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Hyperon polarization in different inclusive production processes in unpolarized
high energy hadron-hadron collisions
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We apply the picture proposed in a previous Letter, which relates the hyperon polarization in unpolarized
hadron-hadron collisions to the left-right asymmetry in singly polarized reactions, to the production of different
hyperons in reactions using different projectiles and/or targets. We discuss the different ingredients of the
proposed picture in detail and present the results for hyperon polarization in reactions gpcK ap, 7=p,
and 3 p collisions. We compare the results with the available data and make predictions for future
experiments.
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I. INTRODUCTION EZpH/\/E, p, is the longitudinal component of the momen-
tum of the produced hyperon, ang is the total center of
Since its discovery in the 19704,2], the surprisingly mass energy of thpp system. The qualitative features ob-
large transverse polarization of hyperons in unpolarized highained for the polarizations of other hyperons are all in good
energy hadron-hadron and hadron-nucleus collisions haggreement with the available data.
been a standing hot topic in high energy spin phys$ses, There are two main points in the picture that need to be
e.g.,[1-13 and the references cited thereifExperimen- i ther tested, i.e., that) the s ands that combine, respec-

tally, there are a large number of similgr experimen.ts th"?‘{ively, with the valence(ud) diquark and the remaining
have been performed at different energies and/or using difyaience quark of the projectile proton to form the produced

fgrent projectiles and/or targgts and. for the production ofy and the associatively produced’ in the fragmentation
different hyperong3]. Theo.retlcally,. dlfferent models have region have opposite spins, ai) the SU6) wave function
been proposef#t 13, the aim of which is to understand the 45 pe ysed to describe the relation between the spin of the
origin(s) of this striking spin effect in high energy reactions. fragmenting quark and that of the hadron produced in the

Clearly, such studies should provide us with useful i”forma'fragmentation process. There have been developments since
tion on the spin structure of the hadron and the spin depenye pyplication of Ref[10]. We found that exclusive reac-
dence of strong interactions. , tions such app— pAK™* ande"p—e~AK™ are most suit-
Inspired by the similarities of the corresponding datagpe 1o test pointi). We therefore applied the picture to these
[3,14,19, we proposed a new approach in a recent Lettelocesses and presented the results obtained in[R&fsnd
[10] to understanding the origig of the transverse hyperon [1¢] |t is encouraging to see that these results are all in
polarization in unpolarized hadron-hadron collisions by re'agreement with the available ddt7,18.
lating them to the left-right asymmetries obseryéd,15 in It has also been pointed olil9] that the longitudinal
singly polarizedpp collisions. We pointed out that these two ;5 arization ofA in ete~ annihilation at thez® pole pro-
striking spin phenomena shquld be closely relate(_j to eacliges a special test for poirii), i.e., whether the S(8)
other and have the same origgh We showed that, using the \yaye function can be used in relating the spin of the frag-
spin correlation deduced from the single-spin left-right eniing quark to that of the produced hadron. Calculations
asymmetries for inclusiver production as input, we can paye heen madel9,2q and the results obtained are consis-
naturally gnderstand the transverse p_olarization for. a h¥sent with the datd21,22). Since neither the accuracy nor the
peron which has qneﬁ\éalen&eiquark in common with théyp,;ndance of the data is high enough to give a conclusive
projectile, such a&™, =7, or £~ in pp collisions, orA in j,ggment, we made a systematic study of hyperon polariza-
K™p collisions. We showed also that, to understand the puzgion in other reactions which can be used to test this point
Zling transverse polarization of in pp collisions, which has 119 23, The results are in agreement with the available data
two valence quarks in common with the projectile, we nee 21,22,24, and future experiments are under way.
to assume that theands, which combine, respectively, with Encouraged by these developments, in this paper, we ap-
the valence(ud) diquark and the remaining valence quark ply the proposed picture to study the polarizations of differ-
to form the produced\ and the associatively producé&d”  ent hyperons in different unpolarized hadron-hadron and
in the fragmentation region, have opposite spins. Under thikadron-nucleus reactions. We summarize the different ingre-
assumption, we obtained a good quantitative fit to Xpe dients of the picture and their development in detail in Sec.
dependence ofA polarization inpp collisions (where xg II. In Sec. lll, we give the method of calculation of hyperon
polarization in different processes using the picture. In Sec.
IV, we apply the method to calculate the polarizations of
*Electronic address: donghui@mail.sdu.edu.cn different hyperons produced in unpolarizep, K™ p, 7*p,
"Electronic address: liang@sdu.edu.cn and X " p collisions. We present the results obtained and
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compare them with the available data. Finally, a short sumtion. C is just the difference between the cross section where

mary and outlook are given in Sec. V. Sq-N=1/2 and that where,-n=—1/2 divided by their sum,
i.e.,,C=01/(20y).
Il. THE PHYSICAL PICTURE Now, we assume the same strength for the spin correlation

in hyperon production in the same collisions. It follows that

) T : . Ghe guark which fragments into the hyperon should be polar-
proposed in Ref|10]. The basic idea of the picture is that ized, and the polarizatioR, can be determined by using Eqg.

there should be a close relation between hyperon polarizatio&) Since both the left-ri __ ;
. . -~ . . -right asymmetry in singly polarized
(Py) in unpolarized hadron-hadron collisions and left-right . jisions and the hyperon polarization in unpolarized colli-

asymmetry f) in single-spin hadron-hadron collisions. sions exist mainly in the large- region, we assume that the

Hence, if we extract the essential mformgnon engoded n th%pin correlation exists only for valence quarks of the incident
Ay data, we can studi? based on such information. There . S
hadrons. For a hyperon produced with momentoym n is

are three key points in this physical picture which are sum-: . . . ;
marized in tr)llepfollowing phy P given. The cross section for production of this hyperon in the
fragmentation of a valence quark with spin satisfyi-;}gﬁ

A. Correlation between the spin of the quark and the =1i2is (0'0+.0'1/2)’ and that for a quark with spin satisfying
direction of motion of the produced hadron Sq-nN=—1/2 is (o0p—04/2). Hence, the polarization of the

valence quarks which lead to the production of hyperons
It has been pointed oufl0] that the existence of\ in i q o P P
with thatn is given by

singly polarized hadron-hadron collisions implies the exis-
tence of a spin correlation between the spin of the fragment-
ing quark and the direction of momentum of the produced

hadron, i.e., ar§q~ n type of spin correlation in the reaction.

[Here,s, is the spin of the quarky=(pinc> Pn)/|PincX Ph| It should be emphasized th&,#0 just means that the
is the unit yector mﬁthe direction normal to the productlonstrength of the spin correlation of the forﬁg-ﬁ is nonzero
plane, andp;,. and py, are, respectively, the momentum of in the reaction. It means that, due to some spin-dependent
the incident hadron and that of the produced hadrome of interactions, the quarks that have spins along the same direc-
the major ingredients of the picture proposed in R&@] is  tion as the normal to the production plane have a large prob-
that both the existence @&y and that ofP, are different  ability of combining with suitable sea quarks to form the
manifestations of this spin correlaticﬁa~ n. Hence we can specified hyperons than those which have spins in the oppo-
use the experimental results fag, as input to determine the site direction. It does not imply that the quarks in the unpo-
strength of this spin correlation, and then apply it to unpo-arized incident hadrons were polarized in a given direction,
larized hadron-hadron collisions to stu@y, . which would contradict the general requirement of space ro-
We recall tha{14,15,25, in the language commonly used tation invariance. In fact, in an unpolarized reaction, the nor-
in describingAy, the polarization direction of the incident mal to the production plane of the specified hyperons is uni-
proton is called upward, and the incident direction is for-formly distributed in the transverse directions. Hence,
ward. The single-spin left-right asymmet#dyy, is just the averaging over all the normal directions, the quarks are un-

difference between the cross section whggepoints to the ~ Polarized.

