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Abstract

The reaction pp —»> KTK ™70

was analysed for antiproton annihilations at rest at three hydrogen target densities. A

strong dependence of the pp — ¢ ° yield on the quantum numbers of the initial state is observed. The branching ratio of
the ¢ ° channel from the S, initial state is more than 15 times larger than the one from the P, state. A large apparent
violation of the OZI rule for tensor meson production from pp-annihilations from the P-waves (17 %+ 2%%) is observed:
Rexp( 370 /f,m%) = (149 + 20) - 103, significantly exceeding the OZI-rule prediction R=16-10"° © 1998 Elsevier

Science B.V. All rights reserved.

1. Introduction

In recent experiments with stopped antiprotons at
LEAR (CERN) [1-4] a large violation of the
Okubo-Zweig-lizuka (OZ1) rule [5] in ¢ meson pro-
duction was discovered. In some annihilation chan-
nels (pp — ¢,¢y) the ¢ production exceeds the
prediction of the OZI rule by a factor of 30-50. It is
remarkable however that the level of the OZI rule
violation turned out to be rather different in various
annihilation reactions and that in some fina states
(¢m,¢w) no discrepancy with the OZI rule predic-
tion was found.

Another interesting effect was observed firstly by
the ASTERIX collaboration [1] in the ¢ channel
and confirmed by the OBELIX Collaboration [6].
This reaction is alowed from two pp initial states,
33, and *P, because of C-parity conservation, but no
contribution to ¢ meson production from the 'P;
state was observed.

We have collected data, with stopped antiprotons,
of the

pp — KK~ 70 (1)
annihilation reaction at three different target densi-
ties: liquid hydrogen (LH,), gaseous hydrogen at
normal temperature and pressure (NTP) and gaseous
hydrogen at low pressure (LP) of 5 mbar. These
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three data sets permit the study of the reaction from
different mixtures of pp initial states, from dominant
Swaves in liquid to dominant P-waves at low pres-
sure.

The analysis of the K"K~ 7 ° fina state is com-
plex, since all J7C initial states but the 0" one can
contribute, and both | =0,1 isospin states can be
present with interfering amplitudes (see Table 1).
Because of this complexity, our spin-parity analysis
gives a set of best fit solutions, that we list in the
following (see Table 2). Nevertheless, a clean test of
the OZI rule in the pp — K*K~ 7% annihilation is
already possible with the present analysis, because
the ¢ peak is directly and clearly visible and some
quantitative results can be extracted which are com-
mon to al our best fit solutions.

The measurements for reaction (1) in liquid and
5-mbar hydrogen target are reported for the first
time. Moreover, our whole statistics in gas is higher
than in the previous measurement [6].

2. Experimental layout and data samples

The experiment was performed at the Low Energy
Antiproton Ring (LEAR) at CERN with the OBELIX
spectrometer [8]. The OBELIX apparatus consisted
of four subdetectors positioned around the axis of the
Open Axial Field Magnet, whose magnetic field
reached the maximum value 0.6 T along the beam
axis. The subdetectors important for the discussion
below are the Time-Of-Flight system (TOF) and the
big Jet Drift Chamber (JDC). The TOF is composed
of two scintillator barrels, placed at a distance of 130
cm and coaxial to the beam. It is also used to trigger
on multiplicity and topology of charged particles
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Table 1

Intermediate states (see PDG [7]) alowed in the pp — K™K~ 7% annihilation channel; L is the relative angular momentum between the

isobar and spectator

Intermediate state I 0-*('s) 1--Cs) 17 (P 17+CpP) 271 (P,
KEK* T 01 L=1 L=1 L=02 L=02 L=2
(KE70)gK ™ 01 L=0 - - L=1 -
2,(980,1450)7 ° 0 L=0 - - L=1 -
a,(1320)7° 0 L=2 - - L=1 L=1
f,(980,1370,1500)7 ° 1 L=0 - - L=1 -
f,(1270), f5(1525) ° 1 L=2 - - L=1 L=1

f;_ o(1700)7° 1 L=0 - - L=1 -

i ,(1700)7° 1 L=2 - - L=1 L=1
¢(1020), p(1450,1700)7° 1 - L=1 L=0 - -

produced in the annihilation. The JDC is placed
between the two TOF barrels and is used to track
particles and to identify them by dE/dX measure-
ment. The p beam momentum was 200 MeV /c for
the LH, run and 105 MeV /c for the NTP and LP
runs to provide the optimal conditions for the beam
stopping in the targets of different density [9].

