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Hyperon production mechanisms and single-spin asymmetry
in high energy hadron-hadron collisions
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It is shown that the existence of left-right asymmetry in single-spin inclusiyeoduction, together with the
characteristic features of the data, should be considered as another clear signature for the existence of orbiting
valence quarks in polarized nucleons. Predictions for other hyperons are made. It is pointed out that measure-
ments of such asymmetries are very helpful not only for probing the spin structure of the nucleons but also for
studying the production mechanisms of the hyperons.

PACS numbd(s): 13.88+e, 13.85.Ni

Striking left-right asymmetriesAy) have been observed These are the questions we would like to discuss in this
in single-spin inclusive production processes at high energpote. We show that the first two questions should be an-
(200 GeVE) now not only for piong1] but also forA [2]  swered in the affirmative and that predictions for other hy-
and# [3]. Comparing the new daf&,3] with those for pions perons can be made. In fact, as we will see in the following,
[1] we see that, while the date8] for » are essentially just as mesons, for moderately large transverse momentum
the same as that forr®, that for A as a function of (p,=0.6 GeVE, say, a significant part of hyperons ob-
XF(Esz/\/E, wherep; is the longitudinal momentum of the served_ in the fragmentation regions are prod_ucts of direct
produced hadron with respect to the incident direction of thdormation processes. The abovementioned differences and
projectile, ands is the total center-of-mass energy squared ofsimilarities betweem(xg,A|s) and Ay(xg ,[s) directly
the colliding system shows the following:(1) Similar to reflect the interplay between the different kinds of direct for-
those for pionsAy(Xg,A|s) is significant in the largexg mation processes and the non-direct-formation part. The ex-
region xg=0.6, say, but small in the central region(2)  istence of Ay(xg,A[s), together with its abovementioned
An(Xg,Als) is negative in the large region, and it be- characteristics, should be considered as another clear signa-
haves similarly as— Ay(xg,7"|s) does in this region(3)  ture for the existence of orbiting valence quarks in polarized
An(Xe ,Als) begins to rise up later that(xg ,7*|s) does. nucleon. Measurements of such left-right asymmetries are
For Xg in the neighborhood af=~0.4— 0.5, it is even posi- helpful not only in probing the spin structure of the nucleon
tive. In the region Bx=<0.5, its behavior is similar to that but also in studying the production mechanisms of the hy-
of Ay(Xg,70|s). perons. _ _ _ N

In recent publication§4,5], we pointed out that the exist- e begin our discussions by briefly summarizing the key
ence of left-right asymmetry for pion production should bePOints of the proposed picture, which have been applied suc-
considered as a strong indication for the existence of orbitinif:ssm”y to meson and lepton-pair productiong 4], as
valence quarks in polarized nucleons. Left-right asymmetriefollows. . _
are expected to exist in inclusive single-spin processes when (i) Valence quarks in a nucleon are treated as Dirac par-
direct formations of particlegor particle systemsthrough t|clgs in an effective confining potentlal._ It is shoyvn that
fusions and/or annihilations of the orbiting valence quarks ofPital motion for these valence quarks is always involved

the polarized projectile with suitable antiquarks associatec??ven when they are in the ground states, and that the direc-

with the target contribute significantly. Single-spin inclusive on Of. the orbital motion is determined uniquely by the po-
larization of the valence quark.

e e o e i e (1) Vence quars i a polarized hadron re polrized
. . . C Rither in the same or in the opposite direction as the hadron.
a!so useful mformatlon for studying t,he, prqdug’uon meCha"I'his is determined by the wave function of the hadron. For
nisms of mesons in general and for distinguishing those ME5rotons, on the average, 5/3 of thevalence quarks are
sons from direct formation processes from the others in pafygarized in the same and 1/3 of them in the opposite direc-
ticular. In connection with the new daf@,3] from E704 o as the proton. Fod, they are 1/3 and 2/3, respectively.
Collaboration we note the following: While that foy was (iii) A significant part of the particlegwith moderately
expected in our earlier publicatiofi,5], no discussion has |arge transverse momentabserved in the fragmentation re-
yet been made on hyperon production. We are therefore legions in high-energy hadron-hadron collisions are products
to the following questions: Does the direct formation processf the direct formation processes of the valence quarks of
play a significant role also foA and/or other hyperon pro- one of the colliding hadrons with suitable anti-sea quarks
duction in the fragmentation regions? Can we also underassociated with the other.
stand the left-right asymmetry fok production, especially (iv) There exists a significant surface effect in single-spin
the abovementioned characteristics of the data? What do waclusive production processes. This implies that only those
expect to see for other hyperons? particles directly formed near the front surface of the polar-
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ized hadron retain the information of the polarization. This
leads to the conclusion that, for example, a meson which is
formed through direct fusion of an upward polarized valence
guark with an anti-sea quark should get an extra transverse
momentum from the orbital motion of the valence quark to
the left (looking down stream, as defined in the experiments
[1-3)).

