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The production of the octet of baryons and mesons'ia~ collisions is analyzed, based on considerations
of SU(3) symmetry and a simple model for 88 symmetry breaking in fragmentation functions. All frag-
mentation function:{)E(x,Qz), describing the fragmentation of quarks into a member of the baryon (actett
similarly for fragmentation into members of the meson gcie¢ expressed in terms of three (SUsymmetric
functions, a(x,Q?), B(x,Q?), and y(x,Q?). With the introduction of an S(3) breaking parametep, the
model is successful in describing hadroproduction data aZtlpele. The fragmentation functions are then
evolved using leading order evolution equations and good fits to currently available data at various energies
involving both photon an@® exchange are obtained.
[S0556-282198)07721-3

PACS numbgs): 13.65:+i, 13.85.Ni, 13.87.Fh

[. INTRODUCTION present the cross section and kinematics needed for the pro-
cess under consideration. In Sec. lll, we develop the model
The formation of hadrons from the fragmentation of par-for quark fragmentation into octet baryons and mesons. In
tons is of considerable current inter¢&t2]. While parton-  Sec. IV, we fix our model parameters using data on some
level interactions in any process—be it deep inelastic scathadrons at the® pole and use the resulting fits to predict
tering ore” e~ annihilation—can be calculated, perturbative production rates for other hadrons. We find good agreement
QCD can only predict the scal®f) dependence of the pro- with data. In Sec. V, therefore, we use leading order evolu-
cess of fragmentation of quarks and gluons into hadrons; thgon equations to simultaneously fit data at two different en-
fragmentation functions themselves are not perturbativelyérgies corresponding to hadroproduction Z&and photon
calpulable and can on_ly be modelled. Various models eXiSéxchange. We use both the standard Dokshitzer-Gribov-
which attempt to explain the process of fragmental®nS]. | ihatov-Altarelli-Parisi (DGLAP) evolution equationg12]

Many computer simulations,7] also exist and are in popu- ? well as the modified leading log approximati®iLLA )
lar use. However, the role of strangeness suppression as Wal3] to evolve the fragmentation functions to different ener-

as isospin in hadroproduction is not yet clear_ly estaphshe ies and compare the model with data. Section VI contains
A clean channel to study such phenomena is provided by .
iscussions on our results and concludes the paper. Some

e’ e annihilation experiments due to the fact that the initialdeta'ls for the expressions of the different auark fragmenta-
interacting vertex is purely electroweak in nature. These ex: ' xp ! ! qu 9

periments have been performed at different enefgleq 1. 10N functions in terms ot 5 and y are given in the Ap-
We propose a simple model for a light quatkd,s) to ~ Pendix.

fragment into an octet baryon or a pseudoscalar meson, using

SU(3) symmetry of quarks and octet hadrons. All fragmen-

tation functions are described in terms of three(®sym- Il. CROSS SECTION AND KINEMATICS

metric functionsa(x,Q?), B(x,Q?) and y(x,Q?) (one set

We consider the production of hadronsafie™ annihila-
for baryons and another set for mespasd an S(3) break- ! product i

) teh. which h b determined b .___tion via y andZ exchange. To leading order, the cross sec-
Ing parameteR, which have been determined by compariSony;, , ¢, producing a hadroh can be expressdd4] in terms

with data. The model is able to predict tkedependence of ; . ah
the production rates of all octet baryons and mesons. There %f the unknown fragmentation functiorByq(xe,Q), as

good agreement with data at different enerdemrespond-
ing to Z° and photon exchang®ver most of thex range of h h
available data. Hence, the overall success of the model does i di: 2qCqDq(Xe, Q)
seem to indicate the existence of an underlying 3dym- Ttot OXg 24Cq
metry between members of a hadron octet.
The paper is organized as follows: in the next section, we
Herec, are the charge factors associated with a qugréf
flavor i and can be express¢d4] in terms of the electro-
*Present address: The Institute of Mathematical Sciences, Managnetic chargeg;, and the vector and axial vector elec-
dras 600 113, India. troweak couplingsy;=Ts— 2¢; sir’f, anda;=Ty; as

@
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TABLE I. (8 Members of the baryon octet ari) members of the meson octet.

™y N
—t —= T K*
vz 6
U
T —— 4+ L K
v2 6
_ — —27
K 0
J6

300 A N )
v2 6
0
- A
3" —2+— n
v2 6
=- =0 —2A
B - V6
_ VoA
Cq=Cqy+Cy
4ara
Cq= —5 63+ 26quevqpa(s) + (ve+agvgpa(s)],
4o
Cq= —5—(vetag)agpa(s),
© 1 s(m2—s)
S: - 1
P1 4 sirt,, cos 6,, (m5—s)?+mal'2
1 2 s?
pz(s):(4sir?0wco§aw (m3—s)?+mal's’ @

In Eqg. (1), a sum over quarks as well as anti-quarks is im-
plied. Here xg is the energy fractionXg= Epadron/ Ebeam
=2E,/\/s. We shall also use the momentum variabtg,

= Phadrorl Poean= 2Pn/\/S; Xg=X5+4mj/s, wherem, is the
mass of the hadroh andQ is the energy scale of the inter-
action and is equal t§s. We shall normally use to mean

Xg unless otherwise specified.

