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Abstract. The available data on w and ¢ production from 7N and pp collisions are reanalyzed with respect
to an OZI rule violation on the basis of transition matrix elements. The data are found to be compatible
with a constant ratio R, which however, deviates substantially from the SU(3) prediction based on the

present knowledge of the ¢p—w mixing angle.

PACS. 12.10.Kt Unification of couplings — 12.40.Vv Vector-meson dominance — 13.75.Cs Nucleon-nucleon

interactions — 13.75.Gx Pion-baryon interactions

1 Introduction

Assuming the ideal SU(3) octet-singlet mixing Okubo,
Zweig and lizuka proposed [1-3] that the production of
a ¢-meson from an initial non-strange state is strongly
suppressed in comparison to w-meson production. Indeed,
because of SU(3) breaking the octet and singlet states are
mixed and for an ideal mixing angle #y=35.3° the ¢-meson
is a pure ss state. In case of ¢ production from 7N, NN
or NN reactions the OZI rule states that the contribution
from the diagram with a ss pair disconnected from the
initial u,d,1,d should ideally vanish. The experimental
deviation from the ideal mixing angle Afy=3.7" [4] can
be used [5] to estimate the ratio R(¢/w)~4.2x1073 of the
cross sections with a ¢ and w in the final state. This de-
viation of the experimental ratio R from zero is denoted
as OZI rule violation. A large ratio R might indicate an
intrinsic sS content of the nucleon since in that case the
¢-meson production is due to a direct strangeness transfer
from the initial to the final state and thus OZI allowed.

The OZI violation problem has lead to a large ex-
perimental activity involving different hadronic reactions.
Here we perform a systematical data analysis for 7N and
pp reactions and discuss their theoretical interpretation in
context with the most recent data point from the DISTO
Collaboration [6].

2 w and ¢ production in 7N reactions

Without involving any theoretical assumption about the
production mechanism the data [7] on the total TN—wN
and TN—¢N cross sections may be analyzed in terms of
the corresponding transition amplitudes. The amplitude
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for a two-body reaction with stable particles in the final
state is related to the total cross section o as [8]

/\(s,m?\,,m?r)r/4

M :4 1/2
(M| = 4 [ro] [Ms,m%v,m?v)

(1)

where \(x,y,2z) = (x —y — 2)? — 4yz, while my, m,, my
denote the nucleon, pion and vector meson masses, re-
spectively, and s is the squared invariant collision energy.
Moreover, we compare the transition amplitudes for w and
¢ production at the same excess energy e=+/s—my—my.
As was discussed in [9], (1) can be used for the evalua-
tion of the amplitudes for the production of unstable (w
and ¢) mesons at excess energies e>I'y, where I'y denotes
the width of the vector meson spectral function due to its
vacuum decay.

Furthermore, due to the experimental set up the
7~ p—wn data from [10] should not be considered as total
cross sections, but as differential cross sections ogir inte-
grated over a given range of the final neutron momentum
[9]. Indeed, the 7~ p—wn cross sections given in [10] for
different intervals [Qmin, Qmax] Of neutron momenta in the
center-of-mass system can be related to the transition am-
plitude My as

Admax
gdif = |MV|2 QQ
i =
42 X\1/2(s,m2, m2) | /q2 4+ m2
Amin
Fvll’lv

dg,  (2)
(s—2y/s(q®> +m?2) + m2 —m?)2 —I'¥mi

where m;, and m, are the proton and neutron masses,
respectively, and s is given as a function of (2) agrees with
that in [9] in the non-relativistic limit. Furthermore, in
the calculations we use the set of the neutron momentum
intervals [Qmin, Amax] as in [10].
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Figures 1,2 show the transition amplitudes for the
mN—wN and tTN—¢N reactions evaluated from the ex-
perimental data [7,10]. Note, that the 7~ p—wn transi-
tion amplitude evaluated from the data of [10] (full dots
at small €) by (2) does not depend on energy within the
errorbars and agrees well with that extracted from the
other data [7].
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Fig. 1. Data on the TN—wN transition amplitude |M| as a
function of the excess energy e. The triangles show the data
from [7] evaluated by (1) while the full dots show the data from
[10] evaluated by (2). The solid line displays the approxima-
tion (3) while the dashed area illustrates the uncertainty of the
fit.
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Fig. 2. Data on the TN—¢N transition amplitude |M| as a
function of the excess energy e. The solid line shows the ap-
proximation (3) while the dashed area indicates the uncertainty
of the fit.

