PUBLISHED VERSION

1. Boros, Csaba Ladislaus Laszlo; Londergan, J. Timothy; Thomas, Anthony William
Lambda polarization in polarized proton-proton collisions at BNL RHIC Physical Review D,
2000; 62(1):014021

© 2000 American Physical Society
http://link.aps.org/doi/10.1103/PhysRevD.62.014021

PERMISSIONS

http://publish.aps.org/authors/transfer-of-copyright-agreement

“The author(s), and in the case of a Work Made For Hire, as defined in the U.S.
Copyright Act, 17 U.S.C.

8101, the employer named [below], shall have the following rights (the “Author Rights”):
[...]

3. The right to use all or part of the Article, including the APS-prepared version without
revision or modification, on the author(s)’ web home page or employer’s website and to
make copies of all or part of the Article, including the APS-prepared version without
revision or modification, for the author(s)’ and/or the employer’s use for educational or
research purposes.”

27" March 2013

http://hdl.handle.net/2440/11182



http://hdl.handle.net/2440/11182�
http://link.aps.org/doi/10.1103/PhysRevD.62.014021�
http://hdl.handle.net/2440/11182�
http://publish.aps.org/authors/transfer-of-copyright-agreement�

PHYSICAL REVIEW D, VOLUME 62, 014021

Lambda polarization in polarized proton-proton collisions at BNL RHIC

C. Boros
Department of Physics and Mathematical Physics, and Special Research Center for the Subatomic Structure of Matter,
University of Adelaide, Adelaide 5005, Australia

J. T. Londergan
Department of Physics and Nuclear Theory Center, Indiana University, Bloomington, Indiana 47408

A. W. Thomas
Department of Physics and Mathematical Physics, and Special Research Center for the Subatomic Structure of Matter,
University of Adelaide, Adelaide 5005, Australia
(Received 8 February 2000; published 5 June 2000

We discussA polarization in inclusive proton-proton collisions, with one of the protons longitudinally
polarized. The hyperfine interaction responsible for N and %-A mass splittings gives rise to flavor
asymmetric fragmentation functions and to sizable polarized non-strange fragmentation functions. We predict
large positiveA polarization in polarized inclusive proton-proton collisions at large rapidities of the produced
A. The effect of£% andX* decays is also discussed. Forthcoming experiments at RHIC will be able to test our
predictions.

PACS numbg(s): 13.87.Fh, 13.85.Ni

I. INTRODUCTION positive A polarization in experiments where the strange
quark fragmentation is suppressed. On the other hand, pre-
Measurements of the polarization dependent structurdictions based either on the naive quark model oS&i{3)
function, g,, in deep inelastic scattering] have inspired flavor symmetry prediczeroor negativeA polarization[2].
considerable experimental and theoretical effort to under- In Sec. ll, we briefly discuss fragmentation functions and
stand the spin structure of baryons. While most of these studshow how the hyperfine interaction leads to polarized non-
ies concern the spin structure of nucleons, it has becomstrange fragmentation functions. We fix the parameters of the
clear that similar measurements involving other baryongnodel by fitting the data oi production ine*e™ annihila-
would provide helpful, complementary informatig@—9].  tion. In Sec. lll, we discusa production inpp collisons at
The Lambda baryon plays a special role in this respect. It iRHIC energies. We point out that the production/of at
an ideal testing ground for spin studies since it has a rathgtigh rapidities is dominated by the fragmentation of valence
simple spin structure in the naive quark parton model. Furup and down quarks of the polarized projectile, and is ideally
thermore, its self-analyzing decay makes polarization measuited to test whether non-strange quarks transfer their polar-
surements experimentally feasible. ization to the final statd . We predict significant positiva
Forthcoming experiments at the BNL Relativistic Heavy polarization at large rapidities of the producédks.
lon Collider (RHIC) could measure the polarization of
hyperons produced in proton-proton collisions with one of
the protons longitudinally polarizeg,' p— A'X. The polar-
ization dependent fragmentation function of quarks and glu- Fragmentation functions can be defined as light-cone Fou-
ons intoA hyperons can be extracted from such experimentsier transforms of the matrix elements of quark operators
These fragmentation functions contain information on how(10,11:
the spin of the polarized quarks and gluons is transferred to
the final stateA. The advantage of proton proton collisions, _
as opposed t@" e~ annihilation, whereA production and EDF (z)= E E J'diem*g/z
polarization is dominated by strange quark fragmentation, is z o 44 2
that A’s at large positive rapidity are mainly fragmentation )
products of up and down valence quarks of the polarized XTrI(O[¢(0)[ A (PS);n(pn))
projectile. Thus, the important question, intimately related to : e
our understanding of the spin structure of baryons, of X(A(P9):n(pn)|#(£7)[0)}, @
whether polarized up and down quarks can transfer polariza-
tion to the A can be tested at RHI{(5]. wherel is the appropriate Dirac matribR and p, refer to
In a previous publication, we have shown that the hyperthe momentum of the producetl and of the intermediate
fine interaction, responsible for th&-N and 3°-A mass systemn, Sis the spin of theA and the plus projections of
splittings, leads to non-zero polarized non-strange quarkhe momenta are defined /" =(1/y2)(P°+ P3). zis the
fragmentation function$12]. These non-zero polarized up plus momentum fraction of the quark carried by the pro-
and down quark fragmentation functions give rise to sizablelucedA.

