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Lambda polarization and single-spin left-right asymmetry in diffractive hadron-hadron collisions
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We discuss lambda polarization and single-spin left-right asymmetry in diffractive hadron-hadron scattering
at high energies. We show that the physical picture proposed in a recent Letter is consistent with the experi-
mental observation that polarization in the diffractive procegsp— AK*p is much higher than that in the
inclusive reactiornpp— AX. We make predictions for the left-right asymmetky, and for the spin transfer
DQN in the single-spin procesx 1)p— AK*p and suggest further experimental tests of the proposed picture.

PACS numbds): 13.88+¢€, 13.85.Hd, 14.20.Jn

It has been knowml] for a long time that hyperons pro- In a recent Lettef10], we argued that there is a close
duced in hadron-hadron or hadron-nucleus collisions are paelation between the above-mentioned hyperon polarization
larized transversely to the production plane, although neithefP,) observed 1] in inclusive production processes in un-
the projectile nor the target is polarized before the collisionpolarized hadron-hadron collisions and the left-right asym-
Significant hyperon polarization@ip to 40% in inclusive  metry (Ay) observed12] in inclusive hadron-hadron colli-
production processes have been obseft¢ih the fragmen- sions using transversely polarized projectile or target.
tation regions for moderately large transverse momenta. Th€heoretical arguments and experimental observations have
effect has been confirmed in past years by a large number dfeen presented which strongly suggest that the two phenom-
similar experiments at different energies and/or using differena have the same origin and should be considered together.
ent projectiles and/or targets and for the production of dif-If this is indeed the case, it offers a new starting point to
ferent hyperons. However, the physical origin of these strik-understand the origin d® .
ing polarizations is still a puzzle. The basic difficulty is that  In this Brief Report, we apply the picture o production
the helicity of the almost massless quarks is conserved iin diffractive hadron-hadron collisions to make further tests
perturbative QCD(PQCD in leading twist and at leading of the picture by comparing the obtained results with the
order [2], but the existence of large hyperon polarizationavailable data. We show in particular that the much larger
requires a significant helicity flip at the hadron level. Differ- value of P, in pp— AK™p should be considered as further
ent attempts have been mad to overcome this difficulty strong evidence for the picture. We make suggestions for
in the context of PQCD; other theoretical models have alsduture experiments.
been proposed4-1Q]. It is clear that understanding this  We now start by recollecting the key points of the picture
striking spin effect would also shed light on the spin struc-proposed if10]. The basic idea of the picture is that there is
ture of the hadron. a close relation betweeRy in unpolarized hadron-hadron

While most of the experimental data on hyperon polarizacollisions andAy in single-spin hadron-hadron collisions.
tion are in inclusive processes, the CERN R608 Collaboratience, if we extract the essential points encoded inAge
tion has carried out an experimeftt1] in the diffractive  data, we should be able to understaRd based on these
dissociation procegsp— AK *p. One of the obvious advan- Points. The following two p_0|_nts(,a) and(b), have therefore
tages of this exclusive experiment is that, here, one concereen derived from the existingy data[12], and used as

inputs to studyP, .

trates on a much simpler final state than in inclusive pro- : )
cesses. In this way, one hopes to gain deeper insight into the (& If @ hadron is produced by an upwards polarized va-

mechanisms of lambda polarization. The res[dt] of this lence quark (_)_f the transversely polarized projectile, _it has a
experiment show thaf produced in this process is also Iarg? probab|I|ty.t0 ’I:uave gtransverse momentpm pomtm_g to
transversely polarized, and that the polarization has the sanB® left-hand side” looking downstream. This production
sign (negativé as that observefl] in the inclusive process Mechanism gives rise to positive left-right asymmetry.
pp—AX but the magnitude is very large (6294%) — [12,13 Here, “left-hand S|d%e is deflned by the reqwrerrjent
much larger than those observed in the inclusive proceséhat the scalar productt=S-(pgX p) be positive, where&
Since the diffractive procespp—AK'p is the simplest Is the polarization vector of the transversely polarized beam,
channel for the inclusive process— AX, the observation andpg andp are the momenta of the beam and the produced
that A polarizationP, in this channel has a much larger hadron, respectively. PositivAy measures the excess of
value than that ipp— A X, which is the average over all the hadrons produced to the left-hand side over those produced
different channels, suggests that this process plays indeedta the right-hand side. The above point has been derived
special role. directly from the datd12,13 on Ay in meson production.
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We denote the difference of the probabilities ot to be