A. Sibirtsev, W. Cassing: On the current status of OZI violation in 7N and pp reactions

Table 1. The parameters of the approximation (3).

Reaction Mo M1 ol

aN—wN 3.6 54.6 1.21
mN—¢N 0.31 6.96 1.83
PP—PpPw - 37.7 0.27

Since the data are not available for a comparison at
exactly the same excess energies we fit the transition am-
plitudes by the function

|Mv| = Moy + My exp (—e) (3)
with the parameters given in Table 1. The solid lines in
Figs. 1, 2 show the approximation (3) while the dashed ar-
eas indicate the uncertainty of the parameterization. Note,
that the approximation is compatible with an almost con-
stant transition amplitude for e< 100 MeV and reasonably
reproduces the experimental results up to e=10 GeV.

The resulting ratio of the TN—wN to TN—¢N transi-
tion amplitudes is shown in Fig. 3a) by the solid line as
a function of the excess energy e. It is important to note
that the ratio R=|M,,|/|My| is almost constant within the
given uncertainties up to e=10 GeV, where the data are
available.

Since the w/¢ ratio is always discussed as a constant,
that is compared to the SU(3) predictions, we calculate
the average value of <R> in the range 0<e<10 GeV. Fig-
ure 3b) shows the reduced x? as a function of the constant
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Fig. 3. a) The ratio R of the tTN—wN and nN—¢N transition
amplitudes (solid line) and related uncertainty AR (dashed
area) as a function of the excess energy e. b) The reduced
x? for the approximation of the ratio R by a constant value
<R> (solid line) and the confidence interval (dashed area) for
a confidence level of 95%.
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Fig. 4. Experimental results [7,10] for the TN—wN (triangles)
and TN—@N (circles and squares) transition amplitude |M| as
a function of the excess energy €, where the TN—@N amplitude
is multiplied by a factor of <R>=8.7.

<R>, which approaches a minimum at

|M‘ITN—>WN|

<R>= =87+18. (4)

IMrNn_onN|

with the dispersion given for a 95% confidence level.

Furthermore, a visual way to control our estimate for
<R> is to compare the experimental data directly by mul-
tiplying the TN—¢N amplitude by the factor <R> as
shown in Fig. 4. We note that four experimental points
for the m~p—¢n reaction around e=1 GeV deviate by a
factor of ~1.8 from the hypothesis applied. New experi-
mental data with high accuracy are obviously necessary
for a final conclusion about the ratio of the TN—wN and
TN—@N reaction amplitudes.

3 w and ¢ production in pp reactions

In our normalization the pp—ppM total cross section for
the production of an unstable meson with total width I" is
given as

Vs—2mn
1 1 I dx
o= el
28 73 s A/2(s, m%, m%) 2 (x —my)2+T12/4

(V3=x)?
IM[* AY2(s, v, %%) AV (y, mi, mi)

X

2
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Fig. 5. The average amplitude |M]| for the pp—ppw reaction as
a function of the excess energy €. The circles show the SPES-IIT
[15] data evaluated with the FSI model from [16] (open circles)
and from [17] (full circles). The triangles indicate the data from
[7]; the star is our extrapolation for the DISTO experiment.
The solid line shows the parameterization (3) while the dashed
area indicates the related uncertainty.

where my,;, is the minimal mass of the unstable particle
and C(q) describes the final state interaction (FSI) be-
tween the nucleons [11-14].