. . S o We would like to mention also that a similar idea has been
left and that to the right, which correspondsip n=1/2 and applied to spin alignments of vector mesons in unpolarized

Sq-N=—1/2, respectively. The data oAy show that if a hadron-hadron collision§27]. It has been shown that the
hadron is produced by an upward polarized valence quark fxistence of spin alignment of the vector mesons in unpolar-
the projectile, it has a large probability of having a transversgzed hadron-hadron collision is another manifestation of the
momentum pointing to the leftl4,19. Ay measures the ex- o iience of thes,-n type of spin correlation. The results

cess of hadrons produced to the left over those produced ; : : :
the right. The difference between the probability for the had-t&)tamed are in agreement with the available dag-30.

ron to go left and that to go right is denoted Kyif the
hadron is produced by an upward polarized qy&#26|. C
is a constant in the range okOC<1. It has been shown that As discussed in the above-mentioned subsection, the ex-
[25,28, to fit the Ay data[15] in the transverse momentum istence of thes,-n type of spin correlation in hadron-hadron
interval 0.%<pr<2.0 GeVk, C should be taken aLl  cojlisions implies a polarization of the quagR transverse to

In this section, we summarize the key points of the pictur

(oot o01/2)—(0g—01/2) 04
= =—=C. (2
4 (op+ o1/ +(og—01/2) 20,

B. Relating the spin of the quark to that of the hadron

=0.6. . o the production plane of the hyperofHere, we use the su-
In terms of the spin correlation discussed above, the crosserscript 0 to denote the quark before fragmentatidio.
section should be expressed as study the polarization of the produced hyperon from this
- point, we need to know the relation between the spin of the
o=00+(Sq-N)0y, (1) quark and that of the hadron produced in the fragmentation

_ . of this quark. The question of the relation between the spin
where o and o, are independent od,. The second term  of the fragmenting quark® and that of the hadron created in
just denotes the existence of thg n type of spin correla- the fragmentation of|° is usually referred to as “spin trans-
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fer in a high energy fragmentation process.” It contains twoized case but also in the transversely polarized case, are un-
parts: will q° keep its polarization in the fragmentation? andder way. In this paper, we assume the picture is the same in
what is the relation between the spin @ft and that of the the longitudinally and transversely polarized cases and use it
hadron that containg®? in studying hyperon polarization in unpolarized high energy
The answers to these questions depend on the spin stru@adron-hadron collisions.
ture of the hadron and the hadronization mechanism. They With the two points discussed in the last and this subsec-
can even be different in the longitudinally polarized casetions, we can already obtain the polarizations for those hy-
from those for the transversely polarized case. Since neithdterons that have one valence quark of the same flavor as that
question can be resolved using perturbative calculations &f trle projectile, e.g.pp—X"X, K"p—AX, andX"p
present, phenomenological studies are need to search for the> " X. Some of the qualitative features of the results are
answers. Currently, there exist two distinct pictures for thediVen in Ref.[10]. It is encouraging to see that all of them
spin structure of the nucleon, i.e., the @Upicture based on are in good agreement with the da&.
the SU6) wave function of the baryon, and the deeply in- _
elastic scattering picture based on polarized deeply inelastic C- Correlation between the spin ofqs and that of g5 which
lepton-nucleon scattering data and other inputs such as sym- ~ combine with the (q,q,) and remaining g, to form
metry assumptions and data from other experiments. It is of the produced hyperon and the associated meson
particular interest to know which one is suitable here. To study the polarization of hyperons such /asin pp
It is clear that to study these questions, one needs to know-> A X, i.e., those that have two valence quarks with the
the polarization of the quark before fragmentation and measame flavors as those of the projectile, we encounter the
sure the polarization of the hadron produced in the fragmenfollowing question: If a hadron is produced by two valence
tation. Hence, we have the following two possibilities. Onequarks(a valence diquapkg,q, of the projectile, the remain-
is to study hyperon polarization i@"e~ annihilation at the ing valence quarkgy, produces an associated hadron. What
Z° pole, in polarizedep deeply inelastic scattering or in high are the spin states of thg, and g5 that combine with the
pr polarizedpp collisions. The other is to study the vector q,q, and the remainingy, to form, respectively, the pro-
meson polarization in these processes. duced hyperon and the associatively produced meson in the
It has been pointed out that the polarization ine“e™  fragmentation region?
annihilation at thez® pole provides a very special test of the  Theoretically, it is quite difficult to derive this since we
applicability of the SW6) picture in the longitudinally polar- are in the very smalkk region; the production of such pairs is
ized case. This is because, fofe” —Z° - AX, thesscre-  also of soft nature in general and cannot be calculated using
ated at thee"e~ annihilation vertex is almost completely perturbative theory. To get some clue to this problem, we still
longitudinally polarized. In this case, if we assume that thestart from the single-spin left-right asymmety,. The ex-
quark keeps its polarization in the fragmentation and use thisting data[14,15 clearly show thaf\y in p'p— A X is large
SU(6) wave function to connect the spin of the quark andin magnitude and negative in sign in the fragmentation re-
that of the hyperon that contains this quark, we should obtaigion. We note that thé in this region is mainly produced by
a maximum for the magnitude @f polarization since in this the valence§,d,) diquark of the projectile and is associated
picture the spin of the quark is completely transferred fo. ~ with the production of & by the remainingu, . From the
Experimental data were obtained ®te” —Z°—AX by the ~ SU(6) wave function we learn thatu(d,) has to be in the
ALEPH and OPAL Collaborations at the CERN e~ col- spin zero state and the spin of the proton is carried by the
lider LEP[21,22. We showed that if we assume that ti®  remainingu, . According to the§q~ﬁ spin correlation dis-
keeps its polarization in fragmentation and the(§Uvave  cussed in Sec. Il AAy for the associatively producet® is
function can be used in relating the polarizationgdfand positive. Hence, to understand the data &g for A, we
that of the produced hyperon which contaifs we obtain  simply need to assume that the produced by ¢,d,) and
results that are in agreement with the ddit@]. This resultis  the K* that is associatively produced by the remaining
rather encouraging. But the accuracy and abundance of theove in opposite transverse directid@s], which is just a
data are not enough to make a conclusive judgment. In pagirect consequence of transverse momentum conservation.
ticular, there is no direct measurement available at all in théNow, we apply this result to unpolarizap collisions and
transversely polarized case. We therefore made a systematignsider the case that /& is produced by ,d,) together
calculation for hyperon polarizations in all the different re- with ans quark and &K * is associatively produced by the
actions[23]. There are also data for polarization in deeply  remainingu, together with thes. According to thes, - n spin
inelastic scattering24]; they are also consistent with the correlation mentioned in Sec. Il A, the remaining should

results obtained using the 8&) picture. . . . . >
There are in addition data that provide information onhave a large probability of being polgnzed in then dlrep-
ion since the normal to the production plane for #é is

vector meson polarization in high energy reactions. The 0(5 ] - )

elements of the helicity density matrices #6t, p, etc., in ~ OPPOsite to the normai to the production plane of tha.
e*e” 2% VX have been measured by the ALEPH, DEL- The polarization is-C. SinceK ™" is a spin zero object, the
PHI and OPAL Collaborations at LE31-33. We showed s should have a polarization af C (in then direction. The
that these data can also be understood using th€)Jiit-  data for A polarization show thaP, is large and negative.
ture [34]. Further tests, not only in the longitudinally polar- This means that the quark has a negative polarization. We
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thus reach the conclusion that, to understand the polarization N(xg,Hi,T[s)=N(xg,H;, [[s)
; < Py (Xg|s)=
of A in pp—AX, we need to assume that thends have i ( Fls) N(xg ,H;,1]s) +N(xg ,H;, | ]s)
opposite spins. Under this assumption, together with the two
points mentioned in the last two subsections, we obtained a AN(Xg ,Hi|s)
good fit to the data orh polarization[10] . :—N(X,: His) ()

This point, of course, needs to be further studied and

tested experimentally. We found that the simple exclusivgNh ; : , ;

; . . ereN(xg ,H; ,l|s) is the number density dfl;’s polarized
process are most suitable for this purpose. Hyperon poIanzallr-] the saEmFe I(=I T)| o)r opposite (= |) direct?/on és trr)1e normal
tions in exclusive processes such@s—pAK" ande p

— e~ AK™ are very sensitive to the spin states of ands (n) to the production plane at a g_iveh—;; XFEZp”/\/g.’ Py is
irs If th dsh it ins. th its obtai dthe longitudinal momentum dfl; with respect to the incident
pairs. €s ands have opposite spins, e resutts oblaiN€Cy; o otion ofp, and /s is the total c.m. energy of the colliding

oo n )
for A potlr?n?#on |r;p F;r’ pAIK f shou/I{jxtalfreh'th('e rr;)axmum hadron system. It is clear that the denominator is nothing else
among the diterent channels 1pip— A4 ThIS 1S DECAUSE 1, v e number density dfl; without specifying the polar-
here we have a situation where theis definitely produced iz ation
by the (ﬂvdv) \./alen(.:e. diquark and is definitely ggsociated To calculateAN(xg ,H;|s), we divide the final hyperons
mth a K'd thtat |stef|n|ter progéjged. byt;]he remgml_ug;%f H; into the following four groups according to the different

€ Incidentp. Hence, we obtain in tnis case, = = origins for the production(A) those directly produced and
=—0.6. Thisisin goo'd agreement with t'he data obtained b%ontaining a valence diquarltwo valence quarks(q,d,)?
tbe_ C?ggso%illeit;oratlon at CERN which show thety of the projectile;(B) those directly produced and containing
o 04[17]. a valence quarqu of the projectile;(C) those from the de-

At e - +

_ We also calcglated Fhﬁ polarization |.ne p—€ _AK cay of the directly produced heavier hyperdts that con-
in all three possible spin states ®&nds, i.e., opposite, the (5 4 @,9,)" or aqp; and (D) the others. In this way, we
same, or uncorrelatefd 6]. We found that the results in the ..o v v

three cases are quite different from each other. Now, experi-
mental data have been obtained forpolarization ine™p
—e~ AK™ by the CLAS Collaboration at Jefferson Labora-
tory [18]. Comparing to the data, we see that the results

obtained in the case that the spinscafnd?are opposite are
favored. Further tests are also under way.
We now assume that this is true in general, i.e. ghthat )

combines with the of the projectile to form the hy-
! the 4,.) prol " where DA(Xg ,Hils), DBf(xg,Hils), and DSHi(xg,H;|s)

peron and thegs that combines with the remaining, to denote the contributions from groups A, B, and C, respec-

form the associatively produced meson have opposite spinﬁ ) - :

. ; . vely; the superscriptéandj denote the flavor of), and the
Under this ass.umpt.|on, WP .obta.m the result th?t t|.1e type of H;, respectivelyNy is the contribution from D.
should be polarized in the n direction and the polarization " According to the picture discussed in the last section, hy-
is —C. We apply this to the production of different hyperons perons from groups A, B, and C can be polarized, while
to calculate the hyperon polarizations in unpolarized highthose from D are not. This means that those from A, B, and

energy hadron-hadron or hadron-nucleus collisions in the: contribute to the numeratdrN of Eq. (4), i.e., we have
next section.

