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Mass suppression in octet baryon production
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There is a striking suppression of the cross section for production of octet baryons ine1e2 annihilation, as
the mass of the produced hadron increases. We present a simple parametrization for the fragmentation func-
tions into octet baryons guided by two input models: the SU~3! flavor symmetry part is given by a quark-
diquark model, and the baryon mass suppression part is inspired by the string model. We need onlyeight free
parameters to describe the fragmentation functions for all octet baryons. These free parameters are determined
by a fit to the experimental data of octet baryon production ine1e2 annihilation. Then we apply the obtained
fragmentation functions to predict the cross section of the octet baryon production in charged lepton deep
inelastic scattering and find consistency with the available experimental data. Furthermore, baryon production
in pp collisions is suggested to be an ideal domain to check the predicted mass suppression.
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I. INTRODUCTION

It is well known that there is an SU~3! flavor symmetry
between the wave functions of the octet baryons. Very rec
lattice QCD calculations also suggest that theL and proton
quark structures can be related by an SU~3! transformation
@1#. Unfortunately it is not possible to investigate the part
distributions of the octet hyperons by means of struct
functions in deep inelastic scattering~DIS!, since they canno
be used as a target due to their short lifetime. Also one
viously cannot produce a beam of charge-neutral hyper
such asL. Therefore there is no experimental information
the relation between the parton distributions of octet hyp
ons and those of the nucleon. However, it has been prop
that the quark fragmentation functions might be related to
corresponding quark distributions by a so called Gribo
Lipatov relation@2,3#. Therefore we can explore the relatio
between quark distributions of octet baryons by means
hyperon production from quark fragmentation. Actually gre
progress has been made along this direction recently@4,5#.

A specific regularity in baryon production rates ine1e2

annihilation has been recently noticed by Chliapnikov a
Uvarov@6#. However, to our knowledge, there has not bee
detailed investigation on the relation among the octet bar
fragmentation functions. The data show a striking suppr
sion of the cross section as the mass of the produced ha
increases, which is puzzling since naive SU~3! would sug-
gest that they should be comparable. For example, onces
quark is produced then one could think that theS:L ratio
would be3:1, since theqq pair is statistically three times
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more likely to be in an isospinI 51 state than in isospinI
50. Nevertheless the experimental data show just the op
site trend, with a lower cross section forS production~see
Fig. 1!. Apparently something in the fragmentation proce
makes it much easier for thes quark to pick up an isosingle
qq than an isotriplet.

In this paper we will not provide a detailed physical e
planation of the suppression. Our, more modest, purpose
give a consistent simple parametrization of all the fragm
tation functions into octet baryons, with a rather small nu
ber of free parameters. Nevertheless, since the paramet
tions that we obtain are inspired by well known inp
models, they can be considered as a first step into a phy
understanding of these processes. For every octet bar
there are 18~unpolarized, longitudinally polarized and tran
versely polarized! quark/antiquark fragmentation function
As a sensible parametrization of a fragmentation funct
usually needs at least 3 parameters, a lot of experimental
are needed in order to fix all of them. We plan to constr
the shape of fragmentation functions with the help of so
models in order to reduce the number of free paramet
Models such as those using strings and shower algorit
@7# still involve many parameters, and therefore with the
models it is difficult to obtain a clear relation among th
fragmentation functions for various octet baryons. On
other hand, the diquark model given in Ref.@8# can provide
us with SU~3! flavor symmetry relations for octet baryo
fragmentation functions. An investigation of the spin stru
ture of the diquark fragmentation functions can be found
previous publications@8–10#. It was found that the spin
structure of the diquark model fragmentation functions
theL is supported by the available experimental data@9,10#,
which indicates that the diquark model works well in d
scribing the fragmentation functions. In the present work,
will retain the flavor and spin structure of fragmentatio
functions as given by the diquark model and concentrate
©2003 The American Physical Society23-1
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the relation between fragmentation functions of various o
baryons. We will emphasize the mass suppression effec
hyperon production.