The experimental data for each target density
were collected with a multiplicity trigger that re-

quired the signal from the entering antiproton, 2 hits
in the internal TOF barrel and 2 hits in the externa
one. The number of triggered events involved in the
present analysis are 10.4 million in the LH,, 6.7
million in the NTP and 9.4 million in the LP hydro-
gen target. They correspond to 116 - 105, 74.6 - 10°
and 91.8 - 108 initial pp annihilations respectively.
Events with the presence of only two tracks (with
different charge) in the JDC with length > 20 cm

Table 2

The results for S- and P-wave fractions of f57° annihilation frequency (in units of 10™%) in LH, and LP (5 mbar) hydrogen depending on
the set of the transition amplitudes used. The corresponding x2/NDF values are given as well; a notation like f,(1700), means that for
this amplitude only the allowed P-wave states were included into the fit

LH, LH, LP LP
Amplitude set X 2/ndf fs(pp— 7% x2/ndf fo(Pp— 7%
ISA: ¢(1020),K *(890), f,(1270),

a,(1320), f5(1525),8,(980),( K7 )g 2.87 0.47 + 0.08 1.74 150+ 1.3
ISA + f,(1700) 2.04 2274036 1.10 21.4+23
ISA + f,(1650) 2.06 189+ 021 1.32 69+ 10
ISA + f,(1390,1500) 1.81 159+ 0.25 1.59 48+19
ISA + f,(1390,1500,1650) 1.52 176 + 0.25 1.29 62+ 16
ISA + f,(1700) + f,(1500) 1.48 359 +0.70 1.15 204+ 26
ISA + f,(1700) + f,(1390,1500) 1.47 3.10+ 0.64 1.14 220+22
ISA + f,(1700) + f,(1390,1500,1650) 134 3.46 + 0.63 1.07 182+ 1.9
ISA + f,(1700) + f,(1390,1500,1650)g 1.33 3.39+0.70 1.10 24+21
ISA + f,(1700) + p(1450,1700) 1.53 258 +0.48 1.10 230+ 23
ISA + f,(1390,1500) + p(1450,1700) 121 2.69+0.38 1.18 113+ 1.2
ISA + f,(1390,1500,1650)

+ p(1450,1700) 1.20 134+021 1.16 124+ 16
ISA + f,(1700) + f(1390,1500)

+ p(1450,1700) 1.13 4.22 +0.82 1.04 202+ 23
ISA + f,(1700), + 4(1390,1500)5

+ p(1450,1700) 1.20 259 + 0.63 1.09 229+23
ISA + f,(1700) + f,(1390,1500,1650)

+ p(1450,1700) 111 2.26+0.68 1.04 20.4+ 2.0
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were subjected to a 1C kinematic fit and those with a
x?2 value corresponding to a probability larger than
5% to satisfy the pp — K"K~ 7° hypothesis were
retained. The identification of both particles as kaons
was performed by dE/dX measurements or TOF
identification in the case of ambiguity of the dE/dX
selection cut. The events for which one track was
identified as kaon by the TOF and the second track
had no time-of-flight measurement (mainly due to
the high probability of decay for slow kaons) were
also accepted for further analysis.

The number of selected events for reaction (1) is
29441, 30358 and 36169 for the LH,, NTP and LP
data samples respectively. The corresponding
K*K~ 7% Dalitz plots are shown in Fig. 1 (upper
row). Two perpendicular bands from the K * *(892)
decays are clearly seen for each experimental condi-
tion. Along the KK invariant mass direction (the
diagonal) a strong signal from ¢ is seen. It becomes
weaker in the low pressure data sample. One can see

also K"K~ bands in the region of the
f,(1270) /a,(1320) and f,(1525) mesons. These
bands are most prominent in the LP data.

