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It is shown that the polarization of hyperons observed in high energy collisions using unpolarized
hadron beams and unpolarized nucleon or nuclear targets is closely related to the left-right asymmetries
observed in single spin inclusive hadron production processes. The relationship is most obvious for the
production of the hyperons which have only one common valence quark with the projectile. Examples
of this kind are given. Further implications of the existence of large polarization for a hyperon
which has two valence quarks in common with the projectile and their consequences are discussed.
A comparison with the available data is made. Further tests are suggested. [S0031-9007(97)04459-1]

PACS numbers: 13.88.+e, 12.39.Ki, 13.85.Ni

Since the discovery of the striking hyperon polarizationphenomena show the existence of a correlation between
(Py) in inclusive production processes at high energiesransverse motion and transverse polarization. Hence, un-
[1], there has been much interest in studying the origidess we insist omssuminghat the polarization of the pro-
of this effect, both experimentally [2] and theoretically duced hyperons in the projectile fragmentation region is
[3]. Itis now a well-known fact [1,2] that hyperons pro- independent of that of the projectile—which would in par-
duced in high energy hadron-hadron collisions are polarticular contradict the empirical fact recently observed by
ized transversely to the production plane, although neitheE704 Collaboration [6] forA production—we are practi-
the projectiles nor the targets are polarized. Experimeneally forced to accept thaty and Py are closely related
tal results for different kinds of hyperons in different re- to each other.
actions at different energies show the following striking The close relation betweety and Py is most obvious
characteristics: (1Pg is significant in, and only in, the in the case in which the produced hyperd#) (has only
fragmentation regions of the colliding objects; @) de- one valence quark in common with the projectile. In this
pends on the flavor quantum numbers of the producedase, the beam fragmentation region is dominated by the
hyperon; (3)Py in the projectile fragmentation region de- hadronization product that contains this common valence
pends very much on the flavor quantum numbers of theuark. To see whether such hyperon is polarized and, if
projectile but little on those of the target. yes, how largePy is, we recall the following.