We emphasize that the above mentioned result is true for
the production of hyperons associated with the production of AN(Xg ,H;|s)=ADA(Xg ,Hi|s)+ >, AD®f(xg ,Hi|s)
pseudoscalar mesons. The situation should be different if the f
associatively produced meson is a vector meson. This influ-
ence will be further investigated in a separate papét and +Z ADCHi(xg ,Hjls). 5)
here we consider only the former case. !

N(XF 1Hi|s):NO(XF 1Hi|S)+DA(XF vHI|S)

+2 DB (xe Hils)+ 2 DOMi(xe Hils),
: ]

Since valence quarks usually carry large fractions of the
momenta of the incident hadrons, we expect that, for very

Using the picture discussed in the last section, we camargexg, D*(xg,H;|s) dominates. For smakg, N, domi-
calculate the hyperon polarization in different hadron-hadromates, while for moderate-, DB(xg ,H;|s) plays the domi-
collisions. We now present the formulas used in these calcuaant role. Hence, if we neglect the decay contributions, we
lations. expect from Egs(3)—(5) that PHi(xF|s) has the following

general properties. Fotg increasing from 0 to 1, it starts
from 0, increases t&;AD® (xg,Hi|s)/2¢DB® (xg ,Hi|s),

We consider the proces3+T—H;+X, whereP andT  and finally tends taAD*(xg ,H;|S)/D”(xg ,H;|s) at xg—1.
denote, respectively, the projectile and target hadronsHand We will come to this point in the next section for particular
denotes theath kind of hyperon. The hyperon polarization hyperons in the specified reaction. We now first discuss the
Py, is defined as calculations of all thesB®’s, AD'’s, andNj in the following.

Ill. THE CALCULATION METHOD

A. General formulas
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B. Calculations of D’s and Ng verse momentum ofi;. In our calculations, we simply ne-

The contributions of hyperons from the different groupsgj'e‘:t the distribution and take:-= (x¢(H;—H;)) for a given
discussed above are entirely determined by the hadronizatioft - IN this approximation, we have
mechanisms in the unpolarized case. They are independent

of the polarization of the hadrons. We can calculate them M. My Xg

using a hadronization model that gives a good description of D®™i(xg ,Hi|S)*BF(Hj—>Hi)E —|D” E J !Hj|5)
the unpolarized data. For this purpose, the simple model used Hi H HiH;

in Refs.[25,26,33 is a very practical choice. In this model, My Xe

hyperons from gro_upsA and B are desgrlbed as the products +E DB f I ,Hj|s) ’ (8)
of the following “direct-formation” or “direct-fusion” pro- f EHi H;

cess. For A, itis

whereBr(H;—H;) is the branch ratio for the decay channel.
Having calculated all thes®’s, we can obtain th&l, by
parametrizing the difference of the experimental data using
the number densit\N(xg,H;|s) of producedH; and these
qf+(quS)THHi, D’s. We emphasize that the direct-fusion model has been
proposed to describe the production of hadrons in the frag-
Whereql and (@<0s) " denote a sea quark or a sea diquarkmentation region. As has been shown by comparing different
from the target. The number densities of the hyperons proparts of the contributions tdN in Refs. [25,26,35, this
duced in these processes are determined by the number denechanism plays the dominating role in the largeregion

(qqu)P_'—q-sr_)Hi '

and for B, it is

sities of the initial partons. They are given [$5,26,35 such asx=0.5-0.6. It is clear that nobody knovespriori
A d +P/op - wh(_at_her the quark dis_tribution functic_ms can be used in de-
DA(xg ,Hils) =« fp(x719,0,) 95 ("), (6)  scribing the quark-fusion process which leads to the hadrons
in the fragmentation region with moderately large. The
DB (xe ,Hils) = rp.af (XP) F5(XT|ass), (7)  applicability follows from the empirical facts pointed out by

Ochs[37,38, and the phenomenological work by Das and
wherexP~xg and x'~ mﬁi/(sxF), following from energy- Hwa[39] a long time ago. It has been pointed out that vari-
momentum conservation in the direct formation processe2US €xperiments have shown that the longitudinal momen-
q:(x) is the quark distribution function, whergdenotes the tum d|st_r|but|ons of the_ produced hadrons in the fragmenta—
flavor of the quark and the subscriptv or s denotes tion region are very S|m|I<_':1r. to those of the corresponding
whether it is for valence or sea quarkis(x|qiq;) is the valence quarks in the colliding hadrof37,3§. The model

diquark distribution function, wherg;q; denotes the flavor follows directly from this observation. It is interesting to

and whether they are valence or sea quarks, and the supé‘rc-’te that this simple model not only is consistent with the

. observation of Och$37,3§ already made in 1977 and the
scriptsP oerenoFe the name of thg hadrorﬁi andKHi gre . theoretical work by Das and HwW&9], but also has experi-
two constants WhICh are fixed by fitting two data points ingnced a number of tests such as isospin invariandé oétc.
the largexg region. (for a summary, see Refi25]). Furthermore, the energy de-

Since most of the decay pcr%c;ess}eﬁeHi+X that we  pendence that is contained B due to the energy depen-
consider are two-body deca)?, Ti(xe Hils) can be calcu-  gence o™ leads[40] naturally to the energy dependence of
lated from a convolution 0D®(x ,Hj[s) or D®(x¢ H[S)  the single-spin left-right asymmetnpy observed by the
with the distribution describing the decay process. The calgn| gg25 Collaboratior[41] compared with those by the
culations are in principle straightforward, but in practice apermilah E704 Collaboration. We use this model to calculate

little complicated, and detailed information about the transyhe p's and N, in Eq. (4). The quark distributions are taken
verse momentum distribution &t; is needed. Since the in- fqm parametrization at lowD? such asQ~1 GeVr.

fluence is not very large, we use the following approximation
for simplicity. We neglect the distribution caused by the de- )
cay process and take the average valuexfoinstead. More C. Calculations of AD's

precisely, we takéi;—H;+M as an exampléwhereM de- The calculations of the differences, i.AD”, AD®, and
notes a mesgnFor anH; with a given longitudinal momen- ADCHj  are the core ingredients of this model. They are
tum fractionxk, the resultingss of the producedH; cantake described in the following.

different values. The distribution of: at a fixedx: can be

obtained from the isotropic distribution of the momenta of 1. Calculation of AD*

the decay products in the rest frame l6f. This can be  Thjs is to determine the polarization &f, coming from
calculated if the transverse momentumtbf is also given.  group A ie., ,9,)°+al—H;. Here, as mentioned in the
The average value of the resulting has a simple expres-

. last section, we consider only the case th Pragl
sion, <XF(Hj—>Hi)>:XLEHi,Hj/mHj1 where EHi'HJ_:(mE“_ Y thata)”+ ds

) 5 ] ] —H; is associated with the production @f + qs— M where
+my, —my)/(2my) is the energy off; in the rest frame of v s a pseudoscalar meson. We recall that, according to the
H;. We see thatxg(H;—H;)) is independent of the trans- third point discussed in Sec. 4 should be polarized in the
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—n direction and the polarization is C. Hence, to deter- in different spin state§q,d,)s, s, ds)- We denote this rela-
mine the polarization ofH;, we need to know the relative tive weight byw(sy,s4nld,a,). After that, we make the pro-
weights for @,q,)” to be in the different spin states jections of these different spin statk(qqu)sd,sdnqé) to the
|(duGu)s, s, Where the subscriptsy and sy, denote the wave functions|H;(s,)) of H; with different values ofs,
spin and itsn component of the diquark,q,. Since the (which denotes the projection of the spintdf along then
0,9, is from the projectileP, these relative weights can be direction and obtain the relative weights fdd; to be in
calculated using the S6) wave function ofP. In this way, different spin states. The polarization of sueh is then
we obtain the relative weights for the production afq,)gs  given by

2 W(Sd 1Sdn|quu) : |<(qqu)sd ,Sdnqél Hi(sn)>|2' Sh

Sn+Sd »Sdn

P = C=aj C. (9)
2 W(Sd vsdr'llqqu) : |<(Qqu)Sd +Sdn £| Hi(sn)>|2' Sn,max
Sn +Sd »Sdn
|
Hence, the differencAD” is given by that theq, is contained inH; [23]. Obviously, using the
SU(6) wave function oH;, we can calculate thesf ¢'s for
ADA(xg Hils)=af} CDA(Xe  Hils). (10 '

differentH; and quark flavof. The results are given in Table
I. Hence, the differencAD® is given by

For different reactions, the corresponding,'s are calcu-
' ADB'f(xF,Hi|S)=Ct,'f|iYfDB’f(xF,Hi|S). (13

lated and the results are presented in the next section.