The dominant background contamination surviv-
ing the kinematic fit is found to come from the
annihilation channels

pp—> 7 X (2)

(where X is a system of neutra pions) with two
charged pions of momentum p_> 550 MeV /c. It
was verified by Monte Carlo simulation that these
events are centered around the theoretical TOF line
for pions of Fig. 2b). Hence, the curves for the
dE/dX and TOF selection cuts for kaons of Fig. 2
were optimized for the best rejection of this pionic
background without significant losses of the
KK~ 7? events. The percentages of the =t 7~ X
events extending below the theoretical TOF line for
pions and invading the band chosen for kaon selec-
tion were estimated by the population of events

~ ~
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Fig. 1. Dalitz plots for reaction pp — K"K~ 7° at three different target densities (top). The distributions of events from the background

reaction pp — 7" 7~ X are shown in the center. The Monte Carlo simulation of the acceptance for the reaction pp » K*K~ 7

in the bottom.

0 is shown
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Fig. 2. (@ dE/dX digribution for tracks of which satisfy the pp— K"K~ 7% kinematic hypothesis; (b) time-of-flight (TOF)
B-distribution for tracks of events selected by kinematic fit and dE/dX; the solid curves are theoretical functions of TOF for pions and
kaons, the dashed curves show the selection cuts for the final sample of K™K~ 7 0 events, the dotted curves show the selection cuts for the

7t~ X background sample.

above the pion line and are 2.6%, 2.2%, 2.7% for
LH,, NTP and LP data respectively.

The Dalitz plots with the background events of
reaction (2) are shown in Fig. 1 (see middle row).
These background Dalitz plots were subtracted from
the K™K~ 7 % ones during the fitting procedure.

Another source of contamination is due to events
from the reactions
pp—> K*7 FK? (p, = 550MeV /c), 3
Pp— KK 770 . (4
We simulated events for the reactions (3) and (4)
applying the same cuts as for the events of the
K"K~ 7 © reaction. From the measured frequency of
the K * 77 TK° reaction from [10—12] and assuming
that the yield of the K*K ™7 %0 reaction is at least
two times smaller than that of the KK~ 7 ° reac-
tion, we estimated that the contamination from reac-
tion (3) does not exceed 2% and that from reaction
(4) isless than 1.5% for all K"K~ 7% data samples.
The background events from reactions (3) and (4)
were not subtracted and they affected the K™K~ 77 °
data samples subjected to the fit.

The acceptance Dalitz plots of the reaction (1) are
shown in Fig. 1 (lower row) for each target condi-
tion. These Monte Carlo events were generated ac-
cording to phase space, passed through the OBELIX
apparatus simulation and reconstruction code and
through the same selection cuts as the experimental
data. The acceptance is affected by the threshold of
the OBELIX apparatus for kaons with momenta

below 200 MeV /c, which cannot reach the JDC
because of the energy loss in the internal TOF barrel.
This effect leads to a 3 + 5% loss of events in the
experimental Dalitz plots.

3. Data analysis

In order to determine the yields of ¢ and f,
mesons a spin-parity analysis of the reaction (1) was
done. It was assumed that the pp system annihilates
into K*K~ 7 © through two-body intermediate states.
The elementary transition amplitudes were
parametrized in the framework of the isobar model
[13], considering the states listed in Table 1. They
have the form:

Ayre(p,q) = ZCI,I3ZJPC,I,I3,L,I( p.q)

s

XW(P)W(aA)F i, (9), (5

where p is the laboratory momentum of a resonance;
g is the decay momentum in the resonance rest
frame; 1, 1, are the pp isospin and its third compo-
nent; c,,  are the Clebsch-Gordan coefficients;
Zyec ), are the covariant spin tensors which give
the angular dependence [14]; L is the isobar-spec-
tator relative angular momentum; | is the spin of the
isobar; the function Fis the so-called Blatt-Weiss-
kopf damping factor [15]; F, , , isthe isobar produc-
tion amplitude taken as a relativistic Breit-Wigner
function. For the non-resonant Kz system in rela
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tive S'wave state, (K7 ), the analytical parametriza-
tion of Tornqvist [16] was used. The total amplitude
from a given JFC sate is

AT(JPC)= ZW\;PCA{]PC( p,q), (6)

where wiec are free complex parameters of the fit,
which describe the contribution of an intermediate
state i and Ajrc(p,q) is from Eq. (5). Each ampli-
tude Arc(p,q) was normalized to unity using the
pp— K"K~ 7% events generated following phase
space (before apparatus distortion). The theoretical
Ddlitz plots were obtained by weighting events of
the acceptance Ddlitz plot with the corresponding
sguared amplitudes.

