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A summary of all the results achieved so far by the OBELIX Experiment
in various measurements of ¢ and w mesons production rates, in different
annihilation channels and with data taken under different experimental
conditions, is reported.
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1. Introduction

A possible experimental evidence for the presence of a §s component
in the nucleon even at low energies stands is the observed violation of the
Okubo—Zweig—Tizuka rule in nucleon-antinucleon annihilation reactions with
the production of ¢ mesons in the final state.

According to the naive quark model the low energy structure of the nu-
cleon can be simply described by means of three constituent v and d quarks.
Therefore, ¢ mesons in annihilation processes should only be produced by
means of their non-strange component, and the production rate should be
highly depressed as compared to w, the quasi-ideally non-strange isoscalar
vectorial meson: this is the basic point of OZI rule. However, in the last years
many experimental observations performed especially by experiments at the
LEAR storage ring at CERN, in various annihilation channels, have found
anomalously high rates for the ¢ production. The extent of OZI rule viola-
tion has been shown to be not only dependent on the annihilation channel,
but also on the quantum numbers of the initial state. A measure for this vio-
lation is given by the ratio of the production branching ratios for ¢ and w, re-
coiling against a non-strange system: Rx = o(NN — ¢X)/6c(NN — wX),
properly corrected taking into account the different phase space available to
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the two reactions. According to OZI its value should be around 4.3 x 1073,
and any deviation from this figure would be an indication for a violation.

The OBELIX Experiment, whose description has been already given ex-
tensively elsewhere [1], had been operational from 1990 to 1996. It had per-
formed several measurements of the production rates of the ¢ and w mesons
in various channels and in different annihilation reactions, with antiprotons
annihilating at rest on hydrogen targets in different pressure conditions —
allowing therefore a precise selection of the initial state’ — at rest on gaseous
deuterium and in the annihilation in flight of antineutrons with momentum
from 50 to 405 MeV /c on liquid hydrogen.

2. NN = ¢, wr

The study of the ¢ final state had been performed in different experi-
mental conditions, which will be described in the following subsections.

In general, in annihilations at rest or in flight at low energy the ¢ final
state can only be produced, due to C, P and G conservation, from 3S; and
1P initial states. A marked peculiarity, shown for the first time by the
ASTERIX Experiment some years ago [3|, is an anomalously abundant ¢
production coming especially from S-wave.

2.1. ip — ¢+, wn™

The most complete study of ¢ and w production in a two body anni-
hilation reaction had been performed by OBELIX in the fip — ¢n™, wr™
channels [4]. Since the antineutrons were produced with a momentum rang-
ing from ~ 50 to 405 MeV /¢, and their annihilation occurred in flight, the
production rates of these mesons could be traced as a function of the energy
available to the reaction; a marked dependence of them on the two possible
initial states was found: namely, a strong ¢ production from S-wave. The
proof of this feature is twofold: on one hand, the ¢ decay angle distributions,
reported in Fig. 1 for data belonging to different ranges of n momentum,
are fully compatible with a sin? @ shape, as expected from ¢7 annihilation
in S-wave. On the other hand, as can bee seen in Fig. 2a), the ¢m™ cross
sections follow nicely, as a function of 7 momentum, the trend predicted
for S-wave annihilation by Dover—Richard’s model [5]. The same does not
hold, as shown in Fig. 2b), for the wr™t channel, where a sizeable P-wave
component is present. From the analysis of the w decay Dalitz plots, the
P-wave contribution was found to be as large as about 30%, for the highest
7 momenta.

! being the S-wave pp annihilation fraction about 87% in liquid hydrogen, 42% in
gaseous hydrogen at normal pressure and temperature conditions, and 20% in hydro-
gen at 5 mbar, according to [2].
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Fig. 1. Distributions of the ¢ decay angle (the angle between the direction of one
kaon in ¢ c.m.s. and the ¢ line of flight, in reaction c.m.s.) for data selected in three
different ranges for # momentum: a) ~ 50 < pp < 200 MeV /¢, b) 200 < pr < 300
MeV /e, ¢) 300 < pp < 405 MeV /c.

As a consequence of the decrease of ¢ production with energy due to
S-wave dilution, the ¢/w production rates ratio drops with 7 momentum
as well (Fig. 2c)). Extrapolating to the condition of pure S-wave, one gets
for the ratio the value R%, (np — ¢nt, wrt) = (112 + 14) x 1073, which
exceeds the OZI expectation of a factor of 37.
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Fig. 2. Trends as a function on # momentum of: a) =+ and b) wr™ cross sections,

¢) Rr+(/w).

Dover—Richard model.

