism and baryon structure.
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