To reproduce the experimental resolution of the
detector the theoretical Monte Carlo plots were filled
using the reconstructed momenta of particles, while
the amplitudes were calculated using the generated
momenta of K"K~ 7 ° events. This approach with
one Monte Carlo Dalitz plot for each amplitude does
not give the possibility of varying the width and the
mass of a resonance during the fit, but alows to
obtain more reliable values for the resonance yields
and improves the determination of their production
rates from different pp initial states.

The x? function subjected to the MINUIT [17]
minimization program was defined as:

(NiExp _ NiBG _ NiTh)z

2 2 2
ONER + O Be + o

x’=X

(7)

where NP NB® and N™ are the number of events
in bin i of the experimental K*K~ 7 °, the back-
ground 77" 7~ X and the total theoretical Monte Carlo
Dalitz plot respectively; oyee,oyes and oym are
the corresponding errors.

To decrease the statistical fluctuations, al Dalitz
plots were folded around the first diagonal, consider-
ing only the case M2(K *7°%) > M?(K T 7°). The
histogram bin size is 45 MeV 2/c* ; the bins of the
experimental Dalitz plot with fewer than 7 events
were excluded from the y? calculation. In this way,
408 bins of Dalitz plots for each data sample are left
for the spin-parity analysis .

Aninitial set of amplitudes (1SA), containing only
well-established states, includes ¢(1020),K *(890),-

f,(1270),a,(1320) and f,(1525) mesons with the
masses and widths fixed from the PDG [7]. Since we
could not distinguish K*K~ states which differ only
by isospin, the a,(980) and f,(980) isobars were
represented in the ISA set by one effective state,
with the parameters of a,(980) (M = 975 MeV /c?
and I'=65 MeV /c?) obtained in a recent analysis
of the pp » K *K % ¥ reaction [11]. It was checked
that a small variation of the a,(980) mass and/or
width values did not lead to significant change of the
fit results. The (K#)g amplitude was also included
in the |SA set.

To decrease the number of free parameters the
fitting process was performed in several steps. Firstly,
the LH, data were fitted assuming S-wave initia
states only. Then, the LP data were fitted with the
the S-wave amplitudes fixed at the values from the
LH, fit and free P-wave parameters. Finally, the fit
of the LH, data was repeated assuming the parame-
ters of P-wave amplitudes obtained in step 2 and free
S-wave amplitudes. This iteration procedure was re-
peated severa times to reach the best description of
the experimental data. Then the NTP data were fitted
with the parameters found for S- and P-wave ampli-
tudes, leaving free only the weights of the JP¢
states.

The results of the fit with the ISA set are shown
in Fig. 3 by dashed lines. This set provides a rather
good description of the low M(K*K™) mass region
around the ¢ peak and correctly reproduces the
M(K * 779) invariant masses in the K *(890) region.
However, the total fit quality is not good and the
x2/NDF values are 2.87, 2.01 and 1.74 for the
LH,, NTP and LP data fit respectively. One can see
that the description of the experimental LH, data is
worse than that of the LP data. This could be due to
alack of 0" contributions in the ISA set, as the
scalar mesons could dominate in annihilations from
the S-wave and be less important in the P-wave.

For further improvement of the experimental data
description we add various amplitudes (see Tables 1
and 2 ) to the ISA set. For some resonances with not
well-established parameters we dlightly varied the
mass and the width in order to test their influence on
the fit and on the results. The best description of the
data at 3 different target densities is obtained by
adding the contributions from f,(1700), f,(1370),-
f,(1500), f,(1700), p(1450) and p(1700) states to the
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Fig. 3. K*#% and K"K~ invariant mass distributions for
pp— K* K™ 7? annihilationsin the H, target: liquid (top), gas at
NTP (middle) and 5 mbar (bottom). The results of the best fit and

the fit with the ISA set are shown by solid and dashed lines
respectively.