2. Calculation of ADBf 3. Calculation of AD®H;
The polarization ofH; coming from group B, i.e.,q,'f To determine the polarization ¢; from the decay pro-
+(9s0s) '—H; , is determined in the following way. cessH;—H;+ X, we should first determine the polarization

First, using the first point discussed in Sec. Il, we deter0f Hj. SinceH; is directly produced and the origins belong
mine the polarization off, . As given by Eq(2), it is polar- ~ to group A or B discussed above, its polarization is deter-
ized in then direction and the polarization 8. Second, the Mined in the same way as in the last two cases. The polar-

corresponding relative probabilities for all possible spiniZation of H; can be transferred t#l; in the decay process

states of §.g.) are taken as the same. This means that!j—Hi*X. The probability is denoted bif; and is called

0,(9s9s) has equal probability of 1/4 to be in the different the decay spin transfer factor. This means that

spin stateéql(qsqs)sdysdn> wheresy;=0,1 andsy, takes all ADC'HJ(XF,Hils)~CtPjBr(Hj—>Hi)
possible values. Finally, we project the different spin states '
of g,(ds0s) to |Hi(s,)) to calculate the relative weights for My, A A My Xe
H; to be in the different spin states. Then the polarization of X En 4 ay,D En n Hils
suchH; is given by P P
H
+2, th (DB —— Hj|s

s ;S |<ql(qSQS)Sd,sdn|Hi(Sn)>|2'Sn Ef Hj f EHi HJ- ll

n»>d>dn
- S Kol CmeiC 14

Ka)(Asds)s, s, Hi(Sn)) - 50,
Sn +Sd Sdn °7 S Bant R e The decay spin transfer factq?j is universal in the sense

(1) that it is determined by the decay process and is independent

. . - O . .
We note that, for a spin 1/2 hyperoty , we have of the process by whichi; is produced. FoB."— Ay, itis

TABLE I. Fragmentation spin transfer factdi;i ¢ Obtained us-

aﬁ’if:2<5f,n>, (12 ing the SU6) wave function.
which is nothing else but the polarization of the valence A 3" 30 - = B~
quarkq of flavor f in HiT along the polarization of; . It is 0 2/3 23 0 13 0
just the fragmentation spin transfer facufri’f, which is d 0 0 2/3 2/3 0 13
defined as the probability for the polarization @f to be s 1 —1/3 ~1/3 ~1/3 2/3 2/3

transferred tdH; in the fragmentation, —H; + X in the case
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determined 332,20:_1/3 [42]; and for E—Am, t5 = DBU(x,EOs) = k=, (XP) fo(X|seSs), (21)

=(1+2v)/3, wherey=0.87 is a constant and can be found

in the “Review of Particle Propertieg43]. DBY(xe,E 7 |s)=rk=d,(X7) fp(XT|SsSs), (22)
IV. RESULTS AND DISCUSSIONS wherex”~xg andx"~mZ/(sxc).

In this section, we apply the calculation method given in,. As d|sc_ussed in Sec. IIl, their contributions Aoproduc-
téon are given by

last section to hyperons in different reactions, and present th
results obtained.

S DC(xg,Als)~ M| paf TaXe ,2°|s)
A. Hyperon polarization in p+p—H;+X Exso Exso
We first consideipp or pA collisions and present the re-
sults for different hyperons. As we can see from the last + > DB’f(%,EOIS) . (23
section, the hyperon polarizations in the proposed picture f=ud A0
depend on the valence quarks of the projectile and the sea of
the target. Hence, if we neglect the small influence from the o m= M=Xg
differences between the sea of the proton and that of the D= (xg,Als)~ = DB'“( = ,EOIS), (24)
neutron, we should obtain the same resultspiarpn, or pA AE AE
collisions. m Mx
1. pHpoA+X D= (xg,Als)~ EA”EDB'd E; ;,E |s), (25

The calculations o, in pp—AX have been given in ] )
Ref. [10]. For completeness, we summarize the results herd€Spectively. Hence, we obtain
For A production inpp collisions, there is one contribut-

ing process from group A, i.e.u(d,)”+sl—A. There are N(xg,A[8)=No(Xg ,Als)+DA(xe ,Als)
two contributing processes from B, i.elf,’+ (des) T— A and
dP+ (ussg) T—A. Thus, we have +f2d DB f(xg,Als)
<
DA(xe , Als) =k fo(x7|u,d,)ss(xT), (15)
+ > DSHi(xg,Als).  (26)
DBY(xg ,A|S)= kU, (XP) Fp(XT|dsSs), (16) Hj=30E0E"
DB 9(xg,Als)=k,d,(xP) fp(X|ugSs), (17 The different weightsw(sq,sgnu,d,) for (u,d,) from

protons in different spin states can be calculated by rewriting
where xP~xg and x"~m3/(sx:), following from energy-  the SU6) wave function of the proton as follows:
momentum conservation in the direct-formation processes;
% and k, are two constants. Here, as usual, we omit the 1
superscripts of the distribution functions when they are for  |p')= ﬁ[:%uT(ud)oyoJr u'(ud)y o— V2u!(ud)y 4.

rotons.

P We take the contributions af”=(1/2)" hyperon decay (27)
into account. ForA, we haveX°—Ay andE% —A 7%,
For pp—2%X, we have similar contributing processes from
groups A and B as those fgp—AX, i.e., (u,d,)"+s!
—30 uP+(dgsg) T2, andd’ + (ugsg) T—3°. The num-
ber densities oB° from these processes are given by

Taking into account that the proton is unpolarized and thus
has equal probabilities to be jp') and|p'), we obtain the
results forw(sy,sqnlU,d,) as shown in Table Il. We then
project the different spin states ofti(d,)ss on the wave
function of A and obtain the relative weights for the produc-

DA(Xe . 30s) = k8of o (xP|u. d,)S<(XT), 18 tion of A from this process in different spin states in Table II.
(Xe 2718) = Ksof (x|, dy)ss(xT) (18 From these results, we obtain also th§ as shown in the

DBU(xe,39s) = ks U, (xP) fp(XT|dess), 19 table. Hence its contribution toAN(xg,Als), i.e.,
(e 2718) = resU, () o (x| dss) 19 ADA(xg,A|s)=CaDA(xg,Als), can also be calculated.

DBI(xg,30/s) = ks d, (XP) f o (XT|UgSs), (200  Similarly, we obtain the corresponding results ¥t produc-

tion and show them in the same table. From these results, we
respectively. HerexP~xg andx"~m2/(sx), xS0 andxy  Obtain that
are two corresponding constants P production. Fopp

—E° and pp—E X, we have no contributing process AN(Xg ,A|s)=CaD*(xg ,Als)

from A but some from B. They are’+ (sss)™—E° and

dP+ (ssss) T—E ", respectively. The corresponding number + > AD®Hi(xg,Als), (28)
densities are given by Hj=305%E"

014019-7



DONG HUI AND LIANG ZUO-TANG PHYSICAL REVIEW D 70, 014019 (2004

TABLE Il. Relative weightsw(sy,SqqU,d,) for theu,d, diquark from the proton in different spin states,
those for the produced and3°, the correspondingﬁ and ago, and the total weightsvﬁ andwgo.

