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Abstract. We analyze near-threshold cross-section data for the reaction pp — pp¢ published by the DISTO
Collaboration and recent, still preliminary results presented by the ANKE Collaboration. We formulate a
procedure to evaluate the OZI ratio at low energies by taking into account corrections from the kinematics
and the final-state interaction. Combining the new data with the few measurements available at higher
energies we give a limit for the OZI rule violation. We also demonstrate and discuss the effect of a possible
contribution from a five-quark baryonic resonance coupled to the ¢p system on the pp — pp¢ cross-section

and the ¢p and pp invariant mass spectra.

PACS. 13.60.Le Meson production — 14.20.Gk Baryon resonances with S = 0 — 12.10.Kt Unification of
couplings; mass relations — 12.38.Qk Experimental tests

1 Introduction

¢-meson production in hadronic reactions motivates both
experimental and theoretical activities for several rea-
sons. A well-known argument is the possible violation
of the Okubo-Zweig-lizuka rule [1-3] and the role of the
strangeness content of the nucleon. Moreover, ¢p produc-
tion allows to search for cryptoexotic baryons with hidden
strangeness.

The OZI rule states that the production of open as well
as hidden strangeness from any initial state that does not
contain an s§ component is strongly suppressed relative to
the production of non-strange states. Therefore, studies of
the OZI rule are generally based on considering measure-
ments of corresponding ¢-meson and w-meson production
reactions. The cross-section ratio, Ry, is then compared
with the limit proposed by Lipkin [4]. The latter follows
from SU(3) symmetry and involves the experimentally
known deviation Afy = 3.7° from the ideal mixing an-
gle between singlet and octet vector mesons, i.e.

R . gipﬂigiNNia(ﬂNHgf)X)
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= tan?(Afy) = 4.2- 1073, (1)
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where the ¢’s denote corresponding coupling constants
and X stands for any inclusive final state that does not
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contain strange quarks. Actually eq. (1) is already vio-
lated on the level of the ¢pm and wpm coupling constants
that can be extracted from ¢ — pm, w — 37, W — @Yy
and p — 7y decays [5,6]. These decays [7] result in an
average ratio Ry, = (12.5 & 3.4) - 1073, Note that it is
also established [8] that the ¢ — pm decay alone violates
the OZI rule.

A systematic analysis [9] of the experiments on ¢ and
w production in 7N and NN reactions led to an aver-
age ratio of Ry, = (13.4 4 3.2) - 1073, Apparently, all
phenomenological models [10-14] that directly take into
account the OZI violation at the ¢pm and wpm vertices
are able to reproduce the ratio given above. The same is
also true for NN — NN¢/w calculations [15,16] which
utilize phenomenological TN — ¢N and 7N — wN tran-
sition amplitudes fitted to the data. Accordingly, values
around Ry, ~ 13-1073 [9] are unlikely to be related to
the strangeness content of the nucleon. On the other hand,
some of the existing measurements indicate a significantly
larger ratio, though one has to admit that these data are
afflicted by sizeable error bars. However, if more precise
results become available and confirm a much larger cross-
section ratio for NN — NN¢/w, questions like those re-
garding a significant ss component in the nucleon must
be certainly addressed.

A very recent analysis [17] of ¢ and w photoproduction
from the proton shows that the ratio Ry, = 0.8 4+ 0.2
at photon energies above 30 GeV. This was interpreted
in terms of quark-anti-quark fluctuations of the photon.
Considering the u, dd, s3, cc, bb and tt photon structure



264

one might expect that at high energies, i.e. in the pertur-
bative QCD regime, the ratios of different vector mesons
approach unity, up to corrections due to the hadronic wave
functions. The analysis [18,19] of w and J/¥ photopro-
duction results in the ratio R[j/gj/, = 0.04 & 0.01 at
photon energy around 3 - 10% GeV, i.e. at the maximal
energy where w-meson photoproduction data are avail-
able. We concluded that the large ¢/w and [J/¥]/w ratios
observed in photoproduction at high energies are related
to the nature of the photon itself but are irrelevant for
the strangeness content of the nucleon. It was also noted
that the ¢ photoproduction at low photon energies and
for large four-momentum transfer squared ¢ could not be
understood in terms of perturbative QCD and probably
the large ratio Ry, ~ 0.1 at [t| > 2GeV? can be only ex-
plained if one assumes a large ratio of the /NN and wN N
couplings. Modern dispersion analyses [20,21] of the nu-
cleon electromagnetic form factors show that the squared
ratio of these coupling constant is about ~ 0.23 (provided
one assumes that the whole strength in the spectral func-
tion at t ~ 1 GeV? is entirely given by the ¢-meson, there-
fore such values should be considered as upper limits).