2.2. pp — ¢7°, wr

0

The dashed curve is the predicted trend of S-wave as given by

OBELIX had measured the annihilation frequencies of the ¢7° final state
in the reaction pp — ¢n® in hydrogen targets at three densities: liquid,
gaseous at NTP and at 5 mbar pressure [6].
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The ¢ annihilation frequency decreases almost linearly with the percent-
age of S-wave. By using the parameters from pp cascade process [2], the
hadronic branching ratios from single initial partial waves had been evalu-
ated:

BR(pp — ¢7°, 3S1) = (7.57 £0.62) x 107*,
BR(pp — ¢7°, 'P)) < 0.5x 1074, at 95% C.L.

hence the branching ratio from S-wave exceeds that from P-wave of a factor
of about 15. This dynamical selection rule is again shown not to be valid for
the production of the w meson. In an analysis of the pp — wn” annihilation
in liquid hydrogen targets at different densities [7] the production of w from
the ! P; initial state was found to be not negligible, going from about 10%
for annihilations in liquid target to about 30% for annihilations in gas at
NTP, and confirming therefore the trend observed in np annihilation data.

As a consequence, the ratio of the yields depends on the target density:

R0 (¢pn° Jwn®, liquid Hy) = (114 4 10) x 1073,
Ro(¢pm°/wn®, NTP Hy) < (83+10) x 1073.

Extrapolating to pure S- and P-wave annihilations one sees that a large OZI
rule violation occurs from S-wave, while it is practically absent when the
same reaction proceeds from P-wave. The value obtained for the pure S-
wave pp annihilation at rest, R;fo = (117 4+22) x 1073, is quite in agreement
with the value reported in the previous paragraph for np.

2.3. pn — ¢, ww™

The pn annihilation at rest could be measured by OBELIX stopping an-
tiprotons in a deuterium gaseous target [8]. The ratios for ¢ and w produc-
tion were measured in two intervals of momentum for the spectator proton,
Pp, < 200 MeV/c and pp, > 400 MeV /¢, and in both the cases again a
sizeable value for R - was found:

R, (¢~ Jwn™) = (133 +£26) x 1072, p,, < 200 MeV /c,
Ry (¢~ Jwr™) = (113 £30) x 1073, p,. > 400 MeV /c.

The value of the ratio, in agreement with pp and np measurements, is more-
over shown to be independent on the momentum of the spectator proton, so
the dynamics of the process should have only connections to the basic NN
annihilation process.
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3.pp = ¢t wrntn™

The value of the branching ratios with ¢ recoiling against a 77~ sys-
tem were measured by OBELIX to gain some hints about the dependence
of OZI violation on the momentum transfer in an annihilation reaction.
Without any selection on the recoiling dipion mass, practically no OZI vi-
olation occurs. But if small dipion masses are selected, say in the range
(300+-500) MeV /c?, the ¢/w ratio becomes R+ (pp — ¢ntn~, wntn ) =
(16 = 30) x 10~3 [9], which does not violate OZI rule in a very dramatic way
but however gives a clear signal that the smaller is the mass of the system
recoiling against the ¢, i.e. the larger is the momentum transfer in the re-
action, the larger is the violation. Another feature emerging from a partial
wave analysis of the ¢nt7~ final state is that, in spite of both 3S; and 1S
initial states being allowed in this reaction, the production from spin triplet
again clearly dominates.

4. pp — ¢n, wn

The annihilation into ¢n was measured by OBELIX in hydrogen targets
at three densities, like in ¢n® case [10]. The initial states from which this
annihilation channel can proceed are the same as for ¢n°, i.e. 3S; and ' P,
(except that ¢m® is coupled to isospin 1), so one would tentatively expect
similar trends. However, the production rates from S- and P-wave exhibit
an opposite behavior: the production of ¢n from 'P; is about 10 times
higher than from S-wave; this effect could be due to an enhancement of 7
production from spin singlet initial states. Due to the overall ¢ suppression,
the ratio of the branching ratios R, (pp — ¢n, wn) — using for wn BR the
value measured by Crystal Barrel in liquid hydrogen target [11] — is not
violating OZI predictions: R, = (4.6 = 1.3) x 1073.

5. An interpretation: the polarized intrinsic strangeness model

Among the several different theoretical models proposed so far, one of
the most appealing, able to explain many experimental observations, was
suggested by Ellis et al. [12]. According to it a sizeable ss condensate, with
a fixed polarization, is present in the proton wave function and its effects
should be relevant even at low energies. This hypothesis is based on the
EMC effect (and related) observed in deep inelastic scattering experiments,
according to which a sizeable contribution to the total proton spin is carried
by the ss pairs, which are though polarized oppositely respect to the proton.