Possible spin states (u,dy)ocSt (uyd,)1 St (u,d,)1 1St
W(Sg,SqnlU,d,) 3/4 1/12 1/6
Possible products Al 30l Al 30l Al 301
|<(qqu)sd ,sdnqélHi(Sn»lz 1 0 0 1/3 0 213
The final relative weights 3/4 0 0 1/36 0 1/9
The resultingwf}; and af}; A: 3/4,-1; 30 5/36, 3/5
d d . d
m Ms X Ky =Wy -k, (32
ADCE(xp ,A|8)~Ct2 s | adoDA| = 395 S
' EA,EO EA,EO
where« is taken as a constant independentipf and
My X
+ > t5o DB =F s |,
f=u,d ’ EA,ZO
(20 Wh=_ 2 W(sq,Sanl0,0,) K(G)s, s, 0e Hi(s)F
Sd +Sdn +Sn
(33
- mz= m=X
ADCE’(xg ,A|s)~Ct] otEo — DB'“(“—F,E%), _ _ _ _
EEUEN = Erz is the total relative weight for the production éf; from
(30 (9,9,)°+ ql—>Hi. This means that only thid; dependence
of x| from the spin statistics is taken into account. The
o mz mzsX ! . . .
AD®E (xg,Als)~CtR otE dE_HDB’d(E;F,EIS ., wp's for A and3° are given in Table II. In this way, we
A= A= (31  have only two freex’s, i.e., x4 for (q,9,)"+q.—H; and

Ky =« for qUP+(qsqs)T—>Hi . We determine them by using
where the fragmentation spin transfer factdys  for differ- the data foN(x,Als) [44].

ent quark flavord and different hyperonsi; are listed in Having the«’s, we calculateP_A(>_<F|s_) as a fqnctlon of
Xg . For the unpolarized quark distribution functions, we use

Table |, and the decay spin transfer facttﬁ,s_,j are givenin - Glick-Reya-Vogt(GRV) 98 leading ordefLO)set[45].
Sec. Il . For the unpolarized diquark distributiofy,(x"|q,q,), we

Using the results given by Eq$15)—(31), we can now yse the parametrization given in Rg46]. For the unpolar-
calculateP , (xg|s) as a function ok . Before we show the  jzeq diquark distributiorf o(x"|q<gs), we simply use a con-
numerical results, we first look at the qualitative featuresyojytion of g(x) for the two sea quarks. The results obtained
Just as mentlor/led at the end of Sec. Il A fp—AX, we  for p, (xc|s) are given in Fig. 1. The data in the figure are
expect that D*(xg,Als), ie., the contribution from gniy those forp;>1 GeVic, because th€ that we used in
(u,d,)P+si—A, dominates N(xg,Als) at Xe—1. the calculations was determined By, for the py interval
No(Xg,Als) dominates for very smallxe, while 0.7<p;<2.0GeVk. We see clearly that, ag= changes
DBY(xg,Als) and DBY(xg,Als), ie., those fromu;  from O to 1, theP,(xg|s) obtained indeed starts from 0, goes
+(dss) "= A and d¥'+ (ussg) T~ A, play the dominating slowly to about—15%, and finally to about-50% atXq
role for moderateg . Sincea’y =—1 andtf ,=t§ ;=0, we

expect that, if the decay contribution can be neglectedxdfor c 0 ——— )
going from 0 to 1P, (Xg|s) starts from 0, becomes nonzero (] p+p/A—>A+X |
quite slowly, and tends t@aﬁz —C at xg=1. Taking the E 0.1F ]
decay contribution into account, we expect a significant con- 5 ]
tribution from=°— A y which leads to a negative , (xg|s) o -02f J
at moderatexg and makes théP, (xg|s)| less thanC at xg o °+ + ]
near 1. -03F p,>1GeVic .
We now use Eqs(15)—(31) to get the numerical results O~ pBe; p=400 GeV/c ]
for P, (Xg|s) as a function ok . The only unknown param- 04 @ PBe;p=800GeVic h
eters are thec’s, which should be determined by the unpo- "1 W pp; Va=62GeV ]
larized experimental data on the number densities for the 5 A PPb; p=400 Gevic .
corresponding hyperons. To reduce the arbitrariness in deter- "o 0.2 04 06 08 1

mining thesex’s, we take the samey's for different hyper-

ons produced in processes of group B. For those from group FIG. 1. Calculated results for the polarization ®fin pp colli-
A, we take theKHi’s for different hyperons as sions as a function ofg . Data are taken from Reff47—-49.
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TABLE lIl. Relative weightsw(sg,Sqn|U,U,) for theu,u, diquark from protons in different spin states,
those for the produced *, the correspondingz;. and the total relative weight/§+.

Possible spin states (UyU,)1 St (UyUy) 1 1St
W(Sg ,San|U,Uy) 1/3 213
Possible products St ol
|<(uvuu)sd,sdns£|2+(sn)>|2 1/3 2/3
The final relative weights 1/9 4/9
The resultingw’g+ and a'§+ W§+=5/9, a§+=3/5

—1. These qyali_tative feat_ures are the same as we E!Xpe'(cviheret;’u is given in Table |.a'§+ is calculated in com-
from the qualitative analysis above and are in good agreepjetely the same way as) in the last subsection. The results

ment with the dat§47-49. _ _ are given in Table Ill. Thus, we have
It should be mentioned that, in the calculations presented

above, we considered only the associated production of hyp2+(xF|s)

perons of group A, i.e.,o(qu)"+ql—>Hi, with a pseudo-

scalar mesom, i.e., qf+a'erM. It is clear that the asso- a§+DA(XF ,2*|s)+tg+ DU (xe 2 F]s)
ciatively produced hadron can also be a vector meson. =C " A , 5o NG
Taking this into account, we expect that the correlations be- No(Xe =" |s)+D"(xg 2 "[8)+ D> (xe 2 s)
tween the spins of these quarks will be reduced. As a conse- . . - =0 _£3.8)
quence, the polarizations of hyperons from group A should The situations for the production &, =7, and= " in

be slightly reduced. Since such mesons contribute mainly &P collisions are even simpler: There is no contributing pro-
large X, this effect should makéP,| smaller than those C€SS from group A and only one contributing process from B.

presented in Fig. 1 in the large: region. From the figure, When onlyJ”=(1/2)" hyperon decay is taken into account,
we also see that there is indeed room left for such an effecfl€re is also no contribution from hyperon decay to these
Similar effects exist for pp—3*X and 3-p hyperons. Hence, we have

— 3" (or E7)X which will be discussed in the following.
How large this effect can be is determined by the hadroniza-

t5- DB(xe, 27 ]s)

tion mechanisms. Presently, we are working on an estima- PE’(XF|S):CN (xe,3 " |s)+DBd(x 2‘|s)' (39
tion. The results will be published separatEBg]. o F
F =
2. p+p—X*(or E°7)+X Poo(x,]s)=C tzo D! (Xe . E%l3) |
In a completely similar way, we calculate hyperon polar- B No(x ,Z%s)+ D" (X, E°s)
izations forpp— 3=~ or £%7)X. The results are given in the (40
following. . B
For pp—2*X, there is one contributing process from B tz- D7 (Xe . B |s)
group A, i.e., (1,u,)P+s!—3 ", and one from group B, i.e., PE’(XF|S)_CNO(XF - |s)+DB(xc,E|s)’
uf+(uSsS)T—>E+. The corresponding number densities are (41)
given by
where thet}, ('s are given in Table I;
DAXe 27 [8) =S Fo(X7|u,u,)si(xT), (34
D®9(x ,27[8)=rd, (x") fp(x"|dsSy), (42)
DB(xe 2" |s) = ru, (x") fp(X"|UsSs), (35

andD®Y(xg,E%s), andD®9(xg,Z"|s) are given by Egs.
(21) and(22).

From these equations, we can calcul&e:(xg|s) and
P=(xg|s) in pp collisions. Just as we mentioned at the end of
Sec. Il A that forpp—3 "X we expect thaD*(xg,3 *|s)
dominates at largeg, D®Y(xg, " |s) plays the dominating
role at moderatexz . Hence, we expect from E¢38) that
Ps+(Xg|s)=0 for xg near 0, increases t6t§+’u=0.4, and

wherexP~xg andx"~mi/(sxg). In the case that only®
=(1/2)* hyperon decay is taken into account, there is no
contribution from hyperon decay ®* production. Hence,
we have

N(Xe, 2 *|s)=Ng(xg , =" [s) +DA(Xe, 2 ]s)

+DBY(xe, 2 s), (36) finally tends toCa4 .= 0.36 with increasinge . The situa-
tions for> ~, 2° and= " are even simpler since there is no
AN(Xg 3 "|s)=C[ a4 - DA(xg 3 [s) contributing process from group A. Herbl, dominates at
. .- N small xg, while DB dominates at larger . We thus expect
e PPUXE2T]S)], 37 that Ps-(xg|s)=0 for xg near 0 and increases (btg,'d
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FIG. 2. Calculated results for the polarizations3of and =%~ FIG. 3. Calculated results for the polarizations3of and =%~
at p;,.=400 GeVt in pp collisions as functions ok . Data are  at p;,.=800 GeVk in pp collisions as functions okr . Data are
taken from Refs[50-53. taken from Refs[54,55.

=0.4 with increasingg . ForE, P=(xg|s)=0 for xg near 0
and increases tﬁ:tgfz —0.2 with increasingg . To sum-
marize, we expect that botRs +(xg|s) and Ps-(xg|s) are
positive in sign and increase fast to about 40% with increas
ing Xg. On the other hand, botR=o(Xg|s) and P=-(Xg|s)
are negative in sign, and they decrease-t80% with in-
creasingXg . The magnitudes oPs+ are expected to be
larger than those oP=. These qualitative features are in
agreement with the available dd&0-55.