The paper is organized as follows. In Sec. II, we brie
describe our ansatz of the fragmentation functions for
octet baryons based on the diquark model and the st
model. Using only eight free parameters, we relate the fr
mentation functions for all octet baryons to each other. T
free parameters of the model are determined based on
experimental data on octet baryons production ine1e2 an-
nihilation, where the mass suppression effect in hyperon p
duction is very important in order to understand the availa
experimental data. In Sec. III, we propose a possible cr
check of the mass suppression via octet baryon productio
charged lepton DIS. In Sec. IV, we give predictions for cro
sections of baryon production inpp collisions with the ob-
tained fragmentation functions for the octet baryons. Fina
we give a summary with our conclusions in Sec. V.

FIG. 1. The comparison of our fit results~thick solid curves! for
the xE dependence of the inclusive octet baryon production cr
section (1/s tot)ds/dxE in e1e2 annihilation and the experimenta
data@20–23#. The thin solid curves correspond to the results w
the hyperon fragmentation functions deduced directly from the p
ton fragmentation functions by using SU~3! symmetry.
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II. QUARK FRAGMENTATION FUNCTIONS FOR THE
OCTET BARYONS

Recently, it was found that a simple diquark model can
used to describe quite accurately the octet baryon fragm
tation functions@8–10#. The parameters of the model we
determined by fitting the experimental data of octet bary
production ine1e2 annihilation. In this work, we adopt an
alternative approach and present a parametrization base
the spin and flavor structure predicted by the diquark mod
We focus our attention on the relation between the fragm
tation functions of various octet baryons.

In contrast to the nucleon parton distributions which a
well determined by experimental data, we have much l
information on fragmentation functions for the octet baryo
For this reason, we constrain the fragmentation functio
with the help of some models in order to reduce the num
of free parameters. In particular the diquark model@8# has a
clear physical motivation and needs only a few paramete

Within the framework of the diquark model@8#, the un-
polarized valence quark to proton fragmentation functio
can be expressed as

Duv

p ~z!5
1

2
aS

(u/p)~z!1
1

6
aV

(u/p)~z!, ~1!

Ddv

p ~z!5
1

3
aV

(d/p)~z!, ~2!

whereaD
(q/p)(z) (D5S or V) is the probability of finding a

quarkq splitting into the protonp with longitudinal momen-
tum fractionz and emitting a scalar~S! or axial vector~V!
antidiquark. The form factors for scalar and axial vector
quark are customarily taken to have the same form

f~k2!5N
k22mq

2

~k22L0
2!2

, ~3!

with a normalization constantN and a mass parameterL0.
The valueL05500 MeV is usually adopted in numerica
calculations. In Eq.~3!, mq andk are the mass and the mo
mentum of the fragmenting quarkq, respectively. According
to Ref. @8#, in the quark-diquark modelaD

(q/p)(z) can be ex-
pressed as

aD
(q/p)~z!5

N2z2~12z!3

64p2

@2~M p1mqz!21R2~z!#

R6~z!
~4!

with

R~z!5AzmD
2 2z~12z!L0

21~12z!M p
2, ~5!

whereM p andmD (D5S or V) are the mass of the proto
and diquark, respectively. We choose the values for the
quark masses to bemS5900 MeV andmV51100 MeV, for
scalar and axial vector diquark states, respectively. The qu
masses are taken asmu5md5350 MeV.

s

-

3-2
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Similarly, the longitudinally and transversely polarize
quark to proton fragmentation functions can be written a

DDuv

p ~z!5
1

2
ãS

(u/p)~z!2
1

18
ãV

(u/p)~z!, ~6!

DDdv

p ~z!52
1

9
ãV

(d/p)~z!, ~7!

dDuv

p ~z!5
1

2
âS

(u/p)~z!2
1

18
âV

(u/p)~z!, ~8!

dDdv

p ~z!52
1

9
âV

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

with

ãD
(q/p)~z!5

N2z2~12z!3

64p2

@2~M p1mqz!22R2~z!#

R6~z!
,

~10!

and

âD
(q/p)~z!5

N2z2~12z!3

32p2

~M p1mqz!2

R6~z!
, ~11!

for D5S or V. Here we are not interested in the absolu
magnitude of the fragmentation functions but in the flav
and spin structure of them, which is given by the diqua
model. In order to extract the flavor and spin structure inf
mation, we introduce flavor structure ratios

FV
(u/d)~z!5

aV
(u/p)~z!

aV
(d/p)~z!