positive and to be negative . C should lie in the region ne i

0<C<«<1. Ba P foft
(b) If a hadron is produced by two valence quarks (va- bad Hght

lence diquark) of the projectile, the remaining valence quark

produces an associated hadron. The left-right asymmetry

due to this production mechanism is opposite to that of the |G 1. Hyperon polarization is defined with respect to the unit
associated hadrorThis is consistent with the data @\ in  yectorn=pyxp, /|psX p,| which is perpendicular to the produc-
A production[12,14. It explains in particular the surprising on piane. Herepg andp, are momentum of the beam hadron and
experimental resulf12,14] that A produced by a spin-zero that of the produced\, respectively. From the figure, we see in
(ud) diquark from the polarized projectile also exhibits left- harticylar tham is pointing upwards i, is pointing to the left.
right asymmetryf 16]!

These two points are supplemented by the following twoffom other experiments. Using this picture, we show&d|
points, which are consistent with the recent ALEPH angthat various data on hyperon polarization in inclusive pro-
OPAL data[17,18 on longitudinal polarization ofA in gucnon processes can be understood provided that dmel
¢ S taking part in the associated production of theand K*

have opposite transverse spins. We found in particular that,

o : . in this picture, A polarization comes mainly from tha’s
(1) Quark polarization isiot destroyed in fragmentation. which contain two valence quarks of the proton projectile

(2) The SU®) wave function can be used to describe the nd are associated with a spin-zero meson sudt'aghich
relation between the spin of the fragmenting quark and thay P

of the hadron produced in the fragmentation process. contains the remaining valence quark of the proton.

. . We stress that, although the model is consistent with that
We recall that the S(6) wave functions have been widely ! o . .
used in studying hyperon polarization in hadron-hadron Col_proposed by DeGrand and Miettingh] on some points, it

lisions in the literaturdsee, e.g.4], [5], and[7)); i.e., point differs very much from the latter. Ifb], polarization of hy-

(2) has been assumed to be true. From this point. we obtaiR€rons originates from a semiclassical effect, Thomas pre-

. . o . cession, which leads to the ‘“‘slow-partons-spin-down-fast-
immediately thatA polarization is completely determined by partons-spin-up” rule. This would in particular predict that
its s valence quark. This result is quite different from that hyperons produced i.re+e* annihilations should also be
suggested by .the recent polarized deep-inelastic IEptoqfansversely polarized, which contradicts the dg@,17.
nucleon scatterlng;)IS) data[19]. The recent DIS data sug- The model in[10] relatés hyperon polarizatioR, in uﬁpo—
g;sat"t r}?;,czg:]ar(g);fé?[h,ethneuglue%rrl:ssaliﬂnd avcggza;ks I(i::crjrz{ o?tly a larized collisions with left-right asymmetrie&y observed
suggests thd20] A spin is not copm .Ietel detgrpminedob its [12] in single-spin inclusive hadron production processes.
s qgt?ark This initiatgd the discuss?ior@sge e.g [20_253)/ Data onAy suggest a correlation between the polarization of
whether such a picture of the spin structure should also b}ehe valence quark and the transverse moving direction of the

used for describing the relation between the spins of the fra%rOduced hadroppoints (a) and (b) mentioned abovk The

: - icture in[10] shows that the same correlatiof@ and (b)
menting quarks and the polarization of the hyperon produce ead also to hyperon polarization in unpolarized collisions
in the fragmentation processes. It has been pointed out in yp P S P ) '