The fragmentation functiong(xE,Q), associated with
the quarkq is the probability for a quark to hadronise to a
hadronh carrying a fractionxg of the energy of the frag-
menting quark. This is not perturbatively calculable from
theory, although the scal€)) dependence of these functions
is given by QCD. Data from different experiments at differ-
ent energies from/s=12-91.2 GeV exists op, A, 3 and
E octet baryon production as well as anK, » octet meson
production[8,9,10,11. All available data measures the pro-

We now present our model for quark fragmentation func-
tions.

Ill. THE MODEL

We study semi-inclusive production of the octet baryons
and the pseudo-scalar octet mesonsefre™ annihilation
processes using $8) symmetry of the quarks and of the
hadrons in their respective octets. The production of the en-
tire meson and baryon octet is described in terms of35U
symmetric quantities. We study only light quark,d,s)
fragmentation where the fragmenting quarck (i=1,...,3)
is a member of the quark tripleg(=u, g,=d, g3=s) and
the hadron under studyn{, i,j=1,...,3) is a member of the
baryon(or meson octet(see Table)l, so that the process is

q—>h+X.
In SU(3) language, this can be expressed as
3—-8+X.

Group theoretical considerations of the corresponding under-
lying SU(3) flavor symmetry allowX to be either a triplet,
antisixplet or fifteenplet.(See Appendix for details.No
other configuration foK is allowed. Note that the fragment-
ing quark could become part of the valence quark or the sea
of the hadron. The flavor multiplet nature ®fis indepen-
dent of this and is determined purely by the assumption of
flavor SU3) conservation. Gluons being flavor singlets do
not change the flavor content &f so thatX includes any
number of additional gluons besides the minimum quark

duction rate of hadron plus antihadron. Due to the symmetrigqntent required by S(3) symmetry; hence, this is an inclu-

nature of the process*e*—>qa the resulting hadron and

sive fragmentation process.

antihadron yields are equal. We therefore present results for We can express all the quark fragmentation functions for

the sum of hadron and antihadron yields in what follows.

the hadronh as linear combinations of the fragmentation

We can also re-express the cross section in terms of thgrobabilitiesa(x,Q), B8(x,Q), andy(x,Q) wherea (8,y) is

octet and singlet fragmentation function combinations, as

1 do"  ao2"(xe,t) +a3D5(Xe t) +agDg(Xe ,t)
- Z4Cq

Ttor OXg

)

where 3, D5 and Dg refer to the singlet, and the two octet
((u—d) and u+d—2s)) combinations respectively, with
ap=(cytcygtcy)/3; az=(cy—cy)/2 and ag=(cy+cCqy
—2c,)/6.

the fragmentation probability whed=3 (6,15). The corre-
sponding probabilities for antiquark fragmentation into octet

baryons are similarly expressed in termsagf8 and y. (In
this case, there is an antitriplet fragmenting into an octet

throughg—h+ X, with the X being a 3 6 or 15). These
probabilities are also functions 0k(Q). In the case of me-
sons, which have a quark and an antiquark in the valence, the
probability of fragmentation of an antiquark into a meson is
the same as that for the corresponding quark to fragment into
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TABLE Il. Quark fragmentation functions for members of the baryon and meson octet in terms of the
SU(3) functions,a, B andy. The antiquark fragmentation functions for the case of baryons are obtained by

replacinga, B, y by a, E and? respectively. Those for mesons are obtained by noting lﬂ%{[x,Q)
=Dy'(x,Q) for quarks,qg, in a mesonM.

fragmenting quark p/K* fragmenting quark n/KO
u at+B+3y u 2B+7y
d 2B+y d a+pB+3y
S 2y S 2y
fragmenting quark A%y fragmenting quark 3970

u

1 9 9
satgBtgy

u

1 1 11
sat+zB+Fy

: getEpTEy d Sariprity

s satgy s 2B+
fragmenting quark SHwt fragmenting quark STl

u atBtiy u 2y

d 2 d atBtiy

S 2B+y s 28+
fragmenting quark E0/K° fragmenting quark 2K

u 2B+y u 2y

d 2y d 2B+y

atBtiy atB+iy

the charge conjugate hadron, that[;g"ﬂzDc'\‘7 for a meson Which, in principle, need to be fitted to data. However, in our
M. The quark and antiquark fragmenqtation into hadrths,  M0del, fragmentation into all baryor(gesons in a given

i i=1.....3. in terms of the S3) probability functions 'B’ octet can be described in terms of(8) functions alone,
=2, NS — P y PHOTISA | along with an S\B) breaking parameten, thus leading to
and y (and @, B and vy as well, for baryong is given in