, ~12!

FM
(u/d)~z!5

aS
(u/p)~z!

aV
(d/p)~z!

, ~13!

and spin structure ratios

WD
(q/p)~z!5

ãD
(q/p)~z!

aD
(q/p)~z!

, ~14!

ŴD
(q/p)~z!5

âD
(q/p)~z!

aD
(q/p)~z!

, ~15!

with D5S or V. Then we can use the fragmentation functi
Ddv

p (z) to express all other unpolarized and polarized fra

mentation functions for the proton as follows:

Duv

p ~z!5
1

2
@FV

(u/d)~z!13FM
(u/d)~z!#Ddv

p ~z!, ~16!
11402
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DDuv

p ~z!5
3

2 FWS
(u/p)~z!FM

(u/d)~z!

2
1

9
WV

(u/p)~z!FV
(u/d)~z!GDdv

p ~z!, ~17!

DDdv

p ~z!52
1

3
WV

(d/p)~z!Ddv

p ~z!, ~18!

dDuv

p ~z!5
3

2 FŴS
(u/p)~z!FM

(u/d)~z!

2
1

9
ŴV

(u/p)~z!FV
(u/d)~z!GDdv

p ~z!, ~19!

and

dDdv

p ~z!52
1

3
ŴV

(d/p)~z!Ddv

p ~z!. ~20!

The spin structure of the quark-diquark fragmentati
functions for theL has been studied before@9,10#, and it is
supported by the available experimental data onL produc-
tion in various processes@11–16#. In this work, we retain the
flavor and spin structure of the fragmentation functions s
gested by the diquark model.

From the above analysis, we find out that the essen
ingredient is to choose a suitable shape for the funct
Ddv

p (z) from which the other valence fragmentation fun

tions can then be deduced. We could use the expressio
Ddv

p (z) coming from the diquark approach and fix the para

eters of the model by a fit to the experimental data as it w
done in Ref.@10#. Another way is to use a commonly ac
cepted parametrization form such as

Ddv

p ~z,Q0
2!5Nvzav~12z!bv, ~21!

with the exponentsav andbv at an initial scaleQ0
2. Previous

work @9,10# indicates that compatible results can be obtain
in both ways. In our present analysis, we adopt the la
approach, with the analytical expression~21! for Ddv

p (z),

since this simple parametrization can be easily used later
other purposes. In addition, the diquark model fragmenta
functions are easier to describe in the largez region where
the valence quark contribution dominates. In the smallz re-
gion, the sea contribution is difficult to include in the fram
work of the diquark model. Nevertheless, we also adop
similar functional form

Dqs

p ~z,Q0
2!5Dq̄

p
~z,Q0

2!5Nsz
as~12z!bs ~22!

to parametrize fragmentation functions of the sea qu
Dqs

p (z) and antiquarkDq̄
p(z) for q5u,d,s at the initial scale

Q0
2 . For simplicity, we take the same initial parametrizati

for the spin independent gluon and the sea quark fragme
tion functions, and moreover we assume thatDDg

p , dDg
p ,
3-3
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DDqs(q̄)
p , and dDqs(q̄)

p at the initial scale are zero and th

they are only generated by QCD evolution.
Hence, the input unpolarized and polarized quark to p

ton fragmentation functions can be written as

Dq
p[SU(3)]~z,Q0

2!5Dqv

p ~z,Q0
2!1Dqs

p ~z,Q0
2!, ~23!

DDq
p[SU(3)]~z,Q0

2!5DDqv

p ~z,Q0
2!, ~24!
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dDq
p[SU(3)]~z,Q0

2!5dDqv

p ~z,Q0
2!. ~25!