We note that pointsi), (ii), and (iv) are independent of
what kind of particles we look at. They are valid also when
we study the single-spin inclusive hyperon production pro-
cesses. We recall thdiii) is a well-known fact for lepton-
pair production, and is consistent with the data analysis by
Ochs[6], the theoretical calculations by Das and H{v3,
and the recent calculations from & for meson production. o
How is the situation for hyperon production? We recall that R T T S S S
in proton we have twai and oned valence quarks, and that 0.2 0.4 0.6 0.8 1
the flavor content ofA is uds Hence, there are the follow- Xg
ing three possibilities for direct formation far production:

(@ a (u,d,)-valence diquark from the projectif picks up a FIG. 1. The differential cross sectioR do/dp® for p(0)
ss-sea_quark associated with the targetand forms aA: 4 p0)A+X as a function ofx; at p, =0.65 GeVE and ISR
(u,d,)P+sl—A; (b) au,-valence quark from the projectile energies as a sum of different contributions. The dash-dotted and
P picks up a ¢lsss)-sea diquark associated with the targetthe two dotted lines represent the contributions from the direct for-
T and forms aA, US"‘(dSSS)THA; (c) ad,-valence quark mation processe®), (b), and(c) given in the text, respectively. The
from the projectileP picks up a (1;S5)-sea diquark associ- dashed line represents the non-direct-formation part, which is pa-
ated with the targeT and forms aA: d© + (ugsg) T —A. rametrized as 300(2xg)2e~ . The solid line is the sum of all
We first consider their contributions t& production in  contributions. The data is taken from RE9].
unpolarized reactiop(0)+ p(0)— A + X and compare them
with data[9]. (Here, as well as in the following, we use the ting two data points in the larger region. The results are
same notations as we used[#5]: The first particle on the compared with the datgd] in Fig. 1. It is interesting to see
left-hand side of a reaction denotes the projectile, the secoriéat the data can indeed be fitted very well in the fragmen-
is the target,(O) means unp0|arized, andx means trans- tation region. In fact, the characteristic feature of the data
versely polarized. Just as for the meso,5], the number [9], compared with those for pior{d2], is that it is much

density for theA produced through these three direct forma-broader than the latter, and this is just a direct consequence
tion processes can be expressed as of the contribution from the valence diquarks through pro-

cess(a) given above. We see also that the wholeXg- <1
region can be divided into three parts: In the laxgeregion
(say,xg=0.6), direct procesa) plays the dominating role;
and for smallxg values &-=<0.3, say, the non-direct-
Db(XF1A|S):KAUU(XP)fD(XT|dsSs)r 2 formation partNy(xg,A|s) dominates, while in the middle
(that is, in the neighborhood a&~0.4—0.5), direct forma-

P - tion processes¢h) and(c) provide the largest contributions.
De(xe  Als) =k dy (X)) fp(X'|UsSy), 3 Having seen that the unpolarized dg@in the fragmen-
tation region can indeed be described using the direct forma-
tion mechanism, we continue to discuss the left-right asym-
metry in the corresponding processes with transversely
polarized proton projectile. We note that according to points
S X (i), (i), and(iv), A produced through the direct formation
whether it is for valence or sea quarkiy(x|d;q;) is the procesgb) should have large probabilities to go left and thus
diquark distribution functions, whergq; denotes the flavor give positive contributions té., while those from €) con-
and whether they are valence or sea quafsand Kx @€ tribute negatively to it. For the direct formation procdas
two constants. The number density far produced in an e note the following: This direct formation proce¢s

Y
o

E do/dp® in ub/GeV?