X an enormous simplification in the analysis as well as dra-
Table Il. Note that the functiona, B and y for the baryon  atically increasing the predictive power of the model.

and meson octets are unrelated; they just correspond to the \yje now go on to detail the model, first for the case of

same underlying symmetry. Also, sinecan be only a trip-  octet baryons and then for the octet mesons.
let, antisixplet or fifteenplet, only three functions are re-

quired to explain quark fragmentatiog@and three more to
explain antiquark fragmentation into barygmsto any mem-

ber of the hadron octet. We have constructed a model using(S)flavor symme-
The s quark resides only in the sea of the proton; hencetry that describes octet hadrgbaryon as well as mespn
the functiony, which parametrizes quark fragmentation fragmentation in terms of a few $8) symmetric functions
into a proton(see Table i, describes sea quark fragmenta- and an S(B) symmetry breaking parametex, We shall
tion for any member of the baryon octet. For the mesomow determine these functions by comparison with data. We
octet, such an identification of a sea quark fragmentatior&hoose to study thE® exchange procese*efazoeqaat
function is not immediat_ely evident. We_shall detail the frag-the CERNe*e~ collider LEP[8,9], sincé the data sample
mentation into mesons In the next section. available at this energy is the largest; in particular, data ex-
Since thelmore massive strange quark is known to breakists at this energy fop, A, S and= octet baryons and forr
SW3) symmetry, we intr_oduce symmetry breaking effects a§<, and n octet meson’s. I,:or the Earyons, this is just ade'quate
follows: the fragmentation function is suppressed by a o determine the individual functions; for the case of mesons,

i(-l?r(]jepelndent f?i;oxhwr&ene\_/er a StrangeT%gark belont%mtg nly a certain valence and sea combination can be deter-
0 the valence ot the hadron IS produced. This means tha ined, as we shall see below. In the next section, we shall

non-strange fragmentation functions of strange hadrons ane

suppressed by. For ex::t(mplelZA){f or D; are suppressed by gitterent energies where photon exchange dominéaesl
a factor\ compared tdg or Ds . Note that ali(strange and  \yhere insufficient data exists to determine the various model
nonstrangg sea fragmentation functions corresponding to 8parameters
given hadron come with theamefactor of \.

There are 3 quark- and 3 antiquark-fragmentation func-
tions for each hadron. Since there are eight baryoresong
in the octet, this corresponds to a total of forty ei¢itenty First of all, we observe that our model predicts equal rates
four) unknown functions for the baryorimeson octet, of production of>°? and & +37)/2 (see Table Il due to

IV. COMPARISON WITH DATA AT THE Z POLE

A. Baryon fragmentation
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FIG. 1. The functionsy, , By andy for baryons, fitted using, A andS data(also shown beloywat s=91 GeV[8,9] are shown in the
figure on the left. The lines through the data are our best fits to them. These are used to prégliptdection rate, which is shown as a
dashed-dotted curve, in comparison with data. On the right are shown the mesonic probabititiesy, fitted usingm* andK™* data(also
shown below at \/s=91 GeV; the resulting predictions of the’ andK® (=K™*) rates are shown as dashed lines, compared with data.

isospin symmetry. This is borne out by df®; for instance,
the multiplicities of € "+ 7)/2 and2° at Q=91 GeV are
0.091x0.019 and 0.0720.018 respectively and are known parameter)\, that characterizes SB) symmetry

compatiblé within 1o. breaking. We now attempt to evaluate these by suitable com-
To obtain predictions for the other baryons, we separatgarison with data.

the quark fragmentation functions into Valer(GE) and sea We expect valence fragmentation functiommading
(S) parts by defining, as usual, quark fragmentationto dominate in the larggg region and
B=By+ Bs: sea fragmentation functions to dominate at small We use

Ve Ps the largexg data to fix the value ok. SinceZ~ has twos
guarks in its valence, its-valence fragmentation function is
suppressed by a factor of compared top, A and 3*°.
Therefore, we expecE~ production cross sections to be
smaller than for other baryons even in the lasgerange,
where only the valence contribution survives. Indeed, as can
be seen from Fig. 1, datd] show that the largexg cross
sections are similar for all octet baryoms,A°, =%, within
+al3. The final simplifying assumption db;=Dj for all  €rrorbars, while=" data is smaller in that region. Further-

baryons allows us to express all antiquark fragmentatiofnore, assuming thai quark fragmentation dominates the
functions in terms ofy alone: large xg proton data, we see from Table Il that the ratio of

E~ to proton production rates is juat(the expressions for
the two are otherwise the samdJsing the data at/s

The model for octet baryons therefore has three unknown
funCtIOﬂS aV(XEvQZ)v BV(XElQZ)! 'Y(XE'QZ) and an un-

a=aytas; Y=wtvs;

B=Bs: ¥=7s. )
There is nos quark in the valence of the proton; hence, we
obtainy,=0 or y= y= yg (see Table . Thus,y describes
the sea fragmentation. Furthermore, using ati33ymmet-

ric sea, D) =Dy =Dy, leads to the constrain{3=y/4

a=ag;

T =91.2 GeV, we find thah =0.07. This result can be cor-

2=0 75y: rected due to the fact th&}§ is not small at largexg ; how-
e ever, we shall see that this value fogives good agreement

_ with data.

