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Polarized and unpolarized baryon production: SU3) revisited
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The production of the octet baryons &p collisions is analyzed based on an SUmodel for quark
fragmentation into octet baryons. A good fit to currently available data qeroduction inep scattering is
obtained. The model is extended to include polarization effects and all polarized fragmentation functions
ADg(z,QZ) describing the polarized fragmentation into members of the baryon octet are expressed in terms of
three SW3) symmetric functions\ (z,Q?), AB(z,Q?), andAy(z,Q?) and an SWB) breaking parametex.

From suitable comparisons with polarization data ire" e~ annihilations at th& pole, A «(z,Q?) has been
extracted. The fragmentation functions are then evolved using leading order polarized evolution equations and
the polarization ofA in e*e™ andep reactions has been predict¢80556-282(199)08509-4

PACS numbsd(s): 13.87.Fh, 13.60.Hb, 13.88e

Polarization phenomena in particle interactions play asymmetry breaking factax [which arises because the more
fundamental role in determining the spin structure of hadmassives-quark breaks the S3) symmetry. Encouraged
rons. Such studies have posed very interesting problems, thy the success of this very simple model, we extend it to
most intriguing being the proton spin puzzle, which led toinclude longitudinally polarized fragmentation functions. We
the so-called “spin crisis.” Measurements of the first mo-again rely on the S(8) symmetry of the baryons. Since data
ment of the spin-dependent structure function of the proto®n baryon productiofpolarized and unpolariz¢dio not dis-
J3gP(x)dx (=0.126 by the European Muon Collaboration tinguish between baryon and anti-baryon production, we cal-
(EMC) [1] indicated that very little of the proton spin resided culate only the_s“”ﬁ of_these. Throug_hout the text, th_e term
on the constituent partons. This contradicts the naive partoHaryon productlc_m implies t_)aryom_ant!baryon prqduchon.
model assumption that all of the spin of the proton is carried The fragmenting quark; is longitudinally polarized and

by the constituent partons, hence yielding the famous Ellis!S @ member of the quark tripleg(=u, g,=d, gs=s) and

Jaffe sum rule—gP=0.19 the hadron under study is a member of the baryon octet,
l_ . . H

The other area of ignorance lies in the spin-transferSO that the process is

mechanism during the process of fragmentation of a quark q—h+X

into a hadron. Large transverse polarization of hyperons in '

unpolarizedpp interactions was reported by Fermilgp]. = Analogous to the unpolarized functionrgz,Q), £(z,Q),
To leading order, if the initial state particles are unpolarizedand y(z,Q) of Ref.[5], we introduce the polarized functions
QCD predicts a zero polarization for final state particles. A«a(z,Q), AB(z,Q), andA y(z,Q). All polarized fragmen-
Recently, several studies have been reported ggolar-  tation functions can be expressed in terms of these functions
ization. A review of polarized\ production can be found in and the suppression factar Aa(z,Q) is defined as
Refs.[3,4]. Most of the investigations have reported polar- . o
ization of A because the self-analyzing property of the decay DB TX_pBl tX &
of A into p and = makes it easy to reconstruct its spin. It q @
would be interesting to investigate the polarization of other . ) .
baryons such as the proton aBd in addition toA. Such an  WhereB} is a member of the baryon octét,is a triplet and
investigation would provide a firmer foundation to the pro-D§ " is the probability that the parton fragments into the
posed theoretical model. The present work is an effort in thidaryon B through the channeg—B+X. AB(z,Q) and
direction. Ay(z,Q) are similarly defined withX being antisixplet and
In the present work, we try to build a model to explain thefifteenplet, respectively. The polarized quark fragmentation
transfer of spin from the quark to the baryon it fragmentsinto B/ ; i,j=1,...,3 in terms of\a, AB, andAy is given in
into. We use an S(3) model to explain the polarized frag- Table I.
mentation. This is an extension of an earlier st{ifiydone Since thelmore) massive strange quark is known to break
for unpolarized fragmentation functions using uUsymme-  SU(3) symmetry, we introduce symmetry breaking effects as
try of the baryon octet. The fragmenting quark is consideredn Ref. [5]. The fragmentation function is suppressed by a
to be an S®) triplet g; which fragments into a baryon octet factor A whenever a strange quark belonging to the valence
B! and X, so that the probability for the interactiap— B! of the hadron is produced. All nonstrange fragmentation
+Xis a(2)[B(2),v(2)] whenX is a triplet[antisixplet, fif-  functions of strange hadrons are suppressed b¥or ex-
teenple}. The model yields good agreement with all unpo- ample,ADﬁ is suppressed by a factarcompared toADQ.
larized data for baryon production ia*e~ experiments. Gluons being flavor singlets couple to all baryons with the
More importantly, it shows that there is indeed an(3U same strengthh can be different for both the polarized and
symmetry among the members of the baryon octet, up to anpolarized case. It can even depend on energy of the frag-
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TABLE I. Polarized quark fragmentation functions into mem- polarized sea fragmentation functions to be zero. Only va-
bers of the baryon octet in terms of the @UfunctionsA«a, AB,