More recently, striking left-right asymmetriesy) have () The existence ofiy in single-spin reactions shows
been observed [4-7] in single-spin hadron-hadron collithat the polarization of the valence quark and the trans-
sions. The available data for inclusive production of dif-verse moving direction of the produced hadron containing
ferent mesons and of th& hyperon show very much the this valence quark are closely related to each other: the
same characteristics as those Ry: we can simply re- data [4—7] show that meson (e.g:, 7, or K) containing
placePy by Ay in (1)—(3) above. Not only these striking ¢ and a suitable anti-sea-quajk have a large probabil-
similarities but also the following reasonings strongly sug-ty to go left if ¢© is upwards polarized. (Here or T
gest that these two phenomena should be closely relateténotes projectile or targat,or s valence or sea.) Hence,
to each other. We notay # 0 implies that the direc- if the produced meson is going left, the correspondjfig
tion of transverse motion of the produced hadron dependshould have a large probability to be upwards polarized.
on the polarization of the projectile. For example, forWe assume that this is also true for the produced baryon
7" in p() + p— 7+ + X, Ay > 0 [5,6]; this means which contains such &’ and a sea diquark.
that the producedr™ has a large probability to go left  (Il) Recent measurement [8] ok polarization from
looking downstream if the projectile is upwards polar-Z° decay by ALEPH Collaboration shows that, in the
ized. Py # 0 means that there exists a correlation be-ongitudinally polarized case, quark polarization remains
tween the direction of transverse motion of the producedhe same before and after the hadronization. We assume
hyperon @) and the polarization of this hyperon. We re- that this is true not only forA production but also for
call thatPy is defined with respect to the production planeother hyperons and also in the transversely polarized case.
and,e.g.Pr <0inp + p — A + X means thatthd’s We note that both (I) and (Il) are direct extensions
which are going left (looking downstream) have a largerof the experimental observations. They can also be di-
probability to be downwards polarized. We see that bottrectly tested by performing further experiments, e.g., by
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measuringdy in p(1) + p — H + X andPy in the cur- in the beam fragmentation region &~ + p — A + X
rent fragmentation region &f~ + p(I) - ¢~ + H + X is large and is, in contrast to that irpp collisions,
for H =3 (or 2% or 27), respectively. [Herep(l)  positive in sign. This is because, according to the
denotes a transversely polarized proton.] Theoreticallywave function,|AT) = s'(ud)o o, the polarization ofA is
whether (Il) is true depends on the detailed mechanisrentirely determined by the quark. Here, the dominating
of hadronization, which is in general of soft nature andcontribution is theA which contains the! of K~ and
at present can only be described using phenomenological suitable(u,d,)”, ands? should have large probability
models. It can easily be seen that (ll) is indeed true in théo be upwards polarized i\ goes left. (B)P, in the
popular models such as the LUND model [9]. The validity beam fragmentation region ef= + p — A + X should
of (I) has been a puzzle for a long time and a number obe negative and the magnitude should be very small.
models have been proposed [10] recently, which can giv&his is because the dominating contribution here is the
rise to suchAy’s. Yet, which one is more appropriate is A containing the:! (or d¥) of " (or 7 ~) and a suitable
still in debate. Since the purpose of this paper is to dis{d,s,)! [or a (u,s;)]. Although theu! (or d%) should
cuss the relationship betwedt; andAy independent of have a large probability to be upwards polarized ifoes
these models, we will just take (1) and (ll) as assumptiondeft, A itself remains unpolarized, since its polarization is
and show thaPy in unpolarizedpp collisions can be de- determined solely by thequark. A smallP, is expected
termined uniquely using these two points. This is quiteonly from the decay of3°. (C) Not only hyperons
straightforward: SincéPy is defined with respect to the but also the produced vector mesons are expected to
production plane, we need only to consider, e.g., those hyse transversely polarized in the fragmentation region of
perons which are going left and check whether they aréadron-hadron collisions. For example,p =, p°, K** in
upwards (or downwards) polarized. According to (1), if the fragmentation regions @fp collisions are expected to
the hyperon is going lefty? should have a large proba- be positively polarized. This is because the dominating
bility to be upwards polarized. This means, by choosingcontribution here is the meson containing/aand ag?,
those hyperons which are going left, we obtain a suband theq” should have a large probability to be upwards
sample of hyperons which are formed By's that are polarized if the meson is going left. (D)either the
upwards polarized with suitable sea diquarks. Accordcontribution from hadronization ta?, nor that to Ay
ing to (Il), these valence quarks remain upwards polarizedan be large. The former is a direct implication of the
in the produced hyperons. This, together with the waveesults of measurements [8,13]diie” — A + X, which
function of the hyperon, determines whether the hypershow no significant transverse polarizatiBp. The close
ons are polarized and, if yes, how large the polarizationselation betweem y and Py implies that the latter should
are. Todemonstrate this explicitly, we consiger- p —  also be true. Presently, there are already data available for
3~ + X. Here, the dominating contribution in the frag- the processes mentioned in (A) and (B) [14,15], and both
mentation region is th& ~ made out of the common va- of them arein agreement with these associationfD) is
lence quarkd? and a sea dlquar(«isss)T and the wave consistent with the results [16] of the recent measurements
function of 3~ is |27 1) = 7[3d7(ds)00 +d'(ds); o —  of jet handedness at SLAC, which show that the spin
V2d'(ds); 1], where the subscripts of the diquarks are theirdependence of hadronization is very little. (C) can be
total angular momenta and the third components. We seghecked by future experiments.
thatif 47’ is upwards polarize®, ~ has a probability o /6 Encouraged by these agreements, we continue to dis-
(1/6) to be upwards (downwards) polarized. Hence, wecuss the second case in which the produced hyperon
obtain that the®,~ which contains the/” and a(d,s;)” is  has two valence quarks in common with the projec-
positively polarized and the polarization(&/6)C [where tile and hence hyperons containing such common va-
0 < C < 1 is the difference [11,12] between the proba-lence diquarks dominate the beam fragmentation region.
bility for B made out ofg’? and (¢,q,)" to go left and The most well-known process of this type js+ p —
that to go right if¢” is upwards polarized]. Similar analy- A + X. To see whether, and if yes how, we can also un-
sis can also be done for other hyperons. We obtain, e.gderstand the existence Bf, in this process, we start again
that bothZ~ and Z° produced inpp collisions are nega- from the single-spin process!) + p — A + X. Were-
tively polarized and the polarization isC/3, which im-  call that the recent E704 data [5,6] show that, alsoXor
plies that their magnitudes are smaller than thaPef. there exists a significamty in the beam fragmentation
Since hyperons containing th&’s dominate only at large region. At first sight, this result seems rather surprising
xr (xp = 2py/+/s, wherep is the longitudinal momen- becauseA in the beam fragmentation region comes pre-
tum of the produced hyperog/s is the total c.m. energy dominately from the hadronization of the spin,d,)”
of the colliding hadron system), we expect that the magef the projectile. How can a spin-0 object transfer the in-
nitudes of Py increase with increasingr and the above formation of polarization of the projectile to the produced
mentioned results are their limitsgt — 1. Alltheseare A? This question has been discussed [12] and a solution
consistent with the data [1,2]. has been suggested in which associated production plays
Without any other input, we obtained also many furtheran important role. It has been pointed out [12] that the
direct associations, in particular the following: (),  production of theA containing the spin-Qu,d,)” and a
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sT is associated with the production of a Kaon containingthat it does not contribute tBy either [18]. We take the
the remaining(u¢)? of the projectile and thé” associ- contribution from3° decay into account and obtain
ated with the target. The information of polarization of 12 ,