Now we deduce the fragmentation functionsDq(g)
B[SU(3)] for

all other octet baryonsB by SU~3! symmetry at the initial
scaleQ0

2. More specifically, we have
Du
p[SU(3)]5Dd

n[SU(3)]5Du
S1[SU(3)]5Dd

S2[SU(3)]5Ds
J2[SU(3)]5Ds

J0[SU(3)]

5
2

3
Du

L[SU(3)]1
4

3
Ds

L[SU(3)]52Du
S0[SU(3)]52Dd

S0[SU(3)] ;

Dd
p[SU(3)]5Du

n[SU(3)]5Ds
S1[SU(3)]5Ds

S2[SU(3)]5Dd
J2[SU(3)]5Du

J0[SU(3)]

5
4

3
Du

L[SU(3)]2
1

3
Ds

L[SU(3)]5Ds
S0[SU(3)] , ~26!
nd

res-

-

ta-
of

nc-

eri-
with similar relations for the polarized fragmentation fun
tions. We assume that the sea quark fragmentation funct
also have the above SU~3! relations. In principle the diquark
model can also be used to partly reflect the SU~3! flavor
symmetry breaking effect if the differences in the quark, a
tidiquark, and baryon masses are taken into account in
probabilitiesaD

(q/B)(z) @10# for a quarkq fragmenting into the
baryonB. However the SU~3! symmetry breaking effect du
to this difference in quark, diquark and baryon masses in
diquark model is too weak to explain the experimenta
measured values for the average hadronic multiplicities
hadronice1e2 annihilation event@17#, where hyperon pro-
duction is significantly suppressed as compared with pro
production. Actually, we find that the cross sections forL,
S, andJ baryons ine1e2 annihilation would be overesti
mated by up to two orders of magnitude if we only cons
ered this SU~3! symmetry breaking in the framework of th
diquark model. We have to search for another poss
source of the suppression effect in hyperon production
Ref. @18#, a description of the strangeness suppression e
was proposed by putting a suppression factor in theu, d, and
sea quark fragmentation functions for baryons containin
valences quark ~and a further overall suppression factor f
baryons containing twos quarks!. In our present analysis, w
will consider an alternative suppression mechanism due
the hyperon masses which is inspired by the string mo
@19#. For simplicity, we do not include SU~3! symmetry
breaking caused by the difference in quark, diquark a
baryon masses in the diquark model itself since this is sm
We introduce an additional mass suppression factor for
SU~3! symmetric fragmentation functions of the diqua
model. This overall mass suppression factor should not a
significantly the flavor and spin structure of the fragmen
tion functions as given by the diquark model. More spec
ns
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cally, we assume that the quarkq to baryonB fragmentation
function can be expressed as follows:

Dq
B~z!5Dq

B[SU(3)]~z!~2J11!H 11
uSu

~2I 11!J
3exp@2bMB

2/zc# ~27!

whereS, I, J and MB are the strangeness, isospin, spin a
mass of the octet baryonB. The term within the curly brack-
ets is a strangeness modification factor. The mass supp
sion factor is inspired by the string model@19#, and
Dq

B[SU(3)](z) is the SU~3! diquark model fragmentation func
tions for the octet baryonB.

To summarize, our model which describes the fragmen
tion functions of all the octet baryons involves a total
eight free parameters:

Nv ,av ,bv ,Ns ,as ,bs ,b,c. ~28!

For a fit to the experimental data, the fragmentation fu
tions have to be evolved from the initial scaleQ0 to the scale
of the experiments. We take the input scaleQ0

251.0 GeV2

and the QCD scale parameterLQCD50.3 GeV, and deter-
mine the free parameters of the model by fitting the exp
mental data@20–23# on the differential cross sections

1

s tot

ds

dxE
5

(
q

Ĉq@Dq
B~xE ,Q2!1Dq̄

B
~xE ,Q2!#

(
q

Ĉq

~29!

for semi-inclusive octet baryon productione1e2→B1X,
wheres tot is the total cross section for the process andxE
3-4
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TABLE I. The parameters for the diquark model with the strangeness suppression.