According to this model the §s pair exists inside a nucleon in a long-
living configuration, with well defined quantum numbers, upon which the
possible phenomenology of strangeness production in the final state heavily
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depends. Two are essentially the mechanisms by which a strange particle
can be produced, as shown in Fig. 3: by means of the knocking out of one
$s pair from one nucleon only, of by rearrangement of a couple of s and
$ quarks belonging each to different nucleons. The net effect of both the
mechanisms is to allow the production of ¢ by means of connected quark
lines, so in this way the OZI rule is only apparently violated.
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Fig. 3. Shake-out and rearrangement diagrams for ¢ meson production in pp anni-
hilation.
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The shake-out picture is actually not completely satisfying to explain the
observed phenomenology of ¢ production. Indeed, one could think of ¢’s as
being already stored in one nucleon with the correct quantum numbers, and
produced by a kind of knock-out. But if this hypothesis were true, one would
expect a sort of “universal” enhancement of ¢ production in all annihilation
channels, and this does not happen.

The rearrangement scenario could be somehow more realistic. Since
each of the strange quarks is polarized opposite to the nucleon spin, if the
initial state is in spin triplet even the Ss pair will be in this spin triplet
configuration, and the same would hold for spin singlet initial states. Now,
if in the spin triplet case the relative angular momentum between the two
strange quarks is zero, then a strangeonium with ¢ quantum numbers may
be formed in the final state. Therefore, according to this mechanism one
expects ¢ production to occur especially from 3S; initial state, as actually
is experimentally observed.

On the other hand, from spin singlet initial states one expects to favour
the production of pseudoscalar mesons. Even this prediction is verified, by
the experimental observations in the ¢n channel described before.

Also concerning the production of tensorial mesons the experimental is-
sues [6] are in nice agreement with the predictions from this model: f}(1525)
production is expected to be enhanced from spin triplet states with L =1
relative angular momentum of the 3s pair. This is actually experimentally
verified, since f5(1525) is indeed produced more abundantly than foreseen
by OZI rule, and, moreover, mainly in spin triplet P-wave annihilations.

Of course alternative explanations have been proposed to explain the
observed effects, but under some aspects they are not thoroughly satisfying.
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The most convincing one is based on the evaluation of contributions from
all intermediate two- and three-steps rescattering diagrams, that are able to
reproduce the strange meson production by means of OZI allowed reactions.
Even if the experimental results can be reproduced within a factor of 2 of
accuracy (the ¢ production rate, for instance), these models are based on
some assumptions, as a K*K suppression from P wave, which do not find
experimental verification. In fact, the study of pp — K*K annihilation [6]
shows quite a similar production both from 2$; and from ' P initial state; on
the other hand, a measurement of the cross-sections for the reaction np —
KK [4] exhibits a flat trend as a function of % momentum, contrasting
with the drop one would expect if P-wave production were depressed.
Moreover, the rescattering models fail in a rather sizeable way (about two
orders of magnitude) in the evaluation of the production rate of f4(1525).

6. Summary and conclusions

The main experimental observations performed by the OBELIX Experi-
ment concerning ¢ and w mesons production may be summarized as follows:

e an enhanced ¢ production has been measured, occurring in spin triplet
S-wave. The w meson production does not seem to follow this selection
rule, as a sizeable fraction of these mesons is shown to be produced in
P-wave;

e the enhancement in ¢ production is higher for larger transferred mo-
menta, i.e. the lowest the mass of the system recoiling against ¢ is;

e the ¢/w yields ratio shows a violation of OZI rule of an average factor
~ 30. This violation becomes more diluted as the reaction energy
increases, as a consequence of the lower ¢ rate due to the weaker
S-wave relative contribution.

These observations can be explained in a satisfactory way by means of the
polarized intrinsic strangeness model.

Up to now, no experimental issue has been found against it. The model
can be applied in a variety of hadronic reactions and provides quite a wide
spectrum of predictions, not only concerning ¢ production. For instance,
it predicts the production of AA from pp spin triplet initial state only, fact
that has been experimentally verified [13]. Other predictions concern ¢
production rates in reactions with polarized beams and/or targets, the size
of the spin-transfer coefficient in reactions with A production, the magnitude
and sign of A longitudinal polarization in deep inelastic scattering reactions
with polarized leptonic beams.
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It is therefore likely that several forthcoming experiments will provide in
the near future many results which will help to further validate, or rule out,
the proposed model.

The author wishes to thank the members of the OBELIX Collaboration
and especially M.G. Sapozhnikov for enlightening discussions, support and
advises.
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