B=0.5y. 5 Since turns out to be quite small, the production rate of

strange baryons is dominated yjuark fragmentation. This
means that thd ° rate is sensitive te, while theS baryons
1our model does not account for isospin breaking effects whictgive information ongy, (see Table ). On the other hand
are small compared to SB8) breaking effects but are known to andZ depend on the combinatior(,+ By); it is therefore
exist; hence we are looking for agreement only to within this ap-possible to separately determing, and 8y from the data,
proximation. rather accurately, especially in the valence-dominated region
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of largex,x=0.1. The(SU(3) symmetrig sea is the same for Thus, all valence fragmentation functions can be ex-

all members of the octet, upto overall powershof pressed in terms of the functiok, whereV is given, for
Note that the measured hadron spectrum is an inclusivexample, by the differenced(,—Dy) in 7, as

one. We take this into account, especially for the casp of

and A, by defining inclusive fragmentation functions in V=a+,8—§ :a_E

terms of the exclusive ones used so far: 47 27

- 0 =h =0. . . . :
Ainclusive™ A exclusivet 1.05°+1.08 7~ +1.0="; and all sea fragmentation functions are given in terms of

alone. NowV and+y can be determined by comparison with
Pinclusive= Pexclusivet 0.5 "+ 0.64A.. (7*, K* andK?) data; since the two sets &f data are not
very different[8], it is not possible to determine and 8
individually in this case.
The assumptiofmade in the baryon casthat the daugh-
r hadron carries away the bulk of the energy of the parent,

The multiplying fractions indicate the branching fractions
into p and A of the various baryongl5]. HereX* and A,
decays to the various baryons have been ignored since th%ﬁ

are very smallA, data is between 15 to 100 times smaller 'YS contributing to the same: bin, enabled us to simply
than A and proton data in the overlapping range of about add the various hadron fragmentation functions to arrive at
0.3-0.8[16]. The 3* and =~ data is considered to be &N “inclusive” hadron fragmentation function. Here, since

purely exclusive for this reason. The energyc) of the both #'s and K's are very much lighter than their decay

daughter-baryon is taken to be the same as that of the parefgurcesimostly D mesons and baryopsthis assumption is
because of the small difference in massep.of, S and=. no longer reasonable. We therefore merely estimate errors

For the case of the 91.2 GeXtexchange 'pro,cess data is arising from the inclusive nature of the data by comparing
available forp, A, 3 and E baryons[8]. We can therefore multiplicities rather thang distributions.

use any three of the data séagong with the estimated value The bulk of the contamination of the pion sample which is
of \), to evaluate the three unknown functions,, B, and due tok— 77 decays is estimated to be about 4% from the

. . . . ey T KSN
y. In particular, we have evaluated these functions at differ/atio of the relative multiplicitiesN™/N"s~10[8,17] and a

entxg values using parametrized fits to the A ands data ~ Pranching fraction8~0.35 for the decayhere 7 includes
[8,9] and the value o =0.07 as already estimated; these ™ »7 and"); hence we ignore thi; does not decay
were then used to predict the cross sectiondor. We find ~ Within the detector. However, there is a substantial contribu-
that theE data is predicted very well by our model atay  tion from charm meson feed-down for e data sample
as is shown in Fig. 1, where the data used as well as thdrom the decay of all thé®'s); this is estimated from mul-
resulting fits toe,, By and y are also shown. Note that a tiplicity data[8,17] to be about 16% foK™ and about 20%
change in\ can alter the overall normalization but not the for K® mesons. The contamination from baryons is negli-

shape of the distribution, which is a prediction of this model.gible. . _
As before, we include S(3) symmetry breaking effects:

) the fragmentation probability is suppressed by a faetor

B. Meson fragmentation whenever a strange quark belonging to the valence of the

The pseudo-scalar meson-octet is a self conjugate octefieson is produced. Since the fragmenting quark excites a
i.e., the same octet contains mesons as well as their antipaiuark pair rather than a diquark paas in the case of bary-

ticles. The mesons and their antiparticles are related b@ns the value ofi here is not related to that for the baryonic
sector. We can get bounds farby using ther= and K=

a — multiplicities which are equal to 17.@50.43 and 2.26

quence of this fact we immediately see thatB andy are  +(.18 respectivel\8,17): The total rates forr™ and K*

not independent ok, g and y (see Table Ii. Of these six  production (their multiplicities are related to the first mo-

quantities, only three are independent. We choose these to Bgent ofV andS, and the parametex; positivity constraints

a, B andy. Due to mixing with the singlet sector, we do not on v and S (since they are probabilitigghen require that

consider then meson here. _ A<0.14. A tighter constraint ol will be found in the next
Just as in the case af, here we predict equal rates for gection, when we apply the model to data at different ener-