There are still some phenomena [22] which could be
a signal of an s$§ component in the nucleon. For ex-
ample, proton-antiproton annihilation at rest results in
Ry, = 0.294 4 0.097 for the ¢y and wvy final states while
aratio Ry, = 0.106 £0.012 was found for the ¢ and wm
channels. At the same time the available data for the anni-
hilation in flight yield a ratio Ry, = (14.554+1.92)-1073,
which is compatible with the ratios extracted from 7wV
and NN reactions and from vector meson decays. Again
a substantial violation of the OZI rule was detected at low
energies.

These observations in the vp and pp reactions provide
a strong motivation to further search for substantial OZI
rule violations at low energies. In 1998, the DISTO Col-
laboration reported a low-energy pp — ppV measurement
indicating that the ratio Ry, is enhanced by about an or-
der of magnitude relative to the OZI limit given in eq. (1).
The experiment was done at a proton beam energy of
Tiap ~ 2.85GeV, i.e. at an excess energy € ~ 82MeV
above the pp — pp¢ reaction threshold. At such low en-
ergies corrections due to the differences in the pp — ppo
and pp — ppw phase space and the pp final-state interac-
tion (FSI) should be implemented for a meaningful anal-
ysis with regard to an OZI rule violation. Indeed eq. (1)
holds only for high energies and when the cross-sections
are practically energy independent.

Since the corrections mentioned above were not fully
implemented in the analysis of ref. [23] the results given
by the DISTO Collaboration can be only considered as
qualitative estimations. Here we describe a procedure for
the data evaluation that allows for an analysis of any
3-body final state. Following that procedure we extract
the ratio Ry, from the DISTO results and from pre-
liminary pp — pp¢ cross-section data reported recently
by the ANKE Collaboration [24]. Note that the evalua-
tion of the ratio Ry, requires data for pp — ppw as well.
High-statistics w data were published recently by the TOF
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Collaboration [25,26]. Those data allow us to extract the
pp — ppw reaction amplitude, which can be considered as
an added bonus of our present study.

The manuscript is organized as follows. In sect. 2 we
present and discuss our method to extract the OZI ratio
from data on vector meson production in proton-proton
collisions. It is applied to data from Saclay and COSY and
the results are presented in sect. 3. Section 4 is devoted to
the possible coupling of exotic states to the ¢-proton final
state. We end with a summary and outlook in sect. 5.

2 Method for extracting the OZI ratio from
proton-proton collisions

Using non-relativistic 3-body phase space and applying
corrections due to the FSI between the protons, the aver-
age pp — ppw reaction amplitude |M|? can be extracted
from the reaction cross-section o by means of [27]

_ vV m3me €2
27n2(2mpy + my)3/2 /52 — 4sm;
432 — 40?2
5 | M,
(704 + Va2 + mNe)

where € = \/s—2my—m,,, /5 is the invariant collision en-
ergy given in terms of the proton beam kinetic energy Tj4p
by s = 2mpy(2mn—+Tjas) and my, m,, are the nucleon and
w-meson masses, respectively. The FSI effects are taken
into account by means of the Jost function method with
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(3)
which at small ¢ goes over into the Watson-Migdal param-
eterization and at large ¢ approaches unity. In eq. (3) «
and [ are the parameters that specify the FSI between the
protons; they are related to the scattering parameters by
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with @ < 0 and 8 > 0. In the present study we use the val-
ues a = —20.5MeV/c and 8 = 166.7 MeV /c. Integrating
the square of the Jost function (3) over the non-relativistic
3-body phase space yields the factor in front of |[M|? in
eq. (2).

The presently available data for the pp — ppw reac-
tion cross-section [23,25,26,28,29] are shown in fig. 1la)
as a function of the excess energy. Applying eq. (2) we
can extract the average reaction amplitude |M]|. Corre-
sponding results are displayed in fig. 1b). To evaluate
the ¢/w ratio for the DISTO and ANKE data we need
the pp — ppw reaction amplitude for excess energies in
the range 10 < € < 100MeV. The only data available
in this energy range are those of the TOF [25,26] and
SPESIII [29] Collaborations. The reaction amplitude ex-
tracted from the SPESIII data via eq. (2) exhibits a strong
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Fig. 1. a) The pp — ppw cross-section and b) the average
reaction amplitude |M.|? as a function of the excess energy.
The cross-section data are from refs. [28] (solid inverse tri-
angles), [23] (solid squares), [29] (solid triangles), [25] (solid
circles), and [26] (open circles), respectively. The correspond-
ing values in b) are extracted from the cross-section data via
eq. (2). The open triangles correspond to the data of ref. [29]
but using eq. (5). The dashed line corresponds to eq. (2) with
|M]| = 40 fm, while the dotted line indicates the results with-
out FSI corrections. The shaded area indicates the average
amplitude used in the present paper for the OZI analysis. The
dash-dotted line is a phenomenological fit to the data of the
form M = 40 fm exp(—0.27¢).