We now come to the application of the picture to the

[15] that measurements of the longitudinal polarization\of diffractive proces®p— AK *p. We note that this is the sim-

in e"e”—2°~AX can provide some hints to answer this lest channel for the inclusive procegp— AX and it has
guestion. The available dafa7,1§ are still far from accu- P : T process
the following peculiarities: First, unlike ipp—AX, A has

rate and enormous enough to provide a conclusive judg : .-
ment. But these available ddth7,18 seem to favof15] the o contain two of the valence quarks f.rom the coIthg pro-
ton in this process. The associated spin-#€focontains the

SU(®) description26] other valence quark. This means that, in this channel, we

We note that the four point®), (b), (1), and(2) form the . : .
basis of the picture ih10]. They are consistent with the data have_onIyA_produced t.)y mechanis(n) Wh'Ch.' ac_cordmg to
the picture in[10], provides the largest polarization. Second,

now availablg12-14,17,18 Whether, if yes, how they can there | tribution f h d Thi that
be derived from QCD are questions which have been dis—here IS ho con ,:' u_|or1_ rorp ypero?] decay. IS meansE tﬁ
cussed frequently in recent years in the literature. Man ere 1S no contamination irom such decay processes 1o the

models have been proposed to understand in particular poinfg po_lgrization. In fact, this is.th_e only channel where these
(@) and (b) in terms of the quark-parton model in the frame- conditions are completely satisfied. We therefore expect that
work of QCD. Since the purpose 61.0] and that of the A polarization should take its maximum in this process. This
present paper are to discuss the close relationship betweé’%ﬁCons"s_tent with the R608 obser_vatlﬁml] that P, in this

the left-right asymmetries observed in single-spin hadronP'OCess 1S much larger than thatpp— AX.

hadron collisions with hyperon polarization in unpolarized In order to_estimat@A ?n this process quantitatiyely, we
hadron-hadron collisions, we use these points as input. (recall thatP, is defined with respect to the production plane

this sense, the results obtained in the following and those ifS€€ Fig- 1andP, <0 means that thé\ has a large prob-
[10] are consequences of a phenomenological model whichbility to be polarized in the-n direction, wherencpg
is consistent with the basic principles and the empirical factsx p, is the normal of the production plan. According to

ete”—Z7%-qg—A+X, in order to give a description o
Py in hadron-hadron collisions.
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FIG. 2. Associated production of containing two of the va-
lence quarks of the projectile proton al{d containing the remain-

ing u valence quark. Here, the three long straight solid lines repre

sent the three valence quarks from the projectile protor;

represents some unknown object which carries the energy momen-

tum needed to create thes pair. From the figure, we see that
polarization ofA and that of the remaining valence quark are the

same provided that theands have opposite spins.

point (b), if 5A is in the direction as shown in the figure

(denoted by “left”), K* should be going right; thuqSB
X §K+ should be in the opposite direction 5sAccording to

PHYSICAL REVIEW D 61 117503

TABLE I. Predictions of different spin parameters in the diffrac-
tive procespp— AK* p at high energies of the picture jf0]. The
data forP,[pp— AK™p] are taken fronj11].

Theory Data
PAlpp—AK p] —C(=-0.6) ~0.62+0.04
ANP(1)p—AK*p] —C(=-06)
AX [p(1)p—AK*'p] C(=0.6)
DANP(1)P—AK p] 1

(B) The “spin transfer parameterDﬁN for the produced

A should be positive and large ip(T)p—AK*p in the
fragmentation region op(7). We recall thalDﬁN is defined

as the probability for the producetl to be polarized in the
same transverse direction as the projectile. Althoughutthe
diquark which comes from the projectile to form the pro-
ducedA has to be in the spin-zero state and thus carries no
information of polarization of the projectile, the remaining

point (a), theu valence quark should have a large probabi”tyvalence quark completely determines the polarization of the

to be polarized in the- n (downwards direction. The differ-
ence of the probability for thisi, to be polarized in the

—n and that to be polarized in thredirection is given by the
constantC mentioned in poini{a). SinceK™ is a spin-zero

object, thes in K* should be polarized in the direction if
u, is polarized in the—n direction. Hence, the quark and

thus theA should be polarized in the n direction ifs ands
have opposite transverse spisee Fig. 2 We see, in this
case, that the polarization of is the same as that for the

projectile. They are polarized in the same direction. Hence,
the s has to be polarized in the opposite direction as the
projectile sinceK® has spin zero. The quark, which has
opposite transverse spin as #eand theA containing thiss
quark should be polarized in the same transverse direction of
the projectile. Hence, we obtain