lence fragmentation functions contribute to polarization ef-

andAy. fects. ThusAy is equal to zero and hendex, AB, andAy
are all zero.
P n We use the unpolarized fragmentation functions given in
Uu—p : Aa+AB+3Ay u—n : 2AB+Ay Ref. [5] and use the same suppression faatqr=0.07) for
d—p : 2AB+Ay d—n : Aa+AB+3Ay the polarized case. Consider thebaryon. Due to the small-
sop 1 2Ay s—n 1 2Ay ness ofA, D2(2)>D{} (z). Even the polarized gluon frag-
AO 50 mentation function is suppressed. Heavy quarksagd b)
also fragment to produc&. However, the branching ratio of
U—A® 1 FAa+gAB+EAy u—3° o JAa+3AB+HAY b A is very small[BR(b— AX)=(5.87+0.46+0.48)%]
d—A°% : FAa+gAB+gAy d—3° © JAa+3AB+FAy  [8]. A, decays to yieldA. A. data at\s=91.2 GeV is
s—A% : FAa+iAy s—30  2AB8+Ay between 15 to 100 times smaller than thedata in the
3 3 overlappingz range of about 0.3—0®]. Due to this reason,
T 3 . the contribution ofc and b fragmentation toA has been
U—X" : Aa+AB+iAy u—>27 + 28y s ignored in the analysis. Therefore, for this study, we shall
d—37 : 24y d—2" © Aa+AB+3Ay assume that\ production ine*e~ annihilations is almost
S>3 1 2AB+Ay s—X7 1 2AB+Ay entirely due tos-quark fragmentation and in particular
g° = s-valence fragmentation. Thus, the polarization\ottan be
U—E0 : 2AB8+Ay u—E" : 2Ay written as{7,10)
d—E° : 2Ay d—E~ : 2AB+Ay PA(y/s,cos6,2)
s—EY  Aa+AB+3Ay  s—ET 1 Aat+AB+3Ay

(do(/s)s+ /d cosd —da(+/s)s- /d cose)ADQV(z)

menting quark. We follow the procedure adopted in RE¥. (do( \/§)S+ /d cosf+ d o \/E)S_ /d cos&)Dﬁv(z) '
to extract these parameters. There is not enough data to en- (4)
able the extraction of all these parameters and we have to ] ) ]
rely on a few assumptions. For the present study, we assunféere vs is the c.Mm. energyz 1s Ehadror/ Epeam: 0 IS the
\ to be the same as for the unpolarized case. The antiquag€attering r:';lngle,ADq(z) is the polarized fragmentation
fragmentation functions are given lzfyz, AE andA;and function, Dy(2) is the unpolarlz_ed fragmentan_on function,
are related ta\ y as in Ref.[5] and a sum over quarks and anthu.arks is implied. '
Using the expression for polarized fragmentation func-

) tions given in Table | and unpolarized fragmentation func-

tions given in Ref.[5], ADQV(Z):%‘AaV(z) and Dg‘v
Thus, all polarized quark fragmentation functions for the=2a\(z). Our model predicts very small fragmentation
baryon octet are given by three &) symmetric functions functions foru andd quarks unlike those of Ref§11,12,
Aea, AB, andA y and a suppression facter which are to be  where it is shown that andd carry significant amount of the
determined by comparison with datay defines the polar- spin of A. At the Z pole, for unpolarizeg™ ande™ beams,
ized sea fragmentation just gsdescribes unpolarized sea the polarization ofA can be expressed as
fragmentation[5]. We separate the quark fragmentation A
functions into sea and valence components as PA(\s=91.2GeV,co%,2)

Ay=Ay, Aa=0.780y, AB=0.5AY.