Il. FRAGMENTATION FUNCTIONS
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Translating the matrix elements, using the integral repre- M
sentation of the delta function and projecting out the light- Zma~ I M. (4)
cone plus and helicity- components we obtain .

1 1 Here,M and M, are the mass of the produced particle and
SDi(2)= —=2, S (Uz—1)P*—p;] the produced system, and we work in the rest frame of the
z 1 V275 produced particle. We see that the location of the maxima of
N ) the fragmentation function depends on the mass of the sys-
x[{0¢ (0)|A(PS)in(pn))|%. (2} temn. While the highz region is dominated by the fragmen-
., . ] tation of a quark into the final particle and a small mass
Here, s =35y_v+3(1%ys)¢, and we have defined.  system, large mass systems contribute to the fragmentation at
=(1/\2)(yo* v3). The fragmentation function of an anti- lower z values. The maxima of the fragmentation functions
quark into aA is given by Eq(2), with ¢, replaced bypﬂ : from procesq1a) are given by the mass of the intermediate
diquark state and that of the the fragmentation functions

1 . 1 - from the processeglb) and (2b) by the masses of interme-
D= ﬁ; o[(1/z—1)P" —p, ] diate four quark states. Thus, the contribution from process
(1a) is harder than those froifib) and(2).
><|<O|¢1t(0)|A(P$|);n(pn)>|2_ ®) Energy-momentum conservation also requires that the

fragmentation functions not be flavor symmetric. While the

inA can be interpreted as the probability that a quark withassertion of isospin symmetrip » =Dy, , is well justified,
positive-negative helicity fragments into /& with positive  SU(3) flavor symmetry is broken not only by the strange
helicity and similarly for antiquarks. guark mass but also by the hyperfine interaction. Let us dis-

The operatorny (1/11) either destroys a quartan anti-  cuss the fragmentation of @ (or d) quark and that of als
quark or it creates an antiquarkjuark when acting on the quark into aA through procesgla. While the intermediate
A on the right hand side in the matrix elements. Thusdiquark state is always a scalar in the strange quark fragmen-
whereas in the case of quark fragmentation the intermediaf@tion, it can be either a vector or a scalar diquark in the
state can be either an anti-diquark stai, or a four-quark- fragmentation of the non-strang_e quarks. The masses of the

. — . scalar and vector non-strange diquarks follow from the mass
a_muquark stateqqqq, in the case of anthugrk fragmer\ta- difference between the nucleon and thg13], while those
tion, only four-antiquark stategqqq, are possible assuming of the scalar and vector diquark containing a strange quark
that there are no anthuarks in the. (Productlon ofA’S  can be deduced from the mass difference betv®emd A
through coupling to higher Fock states of theis more  [14]. They are roughlyn,~650 MeV andm,~850 MeV

complicated and involves higher number of quarks in theq, the scalar and vector non-strange diquarks, and
intermediate states. As a result it would lead to contributions_ggq Mev andm’~1010 MeV for scalar and vector di-
U

at lowerz values) Thus, we have

quarks containing strange quarks, respectiyé,12. Ac-
cording to Eq.(4), these numbers lead to soft up and down