(m"+m7)/2 and #° due to isospin invariance. This is gies.

borne out by dat{8]; see+also Fig. 1. We therefore consider ~ \ye yse a typical value of=0.08 to fitV andS over the

only the combinationsn®=(m"+m") for m=,K, and  ayajlablexe range of=> andK* data. These were then used

the combination K°+K°®)=2K, which we shall refer to as 15 predict cross sections fet® and K°+KP). Good agree-

simply K°. ment with the data was obtained, as can be seen from Fig. 1.
We make the usual separation into valence and sea fragrhe fits tov and y as determined fromr™ andK* data are

mentation functions. As before, we reduce the number ofjso shown here along with the data that have been used to
unknown functions through various symmetry consider-qetermine them.

charge conjugation. This means tPDQ:D%. As a conse-

ations. We assume that the sea is@Ulavor symmetric, so e have been able to explain the production of the entire
thatD] =D and so on. Using this, we hay&= y/2 and meson and baryon octet by using 8Usymmetry and the
all sea fragmentation functions are equalSte 2. suppression factok at ys=91.2 GeV. Encouraged by this
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success, we investigate whether the model works for other TABLE Ill. Input values atQj=2 Ge\? for the valence and
c.m. energies also. In the next section, we discuss the evolginglet fragmentation functions for th@ baryon and(b) meson
tion of these fragmentation functions to different energiesoctet; see Eq(7) in the text for details.

Since backwards evolution to lower energies is usually nu=
merically unstable, instead of using the fitsatgB and y that Baryons Y Bv Y 9
we have obtained at th&” pole, we parametrize an input set

. . . a 3.0 25.8 3.5 2.5
of fragmentation functions at a low starting scale @f b 48 8.0 13.6 13.4
=2 Ge\? and then evolve these upwards to the energies of c 055 152 0.12 0.12
interest in order to effect a comparison with available data. _ _ _
. . . d 3.96 5.19 7.82 0
However, we use the information we have obtained atzthe e 13.12 984 38.0 0

pole, on the relative size and importance of the various con-
tributions at differentx values(as seen in Fig. )Lto help Mesons \4 Y g
parametrize these functions at the starting scale of evolution.

a 2.33 3.5 0.25

b 2.15 12.76 114

V. COMPARISON WITH DATA FOR PHOTON c —0.64 —0.75 0.12
EXCHANGE d 5.35 3.87 0
e —5.12 61.59 0

A. Leading log evolution

Over the last decade, several experiments, performed over
a wide range of c.m. energies (12 Ge\(s<91.2 GeV), The input functionsF;(x)=ay,By,y (for the case of
have reported measurements of rates of hadron production baryons and F(x)=V,y (for the case of mesopsat the
e"e” colliders. It is known that the cross-section is not astarting scaI6Q§=2 Ge\?, were parametrized as
constant over the range of c.m. energies; for instance, this
has enabled the extraction of the running coupling constant Fi(x)=a;(1—x)"(x%)(1+dx+ex?). @)
as. We use leading ordét.O) DGLAP evolution equations
[12] to relate the fragmentation functiorfand hence the The parametera,b,c,d,e for different input fragmentation
cross-sectionat a given energ?=s to those at the starting functions are given in Table . Since the gluon is a flavor
scaleQ3=2 Ge\2, singlet, we have used a common gluon fragmentation func-
Nonsinglet(comprising the valence functions, and 8y tion for all the hadrons in an octet. However, we emphasize
for baryons andv for mesony and singlet fragmentation that the evolved fragmentation functions are not very sensi-
functions(including y for baryons ands for mesongevolve tive to the choice of the gluon fragmentation function, which
differently under evolution. The single®,"(x,t) (=u(x,t) is therefore not well-determined in our model.
+d(x,t) +s(x,t) +U(x,t) +E(x,t) +§(x,t)), mixes with the We tuned the starting parameters Fo yield a gooq fit to the
gluon fragmentation functiorg(x,t); here we have usex 91 GeV hadroproduction data which is essenpally via
—xg, t=0Q72, andDg=q for convenience. Due to the )/ Z—exchange[8,9].2We then usgd theamesgt to predict the
pole in theP splitting function, the contribution of the sea 3 for lowerQ® values which are dominated by photon
increases significantly with increasir@?, at low x. How-  €xchange. The resulting fits at t@epole (5=91.2 GeV)
ever, the sea contribution remains small at largeralues, and a fit to the available baryon data sample \@
x=0.05, where most of the data is availaiiBee Fig. 1, for =34 GeV [10] and at \s=14 GeV [11] for A=0.07 are
example, for the relative size of the sea contribution azthe Shown in Figs. 2a), 3(@ and 4a). _ _ .
pole) In the meson sector, we find thatis constrained to lie
The symmetry between the singlet sector of differentoetween 0.04-0.12, with=0.08 giving the best fit to the
baryons is broken by. However, all singlet combinations data. The overall shape of the meson data is very well real-
for the other baryons can be expressed in terms of the protoged at all energies, as can be seen from Figs), 3(b) and
singlet fragmentation functioft,®, and strange valence frag- 4(b) for \'s=91.2, 34 and 14 GeV respectively. The model