Figure 5 shows the average production amplitude for
the pp — ppw reaction evaluated by (5) from the data [7,
15] using the FSI models from [16,17]!. We note that the
uncertainty in the evaluation of the pp—ppw production
amplitude due to the different models of the FSI correc-
tions is substantially smaller than the dispersion of the
experimental results.

The pp—ppw reaction amplitude evaluated from the
data [7,15] is approximated by the function (3) with pa-
rameters given in Table 1 and is shown in Fig. 5 by the
solid line. The dashed area in Fig. 5 indicates again the un-
certainty of the approximation which was calculated with
the error correlation matrix.

Recently the DISTO Collaboration reported an experi-
mental result [6] on the ratio of the pp—pp¢ and pp—ppw
total cross section at a beam energy of 2.85 GeV. For the
further analysis we need the ¢-meson production cross sec-
tion explicitly, which can be obtained by normalization
to the available data on w-meson production [7,15]. Our
extrapolation for the pp—ppw production amplitude at
2.85 GeV is shown in Fig. 5 by the star and provides

o(pp—ppw) =45£7 pub,

1A comparison between the different models for the final
state interaction is presented in [17,18]
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Fig. 6. The average amplitude |M| for the pp—pp¢ reaction as
a function of the excess energy €. The square shows the result
evaluated from the DISTO Collaboration [6] while the triangles
were obtained from the data of [7]. The dashed area shows the
experimental data on the pp—ppw amplitude, divided by the
factor 8.5, where the data are connected by a line through their
upper and lower error bars.

o(pp—ppe) = 0.17100% pb.

(6)

Now the DISTO data point [6] for the pp—pp¢ total
cross section can be used for the evaluation of the reaction
amplitude. Figure 6 shows the experimental results for the
average pp—pp¢ production amplitude as a function of
the excess energy. Since there are only three experimen-
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Fig. 7. The average amplitude |M| for the pp—pp¢ reaction
as a function of the excess energy €. The solid line shows the
approximation (3) for the pp—ppw amplitude divided by the
factor 8.5, while the dashed area is the uncertainty of the ap-
proximation with respect to the pp — wpp data.
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tal points we cannot perform a statistical analysis of the
My, |/|Mg| ratio similar to the 7N — VN analysis. Note
that the pp—pp¢ data are available only for e>80 MeV,
where the FSI enhancement as well as the correction due
to the final ¢-meson width almost play no role.

Now, to compare the data one might take the ratio
of the pp—ppw and pp—pp¢ amplitudes as a constant.
The two experimental points at high energy give a ratio
R ~8.5. Figure 6 shows the pp — pp¢ production am-
plitude together with the pp — ppw experimental results
divided by the factor 8.5. To illustrate the e-dependence
the data are simply connected by upper and lower lines
through their error bars. Figure 7, furthermore, shows
the data for the pp—pp¢ production amplitude using the
fit (3) for the pp—ppw amplitude again divided by the
factor 8.5. Here the DISTO data point sticks out from
the error band to some extent. However, it is not clear if
one might take the w/¢ ratio as independent on e. As we
already demonstrated for the TN—wN and 7N—¢N re-
actions, the [M,,|/|M,| ratio substantially depends on the
excess energy for € > 300 MeV. In this sense, the DISTO
result does not strictly contradict the pp—pp¢ data avail-
able at high energy.

Furthermore, since additional experimental results [19,
20] are available for the ratio of the ¢/w total or differ-
ential cross sections above 8 GeV bombarding energy, we
also show this ratio calculated with (5) in Fig. 8 as a func-
tion of the incident proton energy.

We have performed a 2 fit to the available data on
the ratio of the pp—pp¢ and pp—ppw cross sections with
a constant ratio of the |M,|/|Mg| production amplitude
and obtained the value of 8.541.0. Here the error is due to
the parent standard deviation. The confidence level of the
fit is below 50%. Again the DISTO result is not consistent
with the constant ratio |M,,|/|My|=8.5. We mention that

.10 . . . — .102
T (GeV)

Fig. 8. The ratio of the pp—pp¢ and pp—ppw cross sections as
a function of the beam energy T. Experimental data are taken
from [7,6,19,20]. The solid line shows the result calculated with
the energy independent ratio M., |/|My|=8.3, while the dashed
area indicates the parent standard deviation.
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the DISTO result on ¢-meson production can be fixed by
|My,|/|My|=5.72710% with the pp—ppw amplitude taken
from the approximation (3).