_ [a(1+coS 6) +bcoslAay(2)
~ [c(1+cos 6)+dcosf]ay(z)

Aa=AaytAag, AB=ABy+ABs, Ay=Ayy+Aysg, (5)

The expressions faa, b, ¢, andd can be found in Ref7].
On averaging ovep,
As mentioned earlier, there is not enough data on polar-

ization of baryons to enable the extraction of all of these PA(/s=91.2GeVz)= ————. (6)

fragmentation functions. Onlj\ polarization data ire*e” Cay(2)

annihilation experiment at the pole existd6]. We make a /o extractA a(z) from the polarization data of in e*e~

few simplifying assumpti_ons to extract information regard- o hinilations at theZ pole[6]. The polarization ofA is pa-
ing polarized fragmentation functions from the data. rametrized as

As mentioned in Ref[7], strange baryons produced in
high energy reactions show strong polarization effects trans-
verse to the scattering plane. However, there is very little
polarization in the longitudinal direction. Therefore, we as-so that at 91.2 GeVAay(z)=(c/a) ay(z)PN(2). Aay(2)
sume that quarks produced in the hadronization process aemd ay(z) are shown in Fig. 1]Aay(2)|<ay(2) in the
only very weakly polarized. For this reason, we assume alsmallzregion. To extract By, polarization data for at least

Aa=Aas, AB=ABs, Ay=Ays. 3)

aA a'V(Z)

PA(Z) — _ qu_ 2)0.9722.05’
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FIG. 1. The figure shows the unpolarized fragmentation function . o o o
lation aty/s = 161 GeV. The central graph corresponds to unpolar-

izedete™ scattering, the graph at the top corresponds to the case
when thee™ beam has positive helicity and the bottom graph cor-
esponds to the case when thie has negative helicity.

one more baryon is required. We would like to remark that if
the polarization of one more baryon were known, then usin
this model, a leading order approximation of polarization of
all the octet baryons can be obtained.

At Q2=2 Ge\2, we parametrizé a(2) as whereh, is the helicity of the electrorh, is the helicity of

the quarkg, Q is the solid angley/s is the c.m. energy, and

6.9(1—2)55117(1 - 3.967+ 13.122) 22%12 is given in Ref.[10]. We note that for/s<91.2 GeV
A1-2)>>z-(1-3. . .
(i.e., only ¥y exchangg the helicity-dependent term in the

] o ] ] Cross section turns out to be zero on averaging over the scat-
The input parametrization is obtained by tuning the paramtering angle.

eters so that on evolution, we get back the fragmentation pFor the case of unpolarizeel" e~ annihilation at thez
functions at 91.2 GeV. Using this polarized fragmentationpole, the polarization o is negative. To study polarization

lations at 161 GeV. The polarized fragmentation functionsst,dy the angular distribution of the cross section.

evolve with energy and a review of their evolution is given, At \/s=161 GeV and for the unpolarizesl e~ interac-
for instance, in Ref[13]. The polarization dat§6] of A at  {jon, the polarization decreases in magnitude. This is due to

the Z pole is shown in Fig. 2. _ the fact that they-exchange term is significant at this energy,
The cross section for the reactien e, —0n,d is given  but does not contribute to the polarized case. The resulting
by polarization is shown in Fig. 3.
The case where the™ beam is polarized is also studied.
hy The results are almost the same as those for the unpolarized
Olffqh2 1 hy case and are shown in Fig. 3.
a0 miqhz, (7) We now turn our attention to baryon production in semi

inclusive deep inelastie p process. We study the production
of unpolarized and longitudinally polarized baryonsdp