mentation functions. We have parameters hence yield a reasonable fit to all baryon and
meson data at these energies. The meson data is better fitted
SA=AZP+(1-N\)sy; than the baryon data. The discrepancy in overall normaliza-

tion could be due to the inclusive nature of the measurement
(especially acute in the case pf A andK) and possible
energy dependence of the suppression factoote also that
there is a substantial contribution Koproduction rates from
charm feed-down, that we have not accounted for. However,
we emphasize that our model is fairly simple; its biggest
advantage is that it predicts the production rates of several
Similarly, we construct only the singlet combinatid/f for ~ mesons and baryons with relatively few inputs.

the pion. All other meson singlets can then be recovered Recently, the total inclusive charged hadron cross section
from this, and the valence function. has been measured at LEP\&=161 GeV[18]. We know

SE=AZP+(1-)N)sy;

SE =NZZP+N(1-N)ST . (6)
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B g g 3 FIG. 3. (a) As in Fig. Za) for the \/s=34 GeV baryon data from
s 1T 3 = DGLAP evolution. (b) As in Fig. 2Ab) for the Js=34 GeV meson
N i : data from DGLAP evolution.
10! &= E _E
ok i ] 34 GeV and 13/36 at 91.2 GeV, more than a factor of two
FH— A larger. On the other hand, that for thiequark is almost a
102 ¢ - factor of two smaller. This means that the photon exchange
y g g 3 data is more sensitive to quark fragmentation than thg°
§ 10 e 3 E data. That the model predictions for strange hadrons such as
o C C J
’E 15_ E_ _E F T T rorrT T T T T T T T T TTTT] T rTrTTTy
> E E | o <
ot - r 7 102 | E =
107! = 3 = . £ £ E
: £l g " ]
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10-2 10! 110-2 10! 1 - , o i B
(b) x x &
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FIG. 2. (@ The figure shows the model fits to thes =~
=91 GeV data for baryons, obtained from DGLAP evolution of the 102 L L ]
input functions atQ3=2 Ge\2.  (b) The figure shows the model E— "1'0‘71 S "1‘0‘71 E—
fits to the \/§=91 GeV data for mesons, obtained from DGLAP @ < 1 x 1
eV0|Ution Of the InpUt funCtionS @622 Ge\ﬂ. F T \Ilfz\l T TTTTITETTTT T T I\IlEll T T TTTITH
I 0 107 & - K2, (K Ko
from the multiplicity data at th&" pole that 81%491% of - £ £ E
the charged particle inclusive cross section is from pions3 jo: L L <
(pions plus kaons Specifically, the total charged particle 3 F F 3
multiplicity at s=91.2 GeV is 21.40.02+0.43[17], of 3 1F 3 E
which 17.05-0.43 arewr™ and 2.26-0.01+0.16+0.09 are § b . ]
K* mesons. We therefore compare the charged particle spec= '° 3 3 3
trum at 161 GeMwith multiplicity 24.46+0.45+ 0.44) with 102 L | | { L | | i
our predictions forr— and (7~ +K~); we expect the latter o oot | 102 ot 1

should saturate the data to within 10%. Our model shows
excellent agreement with data, as can be seen from Fig. 5.

We remark that the charge factarg/> c, for quarksq FIG. 4. (a) As in Fig. Aa) for the \/s=14 GeV baryon data from
=u,d,s, are very different for pur&° and photon exchange. DGLAP evolution. (b) As in Fig. Zb) for the \'s= 14 GeV meson
For instance, the charge factor for aquark is 1/6 at 14 and data from DGLAP evolution.

X X

E E
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TABLE V. Multiplying constant factors for description of the
singlet fragmentation functions for baryons and mesons in the
MLLA approach; see Eq(10) in the text for details.

103

oo | p A 3% E @ K* KO

Cc; 070 070 0.70 0.70C; 092 092 0.75 0.75
Cc, 04 04 04 04 C, 059 059 0.425 0.425

G
} 10! E E
< |
~ 1 The Q? dependence dfl, o andx, are computable for total
> _ inclusive hadrons within this approach. They are given as an
1 _ expansion in terms of the scale parameter;log(Q/A), A
] =200 MeV:
: N(Q)eY ~B/2* 14 exp\ [TBNY/b;
10-1 -
] o?=Y?/(32);
102 10~ 1 log(1/xg)=Y[1/2+c/Y—-clY], 9)

X

o _ whereN, andn; are the number of colors and flavors, which
FIG. 5. The model prediction for hadroproduction af* determine the constants

(dashed lingand=* + K* (solid line) mesons is compared with the
total inclusive charged particle data ¢=161 GeV[18]. a=11IN./3+ 2nf/(3N§); b= (11N, —2n;)/3;