Da(xe,Als) =k fp(x7|u,d,)sg(xT), (1)

respectively. HeraP~xg andx"~m3/(sx), followed from
energy-momentum conservation in the direct formation pro
cessesq;(x) is the quark distribution function, whergde-
notes the flavor of the quark and the subscripienotes

unpolarized reactiop(0)+p(0)— A +X is given by should be predominately associated with the production of a
meson directly formed through fusion of thevalence quark
N(Xg,A|s)=Ng(Xg,Als)+D(xg,Als), (4 of the projectile with a suitable anti-sea quark of the target. It

follows from points(i), (ii), and(iv) (see alsd4,5]) that this
whereD(xg,A[s)=2_, Di(Xg,Als) is the total contri- meson should have a large probability to obtain an extra
bution from direct formation processes; aNg(xg,A|s) is  transverse momentum to the left. Thus, according to momen-
the contribution from the processes other than direct formatum conservation, thd produced througlfa) should have a
tion. Using the parametrizations of the quark and diquarkarge probability to obtain an extra transverse momentum to
distribution given in the literaturd10,11 we calculated the right. This implies thatd) contributes negatively to
D(xg,Als). The two constants, and KdA are fixed by fit- Ay, opposite to that of the associatively produced meson
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(7" orK™ or othe). As we have mentioned abov@) plays
the dominating role in the largg: (xz=0.6) region. We
therefore expect thaky(xg,A|s) is large in magnitude and

negative in sign, and behaves in a similar way as

—AN(Xg,77|s) does in this region. In the regiaxe=<0.5,

we have the interplay between the non-direct-formation part

No(Xg,A|s) and the contributions from the direct formation
processegb) and (c). The situation is very much similar to
that for #° production. We expect therefore that, for
Xg=0.5, Ay(Xg,Als) is positive in sign, smaller than
Ay(Xg,7"|s), and has the similar behavior as

An(xg,7P]s). It should change its sign somewhere and rises 0

up later than— Ay(xg , 7" |s) does. All these qualitative fea-
tures are consistent with the characteristics of the {2ka
from the E704 Collaboration.

Encouraged by these good agreements between the qu

culate Ay(Xg,A|s) quantitatively. We recall that left-right
asymmetry is defined as

N(xg,Als,T)—=N(xg,Als,|)
N(XF ,A|S,T)+N(XF 1A|Srl) '

An(Xg ,Als)= ©)

where

1 do R
N(XF.A|5J)——UiJRd pJ_—ZdXdeL(XFer_1A|S1I) (6)

(with i=17 or ]) is the normalized number density of the
observedA in a given kinematical regiolR when the pro-
jectile is upward () or downward () polarized.ay, is the
total inelastic cross sectiouFEZp”/\/E, pj andp, are the
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. FIG. 2. Left-right asymmetryAy for p(1)+p(0)—A+X at

|-
tative results and the characteristics of the data, we now c:%-OO GeVE. The data are from Ref2] and the low energy data are

rom Ref.[13].

the A’s formed through direct fusion or combination of va-
lence quarkgu, in case(b) andd, in case(c)] polarized in

the same {) or opposite () direction as the projectile
with suitable sea diquarks associated with the target. The
contribution from(a) is opposite in sign to that of the asso-
ciatively produced meson and is proportional to
—r(x|u, ,try=—Au,(x|tr)/u,(x), wherex is the fractional
momentum of theu, valence quark. We have, therefore,

AN(Xg,A|s)=C[—r(X|u,,tr)D (Xg,A|S) + ADy(Xg,AlS)
+AD(xg,Al9)]. (7)

The expressions fdDy, .(Xg,A|s, =) are similar to those for

longitudinal and transverse components of the momentum dPb,c(Xr,A|s) which are given by Eqs(2) and (3) with

the A. According to the proposed picturédyN(xg,A|s)
=N(Xg,Als,7) —N(Xg,Als,|) comes predominately from
the direct formation part of thé\'s and is proportional to
AD(Xg,A|s)=D(Xg,Als,+)—D(Xg,Als,—) for cases(b)
and(c). Here,D(xg,A|s, =) denotes the number density of

u,(x?) and d,(x") being replaced byu, (xP|tr) and

d; (xP|tr). Here,u, (x"|tr) and d; (xP|tr) are the number
densities of the valence quarks polarized in the satnpdr
opposite () direction as the transversely polarized proton.
We obtain therefore,

— k{1 (x|u, , 1) Fo(xP|u,d, ) se(XT) + kA [AU, (X[t Fp(XT|dSq) + Ad, (x7|tr) f o (XTUsSs) ]

AN(XF ,A|S):C

whereAq, (x|tr)=q, (x| tr)—q, (x|tr). For a rough estima-
tion of Ay(Xg,Als), we use the ansatz fay, (x|tr) used in

N(Xg,Als)  ®

from the associatively produced meson through fusion of
d, with a suitable anti-sea quark, and is thus opposite to