(18 a—qqqtqq=A+dq quark fragmentation functions and to hard strange quark

(1b) g—qqa+99aq=A +9qqq, fragmentation functions.
Energy-momentum conservation, together with the split-
for the quark fragmentation, and ting of vector and scalar diquark masses, has the further im-
_ portant consequence that polarized non-strange quarks can
(2) g—qqg+qgqgqg=A+qqqq, transfer polarization to the final state To see this we note

that the probabilities for the intermediate state to be a scalar
L o . . or vector diquark state in the fragmentation of an up or down
While in case(1a the initial fragmenting quark is con quark with spin parallel or anti-parallel to the spin of the

taln_ed in the produced, in case(l_b) and (2), the A. 'S can be obtained from th8U(6) wave function of the\:
mainly produced by quarks created in the fragmentation pro-

cess. Therefore, we not only expect thats produced
through (1a) usually have larger momenta than those pro- , ;_ 1

for the antiquark fragmentation.

T ! —qd7 T
duced througtilb) or (2) but also that\s produced through 2\/§[2S (udgot V20" (us) 1= (us) gt d' (uS)og
(1a are much more sensitive to the flavor spin quantum
numbers of the fragmenting quark than those produced  —2ul(ds);,+u'(ds);g—u'(ds)ggl. 5

through(1b) and (2). In the following we assume thafb)

and(2) lead to approximately the same fragmentation func-While theu or d quarks with spin anti-parallel to the spin of

tions. In this case, the differenc®y,—Dgy, responsible the A are always associated with a vector diquarkandd

for leading particle production, is given by the fragmentationquarks with parallel spin have equal probabilities to be ac-

functions associated with proce&s). companied by a vector or scalar diquark. The fragmentation
Similar observations also follow from energy-momentumfunctions of non-strange quarks with spin parallel to the

conservation built into Eq92) and (3). The delta function spin are harder than the corresponding fragmentation func-

implies that the functionD 4(z)/z, peaks af12] tions with anti-parallel spins. Thus\D, is positive for

014021-2
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large z values and negative for small Their total contribu- -~ 10 T e
tion to polarizedA production might be zero or very small. 1 e o8
NeverthelessAD,, and ADy, can be sizable for large K4 041
values, since bot®,, andAD, are dominated by the spin- -8 0.01
zero component in the largelimit. Furthermore, they will =
dominate polarized\ production whenever the production & 10
from strange quarks is suppressed. E 1
The matrix elements can be calculated using model wave 0.1
functions at the scale relevant to the specific model and the .01
resulting fragmentation functions can be evolved to a higher 10
scale to compare them to experiments. In a previous papet
[12], we calculated the fragmentation functions in the MIT 1
bag model and showed that the resulting fragmentation func- 0.1
tions give a very reasonable description of the data’ia™ 0.01
annihilation. Since the mass of the intermediate states con- 10 4t ——t
taining more than two quarks is not known, we only calcu- 1 Delpht
late the contributions of the diquark intermediate states in the 01
bag model. The other contributions have been determined by )
performing a global fit to the"e™ data. For this, we used 0.01
the simple functional form 10
Opal L3 SLD
1 Vs =912 Vs =91.2 Vs =91.2
Dgi(2)=Ngz*(1-2)* (6) o1
0.01
PR SRS S T S T Y T S S S T S T, W U S S S S T
to parametrizeDg,=D;)y=Dgy=---Dpy and also set 0 02 0406 0 02 04 06 0 02 04 06 0.8

Dya=0 at the initial scalex=0.25 GeV.
The fragmentation functions have to be evolved to the

PHYSICAL REVIEW D62 014021

XE

scale of the experimeny,. The evolution of the non-singlet
fragmentation functions in leading ordérO) is given by

[15,16]