A andK (where theu contribution is suppressed by a factor
of \) are systematically smaller than data may therefore
mean thatD, is actually larger than the model prediction,
thus indicating that a single strangeness suppression factor

may not suffice. In other words, our simple model may noLI'he total multiplicities(at 91.2 GeV, for instangg8,9,17

completely account for all S@3) breaking effects. In this ) - . i
context, it would be interesting to obtain data on the 2N be used to fix the proportionality constaptlfﬁ(rQ), the
baryon at a different energylata is available only on thg° |nd|\{|dygl particle mulltllphcmes then determinid"(q), the
pole) and check whether this trend is visible there as well. Multiplicity of the specific hadrorh. The values otr andx,
Finally, the data(specially for mesonsp and A) show a aren goqd agreement W'th. |_nclu5|_ve d@1d], however, we
! are here interested in semi-inclusive spectra. In general, the

decreasing trend at low. The usual DGLAP evolutioh12] K shifts llex (h : I for heavi
cannot account for such a trend since the pole in the splittin eak shifts to smallex ( ere _mean_lngp) values for heavier
adrons. Also, the semi-inclusive widths are naturally

function P, always drives the gluon, and hence the sea, t . .
99 y g smaller than the total inclusive ones. We therefore param-

larger values at smak. In 1988, Dokshitzer, Khoze, and . . - )
Troyan [13] proposed a model wherein this dip could be etrize the corresponding semi-inclusive parameters as

accounted for by including gluon coherence effects. The re-
sulting modified leading log approximatiofMLLA ) then

gives a Gaussian distribution for the singlet fragmentation > ho2
functions. In the next section, we discuss singlet evolution o =C207, (10
using MLLA and look for improved fits to the low data.

B=al/b; z=+/(16N.Y)/b;

c=(11/48[ 1+ (2n;)/(1IN3)T¥[1—2n,/(1IN,)].

h_ ~h
Xo=C1Xo,

Wherexg is the peak position angl, the width of the data for
hadronh. Here C} and C} are Q2 independent constants
which we fit to the 91.2 GeV data. They are given in Table
The main result of the MLLA evolutiofil3,19 is thatthe  |v. These are then used to determine the rates at lower en-
low-x singlet fragmentation functions have a Gaussian formergies. The resulting fits are again quite good and are shown

B. Modified leading log evolution

in the variable logxp): in Figs. 6, 7 and 8 for data corresponding to pdtand
photon exchangéat 34 and 14 Ge)respectively.
b _ N(Q) ) Note that the MLLA is a fit to the singlet fragmentation
XD (%, Q)= 27a(Q) exil ~[log0x,) functions alone; therefore comparison should be made with
data forx,=<0.1, where the valence contribution is expected
—log(x0)1?/[25%(Q)]], (8)  to be small. In the case @ exchange, this is also a good fit

to the entire data. This is because at 91.2 GeV, the cross
whereN(Q) is the total multiplicity, o is the width of the  section is dominated by the singlet term, as can be seen from
Gaussian ana is the position of the peak of the Gaussian. writing Eq. (3) explicitly:
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FIG. 6. (@ The figure shows the model fits to thes 107! 1 107 1
=91 GeV data for baryons from MLLA evolution of the input frag- () %p *p
mentation functions. Note that we have usedx, in order to L I ) e LA Zas e ) T
clearly exhibit the smalk data which is of interest here.(b) The 102 L Ko
figure shows the model fits to th¢gs=91 GeV data for mesons - E E 3
from MLLA evolution of the input fragmentation functions. Note = 101 L L -
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We see that the singlet contribution is about 10 times Iarge|(b) X, X,

than either of the octet contributions. We therefore expect

the MLLA approach to yield sensible fits to the data at this FIG. 8. (a) As in Fig. §a) for \s=14 GeV for baryons using
energy. In the case of photon exchange data, the singlet COMLLA evolution. (b) As in Fig. 6b) for \'s=14 GeV for mesons
tribution is still large: using MLLA evolution.
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1 do™r 23+ 1.5D§+ O.SDQ masses of the strange and non-strange quarks and suppresses
— = , non-strange quark fragmentation into strange hadrons. This
parameter is similar to the suppression factor of the Lund
Monte Carlo[3]; however, it is determined by means of a
. . simple comparison of data of strange and non-strange had-
be a very good description of the data at smaller energiegons The Lund model uses string fragmentation and has a
especially at larger. However, for the case ok andX",  1,ch |arger suppression for the case of bary@ngpression
D3=0 so that the MLLA singlet term may still saturate the ¢, 51— .06) as compared to the suppression factor of 0.2—
event rate to a good approximation althoudh is negative. ¢ 3 for mesons. Our model has very similar values for the

suppression factors for the two cases=0.07 for baryons,
VI. DISCUSSION AND CONCLUSIONS 0.08 for mesons
. Another approacl4] uses an S(6) analysis of fragmen-