[4,5], which is the simplest one that satisfies the conditiorAn(Xg,7~|s) or similar to Ay(xg,7|s). The contribution

mentioned in pointii). In this case (x|u, ,tr)=2/3 is a con-

from the second one is determined by thevalence quark

stant. The results of this calculation are compared with th@nd is also similar té\y(xg , 7 |s). We therefore expect that
data[2] in Fig. 2. We see that all the qualitative features of Ay(Xg,2 "|s) has the similar behavior a&y(xg, 7 |s) in

the datd 2] are well reproduced.

the wholexg region 0<xg<1. For,~, whose flavor content

Similar analysis can be made for other hyperons in &s dds, we have only one possibility for direction formation,

straightforward way. For example, f&*, which has a fla-
vor contentuus, we have following two possibilities for
direct formation: (,u,)P+sI—3% and uf+(ugsy)T

—3 ", The first process contributes fg, opposite to that

i.e.,d”+(ds)I—3 . We expect therefordy(xg,3 " |s) to

have the same behavior As(Xg,7|s). Although3° has
the same flavor content as, there is the following differ-
ence: While thaud-valence diquark im\ is in the state with
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TABLE |I. Sign for the left-right asymmetryAy for hyperon  of x.. Similarly, we expect thatAy(xg,Z°s) behaves
production inp(T)+p(0)— hyperon+ X in the largexg region.  similar to An(Xg,77|s); while Ay(xg,E|s) likes
AN(Xg,77|s). In Table[I] we summarize the sign of these
Ay's in the largexg region for different hyperons.

It should be emphasized that, although the left-right
asymmetries are in general different for different hyperons,
they have the following in common: All of them are signifi-
cant mainly in the fragmentation region of the polarized col-
liding object, and are approximately independent of the un-
polarized one. No asymmetry is expected for hyperons in the
fragmentation region of the unpolarized colliding object. All
these can be tested by future experiments. It is also interest-

1 1 ing to see that the polarization of hyperons obseffded in
- = _ reactions with unpolarized projectile and unpolarized target
IP() 2\/5{ 3u(h) \/i[u(T)d(l) uthd(n] are also significant mainly for sufficiently large and/or in
the fragmentation region. It can be imagined that such hy-
1 peron polarizations and the left-right asymmetries in single-
+u(?) E[U(T)d(lH u(1)d(m] spin processes are closely related to each other. Such a study
is under way, the results will be published elsewHdr&.
In summary, we have shown that the striking left-right
—V2u(DHu(dm) ¢, (9)  asymmetry for inclusive\ production in single-spin hadron-
hadron collisiong4] is a direct consequence of the existence

where () and (1) denote that the component of the total of orbiting valence quarks in polarized nucleons. Direct for-

angular momentum of the corresponding valence quark igwation OT part_icles through_fusions of valence qua(ﬁ_is
either j,= +1/2 or j,= — 1/2, respectively. We see clearly quarksg with suitable sea antiquarksea quarksplays a sig-
that ifz the ud diqaark is 1in aj,q=1-state, the other nificant role not only for the production of mesons but also
u—va,llence quark is either polarizeud upward ’or downward,for _hypero'ns. With moderately large, in the fragmentation
with relative probabilities 1:2. So £° is produced through region. This implies that left-right asymmetry exists not only
for A but also for other hyperons in single-spin inclusive

the same kind of direct formation process as showiajn ducti M ts of h i
the associatively produced meson should have a large prolg—ro uction processes. ieasurements of such asymmetries
provide extremely useful information not only for the spin

oy . 0 _
?gcg Eﬁge?errl]%gtﬁgﬁgci;(wiFS);pggte;hﬁ\‘t(th igrgﬁ) ?g_ structure of nucleon but also for the production mechanisms
NAE F of hyperons.

gion (Xg=0.6, say. In contrast to Ay(Xg,Als),
An(xe,2°s) is positive in sign in this region. But, they have  We thank Meng Ta-chung and R. Rittel for helpful discus-
the similar behavior in th&-=0.5 region. This implies also sions. This work was supported in part by Deutsche Fors-
that there is no change of sign A (xg,2°|s) as a function  chungsgemeinschafbFG:Me 470/7-).
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Hyperons A st 30 3°

AN(Xg=0.6) - + + - + -

the sum of their total angular momentg,;=0, the
ud-valence diquark ir2° is in aj,q=1 state. We note that
the proton wave functiofc] can be written in the following
way [14]:
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