FIG. 1. InclusiveA production ine*e™ annihilation. The solid
lines are the result of the global fit. They contain two parts, the
fixed contributions fromD g, — Dy, calculated in the bagdashed
line only shown for the Aleph datand Dy, obtained from the fit
(dash-dotted ling xg is defined ascge=2E, /s whereE, is the

d 1dz 7 energy of the produced in thee*e™ center of mass frame anf
—[DqA_ DEA](Z,MZ): j —qu — [DqA_ DEA] is the total center of mass energy.
dinu? 27 7'
ro2 d 1dz' z
X(z',pu?). @) —2DgA(Z,M2)=f —| Pagl = | 2 Dga(z4?)
dinw z Z zZ') q
The singlet evolution equations are
+ng ; DgA(Z’a/-LZ) ) (8)
d ) 1dz z ) N .
— E Dga(z,u%) = — Paq - 2 Dga(z,p9) where the splitting functions are the same as those for the
dinp® zz z/a evolution of quark distributionsy; is the number of flavors.
. We used the evolution package of REE7] suitably modi-
+2n(Pgq| — | Dga(2',1?) fied for the evolution of fragmentation functiofisterchang-
z' ing the off-diagonal elements in the singlet case

TABLE |. Fit parameters obtained by fitting the*e~ data. We also parametrized,, — Dy, and

ADgy—ADyg, , calculated in the bag.

Parameter Dy —Dgy Duya—Dua Dga ADg\—ADgy ADy,—ADys
N 5.81x 10° 1.60x 10Y 99.76 3.7%10% —6.25x 10
a 21.55 30.49 1.25 21.21 32.48
B 13.60 28.34 11.60 13.38 27.72
y _ _ — — 0.52
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TABLE II. Fit parameters obtained by fitting thed e~ data and w1
assuming that the fragmentation functions are flavor symmetric. xo_s
Parameter Dq AT DEA DEA 0.6
N 1.92¢<10* 99.76 0.4
a 7.47 1.25 0.2
B 8.06 11.60 0

cl @

The results of the LO fit te* e~ data[18—23 are shown x

in Fig. 1. The parameters of our fits are given in Table I. The
bag model calculations foDqy—Dgy and ADgy —ADg,
were parametrized using the functional form of E8). The
fragmentation functions,AD ,—AD y=ADgys—ADgy,
change sign at some value nfhence we parametrized them
using the form

08 ‘ X
06 [
0.4

0.2

ADgr(2)~ADGy(2)=Ngz*(1~2)f(y=2).  (9)

FIG. 3. z; as a function ok, andy for two different transverse
These parameters are also given in Table |. We also pefmomenta,p, =10 GeV (left) and p, =30 GeV (right), and for
formed a fit using flavor symmetric fragmentation functionstwo different values ofx,, Xp=Xpmin+ 0.01 (top) and X,=Xpmin
which we shall need for the discussion &f production in  +0.1 (bottom).
pp collisions. Since theADy, were assumed to be flavor
symmetric in the first fit, we use the same parameters for
them in the second fit. The fit parameters are given in Table Spin-dependent fragmentation of quarks can be studied in
II. In Fig. 2, we show the calculated fragmentation functionsproton-proton collisions with one of the protons polarized
at Q?>=M2. We note that our fragmentation functions de-[5]. Here, many subprocesses may lead to the final Atate
scribe the asymmetry in leading and non-leading particléhat one has to select certain kinematic regions to suppress

Ill. POLARIZED PROTON-PROTON COLLISION

production, as well as tha polarization measured ie*e~  the unwanted contributions. In particular, in order to test
annihilation at theZ pole, very well — as has been shown in Whether polarized up and down quarks do fragment into po-
Ref.[12]. larized A the rapidity of the produced has to be large,

since at high rapidityA’s are mainly produced through va-
lence up and down quark@Ve count positive rapidity in the
d ' ' T T T direction of the polarized proton beam.

The difference of the cross sections to produce aith
positive helicity through the scattering of a proton with
positive-negative helicity on an unpolarized proton is given
in leading order perturbative QC.O PQCD) by!

10
Ado
Ec (AB—C+X)
d°pc
10
do do
=Ec— (AIB—C'+X)—E¢ S (A'B—C!+X)
10 d°pc d°pc
=2 | dxadxdZeAf pa(Xa 1) Fan(Xo %)
FIG. 2. Fragmentation functions. The solid and dashed lines abed
stand for the calculated fragmentation functions of up and strange s Ado o
quarks intoA baryons through production of A and an anti- XADcc(Zc-MZ)_Z ——(ab—cd)é(s+t+u).
diguark and correspond @,,, — Dy, andDg, — Dy, , respectively. mZe
The dash-dotted line represents the contributions from higher inter- (10)
mediate states, and is obtained by fitting #iee~ data and corre-
sponds toDg, . The short dashed line is the gluon fragmentation
function. The light and heavy lines are the fragmentation functions
at the scaleQ?=pu? and Q*=M3, respectively. Note thab g, 1Since the relevant spin dependent cross sections on the parton
=0 atQ?=pu?. level are only known in LO, we perform a LO calculation here.