energy dependence near threshold which might be due to
(neglecting) the finite width of the w-meson. Indeed one
should account for the w width, I' = 8.49 MeV, when an-
alyzing the data at low excess energies, i.e. at ¢ ~ I'. In
that case the relation between the pp — ppw cross-section
and reaction amplitude is given as

\/§72m1\7

7 S\/ S S N /
Mo

(Va—z)?

dz I |M]?
21 (x—my,)2+12%/4

a(e)
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Replacing the w-meson spectral distribution by the 6-
function in eq. (5) one recovers eq. (2) in the non-
relativistic limit. Indeed the relativistic corrections play
only a minor role at € < 10 GeV, which can be checked by
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numerical integration of eq. (5). The pp — ppw reaction
amplitude extracted from SPESIII data utilizing eq. (5)
is shown by the open triangles in fig. 1b). Although again
the amplitude deviates from a constant at small ¢ we in-
terpolate it as |M| = (40£3) fm for our further OZI anal-
ysis. Finally, the dashed line in fig. 1a) shows the result of
eq. (2) with |[M| = 40fm, while the dotted line indicates
the results without FSI corrections.

We would like to make a short comment concerning the
FSI corrections, or more precisely concerning the normal-
ization of the lines in fig. 1a). Since we choose |[M| = 40 fm
we reasonably describe the data for € < 1 GeV. But the use
of a constant matrix element in eq. (2) apparently leads
to an overestimation of the cross-section at high energies.
However, one should keep in mind that any phenomeno-
logical model for that reaction will contain form factors
that depend on the squared four-momentum transfer from
the initial to the final proton. This t-dependence becomes
substantial [27] at € > 1 GeV and effectively reduces the
value of the integral over the phase space. This in turn
allows to describe data at high energies within such mod-
els [15,16].

3 Results

The formalism for extracting the reaction amplitude |M|?
for ¢-meson production is the same as described in the
preceeding section, except that now the ¢ mass, mg,
appears in eq. (2) and the excess energy is defined by
€ = v/s—2my—my. Figure 2 shows the pp — pp¢ cross-
section and the ratio of the ¢ and w production amplitude,
|Mg|?/|My|?, as a function of the excess energy. In gen-
eral, there are no measurements available for w as well as
¢ production at exactly the same € and, in addition, the
w-meson data shown in fig. 1 indicate some fluctuations,
which might be related to systematics. Thus, for calculat-
ing the ratio for the DISTO and ANKE data we use the
average amplitude | M| = (40 &+ 3) fm for w-meson pro-
duction. The triangles in fig. 2b) show the ratios obtained
from the data on the total cross-sections of refs. [30,31].
The circle and the asterisk are ratios published in refs. [32,
33] which correspond to cross-section measurements in the
forward hemisphere. Since the first data point lies in an
energy region where w production data are available, one
can use the measured ratio to obtain an estimation for
the corresponding ¢ production cross-section or ampli-
tude, respectively. This estimation rests on the plausible
assumption that at excess energies of around 2 GeV the ¢
as well as of the w cross-sections are already dominated
by contributions in forward direction. Note that at such
high energies differences in the phase space are practically
negligible. The resulting point is shown in fig. 2a).

The shaded band in fig. 2b) indicates the ratio Ry, =
(13.4 £ 3.2) - 1072 extracted from a combined analysis of
7N and NN data in ref. [9], which is close to the value
Ry = (12.5 £ 3.4) - 107° obtained from the vector me-
son decays. The DISTO measurement results in the ra-
tio Ry, = (36 £16) - 1072, The still preliminary ANKE
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Fig. 2. a) The pp — pp¢ cross-section and b) the ratio of the
amplitudes |My|?/|Mu|? as a function of the corresponding
excess energy. The square is the result from DISTO [23], the
stars are the preliminary ANKE data [24], while the triangles
are from refs. [30,31]. The circle and asterisk in b) are from
ratio measurements in the forward hemisphere [32,33]. The
dashed line shows the result of eq. (2) with | M| = 2.3 fm, while
the dotted line indicates the results without FSI corrections.
The solid line is the results obtained with the inclusion of a
baryonic resonance (A1) coupled to the ¢p system, discussed in
sect. 4. The shaded area indicates the ratio Ry, = (13.4£3.2)-
1073 extracted previously [9] from a combined 7N and NN
OZI analysis. The arrow indicates the OZI limit given in eq. (1).

