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Polarization phenomena for processe§+ p—P+V and mechanisms of OZI violations
in ¢ production
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The spin structure of the matrix element pr annihilation in flight in the proces§+ p—P+V with P
=7%n,7, andV=p°,w,<p, is constructed for collinear kinematics. The expressions for all the one-spin and
two-spin polarization observables are found, and the consequences for the triplet enhancement hypothesis of
strange particle production ichoIIisions are discussed.

PACS numbds): 13.88+e, 14.20.Dh

. INTRODUCTION found in pp annihilation at rest, is that it is not connected at

Results f larized d inelasti . all to the ss component of nucleon. It has been suggested
es‘itSS r.og? PO arrl]ze h eep 'n,g a§t§Ss(f:atterlng EXPeMlracently[18—20 that triangular rescattering diagrams with
ments[1-5] indicate that the contributio fom strange i ang pp in the intermediate state, and interference ef-

quarks and antiquarks EO the spin of_the proton, for momeng, s petween different amplitudes may also explain the very
tum transfer squareQ?=3 Ge\?, is quite large: AS | iolat f the OZI rule. ob dm g
— —0.11+0.03. This negative sign explains also the results2'9¢ Vioiation ot the rule, observed pr-p— ¢+ 7,

[6] of the measurement of th& polarization in the target N the absence of anys component in the nucleon. In any
fragmentation region in neutrino induced reactions for inci-case, the ss recipe [8] relates the enhancement of
dent momenta larger than 5 GeM/7], where theA hyper-  ¢-production with definite polarization properties of initial
ons have been found to be polarized longitudinally with app andpp states ing-producing processes.
value P, =—0.56=0.13, the sign being negative with re-  |nteresting properties of-meson production ilNN col-
spect to the momentum transfer direction. lision processes such d81-26 p+p—p+p+75, n+p
The existence of aiss component of a nonperturbative —n+p+ 5, n+p—d+», can be exploited also in the
nature in the nucleon, even at relatively small momentunyramework of hypothesis ofsnonperturbative component
transfer [8], would have important consequences on the . —
Okubo-Zweig-lizuka(OZI) rule [9-11]. Large violations of of nucleon, although they meson does not contain onds

this rule have been recently reporteddp annihilation into quarks, as is the case for themeson. As in the case of
vector mesons, at re§12—1ya. II'? has Egen shown that the ¢-producing reactions, one can interpra{prgduction en-

anomalous yields of mesons, produced in the reactigms _hancement PP C(.)”'S'Ons In terms of a largss component
0 — in the nucleon, with one major difference. In vector meson
+p—oe+m and p+p—o+y are related to the&Swave

. . roduction, it has been shown that the triplet stat or
nature of the annihilation channel, however, with no IargeB P ppr

deviations from the naive OZI predictions in tiewave PP) IS most suitable for transferring trss component from
o — . . the initial nucleon(antinucleon to the final vector meson. In
annihilation channel. In thp+ p— ¢+ 7 reaction, selection N .
. - ) oL the case of pseudoscalarproduction, it is thesingletstate
rules inC andP parities permit only a spin triplgip initial

. . . which is favored for transferringgcomponent to the finah
state, leading to the suggesti¢8] that the ¢ production, meson, thus explaining the large value of singlet amplitude