Nv av bv Ns as bs b (GeV22) c

161.602 1.450 4.313 121.292 20.251 8.161 3.394 0.241
e

ro

s
r
si

o
n
lo
o

y
u

de
h
to
de

e
e
d
so
du
di

of

an
n of
ow
f
be-

res-
52EB /As. Here s is the total center-of-mass~c.m.! energy
squared, andEB the energy of the produced proton in th
e1e2 c.m. frame. In Eq.~29!, Ĉq reads

Ĉq5eq
222x1vevqeq1x2~ae

21ve
2!~aq

21vq
2!, ~30!

with

x15
1

16 sin2uW cos2uW

s~s2MZ
2!

~s2MZ
2!21MZ

2GZ
2

, ~31!

x25
1

256 sin4uW cos4uW

s2

~s2MZ
2!21MZ

2GZ
2

, ~32!

ae521, ~33!

ve52114 sin2uW , ~34!

aq52T3q , ~35!

and

vq52T3q24eq sin2uW , ~36!

whereT3q51/2 for u, while T3q521/2 for d, s quarks,eq is
the charge of the quark in units of the proton charge,u is the
angle between the outgoing quark and the incoming elect
uW is the Weinberg angle, andMZ andGZ are the mass and
width of Z0.

We perform a leading order~LO! analysis since the result
in Refs.@24,25# show that the leading order fit is of simila
quality as the next-to-leading order fit. Also, the LO analy
should be enough in order to outline the qualitative feature
mass suppression in baryon production. In addition, we o
usez.0.1 data samples because understanding the very
z region data needs further modifications to the evolution
the fragmentation functions@24,25#. However, we find that
some of the data in the low-z region can still be described b
our fragmentation functions. With the above mentioned c
we have a total of 157 experimental data points@20–23#.
Eight free parameters of our initial parametrizations are
termined by performing a fit to the experimental data. T
total x2 value of the fit is 192.362, which corresponds
x2/point51.225. The values of the parameters of our mo
are given in Table I.

In Fig. 1, we give the fit results~thick solid curves! as
compared with the experimental data. In order to provid
clear comparison between the experimental data and th
curves, only part of the data are shown in the figure an
similar fit quality is obtained for other data points. We al
present the results for the cross sections for hyperon pro
tion with the hyperon fragmentation functions deduced
11402
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rectly from the proton fragmentation functions by means
the SU~3! flavor symmetry relation~see the thin solid curves
in Fig. 1!. By comparing the thick and thin curves, one c
find that the mass suppression effect in the cross sectio
hyperon production is significant. In addition, we also sh
in Fig. 2 the fit results forL production at various center o
mass energies, which indicates that the QCD evolution
havior of the fragmentation functions is reasonable.

III. OCTET BARYON PRODUCTION IN CHARGED
LEPTON DIS

A. Unpolarized case

In the above section, we showed a strong mass supp
sion effect in hyperon production. This is an extra SU~3!

FIG. 2. The comparison of our fit results for thexE dependence
of the inclusive L production cross section (1/s tot)ds/dxE in
e1e2 annihilation and the experimental data@23,24#.
3-5
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symmetry breaking distinct from that due to the quark a
diquark mass differences in the diquark model fragmenta
functions, and is effectively described by a mass suppres
factor in the octet baryon fragmentation functions. We nee
cross check of this mass suppression effect from a diffe
process. Thus we apply the obtained fragmentation funct
to calculate the cross sections of octet baryon productio
charged lepton DIS.

To leading order, the cross section for the process

l 1p→B1X ~37!

can be expressed as

1

s tot

ds

dzdx
5

( eq
2q~x!Dq

B~z!1~q→q̄!

( eq
2

, ~38!

whereq(x) is the quark distribution in the target nucleon. B
inserting the fragmentation functions for the octet baryo
into the above cross section, and using the CTEQ5@26#
quark distributions in the target nucleon, we get the num
cal results shown in Fig. 3, where thex-integrated cross sec
tions (1/s tot)ds/dz for baryon~thick solid curves! and anti-
baryon~thick dashed curves! production are compared wit
the available experimental data. In the calculation we h
takenQ2550 GeV2 and thex integration range@0.02, 0.4#.