4 Theoretical interpretations

In general [21] the experimental results on the ¢/w ratio
are compared to a constant as given by Lipkin [5],

2 2
8oor 8NN o(mN — ¢X)
R2 ¢ w) = ¢p — 9 —
(¢/w) 22,r  gaxx  0(mN — wX)
_ (NN — ¢X) _ 2 _ -3
= TN ux) = (A6 =423 107% (1)

where Afy=3.7° [4] is the deviation from the ideal w—¢
mixing angle. It is important to note, that (7) provides the
¢/w ratio for hadronic reactions which can be expressed
by the diagrams shown in Fig. 9 that contain the Vpm and
VNN vertices.

Furthermore, the ratio of the wpm to ¢pm coupling con-
stant can be evaluated from the relevant partial decay
width [22,23]. The ¢pm coupling constant can be mea-
sured (as first proposed by Sakurai [22]) by the ¢—pm
decay via

mg—My

2
Shpm .
F¢—>p‘n’ = 167:5—2[)1’115 / dﬂ AS/Q(mi?,U??m?r)
¢ 2m
2
H Fp—>27r(,u)
X . (8)
(02 —m2)% + 1217, (1)
Vo
[ATRERES i St e w/<ﬁ N——>—N
¥ M|
i VNN
N———» N N——>&—N

b) 2

Fig. 9. The diagrams for the 7TN—VN (a) and NN—VNN
(b-d) reactions with V=w, ¢, that contain the Vpr and VNN
vertices. Here M denotes the NN interaction in the initial or
final state due to meson exchange.
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Table 2. The coupling constants and their sources of extrac-
tion. The decay widths and masses are taken from [4]. Taking
into account the contribution from the w—37 decay, which is
20% at 90% confidence level [4], we obtain ggpr ~ 1.1.

Vertex  Source Constant
ppT I'(¢ — pm) 1.23 £ 0.05
Py I'(p—ete) 2.41 £0.12
Py I(p— ptp”) 2.45+0.15
wy INw—ete™) 8244024
wy Iw— ptp) > 5.29
wpr  T(w — 71%9) 8.82 £ 0.50
wpr  T(p — 7%y) 12.32 4 3.12
wpr  T'(w — 3m) 11.79+0.19

Taking into account the energy dependence of the p-meson
width and experimental numbers from the PDG [4] we
obtain gg,» as shown in Table 2.

The separate w—pm decay is not energetically allowed
and to determine the wpm coupling constant Gell-Mann
and Zachariasen [23] proposed to study the radiative de-
cays w—my and p—my. In their approach (see also the
review of Meifiner [24]) this process is dominated by the
wpm vertex with the intermediate vector meson coupled
to the photon via vector dominance. The wpm coupling
constant can be measured by [23,25],

2

Jopr « 2 213
D(w—10y) = Serm &2 _2]®, (9)
96 m?, 3 [ ”}
where « is the fine structure constant. Furthermore, a di-
rect measurement of vy, is possible by means of the vector
meson decay into leptons [26]

2 2

ey = T[] o 14 2
F(p—>ll)—3[%} my, — 4m; {l—l—m%],
(10)
where m, and my are the masses of the vector meson and
lepton, respectively. In a similar way g, ,» can be measured
via the p — 7%y decay. The relevant coupling constants
obtained with the latest PDG fit to experimental data are

listed in Table 2.