_ We have proposed a simple model for quark fragmentagtion functions using a quark and diquark model. OufBU
tion into an octet baryon or a pseudoscalar meson, USiNgymmetric functionse and B are analogous to the $6)
SU(3) symmetry of quarks and octet hadrons. All quark frag- mmetric functions&(z) and T(2) defined therein. The
mentation functions have been described in terms of threg” " ncluded in thei deld ib ) f
SU(3) symmetric functionsr(x,Q%), A(x,Q?) and y(x,Q?) unction y (not included in their mo ¢ldescribes sea rag-
and an S(B) breaking parametex. The antiquark fragmen- mentation, for instances fragmenting to a proton. We find

) i o R thatyis large in the smalk region, so that its contribution is
tation functions are correspondingly describeddyys and significant and cannot be ignored.

y. There are 3 quarkplus 3 antiquarkfragmentation func- We find that the strange quark fragmentation dominates
tions corresponding to a given hadron; hence a given hadrogtrange hadroproduction over almost the entirange. This
octet would involve a total of (242) fragmentation func- s especially true forA, which has recently been of much
tions. All these are described in our model by just 6 func-interest[1,20]. It is possible to extend the model to include
tions, leading to a very simple model, but with strong pre-spin-dependent fragmentation functions; the unpolarized re-
dictive power. Leading log evolution of these fragmentationsult then indicates that polarizel fragmentation will be
functions has been used to compare the model predictiongominated by its strange fragmentation function, which can
with data. We find that it is possible to fit the model param-then be readily parametrized and studied.

eters in such a way as to get a good agreement with the Finally, our results suggest that there is indeed an under-
x-dependence of all octet baryons and mesons, at three difying symmetry among the baryons and mesons in an octet,
ferent sample energigsorresponding t&° and photon ex-  which can be tested further by extending the model to de-
change over most of thex range of available data. These fits cuplet baryons and other hadrons.

were then used to determine the inclusive cross section at

Js=161 GeV where both photon argf exchange are in-

volved. There was good agreement with data here as well. ACKNOWLEDGMENTS
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non-zero input gluon distributiotas shown in Table I)t

however, very little sensitivity to the gluon fragmentation
function is seen and this is therefore not well-determined in APPENDIX

our analysis. We briefly detail the calculations leading to the results in

The model realizes the shape of tkelistribution of all  1apje || for the quark fragmentation functions in termsaof
available data on octet mesons and baryons very well. It doe/§ and y.

not describe the\ _ar_ldK data at _34 and 14 GeV very accu- = | qf q; represent a quark triplet amj the hadron octet,
rately; however, it is able to give a good agreement W|thi i=1,2,3

even this data to within@ All other baryon and meson data - PR
are fitted very well. However, we note that it is possible to

get good fits at allQ? for each hadrorindividually. The . i .
SU(3) symmetry constraint relating the different hadron frag-'zed' Hereh, are the elements of the mesc_)n/ bary?n 3r2atr|x
(see Table )l Thus, the rate fou—p+X is aluh3X?|

mentation functions worsens the fit in some cases; this re=>*> = |
flects the simplicity of our model, which incorporates (S Wh'crl‘ IS Zequfal toa. Similarly, the rate foru—A+X is
symmetry breaking effects in a very simple way. ThealuhiX'|? which is equal toa/6 and so on.
goodness-of-fit from the model therefore also indicates thé-ase 2.X is a sixplet, X;; : Now X;; is symmetric ini and]
extent to which this symmetry breaking is a universal pheand is expressed in terms of triplets agf+q;q;)/v2,
nomenon, independent of the type of quark or diquark that igvhere eachq is normalized. The invariant amplitude is
produced6,7,9. e'm'qih}-‘ka. Thus,d—p+X asB|v2|? and so on.

The parametemn takes into account the difference in Case 3.X isafifteenplet,x{": Thenx{k is symmetric inj,k

Otot dX B 6

but theD3 contribution is not small. Hence MLLA may not

Case 1.X is a triplet, X;: Then the invariant amplitude for
the procesgl—h+ X is qih'jX', whereX; andg; are normal-

094014-10
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and is antisymmetric im,j. In terms of triplets, the normal-
ized X can be re-expressed as

xik:i

. . 1
‘= |daa+d'da— 7 sld'd'a+a‘da)

. Kcqin! lqi
—zo@aa+ada)l,

where each of the;’s is normalized.

PHYSICAL REVIEW D 58 094014

The invariant amplitude iX;“h!qy . In this case, we shall
have to take the interference terms for the diagonal elements
of the meson/baryon matrix also into account. Note dat
=0 (sum overi is implied). Thus, the rate fou— A+ X is
Y[(16)X3H+ (11B) X5 — (2/1/6)X3Y? which is equal to
Y(31/6) (X3 + X2Y|2. On evaluating this expression, we
find that this is equal to 9/8. The other rates can also be
found in a similar manner. The final results are given in
Table I
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