014021-4
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Here, Afpq(Xa,1?) and fgy(x,,u?) are the polarized and

unpolarized distribution functions of partoasandb in pro-
tonsA andB, respectively, at the scaje. x, andx, are the
corresponding momentum fractions carried by par@asd

b. AD c(z.,x?) is the polarized fragmentation function of

partonc into baryonC, in our caseC=A. z; is the momen-
tum fraction of partorc carried by the produced. Ado/dt

is the difference of the cross sections at the parton level

between the two processes+b—c'+d and a'+b—c'
+d. The unpolarized cross section is given by Eif)) with
the A’s dropped throughout.

The Mandelstam variables at the parton level are given by

U=—xpp, Sz,
(11)

S=X.XyS, t=—X.p, vVse Yz,

wherey andp, are the rapidity and transverse momentum of
the produced\ and /s is the total center of mass energy.
The summation in Eq(10) runs over all possible parton-

parton combinationsqq’—qq’, qg—qg, qgq—qgq, .. . .

The elementary unpolarized and polarized cross sections car
be found in Refs[24,25. Performing the integration in Eq.

(10) over z; one obtains

Ado
d3

Ec (AB—C+X)

Pc

1 1
-3 7 d anfat st
abcd Jxamin Xpmin

) , 1 do
X(Xp, #")ADcc(Ze, u5)— ?(ab—md)
C

(12
with
X, X, XX, e Y
z.=5—e Y+ —¢&, x
¢ 2xp 2Xa oI =X, €
X, &Y
Xamln -y (13)
2—x,e

wherex, =2p, /s.

PHYSICAL REVIEW D62 014021
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FIG. 4. Contributions from the various channé&sto the inclu-
sive A production cross sectiorpp— A + X) and(b) to the inclu-
sive jet production cross sectiompg—jet+X) at p, =10 GeV
(left) andp, =30 GeV (right) at ys=500 GeV.

since the available phase space is limited by the acceptance
of the detectors at RHIC. However, the cross section also
decreases with increasing transverse momenta, leading to
lower statistics.

In Fig. 4, we show the contributions of the various chan-
nels to the cross section for two different transverse mo-
menta, both for inclusivé\, Fig. 4a), and inclusive jet pro-
duction, Fig. 4b). ggq—gq stands, for example, for the
contribution to the cross section coming from the subprocess
involving a gluong and a quarkg in the initial and final
states. Inqgq’ —qq’, the quarks have different flavors and

aq’—qq’ is also included. Although the kinematics are not
exactly the same for these two processeag can study the

role played by the fragmentation functions by comparing in-
clusive A and inclusive jet production. In particular, the con-
tributions from channels containing two gluons in the final

In order to elucidate the kinematics, in Fig. 3, we havestate are suppressed in inclusive production due to the

plotted z. as a function ofx, andy for two different trans-
verse momenta,p, =10 GeV (left) and p, =30 GeV
(right), and for two different values ofy,, Xp=Xymin+0.01
(top) and Xp=Xpmint 0.1 (bottom). Note thatz, is maximal
both for X, = Xpmin @NdXa=Xamin- With increasing rapidity,
y, both the lower integration limit ok,, Xamin, and the

smallness oDy, . We note thaD 4, has been set to zero at
the initial scale and is generated through evolution. Thus,
while gqg—qg is the dominant channel in inclusiveé pro-
duction, bothqg—qg andgg—gg are equally important in
inclusive jet production. There is some ambiguity due to our
poor knowledge of the gluon fragmentation — larger prob-

momentum fraction of the fragmenting quark transferred to

the produced\, z., increase. Hence, large rapidities probe

the fragmentation of mostly valence quarks into fAstThe

2While there is only one integration variabbe,, in inclusive jet

dependence on the transverse momenta is also shown in Figroduction, oncep, andy are fixed, bothx, and x, have to be
3. With increasingp, , the kinematic boundary is shifted to integrated over the allowed kinematic region in inclusiv@roduc-
smaller rapidities and the fragmentation of the valenceaion, since the produced carries only a fraction of the parton’s
quarks can be studied at lower rapidities. This is importantnomentum.
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< 0.2 ~———
o RHIC