induced by polarized nucleon-antinucleon could be related to . . .
A pulls in comparison with the triplefi27] ones.
AS. Note that the large violation of OZl-rule ip+p— ¢ Therefore, to test the hypothesis about polarized strange-
+ar_(at thresholdlis in favor of the positive contribution of ness of nucleon, different polarization experiments will be
the sspolarized se§16]. This finding is not in contradiction very interesting. To obtain theoretical predictions for such
with the presence of a negatigs-polarized component at €xperiments which are more sensitive to this special dynam-
high momentum transfetsmall distances This means that ics, some preliminarykinematica) analysis of the polariza-
the strange quark contributioAS can beQ? dependent, tion phenomena must be done. The point is that sometimes
changing sign aQ%=1 Ge\~. the polarization effects can be predicted without any specific
It must be pointed out that majority of the experimentaldynamical assumptions, but only using the symmetry prop-
evidence of the sign ok S have been obtained at rather high erties of fundamental interactions, suchR&nd C invari-
momentum transfers. In the nonperturbative region there ignces, Pauli principle and isotopic symmetry of the strong
little information aboutAS. That is, there is only one experi- interaction, as was previously demonstrated for the processes
mental resulf17] on neutrino and antineutrino scattering, of vector meson production in nucleon-nucleon collisions
indicating that the nucleon strange axial form factor, whichN+N—N+N+V°[16], N+ N—d+V [28], near threshold.
is directly related toAS, could be slightly positive with a In this work we study the polarization phenomena ffor
large error bar, for 0.5 GEALQ?<1 Ge\~ . +p—P+V. Our main aim is to construct the spin structure
An alternative explanation for the large OZI violation of the scattering matrix element in general form, with subse-
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guent study of polarization effects. We discuss the case ahe complex singlet and triplet amplitudes, which are func-
collinear meson production wheré=0,7 [# being the tions of a single invariant variable (square of the total en-
P-meson production angle in the c.m. syst&mm.s)]. Ob-  ergy of colliding particles

vious advantages of this special kinematical regime are that Obviously, the amplitudeg, and g, are different fore

the cross section is maximal at these production arigfess, =0 and #= in the general case. But for the procespes
more convenient for experimental testing of the predictipns 4 p—, p94-\/0 (that is, production of both mesons with defi-
and the spin structure of the scattering matrix element is veryjte C paritie9, C-invariance of strong interaction predicts
simple. Indeed, as we will discuss in detail in Sec. Il, be-the following relations between these amplitudega0 and
cause of the conservation of the total helicity in the collinearg— -

regime, we have two independent spin structuregioran-

nihilation in flight, instead of six we would have had for g,(s,6=0)=—gy(s,6=m), gi(s,6=0)=g;(s,0=).
arbitrary 6. In order to appreciate the significance of this )
simplification, let us recall that even in the special kinemati-

cal regime(the so-called orthogonal kinematics, where theone can see from E@R) that for the annihilation of stopped
V-meson production angle in the c.m.s.$2), one has antiprotons(in the S state, where any dependence of am-
three independent spin structures, and thus three mdependqm‘tudes must disappearthe following expressions are ob-

amplitudes to worry aboui29]. In addition to the simplifi-  tained for the threshold values of these amplitudes:
cation of the spin structures, the polarization phenomena are

also §imp|ified in the collinear regime. For exgmple, some Jo(s=4m?)=0, g(s=4m?)#0,
polarization observables such as vector analyzing powers, as

well as the polarizations of the final particles are |dent|callyWherem is the nucleon mass. That is, only the triplet anni-

zero in any model. Furthermore, the amplitudes in the COI_hilation is allowed, and thus the vector mesons must be pro-
linear regime are functions of a single kinematical Variableduced with transvérsal olarization only. This is an interepst-
only, namely the total energy. The collinear kinematics is. b Y-

very attractive for testing th€ invariance of the strong in- mr? dﬁﬁ?é?ﬁg? sfrﬁ(r)]:g:atlorr(l) beert;\g?n%?lagziﬁsg?i;)nhc%ng;nena
teractions also. As it is possible to discriminate between th y Y prop Y,

kinematical and dynamical properties of the polarization ob- usr:a%a;egtgéwts;ic:?grst'elgti?]”nggﬁ;r?;ggg??ﬁgosqrgin be
servables in the collinear regime, it can be considered as on%teractions using the olarizgtion henomena 9
of the most suitable regimes for testing the hypothesis of” ' 9 P P '

. . o Using the parametrizato(l) of the collinear amplitude,
tnpleienhar-]c-ement for the strange particle productid i one can establish the dependence of the differential cross
andNN collisions.

