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Hadron Polarization in Semi-Inclusive Reactions Involving Photons
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A phenomenological model which has had some success in explaining polarization phenomena and left-right
asymmetry in inclusive proton-proton scattering is considered for reactions involving photons. In particular,
the reactions (@y + p — H + X; (b) v + p(1) — «F + X and (c)p(1) + p — v + X are considered
wherey = resolved photon and hyperdih = A, 3, = etc. Predictions for hyperon polarization in (a) and the
asymmetry (in (b) and (c)) provide further tests of this particular model. Feasibility of observing (b) at HERA
and the effect of the polarization of the sea in the protos(ih + p — «* + X is briefly discussed.

1 Introduction 2 Resolved photon-proton reactions

Polarization phenomena in high energy proton-proton scat-We consider the transverse polarization of the hypeion
tering has been studied experimentally [1] and theoreti-in e~ + p — e~ + H + X. Here the effective reaction
cally [2,3] for over two decades. Left-right asymmetry is v + p — H + X, where thep is unpolarized and
(Ay) has been measured [4] in the scattering of a trans-H = A, ©+, etc. Theeey vertex is considered to be ‘real’
versely polarized protorip(7)) with an unpolarized pro-  with ‘resolved’ hadronic components.

ton (p) in the semi inclusive reactions of the typg) +

p — h + X, whereh is a hadron and typically is®, A
etc. Significant transverse polarizatiéi{ ) for hyperons
H = A, ¥, Zis found in unpolarized proton-proton inclu-

The kinematics is similar to that for reaction in
v+ p(1) — h + X, except that here the hyperon polar-
ization P(H) is measured. To see how P(H) arises in the

: tteri . I+ X. The effects ob di model, take the direction of the proton beam in cm-frame.
Slve scattering, Vizy-+p — i +A. 1he ellects observedin - o yransyerse polarization of a quark (in the proton) be de-
the above reactions are non-perturbative by nature and henc

“fioted by? or |, perpendicular to the production plane. One

have not been accessible to calculations based on flrstprlnu-assumeS [3], that a quark with upwarg (downward ())

ples, that is, quantum chromodynamics. Phenomenological olarization will preferentially scatter to the left (right) in

E‘noddels have been suggested for the production of observe he production plane, with respect to the beam direction.
adron.

Of the various models, which reproduce some features
of the data forAy and P(H), the most successful one is
perhaps the “orbiting valence quark model” [3] and is very
interesting in that it relatesly and P(H) as due to the
;aiggnutr;duimsngf%%dgfgtz?]g]aeﬁg?ﬁésgéglﬂi;mdshgggicon'quark content islds. In this case, only the valence d-quark

* from the proton {?) is common with those i ™. Let the

The basic idea is that a transversely polarized quark probability ofd?(1)(d%(])) from the proton to move to the
g (1) or ¢”(]) in the projectile (P) proton combines with  left (right) bea. Then, the probability ofi? (1)(d?(])) to
the appropriate quarks or anti-quarks from the ‘sea’ of the move to the right (left) will be { — ). The unpolarized pro-
target proton to form the observed hadrom the reaction  ton has equal probability of having# (1)ord?(]). Using
Eq (1). Further, the produced hadrbmoves preferentially ~ SU(6) baryon wave functions, we know that the probability
to the left of the beam direction, in the upper side of the pro- of d 1 (d |) inaX (1) is 3($). We expect thal (X (1)),
duction plane. That is if - 7 > 0, whereS represents the  the number ok~ (1) formed by the left moving flandd |,
transverse polarization gf’ (1), which is polarized upward  will be proportional to? a + £(1 — «), while the number
of the production plane. While, formed fromq” (), with N(Z7(1)) will be proportional toja + 2 (1 — «).
o e gt sy e Sy oo g T PSS the polazation P(E) | =

- - N(Z™(1))=N(Z~ .

rise to a netP(H) in the sub-sample of hyperons going left NEE—ER;+NEE—E83 - % (20 —1). As expected, this is
since H is assumed to retain the polarization of¢hevhich zero ifa = 1. Since,a is assumed to be 1, the model
forms it [3]. Based on these ideas, we consider other reac-predicts0 < P(X7) < 2. Using SU(6) wave functions,

tions to provide further tests of this model. we analyze the expected polarization for other hyperons.

This quark will combine with a two quark stafeq).,
from the photon to form the hyperon H. It is also possi-
ble that two quarks from the proton combine with a quark
from the photon to give the polarized H. To clarify how the
model works let us consider the productionXf whose
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(i) For Z%(uss) and=~(dss), theu? andd? will con-
tribute to their production by combining with the
(ss),— state from the photon. Here the probability
ofu T (u |)andd 1 (d |), respectively, ist(2).
ThenN(ET) or N(E7T)is o [3 a + 2 (1 — o)),
while N(E) or N(E ) isx [2 e+ % (1 —a)], s0
that P(Z°) = P(27) = % (1 — 2«). The polariza-
tion is expected to be opposite in sign/&gX ) but
smaller by factor of two.

—
=

[
(i) For XT(uus) there are two formation mechanisms:
(Dub + (us)y and(2)(uvu)? + (s),. The first mech-
anism (as in thec~ case) will contribute? (2o — 1)

to the polarization. It is the probability the spin up
diquark (uu) to move to the left then the second mech-
anism will contribute§(2a2 —1). If P, andP; are
the probabilities for=™ to be formed by the mech-
anisms(1) and(2) respectively then, one expects to
have (8)P(XF) = 2 (2a — 1)P1 + 2(2az — 1)Pa.
There is no definitive prediction for the polarization
without having a way to estimat®;, P,, and as.
However we expect that for highr (> 0.8) the
second mechanism will dominate [5] and that for
medium values of (0.4 — 0.6) the first mechanism
will dominate. Then, measuring experimentally the
polarizations ofP(X~) and P(XT) for this medium

xp region it can be determined, approximately, the
P1 (and so thePy) probability. Further, measuring
the P(XT) for highzr we can determine also,.

[

[

3

In this paper, tests of a particular phenomenological model
are given for a new process, in particular, relations like
0 < P(E7) < 2, P(¥) —2P(=%), and P(Z%) =
P(Z7) = 3 (1 — 2a) provide new and simple tests of the
model. The processes which provide these tests would probe
small x-region of the proton.

Conclusions [
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