On the other hand, Gell-Mann, Sharp and Wagner [27]
proposed to determine g, through the w — 37 decay
assuming that the w first converts into pr followed by p —
27. The relation between the I'(w — 37) and wpm coupling
constants is given in [28]. A more elaborate analysis of the
w—37 decay includes the four-point contact term due to
the direct coupling between the w-meson and three pions
[24,29,25], however, the contribution from this anomalous
coupling to I'(w — 3x) is only about 10%. The analysis
from Refs. [29,30] provides g.,,~=10.88.

Note that the mixing angle can also be determined
by the ratio of the w—n%y and ¢—n% radiative decay
widths by applying vector dominance (9), which gives
Swpr/8pr= 12.9£0.4. An alternative model [24,29,31]
proposed a direct w7y coupling, instead of the vector dom-
inance, where the ratio of g,,y to g4,y yields 16.8%1.0.
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Both models predicts values close to the mixing angle
Oyv=37°, determined from the mass splitting in the vector-
meson nonet, but depend on the vector dominance or di-
rect coupling assumption. The direct ¢—pm decay is a
more standard way, although it leads to a rather large
uncertainty in the determination of the ¢pm coupling.

To provide a graphical overview, Fig. 10 illustrates the
ratio of the wpm and ¢pm coupling constants evaluated
from the partial decay width. We also show the ratio given
by the TN—VN and pp—Vpp data assuming that this
ratio is energy independent. The DISTO result is shown
separately and — as discussed above — is not consistent
with the other data for pp reactions. However, within the
present uncertainties the experimental results — as evalu-
ated from all different sources — appear to be compatible;
they all disagree with the SU(3) estimate based on the
w—¢ as given by the PDG [4].

We note, furthermore, that any production mechanism
different from those in Fig. 9 will invalidate the overall
scaling based on the R?(¢/w) function [32,33]. For in-
stance, as found in [34-40], two-step processes with inter-
mediate KK, K*K K*K* states may contribute substan-
tially to ¢ production in antiproton-proton annihilation.
Certainly, such OZI allowed processes could have also an
effect on ¢-meson production in 7N and NN reactions, but
their actual contribution so far is unknown here. In view
of Fig. 3a we speculate that their contribution should be
rather low for excess energies ¢ <300 MeV.

SU(3)
PP —> ppw/pp—> PPy |
N —>wN/7IN = ¢N
p—=>my/¢ —>pn
w—>my/p—>pn
IIIIIIIIIIIIIIIIIIIIIIIIIIIII
2 4 6 8 10 12 14 16

R=Guen/ Qo

Fig. 10. The ratio of the wpm and ¢pm coupling constants
evaluated from different sources of experimental data in com-
parison to the SU(3) prediction for Oy = 39°.
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5 Summary

We have analyzed the experimental data available for w
and ¢-meson production from «N and pp reactions and
have evaluated the ratio of the reaction amplitudes. Indeed
the experimental ¢ /w ratio substantially deviates from the
SU(3) estimate R?(¢/w)=4.2x 1073, which is based on the
w—¢ mixing angle of #y=39°.

However, it is important to recall that this SU(3) es-
timate is given by the ratio of the ¢pm to wpm and $NN
to wNN coupling constants and is related only to the re-
action mechanisms involving the relevant Vpm and VNN
vertex. Obviously, any other production mechanism [34—
40] as well as different form factors in the Vpr and VNN
vertices will lead to a deviation of the experimental ratios
from the simple scaling R?(¢/w)=4.2x1073.

On the other side, by fitting the experimental ratio
with a constant, our comparison of the 7N and pp data
with the ratio of the ¢pm and wpm coupling constant (as
evaluated from the measured partial decay) shows an over-
all compatibility. The full analysis indicates that — within
the experimental uncertainties — the data on the partial
decays as well as on 7N and pp reactions provide an aver-
age ratio R?(¢/w)~1.6x1072, which is close to the DISTO
data point, however, disagrees with the SU(3) estimate
based on the w—¢ mixing angle of #y=39°.

We appreciate valuable discussions with W. Kiithn and J. Rit-
man as well as comments and suggestions from C. Hanhart and
J. Haidenbauer.
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