We find that the theoretical predictions are compati
with the available experimental data. In Fig. 3, we also sh
the calculated results with the hyperon fragmentation fu
tions deduced directly from the proton fragmentation fun
tions by using the SU~3! symmetry~thin curves!. The experi-
mental data are taken from Refs.@27–29#. The data points
with full circles, triangles and squares are for particle p
duction measured by the E665, EMC and H1 Collaboratio
respectively; open circles and triangles indicate the data
antiparticle production measured by the E665 Collabora
and European Muon Collaboration~EMC!, respectively. The
mass suppression effect in hyperon production, especial
S andJ production, is evident. Therefore, the hyperon p
duction in charged DIS is an ideal place to check the p
posed mass suppression effect.

B. Polarized case

Recently experimental data on the spin transfer toL in
charged lepton DIS have become available. The spin tran
is a good observable to check the helicity structure of
fragmentation functions for a baryon. In longitudinally p
larized charged lepton DIS on an unpolarized proton tar
the produced baryon polarization along its own moment
axis is given in the quark parton model by

PB~x,y,z!5PbD~y!AB~x,z!, ~39!

where Pb is the polarization of the charged lepton bea
D(y) with y5n/E is the longitudinal depolarization facto
of the virtual photon with respect to the parent lepton, an
11402
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,

AB~x,z!5

(
q

eq
2@q~x,Q2!DDq

B~z,Q2!1~q→q̄!#

(
q

eq
2@q~x,Q2!Dq

B~z,Q2!1~q→q̄!#

,

~40!

is the longitudinal spin transfer to the baryonB.
In order to check the spin structure of the obtained fra

mentation functions, we calculate thex-integrated spin trans
fer to octet baryons in charged lepton DIS. The numeri
results are shown in Fig. 4. Our theoretical predictions
consistent with the available experimental data onL produc-
tion.

FIG. 3. The cross sections for baryons~thick solid curves! and
antibaryons~thick dashed curves! production in charged lepton DIS
obtained with our fragmentation functions. The results with the
peron fragmentation functions deduced directly from the pro
fragmentation functions by using the SU~3! symmetry are also
shown for hyperons~thin solid curves! and antihyperons~thin
dashed curves! production. The experimental data are taken fro
Refs. @27–29#. The original SIDIS data in terms ofxF have been
converted to the variablez by using the method of Ref.@24#.
3-6
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IV. OCTET BARYON PRODUCTION IN pp COLLISIONS

In the near future, new experimental data will becom
available on hadron production inpp collisions at BNL Rela-
tivistic Heavy Ion Collider~RHIC! @30#. Therefore, it is in-
teresting to predict the cross sections for octet baryon p
duction in pp collisions in order to have a further check
the mass suppression effect in octet hyperon production

In leading order of perturbative QCD, the differenti
cross section for thepp→BX process can be schematical
written in a factorized form as@31#

E
d3s

d3p
5 (

abcd
E

x̄a

1

dxaE
x̄b

1

dxbf a
Ã~xa ,Q2! f b

B̃~xb ,Q2!

3Dc
B~z,Q2!

1

pz

dŝ

d t̂
~ab→cd!, ~41!

with

FIG. 4. The spin transfer to baryons~solid curves! and antibary-
ons~dashed curves! production in charged lepton DIS obtained wi
our fragmentation functions. The experimental data are taken f
Refs.@14,15#.
11402
e
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x̄a5

xTey

22xTe2y
, x̄b5

xaxTe2y

2xa2xTey
,

z5
xT

2xb
e2y1

xT

2xa
ey, ~42!

wherexT52pT /As, As is the center of mass energy of th
pp collision; 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 the unpolarized distribution functions of pa

tons a and b in the protonsÃ and B̃ at the scaleQ25pT
2 ;

Dc
B(z,Q2) is the fragmentation function which we have o

tained in Sec. II;dŝ/d t̂ is the differential cross section fo
the subprocessa1b→c1d, and t̂52xapTAse2y/z is the
Mandelstam variable at the parton level.