Vs = 500 GeV
0.1f pl=10GeV

quark distributions. In particular, the polarized gluon distri-
bution is not well constrained. However, it is clear from the
kinematics that the ambiguity associated with the polarized
gluon distributions only effects the results at lower rapidities.
This can be seen in Fig. 5b where we plot the contribution
from gluons, up plus down quarks and strange quarks to the
A polarization.

Next, we contrast our prediction with the predictions of
variousSU(3) flavor symmetric models which use

Duar=Dga=Dsa - (14

We fitted the cross sections & e~ annihilation using Eq.
(14) and the functional form given in E@6). For the polar-
ized fragmentation functions, we discuss two different sce-
narios: The modelSU(3)4 (cf. Fig. 53, corresponds to the
expectations of the naive quark model that only polarized

FIG. 5. Lambda polarization at RHICa) The solid line repre-  Strange quarks can fragment into polarized
sents our prediction. The predictions®¥(3) symmetric fragmen-
tation models are shown for comparision. The model labeled as AD A =ADy4p=0, ADg, =Dg,. (15
SU(3), is based on the quark model expectation that only the po-
larized strange quark may fragment into polarizedvhile SU(3)g It gives essentially zero polarization because the strange
is based on DIS dat&b) Contributions of different flavors to th&  quarks contribute at low rapidities where the polarization is
polarization. The light dashed, dash-dotted and heavy dashed lingsippressed. Mode§U(3)g (cf. Fig. 53, which was pro-

stand for the contributions from up plus down, from strange anqgosed in Ref[2], is based on deep inelastic scatteriyS)
from gluon fragmentation, respectively, as calculated here. The egjata, and sets

timated polarization including bot&® and2* (lower dotted ling

and onlyX* (upper dotted linpdecays is also shown. See text for AD «=AD.4\=—0.2D AD..=0.6(D 16
further details. uA da : uA sA T Y- sa- (16)

This model predicts negativé polarization. Thes& U(3)
abilities forg— A will enhance the contributions from glu- symmetric models have also been discussed by de Florian
ons in inclusive A production. However, the contribution et al.in connection with the RHIC experimef#]. They con-
from the procesgig—gg falls off faster than that frongg  sider a furtherSU(3) symmetric scenario with thad hoc
—(qg with increasing rapidity, sincg(x,) decreases faster assumption that all polarized fragmentation functions are
than q(x,) with increasingx, and theA’s are produced positive and equal, independent of the flavor of the fragment-
mainly from valence up and down quarks at high rapidities.ing quark. In contrast, our fragmentation functions are calcu-

Our analysis of the kinematics and the various contribudated by using a model for hadron structure that gives a rea-
tions to inclusiveA production already indicate that po-  sonable, qualitative description of the properties of the
larization measurements ipp collisions at high rapidities Flavor asymmetridragmentation functions anplositive po-
are ideally suited to test whether polarized up and dowrarizedup anddownquark fragmentation functions are direct
guarks may fragment into polarizetl's. We calculated the consequences of this model.

A polarization using our flavor asymmetric fragmentation Finally, we address the problem &f produced through
functions for RHIC energies and fqr, =10 GeV. Increas- the decay of other hyperons, such%sands*. In order to

ing the transverse momentum gives similar results, with thestimate the contribution of hyperon decays we assume, in
only difference being thalP, starts to increase at lower ra- the following, that(1) the A’s produced through hyperon
pidities. We used the standard set of {tReya-Stratmann- decay inherit the momentum of the parent hyperon &é)d
Vogelsang(GRSV) LO quark distributions for the polarized and that the total probability to produce, 3° or =* from a
parton distribution$26] and the LO CTEQA4 distributions for certainudsstate is given by th&U(6) wave function and is
the unpolarized quark distributiofi7]. The scaleu, is set  independent of the mass of the produced hyperon.