DN P(T)p—AK p]=1. 3)

remainingu valence quark which is contained in the associa-Both () and (8) are predictions which can be tested in

tively producedk ™. This implies that

PA(pp—AK'p)=-C. D)
Using the valueC=0.6 determinedsee, e.g.[16] and the
references given thereirby fitting the Ay data, we obtain
that P,(pp— AK™*p)=—0.6 which is in good agreement
with the R608 dat@l11], P,(pp—AK™p)=—0.62+0.04.

future experiments. The predictions for the process
—AK*p are summarized in Table I.

Here, it should be mentioned that polarization has re-
cently been measurd@8] in another exclusive procegs
—pAK 7 7 o 7~ at incident momentum of 27.5
GeV/c. The results show the followingt) The magnitude of
P, in this channel is much smaller than that imp
—pAK™. (i) P, is approximately the same for events

This result is rather encouraging. We therefore made avhereK" and A are produced in the same hemisphere and
detailed analysis for the related spin effects in this processefor those where they are in the opposite hemispheres. We

We found that the single-spin reactipii) p— AK™ p with
transversely polarized proton(1) is an ideal place to test
the picture proposed ifl0] and its applicability to diffrac-
tive processes. We obtained the following

(a) There should be a large left-right asymme#y for
A as well as foiK* in p(1)p— AK™ p in the fragmentation
region of the transversely polarized protp(]), and

AQ[D(T)PHAKW]:—Aﬁ+[p(T)p—>AK*p]:—C.(2)

This is becauseA ') = (ud)y s'; thus only the configuration
(ud)oyouT in the projectile protonp(7) contributes to the
processp(T)p— AK*p. Hence, theu valence quark con-

show that both(i) and (ii) are consistent with the picture
mentioned above. First, unlike thatjimp— pAK™, A in this

left
)

s(l)
i +
___________________ ah >K+
0 ) >
d(1)

ul) >
right

FIG. 3. ProductionA containing two of the valence quarks of
the projectile proton associated with more than one pseudoscalar
mesons with one of them containing the remainingalence quark.

tained inK ™ is upwards polarized. According to the points we see here that the correlation between the polarization afd
(a) and(b) mentioned above, we obtain the results shown inthat of the remainingu valence quark is not destroyed if more

Eq. (2).

spin-zero mesons are associatively produ@ddFig. 2).
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channel can be produced by two or one of the three valencgite hemispheres. This implies th@f) should also be true.
quarks of the colliding proton. But according to the picture in  In summary, we have successfully applied the picture pro-
[10], only the A’s produced by two valence quarks are po-posed in[10] to A production in diffractive processes. The
larized; those produced by one are not. Second, whii@  obtained results are in agreement with the data now avail-
pp—AK'p is definitely associated withK™, in pp  able. Predictions have been given which can be tested in
—pAK w7 " m™, A can be associated with a vector future experiments.

meson such a&*° which subsequently decays inko" 7.

As has been emphasized|it0], the correlation between the ~ We are indebted to Professor Meng Ta-chung who initi-
u valence quark in the associated meson andstheark in  ated this research and participated in the early stage of this
the produced\ will not be destroyed if more spin-zero me- work. Part of the results in this paper are taken from an
sons are associatively producéske Fig. 3, but it will be  unpublished notéRef. [29]) written together with him. We
destroyed if one or moréspin-one vector mesofs) are in-  thank R. Rittel, Wang Qun, and Xie Qu-bing for helpful
volved. Hence, we expect that poif is true. Furthermore, discussions. This work was supported in part by the National
sinceP, is not changed if more spin-zero mesons are proNatural Science Foundation of ChifldSFQ), the State Edu-
duced in between(Fig. 3), it is therefore unimportant cation Commission of China, and the Australian Research
whetherK ™ and A are produced in the same or in the oppo-Council.
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