the projectile is carried by th:Z)” so that the produced  AN™(xr |s) = C[ADS (xr|s) — — > ADE (xr | 5)].

K has a large probability to go left if the projectile is 3=

upwards polarized. Thé has therefore a large proba- (2)
bility to go right since the transverse momentum should e ADE (xp|s) = DE(xp,115) — DE(xp,| |5) (H =
be compensated. This explains why there should be alsg ., 39). From the wave functions of, 30, and that
a significantAy for A, and the available data [5,6] have ¢ proton, we obtain thahD2 (x| s) = —D2(xz | ),
been reproduced successfully. According to this pictureand ADEO( I's) = (g Q)DEO( Is). The extra factor
if the producedA is moving to the left in unpolarized 1.2°4F [ § 3, 5)P12WF | 5).

- . . —1/3 for the 3°-decay terms comes from the relation
pp collision, the associatell should mainly move to the [19] P = —(1/3)Pxs in this decay process. To calculate
right. Hence, théu®)” contained in thi should have a A 2 yp '

large probability to be downwards polarized. Sir€és a the differentD's and No, which are determined by the

spin-0 obiect. tha” should be uowards polarized. Hence hadronization mechanisms, we simply used the direct
P Ject, the, P P : ' fusion model in [12], which successfully reproduced not
to get a negativé® 5, we need only to assume that the sea

. L - ~“only the data of the cross section but also thosel f
guark-antiquark pais,s; from the nucleon has opposite .
X . - .~ By taking the same value for the only free paramé&teas
transverse spins. Under this assumption, the polarizati

o . . o
of the produced\ is completely determined [17] by that that determined in [11,12] by fitting they data [5,6], we

of the remaining(u®)? which, together with &’ , forms Obﬁ'.”gd the rdeSl.Jlt sahown n E'g' 1'f h
the associatively produceid*. ird, we derived a number of other consequences
That thes and 5 of the seas,s,-pair have opposite of the picture without any further input. The following

transverse spins should be considered as a further i three examples which are closely related to the

plication of the existence aP, in the above mentioned assumptuzjn thgt tha and Wh.'Ch. take part in t.he
picture. Whether this is indeed the case can and Shou%ssouate production are opposite In transverse spins.

. . = .~ ¢ (i) The polarization of the projectile and that df in
be checkeq expe_nmentally. Theoretlcally, it is quite dif the fragmentation region g + p — A + X should be
ficult to verify it since we are in the very smail region

i . S closely related to each other. In other words, the spin
(see, e.g., [12]); the production of such pairs is of soft nas - nsferd (i.e., the probability for the produced to
ture in general and cannot be calculated using perturbativg NN A= P y P

theory. It seems plausible since the sea quarks are progEe upwards polarized in the case that the projectile proton

ucts of the dissociation of one or more gluons and gluonIS upwards polarized) is expected to be positive and large

are not transverselv polarized. Here. we simpl assum?or largexp. Itis true that the:d diquark which forms the
yp X ' Pl Aisin a spin-zero state and thus carries no information

this is true and discuss the consequences to see whether L . X
. ) . of polarization. But, according to the mechanism of
they are consistent with the available data.