08 ' ' ' ' A — scattering. To leading order the unpolarized cross section is
expressed as
06t .
5
Lol g L dot 2 SA(Q%)DYZQY)
i ——= ®
z dz '
T2t 1 7o > €q(x,.Q?)
i q
n 1
L wheree, is the charge of the quard q(x,Q?) is the distri-
' . . ) bution function for a quark of flavon, Dg(z,QZ) is the
0‘20 0.2 0.4 0.6 0.8 1 fragmentation function for a quarinto a hadrorh, and a

Z

sum overqg and q is implied. x and z are the usual DIS
FIG. 2. The figure shows the polarization &fin e*e~ annihi- ~ variablesQ?=xys, z=PyPy/Pyg, y is the energy fraction
lation at theZ pole. The data is the polarization data fortaken  Of the incident lepton carried by the virtual photon, ani$
from Ref.[6]. The fit to the data is obtained by the Cernlib routine the energy fraction of the incident nucleon carried by the
Minsg. interacting quarkP, and Py are the outgoing hadron and
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FIG. 4. The figure shows the unpolarized cross section of the
baryons inep scattering for 1&Q?<70 Ge\?. The data is the\
production data at HERA taken from RéfL4].

FIG. 5. The figure shows the polarization &fin ep processes
for the case when the electron is polarized and the proton is unpo-
larized forQ%=18 Ge\? andx=5.6x10"%. Thex and Q? values
incoming nucleon momentuns is the usual Mandelstam are from Ref[15].
variable andg?=—Q?. Equation(8) is valid only in the
current fragmentation region. where Pz and P are the beam and target longitudinal po-

The study of unpolarized particle productioném scat-  |arizations,e, is the charge of the quart g(x) andAq(x)
tering can give a more concrete determination of the flavogre the unpolarized and polarized quark distribution func-
dependence of fragmentation functions, whichéhe™ data  tions. D(y) is referred to as the longitudinal depolarization
fails to provide. We calculate the cross sectionfor\, =,  factor
andE . The cross section fak is compared with the data

[14] and the results show good agreement with data. The 1—(1-y)?
data shows the inclusive production &f i.e., it also shows D(y)= Trd—y)?

A’s which are produced in nonstrange decays of higher reso-
nances E’s andE’s). To compare our results with the data,

we calculate the inclusive cross section for y being the energy fraction of the incident lepton carried by

the virtual photon.
Aine=A eyt 1.02°+1.02 ~ +1.02°. We calculate the polarization ¢f in the ep experiment

Unfortunately, there is not enough data to enable us to mak%t DESYep collider HERA energy. At present, the proton

. ) . eam is unpolarized, although the electron-positron beam
a clear.er statement regf_:lrdujg production Of. baryons pn has a natural polarization. It would be interesting to study the
Sca“eg'”g- The\;hree points in the (_jata are m(ﬂ?erange polarization of the baryons for the case when the colliding
1O<QZ <70 GeV. In effeCt' each point could be at a differ- particles are polarized. The y, andQ? values for the cal-
gntQ . preve_r, e;\{olutlon.doe's not f:hange the fragmentabmaﬁon are taken from Ref15].
tion functions significantly in this region. We note that the

tum fract din the distribution functi d The polarization ofA for the case when the proton beam
momentum Iractiorx used in the distribution TUnclions does ;o unpolarized is shown in Fig. 5. The polarization is shown