FIG. 5. The cross sections for baryons~thick solid curves! and
antibaryons~thick dashed curves! production inpp collisions are
predicted atAs5500 GeV andpT515 GeV/c. The results with the
hyperon fragmentation functions deduced directly from the pro
fragmentation functions by using the SU~3! symmetry relation are
also shown for hyperons~thin solid curves! and antihyperons~thin
dashed curves! production.
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By charge-conjugation invariance, thee1e2→BX cross
section for baryon production should be equal to that for
corresponding antibaryon production process. Theref

only the combinationsDq
B1Dq

B̄ can be determined, and th
same holds for the antiquark fragmentation functions. Ho
ever, inpp collisions we can observe differences in the cro
sections for baryon and antibaryon production. Therefore
this case we also predict the cross sections for antibaryoB̄
production, whose quark fragmentation functions can be
tained according to the matter-antimatter symmetryDq,q̄

B (z)

5Dq̄,q
B̄ (z).

By adopting the LO set of unpolarized parton distrib
tions of Ref.@32#, we present in Fig. 5 the cross sections
octet baryons~thick solid curves! and antibaryons~thick
dashed curves! produced inpp collisions. These results ar
calculated atAs5500 GeV andpT515 GeV/c. As a com-
parison, we also calculate the cross sections with the hyp
fragmentation functions deduced directly from the prot
fragmentation functions by using the SU~3! symmetry rela-
tion ~thin curves!. By comparing the thick and thin curve
one can find that the mass suppression effect in hype
production frompp collisions is also significant. Therefore
the cross sections for the octet hyperon production inpp
collisions should be another ideal domain where the m
suppression effect can be checked. Although some exp
ments for baryon production inpp collisions have been don
@33#, the available data were taken in the low-pT region. We
need some data at high-pT in order to check our partonic
framework predictions. This may be realized by RHIC-BN
@30,31,34# in the near future.

V. SUMMARY

Based on the quark diquark model, the fragmentat
functions for all octet baryons are related by the SU~3! rela-
tion. Nevertheless the hadronic multiplicities measureme
in electron-positron annihilation indicate a strong suppr
sion in octet hyperon production as compared with pro
production, which cannot be explained by the SU~3! symme-
try breaking within the diquark model framework. Inspire
by the phenomenology of the string model, we proposed
overall mass suppression factor for both unpolarized and
larized octet baryon fragmentation functions, retaining
flavor and spin structure of the fragmentation functions giv
B
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by the diquark model. We found that the diquark model w
the mass suppression factor can be used to describe
accurately the fragmentation functions for all octet baryo
with eight free parameters. The parameters were determi
by a fit to the available experimental data on the octet bar
production in electron-positron annihilation. We used eig
parameters; three for the unpolarized valence down quar
proton fragmentation functionDdv

p (z) @see Eq.~21!#, while

all other unpolarized and polarized valence quark fragm
tation functions for the proton follow from the diquark mod
@Eqs. ~16!–~20!#; three parameters for the sea quark fra
mentation functions@Eq. ~22!#; and finally two more for the
suppression factor@Eq. ~27!#. In addition, the diquark mode
plays an important role in relating fragmentation functio
for all octet baryons to each other@see Eq.~26!#.

The mass suppression factor leads to an enormous sim
fication in our analysis and plays an important role in o
understanding of the experimental data on the unpolari
hyperon production ine1e2 annihilation. This mechanism
needs to be further checked. The octet baryon fragmenta
functions, determined from thee1e2→BX process, can be
used to predict inclusive single baryon production cross s
tions in other processes, likepp, pp̄, ep, np, mp and gp
scattering. With the obtained fragmentation functions,
calculated the cross section for octet baryon production
charged lepton DIS, and our predictions are compatible w
the available experimental data. Furthermore, we predic
cross sections for octet baryon production inpp collisions.
We investigated the mass suppression effect of hyperon
duction in charged lepton DIS andpp collisions, and found
that these two processes are ideal places for checking
proposed mass suppression effect when further experime
data become available.
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