equal top, . We also checked that there is only a very weak Further, in order to estimate the polarization transfer in
dependence on the scale by calculating the polarization usirttpe decay process we use the constituent quark model. The
u=p,/2 and u=2p, . The predictedA polarization is polarization can be obtained by noting that the boson emitted
shown in Fig. 5a. It is positive at large rapidities where thein both theX°— Ay and theS* — A 7 decay changes the
contributions of polarized up and down quarks dominates thangular momentum of the nonstrange diquark fréml to
production process. At smaller rapidities, wheteis small, J=0, while the polarization of the spectator strange quark is
strange quarks also contribute. However, since the ratios afnchanged. Then, the polarization of theis determined by
the polarized to the unpolarized parton distributions arehe polarization of the strange quark in the parent hyperon,
small at smallx,, the A polarization is suppressed. The since the polarization of tha is exclusively carried by the
result also depends on the parametrization of the polarizestrange quark in the naive quark model.

014021-6
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TABLE lII. Different channels for the production of hyperons from a positively polarized up quark andsadiquark. It is assumed
that all spin states of thés diquark are produced with threameprobabilities.=* " and=* stand for the 1/2 and 3/2 spin components of
theX*. See text for further details.

u(ds) states ul(ds)go ul(ds);, u'(d9)1 ul(ds)y 1
Relative weights z : : 1

Products Al 301 S*01 s*of Al 301 3*01 Al 304 3*0!
Relative weights % 3 0 1 : i 2 i i L
Decay products AT AT Al - Al Al AT AN AT AL AT AL AT AL AT AL AT A
Relative weights 1 3 2 0 1 0 i1 0 2 2 L o 1 % : % &2
Final weights £ £ 1 0 : 0 £ 0 & 5 2 &2 0 L 2 & £ 4

First, let us discuss the case when the parent hyperon isT(ds)o,0—>A, uT(ds)0,0—>E° and uT(ds)l,o—E* have ap-
produced by a strange quark. Since the strange quark is giroximately the same dependence and are approximately
ways accompanied by wector uddiquark, in both%° and  equal (up to the Clebsch-Gordon factorsince the ratios,

3* the fragmenation functions of strange quarks into thes/(M+M,), have roughly the same numerical values.
hyperons are muchkofterthan the corresponding fragmenta- Thus, the effect of th&° and3* decays can be taken into
tion function into aA. Thus, in the higte limit, the contri-  account by a multiplicative factor.

butions from the processes—3°— A ands—3* - A, are In order to illustrate the effect of these decays on the final
negligible compared to the direct productiea; A. Further- A polarization, we multiplied our results by these factors.
more, both channels—3°—A ands—3* —A, enhance The results are shown in Fig. 5b as dotted lines. We note that
the already positive polarization from the direct chanisel, our implementation of this correction relies on the assump-
—A. tions that the produced carries all the momentum of the

This is different in the case when the parent hyperon iparent hyperon and that all states are produced with equal
produced by an up or down quark. Bath and S0 can be probabilities. Since neither of these assumptions is strictly
produced by an ugdown) quark and ascalar ds (us) di- valid, we tend to overestimate the importance of hyperon
quark — a process which dominates in the lazgienit. (The ~ decays. Note also that the inclusion Bf decay in the
component with a vector diquark can be neglected in thisSU(3) symmetric models makes the resulting polarization
limit.) Furthermore, the up and down fragmentation func-more negative. As a result, even if effectsdfdecays are
tions of theS* are as important as those of theand3°in  included, large discrepancies still persist between our predic-
the largez limit. This is because tha fragmentation function tions and those o8U(3) symmetric models.
of 3* peaks at about 1385/(1031385)~0.58 which is
almost the same as the peak of #walar components of the IV. CONCLUSIONS
A and X, which are 1115/(8981115)~0.57 and
1190/(890F 1190)~0.57, respectively. Thus, for the up and  Measurements of tha polarization at RHIC would pro-
down quark fragmentation, it is important to include thes ~ vide a clear answer to the question of whether polarized up
from these decay processes. and down quarks can transfer polarization to the final state

The relevant probabilities to produce/a with positive ~ A. We predictpositive A polarization at high rapidities. Pre-
and negative polarization from a fragmenting up quark withdictions based either on the non-relativistic quark model or
positive polarization and ads diquark are shown in Table onSU(3) and DIS data giveeroor negativeA polarization.

lll. We assumed that all spin states of tHs diquark are Our prediction is based on the same physics which led to
produced with equal probabilities. The final weights whichharder up than down quark distributions in the proton and to
are relevant in the largelimit are set in boldface. We find the A-N and 2-A mass splittings. We also estimated the
that if we include all channels which survive in the lamge importance ofs° and>* decays which tend to reduce the
limit, the polarization of theA is reduced by a factor of predictedA polarization.