not make a significant change in the cross section. In th - —4 2_ 2
. o or x=5.6xX 10" * andQ?=18 Ge\~. Thex, y, andQ? values
result, we have included the contribution due to decay f are taken from Ref[?S] We assume thg/e‘ beQam has a
=i + i i .
and“. into A and andA Into p. .Hence the fragmentauo_n olarization of 0.7. The unpolarized quark distribution func-
functions do not contain the contribution of these decays int ions are from Ref[16], and the polarized quark distribution
A. The contribution _Of the hlg_her resonanc@s’s{_andz S} functions are from Ref[17]. When the electron-positron
should also not be included in the fragmentation funCt'OnSbeam is unpolarized and the proton is polarized, the polar-
Our model is very simple and caanot. incorporate declJplefZation of A is very small and consistent with zeré.
baryons. However, the data Bf* and:. IS very small com- Finally, we also calculate the polarization af for the
pared toA. So we do not expect a S|gn|f|ca_nt contrlbgtlon case where both the electron as well as the proton beam is
frpm 'these decay_s. In the analys]s, we have |gnored .th'S Corﬂ)'olarized. The polarization is same as in the first case,
tribution. The Various cross se_ct|ons are sh_own_ In Fig. 4. proton unpolarizede™/ positron polarizedlwhen we assume
We now con§|der longitudinal polar|zat|on ‘ep pro- Pg and Py=0.7. This is because at smal] the polarized
cesses. To Iead!ng order, the Ipng|tud|nal polarization of aquark distribution functions are very small7] so that the
hadronh in polarized SIDIS is given by3] target polarization term does not contribute significantly to
) " the polarization ofA. The results are similar to those ob-
> e¥[PgD(y)a(x)+PrAq(x)JAD(2) tained using the fragmentation functions of scenario 3 of
PU(x,y,2)= — . Ref.[4]
2 h In conclusion we have proposed a simple model for lon-
; €La(x)+PeD(y)PrAa(x)1D4(2) gitudinally polarized quark fragmentation into a longitudi-
(9) nally polarized octet baryon using the &Y symmetry of
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guarks and the baryons in the octet. All the polarized quarkn the study will be possible. We can then parametrize a

fragmentation functions have been described in terms ofomplete set of fragmentation functions for tmeand d

three SW3) symmetric functionsA a/(z,Q?), ABy(z,Q?), guarks as well. However, because of the smallness, afe

and A y,(z,Q%) and an SB) breaking parametex. The expectAD) and ADJ to be negligible compared to the

model is very simple and is able to express all the 48 fragADQ. This is in contradiction to the model proposed in Ref.

mentation functions of three quarks and three antiquarks intfl1], where the possibility that the polarized quark and anti-

eight baryons in terms of these &Y symmetric functions quark content of\ is reflected in the polarized fragmentation

and the parametex, thus, vastly reducing the number of functions is examined. We do not delve into this correlation

unknown parameters. We have choserfor the polarized ~and instead use a different approach. _

case to be the same as that for the unpolarized age07). We have also predicted the unpolarized cross sections for

In effect the suppression factar for the two cases can be the octet baryons iep scattering experiments using the frag-

different. However, in the absence of more data on polarizalentation functions of Ref5]. The cross section fok pro-

tion of baryons, we cannot make any guess about the valu@uction inep processes shows good agreement with data

of A and hence choose it to be the same as in the unpolarize{é4]-

case. In the above analysis, we have considered polarization of
We have extracted the functiahe,(z,Q?) from the data baryons to be a result of direct fragmentation. We have not

on A polarization at thez pole [6], and have used this to considered the contribution to polarization resulting from the
predict the polarization of\ in polarized and unpolarized decay of heavier resonances into these baryons as our model

ete™ processes and polarizegp processes. is very simple and there is not enough data to enable such an
The polarization ofA is found to be negative i e~ analysis. Experiments on other polarized processes will pro-

processes afls = 91.2 GeV and 161 GeV. The polarization vide deeper insight into the spin transfer mechanism and into
of A is smaller at\/§.= 161 GeV than at 91' 2 GeV whether or not the S(3) symmetry extends to polarized phe-

Three cases of polarizezlp processes have been studied,"omena.
We have analyzed the process for HERA kinematicsxfor | am grateful to Professor H.S. Mani for helpful discus-
=5.6x 10 4 andQ?=18 Ge\~. The results are in agreement sions. | would like to thank Dr. D. Indumathi and Dr. V.
with those predicted by scenario 3 of Rp4]. When more  Ravindran for their help in locating data and useful discus-
data on the polarization of various baryons is available, &ions. | thank U.G.C. for financial support and Professor
more complete determination of the various parameters used.K. Shivpuri for constant support and encouragement.
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