data [24] are consistent with the DISTO result. Thus, the
central value of the ratio is indeed a factor of 4 larger than
what was found in the other analyses. Unfortunately, how-
ever, the systematic uncertainties of the data on the ¢/w
ratio from pp collisions are rather large and, therefore, im-
pede the claim for a clear and more substantial OZI rule
violation as compared to the limits found, for instance, in
vector meson decays.

In any case, there is evidence that the near-threshold
cross-section data for the reaction pp — pp¢ are enhanced
as compared to the measurements at ¢ > 1 GeV. This is
demonstrated by the dashed line in fig. 2a). It corresponds
to a calculation using eq. (2) and utilizing a constant re-
action amplitude, |[M| = 2.3 fm, which is normalized to
the high-energy data. In order to illustrate this more con-
vincingly, let us now use eq. (2) to extract the reaction
amplitude | M| from the measured cross-sections. Corre-
sponding results are shown in fig. 3. To facilitate a com-
parision with the energy dependence of the amplitude for
the reaction pp — ppw we include here the results for the w
amplitude (open squares) and also a fit to that amplitude
(dash-dotted line), both taken over from fig. 1. Given the
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Fig. 3. The pp — pp¢ reaction amplitude, | M|, as a function
of the excess energy e. The square is the result extracted from
the DISTO data [23], the stars are those for the preliminary
ANKE data [24], while the triangles are from refs. [30,31]. The
circle was extracted from the measurement of ref. [32] as de-
scribed in the text. The lines show results of a calculation that
includes a baryonic (Bg) resonance in the ¢p system with the
parameters sets of ref. [40] (A1, A2) and given in eq. (7) (B),
respectively. The open symbols and the dash-dotted line indi-
cate the energy dependence of the pp — ppw amplitude and
are taken over from fig. 1.

few data available and the large error bars there is some
freedom in how the results for w production are superim-
posed on the results for the ¢ production amplitude. Thus,
at present one cannot rule out that the e-dependence of
the pp — pp¢ amplitude is basically the same as the one
obtained for the reaction pp — ppw. On the other hand,
the data do suggest that, in the range 0.1 < € < 1GeV,
the pp — pp¢ amplitude exhibits a significantly stronger
variation with energy than what is seen for the w pro-
duction. This characteristic energy dependence could be
a sign for an additional reaction mechanism in the ¢ pro-
duction reaction, and specifically it might be caused by
the excitation of a resonance in the ¢p system. We will
elaborate this point in the next section.

4 Speculations on exotic baryons

A few years ago Landsberg proposed [34,35] that ¢p pro-
duction, which is OZI suppressed for non-resonant reac-
tions, is well suited for the search of cryptoexotic baryons
with hidden strangeness, By = uddss. It is expected that
these pentaquark baryons have a narrow width and de-
cay preferentially into the ¢N, KKN or YK channels,
where Y stands for ground-state or excited hyperons. Note
that these decays are OZI allowed. Experimental limits
for the By candidates were reported in refs. [32,36-40].
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There are two independent observations of a narrow peak
in the X (1385)°K* spectra, the first one with a mass
M = 2050 + 6MeV and width I' < 50 + 19MeV [38]
and the second one with M = 1956f2 MeV and I' =
27 + 15MeV [36]. The high-statistics study of ref. [40]
of the XOK* mass spectrum indicates two exotic states
with M = 1807 &£ 7MeV, I' = 62 £ 19MeV and M =
1986 £ 6 MeV, I' = 91 + 20 MeV.

If such cryptoexotic By baryons indeed exist, one ex-
pects them to contribute to the pp — pp¢ reaction as
well. That was the basic idea of the experiment of ref. [32]
where an upper limit for By — ¢p was provided but the
low statistics did not allow to draw definite conclusions
from the ¢p mass spectrum. Note that these measure-
ments were done at € ~ 2GeV, where the non-resonant
contribution to the process pp — pp¢ might dominate, as
can be estimated from fig. 3. In that sense a study of a
possible By contribution at low excess energies has advan-
tages and we expect that COSY is well suited for such an
investigation [41].