10/27 compared to the case where only the directly produced
A’s are included. Since thE* decay is a strong decay, it is
sometimes included in the fragmentation function of the
Including onlyX*, the suppression factor we obtain is 49/81.  This work was partly supported by the Australian Re-
(Only the decay of neutral.*’s is included in this discus- search Council. One of the authddsT.L) was supported in
sion. Inclusion of the chargell* decays would result in a part by National Science Foundation research contract PHY-
prediction between the two dotted lines in Fig. 5b. We als®722706. One authd€.B.) wishes to thank the Indiana Uni-
neglected the small deviation of the branching ratio¥dr  versity Nuclear Theory Center for its hospitality during the
— A from unity) Note that our model predicts that time part of this work was carried out.

ACKNOWLEDGMENTS

014021-7



C. BOROS, J. T. LONDERGAN, AND A. W. THOMAS

PHYSICAL REVIEW B2 014021

[1] EMC Collaboration, J. Ashmaet al, Phys. Lett. B206, 364 [17] M. Miyama and S. Kumano, Comput. Phys. Comm@d.185

(1988.

(1996; M. Hirai, S. Kumano, and M. Miyamabid. 108 38

[2] M. Burkardt and R. L. Jaffe, Phys. Rev. LetD, 2537(1993. (1998.

[3] M. Nzar and P. Hoodbhoy, Phys. Rev.q1, 32 (1995.

[18] SLD Collaboration, K. Abeet al,, Phys. Rev. D59, 052001

[4] J. Ellis, D. Kharzeev, and A. Kotzinian, Z. Phys. 89, 467 (1999.

(1996.

[19] ALEPH Collaboration, D. Buskuliet al, Z. Phys. C64, 361

[5] D. de Florian, M. Stratmann, and W. Vogelsang, Phys. Rev. (1994).

Lett. 81, 530(1998; Phys. Rev. D57, 5811(1998.

[20] DELPHI Collaboration, P. Abreet al., Phys. Lett. B318 249

[6] C. Boros and A. W. Thomas, Phys. Rev6eD, 074017(1999. (1993.
[7] B. Ma, I. Schmidt, and J. Yang, Phys. Rev. @, 034017 [21] L3 Collaboration, M. Acciarriet al, Phys. Lett. B407, 389

(2000.
[8] D. Ashery and H. J. Lipkin, Phys. Lett. B69, 263(1999.

(1997).
[22] OPAL Collaboration, G. Alexandegt al, Z. Phys. C73, 569

[9] C. Boros and Liang Zuo-tang, Phys. Rev.53, 4491(1998. (1997.
[10] J. C. Collins and D. E. Soper, Nucl. Phy&194, 445(1982. [23] For a compilation of the TASSO, HRS and CELLO data see

[11] R. L. Jaffe and X. Ji, Phys. Rev. Leitl, 2547(1993.

G. D. Lafferty, P. I. Reeves, and M. R. Whalley, J. Phy15

[12] C. Boros, J. T. Londergan, and A. W. Thomas, Phys. Rev. D Al (1995.

61, 014007(2000.

[24] J. F. Owens, Rev. Mod. Phys9, 465 (1987).

[13] F. E. Close and A. W. Thomas, Phys. Lett2B2, 227 (1988. [25] M. Stratmann and W. Vogelsang, Phys. Lett. 285 277

[14] M. Alberg et al, Phys. Lett. B389, 367 (1996.
[15] J. F. Owens, Phys. Let?6B, 85 (1978.
[16] T. Uematsu, Phys. Let?9B, 97 (1978.

(1992.
[26] M. Gluck et al, Phys. Rev. D63, 4775(1996.
[27] H. L. Lai et al, Phys. Rev. D65, 1280(1997).

014021-8