First, we made a similar analysis for the production Ofassomated production, the polarization of the leftovgr

other hyperons, and obtained qualitative results for theigetermmes the polarization of the projectile and that of the

) : ; . sy quark which combines with thed diquark to form the
Py’s. They are all consistent \.Nlth the a\_/alla_ble data [2]. AY | Hence, there should be a strongqcorrelation between
Second, we made a quantitative estimationPgf in ' '

p+ p— A+ X as a function ofry. To do this, we the polarlz_atl(_)n of th_e proton and that_of tlf\e The result
: ) of a quantitative estimation is shown in Fig. 2.
recall thatP, (xr | s) is defined as " . ) .
\ N (i) P inthe beam fragmentation region Bf + A —
N2(xp,11s) = N xr,l |s) 1y A+ X should benegative and much less significant
NAxp, 1 1s) + NAxp,lls)’

whereN(xp, i | s) is the number density of’s polarized 0 —

Palxp|s) =

in the same(i = 1) or opposite (i = |) direction as _S '

the normal of the production plane, at a givefs. It E o1k ]
is clear that the denominator is nothing else but the e

number density ofA without specifying the polarization. E i

It contains all theA’s of different origins: those made < 021 p, >1GeVic ]
out of (u,d,)* and as” [denoted byD3 (xs|s) in the [ O pBe; p=400 GeV/g ]
following], those ofu? and (ds;)" or d? and (uys,)" -0.3 [ ® PBe;p=800 GeV/g -
[denoted byD{ (x| s)], those from resonances decay, | PP s=62 Gev

and those from pure sea-sea interactions (denoted,py PO Sl Lot AN, Y
Since u, or d, does not carry any information of the 0 02 04 06 0B 1

spin of A, there is no contribution froriDlA(xF | s) to the

numerator, i.e., the differenc&N"(xp|s). There is no FiG.1. Calculated results for the polarization &f Py, as a
contribution toAy from the Ny part; hence we assume function of xr. Data are taken from Refs. [20-22].
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FIG. 2. Dyy as a function ofcr calculated using the proposed

picture for the case that the correlation between the spin of the

sT [which forms together with théu, d, )6, the A] and the spin
of the remaining:’ of the projectile (which forms together with
the sT the associated *) is maximal. In this sense, it stands
for the upper limit of our expectation.

than that inp + p — A + X. Here, the dominating
contributions are the\'s which consist of(d,s,)’ and

ul, d¥ and(u,s,)7, or s? and(u,d,)". Exactly the same
analysis as above fop + p — A + X shows that the

A’s of the first two kinds are unpolarized, and those of the10]

third kind are positively polarized. Hence, if we exclude
the contribution from2° and 3** decay, P, should be
approximately zero for larger and should be small but
positive in the middle:r region. Takings? and>* decay
into account, we expect a small negat®g for largexy.

(iii) Hyperon polarization in processes in which a vec-

tor meson is associatively produced should be very much
different from that in processes in which a pseudoscalar

meson is associatively produced. For examplg,n the
fragmentation region op + p — A + K* + X should
be negative and its magnitude should be large, But
in the fragmentation regiongf + p — A + K** + X
should be positive and its magnitude should be muc
smaller. This is because, in the latter case, using the sa

arguments as we used in the former case, we still obtai

that(u4)” (contained ink**) has a large probability to be
downwards polarized ifA is going left. But, in contrast
to the former case, th& here in thek** can be upwards
or downwards polarized sind€*" is a spin-1 object. If

57 is upwards polarized, the produced meson can be either

a K* or aK, and the corresponding should be down-
wards polarized. But i is downwards polarized, the
produced meson can only bekd* and the corresponding
A should be upwards polarized, i.€,4 > 0.

Presently, there are data available for the processes

mentioned in (i) and (ii) [6,23], and both of them are in
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