We now use EQqs(38)—(41) to obtain the numerical re-
sults forPy = (xg|s) andP=(xg|s) in pp collisions. The only Since we have a meson as projectile, there is no contrib-
unknown isN, for the corresponding hyperon. As we men- uting process from group At~ p— A X. There is one con-
tioned earlier in Sec. 1IN, is independent of the polariza- tributing process from B, i.es) +(uds)"—A. Thus, we
tion properties and can be determined using the data fdnave
N(xg ,Hi|s). Since there are no suitable data available for
different hyperons, we make the following estimation based DBS(xg,Als)= ksl (x") fp(X|usds), (43
on our result foNy(xg,A|s). We simply assume that the b o ]
dependences of all thedg(x ,H;|s)’s are the same. Hence, Wherex"~xg andx'~mj/(sx). The superscripK for the
we have No(Xg,Hi|s)=No(Xg,Als)(ny)/(n,), where quark distribution functions denotes that they are for quarks

' in a K meson.

Just aspp—AX, there are also contributions from hy-
peron decays t& p—AX. In K™ p collisions, we have
similar contributing processes from group B ¥§ and =
production, i.e.,s’+(udg) =30 s"+(us)T—E° and
sf+(dSsS)T—>E‘, respectively. The corresponding number
densities are given by

cantly different from zero for larger . Furthermore, com-
pared with those foP, in pp— AX, the data show tha® ,

in K" p— AX has a different sign from that fqggp— A X.
Forxg from0to 1,P, in K~ p— AX begins withP ,~0 and
increases monotonically to about 40%>gt—1. Now we
apply the proposed picture to this process, compare the re-
sults with the data, and make predictions for other hyperons.

1. K +p—A+X

(nHi> is the average number &f; in the central region. For
directly produced hyperons, we takes+)=(ns-)=(Nyo)
=(n{"), and (nz)=\(ng), where A\=0.3 denotes the
strangeness suppression factor. We té‘.l?eand_E decays
into account, and obtain thén,)=(2+2)\)(n{"). In this
way, we obtain a rough estimation of thg(xg,H;|s). Us-
ing this, we obtain the numerical results ﬂégz(ora)(xﬂs)

at pinc=400 GeVkt as shown in Fig. 2, and those pi,. DB’S(XF,20|S):KSL((XP)fD(XT|USdS), (44)

=800 GeVk in Fig. 3. We see that the results show clearly

the qualitative features mentioned above and that these fea- DBS(x,Z°s) = ks|(xP) f o (x| ugSs) (45)
v = v ’

tures are in agreement with the d&0—55.

B,s =5 — Ky P T
B. Hyperon polarization in K™+p—H;+X DP(xe B 7[8) = ks, (x7) fp(X|dsSy), (46)

There exist also data for hyperon polarizationKn p respectively.
— AX. The data show thd®, in this process is also signifi- Hence, we obtain
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t DBS(xg,Als)+ t? Hjtﬁj DCMi(xg,Als)
’ Hi=s020=- 11
PA(Xe|s)=C : : (47)
No(Xe,Als)+DB3(xg,Als)+ > DCHi(xe,Als)
Hj=30E0="
mH_ mH_XF
DCMi(xg ,Als)~ =——D®S —— Hjls|, (48)
EA,Hj EA,Hj !
|
where the fragmentation spin transfer facttf(js's for quark t;’sD B.S(xq,3 " |s)
flavorss and different hyperonbi; are given in Table I, and Ps-(xg|s)=C N S -|s)+ DB 5| )
the decay spin transfer factoﬁ%Hj are given in Sec. Il o(Xg .2 7|S) (Xg,2"]s) (52)
Using Eq.(47), we can now calculat® ,(xg|s) in K™p

collisions as a function ofg . Just as mentioned at the end of tt, DBS(xg,Z0)s)
Sec. lll A, for K" p—AX, we expect thalN, dominates at P=o(xg|s)=C =08 P ,
small x¢, while DB(xg,A|s) dominates at large since No(Xg,E°[s)+DB3(xe,E°s)
there is no contributing process from group A. It is clear that (53
PA(Xg|s)>0 and, if the decay contribution is neglected, .
P, (Xg|S)=0 for xg near 0 and increases fOti’S=C=O.6 tE,’SDB'S(xF ,E7|s)
with increasingxg. The decay contribution should make PE*(XF|S):CN (Xe 2~ |s)+DBS(x =*|s)'
P.(xg|s) slightly less thanC at xr—1 because 0 o= P (54)

<tR,Hthj <t forall Hj=3°E0=".

We now use Eq(47) to obtain the numerical results for where thetf|i &S are given in Table I.
PA(Xg[s) in K™p collisions in order to get a more precise |t is also clear that, for the productions of these hyperons,
feeling for the above-mentioned qualitative features. HereN0 dominates at smabk, while DB plays the dominating
for the unpolarized quark distribution function of the kaon, (gje at largexy . We expect that, foB,* in K~ p collisions,
we use the GRV-P LO sé66] for that of the pion instead. Py (xg|s)=0 for x near 0 and decreases mg ——02

. . . . - S '

For No(Xg ,H;|s) in _thls process, we simply assume it to be \with increasingxg . For K p—EX, Px=(xe|s)=0 for xe
the same as that ipp collisions. The results obtained for near 0 and increases m;,s: 0.4 with increasingcs . This

PA(Xg|s) are given in Fig. 4. We see clearly that, &s . A
. . means th +(X isn ive in sign an r
increases from 0 to 1, thE,(Xg|s) obtained starts from 0 eans thaPs=(x¢|s) is negative in sign and decreases to

and increases to about 40%xgt— 1. These qualitative fea- 1

tures are in good agreement with the d@Z@—61. _S i T
= K'+p/A—H+X
2. KT+p—>3* (or E%7)+X N 08'_ ]
s o
Similar to K"p—AX in K™ p collisions, there is also ° | S A Selc ?
only one contributing process from group B to the produc- o L A O 10416 GeVie ]
tion of each of these hyperons. F&r" and 3™, they are 0.6 A 143 GeVic -
s7+ (ugug) T3 " ands] + (ddg) T3, respectively. The [ ¢ 8.25GeVic
corresponding number densities are given by
DB2(xe, 2 *[s) = sy (XP) fp (X |uguy), (49)
DES(x¢ X |s) = ksl (X7 fp (x| dedl), (50)
respectively. The contributing processes from B=Eopro-
duction have been given in the last subsection and their cor-
responding number densities are given by E4S) and(46). I ]
Thus, we have i I Y S ¥ R Y- ¥
Xe
t§+ SDB’S(XF,E+|S) . . . _
P2+(XF|S)=C . , (51 FIG. 4. Calculated results for the polarization A&fin K™ p
No(Xg,= " |s)+DBS(xg,2Fs) collisions as a function of. . Data are taken from Reff57—61.
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g L B that the results show clearly the qualitative features men-
= K +p/A—H+X ] tioned above and that those fa&r~ are consistent with the

N 08F 7 available data. They can all be further checked by further
& [ Z0orz O 420evie ] experiments.

o) | = = A 5GeVic

O o6

C. Hyperon polarization in 7*=+p—H;+X

Now, we apply the proposed picture to"p collisions.
From the isospin symmetry, we obtain thRt, in 7 p
— AX is the same as that in” p—AX, andPs+ andP=o
in 7*p collisions are the same @&s- and P=- in 7= p
collisions, respectively. So we give only the calculations for
W7+p—>H|+X

1.7 +p—>A+X
I Similar to K" p— AX, there is also no contributing pro-
- cess from group A tar” p— A X. There is one contributing
0.2~ process from B, i.ed’+ (uss) "— A. Thus, we have
0 0.2 0.4 0.6 0.8 DB’d(XF ,A|S)= Kd:(XP)fD(XT|USSS), (55)

P Teom?
FIG. 5. Calculated results for the polarizations3of and 2%~ Wh‘(]are? X¢ andj)\(x tmhA/(SXF)' | tributi f h
in K™ p collisions as functions ofg . Data forE~ are taken from ustas iIrpp— » (N€re are also contributions rom ny-

Refs.[62,63. peron decays tar  p—AX. In 7 p collisions, we have
' similar contributing processes from group BX§ and Z~
. . . . . . . H ; P T 0 P T_ . =-
—20% with increasing«e, while P=(xg|s) is positive in ~ Production, i.e.,d, +(usss) ' —2" and d, +(sssg) ==,
sign and increases fast to 40% with increasing The mag-  espectively. Their corresponding number densities are given
nitudes ofPy+ should be smaller than those Bt . These by

qualitative features are different from those fir collisions B.d 0la) — o d7(yP T
and can be checked by future experiments. D™ (xe, 2 7s) = kd (X fo (X | usSs), 6
By using Egs(51)—(54), we also obtain numerical results DB(xe , E|s) = kd7(xP) o (X7]5eS0) (57)

for Py +(xg|s) andP=(xg|s) as functions ok in K™ p col-
lisions. They are given in Fig. 5. At present, there are dataespectively.
available only forZ ™~ [62,63 among these hyperons. We see  Finally, we have

c > tR,Hthj aDEMi(xg , Als)

Hj=20'57
PA(Xgls)= , (58)
No(Xg ,Als)+DB4xe Als)+ > DMi(xg,Als)
Hj=30%"
my. My Xg
DEHi(xg,Als)~ =——DBY —— Hjls|, (59
EA,HJ- EA,HJ-

where the fragmentation spin transfer factdf;js’d for quark  and negativeP,(xg|s) at large xg becauseCtiyzotqu

flavor d and different hyperonsi; are given in Table I, and =-0.13 anc{:tREt;, 4= —0.18. The numerical results ob-
the decay spin transfer factor$Rij are given in tained from Eq(58) are given in Fig. 6. In the calculations,
Sec. lll. we use the GRV-P LO sd66] for the unpolarized quark

From Eg.(58), we see immediately that, sin¢§’d=0, distribution function of pion and simply assume
PA(Xg|s) in mp— AX should be equal to zero if the decay No(Xg,H;|s) in this process to be the same as thatpm
contributions are neglected. The nonz&pg in this process collisions. We clearly see that, ag goes from 0 to 1, the
comes purely from the decays of heavier hyperons. Takind®,(Xg|s) obtained starts from O and decreases to about
these decay contributions into account, we expect a smal-10% at largexg . These qualitative features are in agree-
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Fig. 6. We see that the results show clearly the qualitative
features mentioned above. These features can be tested by
future experiments.