In order to demonstrate the effect of such B, states
in the reaction pp — pp¢ we introduce a baryonic reso-
nance in the ¢p subsystem and parameterize the reaction
amplitude by

C(]@“PMF

M=Mot 3 i

(6)

where M and I are the resonance mass and width, re-
spectively, while s4, is the squared invariant mass of the
¢p subsystem. Here we take My = 3fm, in line with the
data at higher energies, cf. fig. 3, and adjust the real con-
stant cg so that the pp — pp¢ data are reproduced over
the whole considered energy range. The possible phase ¢
between the two amplitudes was chosen to be ¢ = 0 for
convenience (note also that the existing data do not allow
to pin down this phase). For the resonance parameters we
take the concrete values found in ref. [40], cf. above. The
corresponding results are labelled by Al and A2 in fig. 3.
The constant ¢y was fixed to ¢g = —34fm and 6.5fm,
respectively.

Obviously, both choices for the By-resonance are in
line with the experimental information on the pp — pp¢
reaction amplitude. Naturally, the corresponding results
for the cross-section are in agreement with the experiment
too, cf. fig. 2a), where we included the curve based on the
set Al for illustration. Thus, it is clear that, in princi-
ple, the enhanced pp — pp¢ cross-section at low energies
could be due to a By excitation. On the other hand, it
is definitely not possible to determine the By parameters
unambiguously from the ANKE and the DISTO data on
the reaction cross-section. To emphasize the latter issue,
we present results from a third set (B) which describes the
data almost equally well but is characterized by a signifi-
cantly smaller width:

B: M =1990MeV, I'= 40MeV, c¢o=7fm. (7)

In any case, in view of the large error bars the neces-
sity of a Bg-resonance for the description of the pp —
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Fig. 4. The ¢p and pp invariant mass spectra for the reaction
pp — ppop at € = 76 MeV. The dotted lines show the phase
space distributions, the dashed lines are calculations with in-
clusion of the pp FSI and the solid lines are results obtained
with including the pp FSI and a B4 pentaquark resonance with
the parameters sets of ref. [40] (A1l,A2) and given in eq. (7)
(B), respectively.

pp¢ cross-section data is admittedly speculative. Further
detailed studies are required before conclusions can be
drawn. First, it is important to get the final results from
the ANKE Collaboration [41] with high statistical accu-
racy. In addition, one certainly needs further data at low
excess energies, where the different By-resonances yield
different energy dependences of the pp — pp¢ reaction
cross-section. It would be also very useful to take more
pp — pp¢ data at higher energies to verify the strong en-
ergy dependence of the reaction amplitude in the region
0.1 < € < 2GeV, and specifically to map out the energy
dependence in that region in detail. This could be done,
e.g., at the JINR Nuclotron [42].

Furthermore, we want to point out that a direct in-
vestigation of a possible By contribution can be also done
through the analysis of the ¢p and pp invariant mass spec-
tra. Figure 4 shows results for these mass spectra for the
pp — ppo reaction at € = 76 MeV, i.e. for the current
experimental setup of ANKE. The dotted lines represent
the phase space distribution with |M| = const, while the
dashed lines are calculations where the pp FSI is taken
into account via eq. (3). The solid lines in fig. 4 are pre-
dictions that include the pp FSI and a Bg-resonance with
parameter sets Al, A2 of ref. [40] and B given in eq. (7).
Evidently, there are large differences in the ¢p but also
the pp invariant mass distribution between the calcula-
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tions with and without a By and even for the different
parameter sets used for By. Nevertheless, the identifica-
tion of a By contribution requires high statistical accuracy
and a high mass resolution. These are prerequisites for any
experiment with the aim to resolve the issue of the pos-
sible existence of exotic pentaquark baryons with hidden
strangeness.

5 Summary and outlook

In this paper, we have studied aspects of vector meson pro-
duction in proton-proton collisions. We have proposed a
strategy that allows to extract the OZI ratio Ry, cor-
recting for the kinematical differences in the processes
pp — ppw and pp — pp¢, respectively, and for the final-
state interactions. The resulting values collected in fig. 2
are somewhat larger than but still compatible with the
extraction of Ry, from older data on the 7N and NN
reactions. We have also pointed out a strong energy de-
pendence of the pp — pp¢ reaction amplitude for excess
energies 0.1 < € < 1GeV. This might be indicative of a
resonance coupling strongly to the ¢p system. We have
presented results assuming the presence of a cryptoex-
otic baryon with hidden strangeness. However, to estab-
lish such a state, a precise measurement of the pp — pp¢
reaction cross-section is mandatory. In addition, a de-
tailed study of the invariant mass distributions, see fig. 4,
can provide important information as well. Such measure-
ments could be performed with the ANKE detector at
COSY.
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