Our paper is oraanized as follows. In Sec. Il we aram_section on the polarizatiorél and I52 of the colliding par-
pap 9 ' ) b ticles, taking theP invariance of the strong interactions into

etrize the collinear amplitude chT+ p—P+Vinterms of  5.ocount:
two possible spin structures, corresponding to singlet and

triplet Ep interactions, and analyze one-spin and two-sping, = _ 1 L 1 L
polarjzation observable; in terms Qf th'ese'singlet and triplet(m(Pl,Pz)= Zas(l— Pi-Py)+ zat[1+(k- P.)(k-P5y)],
amplitudes. We also discuss the implications of triplet en-

hancement for the polarization phenomenapiproduction. ®)
Il. POLARIZATION PHENOMENA IN COLLINEAR where os and o, are the cross-sections gfp-annihilation
KINEMATICS from the singlet and triplet states, respectivihiplet state is

characterized here by a unit value of the projection of total
The general formalism for analyzing the polarization phe-gpin of pp system.

nomena is developed in Ref30] for arbitrary 6 exceptd We used in Eq(3) the following expressions for the po-

=0,7. Thus, in the collinear regime one cannot start with|,yi;ation projectors in terms dt, andP,, for description of
this general formalism, and extrapolate the resultséto o fermion system in singlet and triplet states:

=0,7. Instead, one needs to develop an independent formal-
ism from the scratch, and that is what will be done next. 1 1

The general spin structure of amplitude of any progess Pe=7(1- P.-Py), Pt=§[1+(l2~ P)(K-Py]. @
+p— P+ V for the collinear kinematics can be parametrized

in the following form: ) . ) .
Using the general form for the differential cross section for

M=Y20,[igo(S)k- €* +gy(s)o- €* XK]x1, (1)  the collision of two polarized fermions in the collinear re-
gime
where y; and y, are the two-component spinors of initial
proton and antiproton, respectivelﬁ, is the polarization

three-vector of produce® meson,k is unit vector along
three-momentum of colliding particlegp(s) andg,(s) are (5)

do . . do L e e e o
d—Q(Pl,Pz)= aQ [1+A(P1-Py)+ Ax(k-Pp)(k-Py)],
0
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one can obtain the following expressions for the spin correthe decayV—P+P (for instance p—K+K,p— 7+ 7),
lation CoefﬁcientSA]_ andAz, in terms of the collinear am- this dependence is Characterizedmy
plitudesgy andgy:

1
s L W(y)~1+acosy, a=-3 1+; , (11)
1= - ’
ost20 21 921g.]?
° t 190l 94 where ¢ is the angle between the three-momentum of
e 200 2|g4/? ©) V-meson in the c.m.s. op+p—P+V, and the three-
2= ot 20, 1902+ 2942 momentum of the seconda® meson produced in the next

step decay o¥ in its rest frame(that is inV— P+ P).
In this connection, we would like to also note that the
other possible one-spin polarization observables, namely the

A;<0, A,=0, —A;+A,=1, (7)  analyzing powers op+p—P+V andp+p—P+V, vanish
in the collinear regime, as can be proven easily on the basis
which are valid for any values of the amplitudgsandg;. of general symmetry considerations, independently of the
The relation(7) betweenA, and.A; is a result of the absence values of the amplitudeg, andg;.

One can see from E@6) that

of the annihilation from the triplet state @fp system with All these polarization observables aresven, and are de-
A=0, where\ is defined as the projection of the total spin of termined by the moduli o§, andg;. But the relative phase
pp system along the direction of initia. of these amplitudes can be determined using correlation po-

One can see that coefficiens, or A, characterize the larization experiments, such as the measurement of depen-
relative role of the singlet and triplet annihilation for the dence of polarization properties of produdéchesons on the

L= . . . . polarization of one of the initial particles. The general pa-
reactionsp+p— P+ V in collinear kinematics. So, by mea- o ) , —
suring the differential cross-section, dd/d()o~|go|2 rar;netnzatlon of density matrix o mesons, produced ip
+2|g4/?, with unpolarized particles in initial and final states, + P—P+V, can be written in the following form:
as well as the coefficiend; one can determine the moduli of ..
the complex amplitudeg, andg;. Pan(P) =i €apcPcp1tieankc(k-P)ps