D. Hyperon polarization in 3~ +p—H;+X
It is interesting to note that experiments on hyperon po-

0.2~ e . larization in reactions using ~ beams have also been car-

I i ] ried out by the WA89 Collaboration at CERN. Some of the
results have already been publistiéd] and more results are
coming. We now apply the proposed picture to this process.

1.3 +p—A+X

Similar topp— A X, for 2~ p— AX, there is one contrib-
uting process from group A, i.e.d(s,)"+ul—A, and two
contributing processes from B, i.ed,f+(uSsS)T—>A and

04l ' im+p—H+X sP+(ugdg)T—A. Thus, we have
0o o2 o4 o6 08 DA(xe, Als)=k{f5 (x°[d,s,)us(x"), (63)
X
F
B,d LAY TP T
FIG. 6. Calculated results for the polarizations/of 2+, and D (x,:,A|s) wd, (X)Tp(x |USSS)’ (64)
E% in 7p collisions as functions ofr . Data forA are taken from 5 s b .
Refs.[64,65. D®S(xg,Als)=ks; (x")fp(x'|ugds). (65)

There are also contributions from hyperon decays to
S p—AX. For3 p—3°or E7)X, we have similar con-
tributing processes from groups A and B as thoseXop
_ . _ o —AX. For 39 they are @,s,)"+ul—3% df+(usy)T
In 7=~ p collisions, thgre Is one coHntirlbutmg process IIrom_)zo and sf+(uSdS)T—>2°. The number densities ot °
group B to the production af = andZ . ForX ", itis d, from these processes are given by
+(dgss) T—3 . The corresponding number density is given

ment with the dat§64,65|.

2.7 +p—3~ (or EV)+X

by DAXe . 2%s) = kdofS (xPdys,)us(xT),  (66)
DBY(xe,3 7 |s)=kd(XxP) fp(XT|dgSs). 60 -
(Xg, 2 | )= K U(X )fo(x | sSs) (60) DB’d(XF,EO|S)=Kd§ (XP)fD(XT|USSS), (67)
The contributing process from B t&~ production was B, Ol S, p T
given in the last subsection and its corresponding number DP%(xg 2% s)=xs, (X7)fp(x[ugdy), (68)
density is given by Eq(57). Thus, we have respectively.

— —

For £, they are (,s,)P+si—E", d’+(ssq)T

F B.d -
ty- P (Xe 27 ]9) (61) —E", ands}+(dssy) "—E . The corresponding number

Ps-(Xgls)=C , o _
2 (xels) No(Xg,2 7 |s)+DBY(xg,37|s) densities are given by
A =Hole)= 4 §£27 (P T
t. DBUxe, 2 |s) DA(xe,E"[s)=xz-Tp (X7[dys,)ss(xT), (69
Pz-(Xgls)=C — Bd ——. (62 .
Nolxe = 719) + D50t 2 79) DBA(xe 2 [8) =k (P fo(xT|ss),  (70)
. . F _ = _ o B
T oo o 29 ntan g~ LS, WO e DBS(xe E[8)= kS (I To(xTldssy), (7D

expect thathf(xF|s)=0' for xg near 0 and increases to
Ctg,’d=0.4 with increasingg . For £, Pz(xg|s)=0 for
Xg hear 0 and decreases m;,,d=—o.2 with increasing
Xg . This implies thatPs-(xg|s) is positive in sign and in-
creases fast to 40% with increasirg, while Pz-(xg|s) is
negative in sigh and decreasest@0% with increasingg .
The magnitude oPs- should be larger than that &f=-.
Using these equations, we obtain the numerical results for
Ps-(Xg|s) and P=-(xg|s) in =~ p collisions as shown in

respectively.

For 3 p—E°X, there is one contributing process from
B, i.e., st +(ussy) T—E°. The corresponding number den-
sity is given by

DBS(xe,E%s)= ks> (XP)fp(XT|UsSs). (72)

Thus, we obtain that
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TABLE IV. Relative weightsw(sg,sqn|d,s,) for thed,s, diquark from3 ~

PHYSICAL REVIEW D 70, 014019 (2004

in different spin states, those

for the produced\ and3°, the corresponding/} and agg, and the total weightwﬁ andw’go.

Possible spin states (d,Sy)0.0us (d,S,)1.0us (d,S,)1.0U%
W(Sg,Sqnd,S,) 3/4 1/12 1/6
Possible products At 301 Al 30! Al 301
I((dly @), s, A Hi(Sn) P 1/4 3/4 1/4 1/12 1/2 1/6
The final relative weights 3/16 9/16 1/48 1/144 1/12 1/36
The resultingwf;; and af}; A: 7124, - 317, 30 43/72,—39/43
N(Xg ,A|S)=No(Xg ,A|S) +DA(xg, Als) m ms X
ADC'EO(XF,A|S)~CtR’EO—E | oA = 39s
0 0
+ > DP'(xe,Als) o h
f=d,s
ms X
+ > tgonyB*f(ﬁ,EolsH,
LS DCMixe Als),  (73) f=ds Eax0
Hj=3020%5" (78)
m Mms X =0 M=Xe
D> (xe, Als)~ ——| DA| —= F,z°|8) ADS= (x¢ ,Al9)~Ct} ~t~osE DBS( E =S
EA,EO EA,EO AE (79)
Ms X
+ 3 pef—==F SOs ||, (74) = mz [ A MzXe
E=r Exso AD®Z (xg,Als)~ C'[A az DAl ——,E"|s
’ EA EA =
50 MeXk MzXg
D= (xg, ( °|s) (75) " F pBf -
EA’E f_Est o EA,E = |S !
- mz M=X (80)
D= ( xF,Als)~E DA( = F,Els)
AE AE where the fragmentation spin transfer facttfrsf for differ-
o MEXE ent quark flavors and different hyperonsi; are given in
+f_25 D Els (76)  Table I, and the decay spin transfer facttﬁs4 are given in

In the same way as that farp— AX, we caIcuIataNﬁ,
the total relative weight for the production af from group
A, and &y . The results are shown in Table IV. Similarly, we
obtain the corresponding results P production as shown
in the same table and those far production as shown in
Table V. From these results, we obtain

AN(Xg,Als)=CaDA(xg ,Als)+Ct} DB3(xg,Als)

>

=30 =0 =z-
Hj=%"E"E

+ ADSHi(xg,Als),  (77)

TABLE V. Relative weightsw(sy,sq4nd,s,) for thed,s, diquark from= ~

Sec. lll.

Using the results given by Eq#§63)—(80), we can now
calculateP ,(Xg|s) in =~ p collisions as a function okg.
Between the two contributing processes from B, the contri-
bution from s§+(u5dS)THA is more important than that
from d +(USSS)T—>A due to the strangeness suppression in
the sea quarks of the target. We note th&t=—3/7, tA d
=0, anth <=1. Hence, if we neglect the decay contribu-
tions, we expect that, foxg increasing from 0 to 1,

P A(Xg|s) starts from 0O, increases to some positive value, and
then decreases a’y = —3C/7 atxz— 1. We also note that
a§0= —39/43, which is large in magnitude and has the same

in different spin states, those

for the producedE ~, the correspondin@g, , and the total weighwé, .

Possible spin states (dyS,)0,05: (dyS,)1.065% (dyS,)115:
W(Sq,Sqn/d,S,) 3/4 1/12 1/6
Possible products B! ! g1
K(0,0)s, .5, G2l Hi(S0) P 3/4 112 1/6
The final relative weights 9/16 1/144 1/36

The resultingwf;; and af};

E: 43/72,—-39/43
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sign aSaﬁ. This is quite different from the situation ipp
—AX whereago has a different sign and smaller magnitude

compared toe’y . Since the decay spin transfer fact&rzo
= —1/3, we thus expect a very significant contribution from
the 3° decay toP, in 3 p—AX, and this contribution
cancels that from the directly produc@dat largexg. As a
consequence, taking the decay contributions into account, in
particular the significant contribution froB°— A vy, we ex-
pect that, forxg going from 0 to 1,P,(xg|s) starts from 0,
increases slowly to some positive value at modexateand
then begins to decrease at sorgeand finally reaches some
negative value; but the magnitude is less thalVyBas xg
—1.

To get some quantitative feeling, we now use HS)—
(80) to calculateP ,(xg|s) in 2~ p collisions numerically.
Since our purpose is to get a feeling for thiedependence of
PA(Xgls), we simply make the following simplifications.
For the unpolarized quark distribution functions3n, we
use those in the proton[45] as approximations.
No(Xg ,Hi|s), is taken as the same as thatpp collisions.
The numerical results obtained f@t,(xg[s) are given in FIG. 7. Calculated results for the polarizations/of %=, and

Fig. 7. We see clearly that, ag increases from 0 to 1, the =0 a5 functions ofx. . The thin dotted curve represents the po-
P, (Xg|S) obtained first increases from 0 to some p05|t|ve|anzat.on of A. Data forE~ are taken from Ref[66].

value, and then decreases even to negativgatl. These
qualitative features are just those expected above. They can
be checked by further experiments.

0a- T +p/A—H+X

Polarization

0.2 A

DAYS(xe,37|s) =k -f5 (x°|d,s,)ds(xT),  (8)

DAY(xe 37 [s)=k3-f5 (xP|d,d,)s(xT), (82
2.37+p=3* (or E9)+X

First, we look at>~ production in ~p collisions. For DB4(xe 3 7[s)=xd} (X7)fp(XT|dsSs), (83
> p—2" X, there are two contributing processes from
group A, ie., €,s,)°+d{—%" and @d,d,)"+s{—%", DBS(xe,3 7 |s)= ks> (xP)fp(xT|dds).  (84)

and two from B, i.e.,d’+(dssg)T—3 " and s} + (dgdg)T
—3,7. The corresponding number densities are given by Hence, we have

N a8 DA (xe ,2—|s)+f:2ds ts- DB (xe, 27 ]s)
Py -(Xe[$)=C——— ’ , @9
NO(XF ,27|S)+f—;dd DA,f(XF ,27|S)+f—§(; DB,f(XF 127|S)

where thaF_ ¢'s are given in Table I'ag\'_f and other related that ag dd_3/5 andt h =2/3. Both of them are positive

quantities descnbm@ from the two contributing processes and « dd<|aA ds butt2 d—2|t2, |. We thus expect that

from A are shown in Tables VI and VII, respectively. a Iarge portion of the contribution frosf+ (ddy)™—3" to
Because of the strangeness suppression in the sea quaqix;, is canceled by that fronuip+(dsss)T—>2 , while a

of the target, we expect that the most important contrlbutlnge|at|ve|y small fraction of the contribution fromdl(sv)P

process to the production & = from A is (d,s,)”+d! +d{—>" is canceled by that fromd(d,)"+sl—3".

—3 " and that from B iss|, + (dg dS)THE_ From Tables VI Hence, forxg from 0 to 1,Ps-(Xg|s) in 2~ p—2~ X should

and |, we see thapg\j’s_ —39/43 anct —1/3. Both of  start from 0, decrease slowly to some negative vaIueAalljt mod-

them contribute negatively to the polanzatlon Bf in erate xg, and then tend to a result betwed®(ay™*

3, " p—3 "~ X. On the contrary, from Tables VIl and I, we see + aA dd)— 0.18 andCaA 95— _0.54 atxg—1.
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TABLE VI. Relative weightsw(sy,s4n|d,s,) for thed,s, diquark fromX ~ in different spin states, those
for the produced. ~, the corresponding™*®, and the total weights'*°.

Possible spin states (d,S,) 0,004 (d,S,) 1,04 (d,S,) 1102
W(Sq,Sqn|d,S,) 3/4 1/12 1/6
Possible products 3! 3! 37
|<(qqu)sd ,sdnqélHi(Sn»lZ 3/4 112 1/6
The final relative weights 9/16 1/144 1/36
The resultingwf;; and af); 371 43/72,—39/43

Using Eq.(85), we calculatePs - (xg|s) in this process. +(usug)'—2*. The corresponding number density is given
The numerical results for it are given in Fig. 7. We see thaty
Ps-(xg|s) indeed starts from 0, decreases to abe@0% at
moderatexg, and reaches about 40% atxg—1. These Bs s s p -
features are the same as those from the qualitative analysis D=S(xg, 2 [s)= ks, (X")fp(x'|usus). (86)
and can be tested by future experiments.
Then we look at the production &, E° andZ~ in  The contributing processes ¥ production have been given
3 7p collisions. ForX ™, there is no contributing process in the last subsection and their corresponding number densi-
from group A but one contributing process from B, |s§ ties are given by Eqg69)—(72). Hence, we have

t;‘SDB'S(xF 2 7"s)

No(Xg .2 F|s)+DBS(xg, 3 *|s)’

Ps+(Xg|s)=C (87)

(xe]9) t0,D% e £ 79 (89
P=o(xe|s)=C — 88
No(Xg,E°s)+DBS(xg ,E%s)

az-DA(Xe ,E*|s)+fgs tZ DB (xe, B [s)
Pz-(xg[s)=C : | o
No(xe 2 |s)+DA0xe ,E [9)+ > D' ,E]s)
f=d,s

where thetf|i 'S are given in Table | andy;‘, is given in  process is negative in sign and relatively small in magnitude
Table V. but P=o is positive and large. FOE ~ production, we have
We recall thatt5. ;=—1/3 and tZo,=2/3. Thus, af =-30/43,tZ =2/3, andtZ ,=—1/3. Hence, we
Ps+(xg|s) should start from 0 and decrease @tz+s expect from ECI-(89) that, asxg increases from 0 to 1,
=—0.2 with |ncreas|ng<F, while Pzo(xg|s) begins from 0 P=z-(Xg|s) starts from 0, increases to some positive value
and increases t(i:tEo’S 0.4. This means tha®y+ in this  below Ct;’S: 0.4, begins to decrease at some, and fi-

TABLE VII. Relative weightsw(sy,Sqn|d,d,) for the d,d, diquark from3 ™ in different spin states,

those for the produced ~, the correspondln@’:fw, and the total welgth dd,

Possible spin states (d,d,)o,cSt (dyd,)1 St (dyd,)1 1St
W(Sg,Sqn|d,d,) 0 1/3 2/3
Possible products 3! 3! )l
[((0,90)s, .5, G Hi(sn) — 13 2/3
The final relative weights — 1/9 4/9
The resultingwy;; and af); 371509, 3/5
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nally reachesCaé,: —0.54. In Fig. 7, we show the ob- atthe end of Sec. Il. Such a study is under way. Another very
tained numerical results as functionsxgf. We see clearly important aspect is the transverse momentum dependence of
that the results indeed show the above-mentioned qualitativée hyperon polarization. It is clear that the general formulas
features. These features can be checked by future expe@iiven in Sec. lll can be extended to include the depen-
ments. dence. We can use them to calculate fhedependence of
We emphasize again that the most important purpose df+ in the model. This is also a very important aspect of the
the numerical results presented in this section is to show thexisting data and should be taken as a further challenge to
qualitative features of hyperon polarization in different reac-the model. As can be seen from the formulas in Sec. llI, the
tions obtained in the proposed picture. For this purpose, w@t dependence oPy should come from th@+ dependence
make several simplifications to reduce the free parameters @f C and the interplay of ther-dependenN, andD. Thepy
connection with the number densities in unpolarized reacdependence of the direct-formation contributiBn comes
tions. Further improvements can be made if more accuratgainly from those of the quark distributions. TRg part can

data are available. be parametrized from the data on unpolarized cross sections.
But to get thep; dependence of we need data on thet
V. SUMMARY AND OUTLOOK dependence ol . Presently, there are no such data avail-

able. We get only an averadge in the p+ interval 0. K pt

In summary, we have calculated the polarizations of dif-<2.0 GeVk. This is the largest difficulty in calculating the
ferent hyperons as functions ®f in the inclusivepp, K™p,  p; dependence oP,, at the present stage. Nevertheless, a
7*p, andX " p collisions. We used the picture proposed in aphenomenological analysis can and should be made. Such
previous Lettef 10], which relates the hyperon polarization studies are under way. The results we obtained in Sec. IV
in unpolarized hadron-hadron collisions to the left-rightshould be taken as the average results in the corresponding
asymmetry in singly polarized reactions. We discussed thg. region. Since many of the data are from fixed angle ex-
qualitative features for hyperon polarizations in these reacperiments, the comparison of our results with the data can
tions and presented the corresponding numerical resultgnly be regarded as qualitative.
These qualitative features are all in agreement with the avail-

able data. Predict.ior)s for future experiments have been ACKNOWLEDGMENTS
made. These predictions can be used as good tests for the
picture. We thank Xu Qing-hua and other members of the theoret-
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