The same information can also be obtained from the study . .
of the polarizedV production with unpolarizegp. Indeed, Flka(kX Py +k(kXP)a]ps, (12)
even for the collision of unpolarized particld&émeson must

have nonzero tensor polarization. To show this, let us ConyvhereP is the target polarization. . .
sider the most general form of density matrix for ¥Mene- The real functiong,(s) andp,(s), which determine the

son produced in collinear regime: T-even vector polarization 0f meson in the process+ p
—P+V, cannot be measured using the most probable de-

' (8) cays ofV mesons, such a§ —-P+P, V=P+vy, V—I*
+17, V=P+I1*+1"7, etc., which are induced by the strong
or electromagnetic interactiorf@ith P-parity conservation

1
Pab= KaKp+ P( Kakp— 3 Oab

where the real functiop=p(s), is given as But, all such decays are very suitable for measuring the ten-
3|g,[? sor polarization o mesons, i.e., the symmetrical part of the
= > (9)  density matrix. So, the quantiy;, which characterizes the
|90l %+ 2|94 2 T-odd correlation of polarizations of initial proton and the
producedV meson, can be measured.
So the nonzero elements of density matpiy, are deter- The coefficients; can be expressed in terms of the am-

mined by the following expressiori Cartesian coordinates plitudesg, andg; as follows:
with the z axis chosen alonﬁ): d(r) Re(gog)
1

Pl 7ol =7 5 o o
1.t 2 dQ/ " |gol?+2|gs|?

Pxx=Pyy= " 3P~ 2-/42' pz=1+ 3P (10)
do| [91]*—Re(geg7)
Equations(7) and (10) enable us to suggest a simpler strat- P2\ 4o _W
egy for determinindg,| and|g;| through the measurement o 19 91

of (do/dw)y andp. One can also see from the same equa- do —1Im(gog¥)
tions that by measuring only,, (or p,,), we can predict the Pg(d_Q) .
values of both coefficientsl; and.4,. This can be used, in o |9o/"+2[gy|

principle, for the polarimetry of high energ@ beam in the

: (13

o We see from Eq(13) that, the quantityps is the most sen-
processp+p—P+V, if target polarization is known. sitive polarization observable to the relative phase between

The elements of thg¥-meson density matrix can be deter- the collinear amplitudes. All these results are model indepen-
mined by studying the angular dependence/eheson de- dent, following only from the general symmetry properties of
cay products. For example, for the transition probability ofstrong interactions.
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Let us finally analyze the consequences of the special dywhereP-meson production angle is equal to Omrin c.m.s.
namical assumption, namely, the enhanceni8hof triplet  In this special regime, the spin structure of matrix element is
production ofg-mesons im+ p— ¢+ 7 process. In the case described by two scalar amplitudes, namely, the triplet and
of annihilation of stopped antiproton@nnihilation in the the singlet ones. We have proposed a two-step realization of
S-state, this hypothesis cannot be tested effectively; becauseomplete experiment with the determination of moduli of all
selection rules inC and P parities allow here annihilation amplitudes at the first step, and the relative phase of these
from the triplet state of collidingg+ p, only. But in the case amplitudes at the second step. It is important to note that the
of annihilation in flight this hypothesis can be tested qualita-<complete experiment can be realized using only one- and
tively. Indeed, in the case of the collinear kinematics thistwo-spin polarization observables. In any case, the polariza-
hypothesis implies that the singlet amplitude must be smallefion effects inp+ p— P°+ V° will offer opportunities to test
than the triplet one, i.elgo|<|g:|, which, in turn yields qualitatively the hypothesis of the dominance of strange par-

ticle production from the triplet states of nucleon-nucleon

A1=0, A,=1, p=- > (14)  and nucleon-antinucleon collisions.

which can be tested experimentally. For example, the angu-
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