ISA set. The following masses and widths of the
isobars were used: M= 1390 MeV /c?, I'=340
MeV /c? for f,(1370), M = 1500 MeV /c?, I"'= 120
MeV /c? for f,(1500), M = 1650 MeV /c?, I'= 175
MeV /c? for f,(1700). For the f,(1700), p(1450)
and p(1700) mesons the standard PDG parameters
[7] were found to be good enough.

The results of the best fit are shown by solid lines
in Fig. 3.

Table 3

4, Results and discussions

The annihilation frequencies of the pp —
K"K~ 7% channel and the pp — ¢ ° reaction for
each density of the hydrogen target are given in
Table 3.

The annihilation frequency of the isobar A; was
defined as

Exp Expi
£A _ANT T Y [Wieo|? Nk
K* K70~ N = N JpPc )
b Ea b jPc EK+K 70
(8

where N; is the total number of antiproton annihila
tions, Ny** is the number of detected events for the
isobar A; in the experimental Dalitz plot, &, is the
corresponding detection efficiency for A, NEB- o
is the number of events in the experimental Dalitz
plot and &y - o is the detection efficiency for the
Pp—> K"K~ 7% events smulated following phase
space. The parameter |wiec|” is the weight obtained
for the theoretical | Ajec|? Ddlitz plot.

The total annihilation frequency of the pp—
K*K~ 7 channel was defined as

1 2 NED- o
frk-mo= - Z (9)
Ny

JPC

ZW\;PC
i

EKHK 70

Therefore, because of interferences between the reso-
nances, the total annihilation frequency is not equal
to the sum of the contributions (8) from all isobars.

The systematic uncertainty of the absolute anni-
hilation frequency determination was estimated by
measuring the yields of some known annihilation

The K*K~ 7% and ¢=° annihilation frequencies (in units of 10~*) for three densities of the hydrogen target. The last two rows of the
table collect previous results on the same reaction. (LX) is the result obtained by ASTERIX with the X-ray trigger, that in principle selects

pure P-wave atomic states [1]

f-10* LH, NTP LP(5 mbar)
f(pp—» K*K~ 7% 237+16 30.3+20 315+ 22

f(pp— 7 488+ 0.32 2474021 0.92+0.10
f(pp— ¢ °,'Py) < 0.1 with 95%CL
f(pp— ¢p7%) 3.3+ 1.5[20] 1.9+ 05[1]

previous measurements 5.5+ 0.7[21] 2.46 + 0.23[6] 0.3+ 0.3 (LX) [1]
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channels(suchas pp—> 7" 7, pp—> K* K™, pp—
a7 w°) using data collected with the minimum
bias trigger and with the multiplicity trigger used for
the K"K~ 7 ° data. Comparing the obtained produc-
tion rates it was found that the systematic uncertainty
of the annihilation frequency determination does not
exceed 8% for al three K"K~ 7 © data samples. The
¢ ° annihilation frequency values are rather stable
and change only within 5% from the fit with the ISA
set to the best one. The fit also shows that the ¢r°
yield is only due to the 3S; amplitude contribution,
since the weight of the *P, amplitude contribution is
around zero. For the evaluation of the upper limit on
the P, contribution the LP data sample was used,
where P-wave annihilation is dominant. The MINOS
[17] procedure of the MINUIT code was used to
obtain an estimate of the *P, fraction. It turns out
that f'p(¢7° LP)<0.1-107* a the 95% confi-
dence level (see tab. Table 3).

The annihilation frequency of channel f is de-
fined as the product of the hadronic branching ratio
Br by the fraction F(JPC,p) of annihilations of the
protonium atom from all the levels with given JPC
at a given target density p [18]. The annihilation
frequency of the ¢7° channe for the target of
density p isthen

f(pp— ¢7° p)
=F(’s, p) Br(pp— ¢7°’S)
+F(*Py, p) Br(pp— ¢7°P,). (10)
In order to extract hadronic branching ratios one has
to know the annihilation fractions F for each target

density p. Following the notation of Ref. [19], they
are expressed as:

F(*s.p) = 3E('s10)fs( p). (11)

F('Pp) = SE('PLp)(1—1s( ), (12)

where f4( p) is the fraction of annihilations from the
S-states, the numbers 3/4 and 3 /12 are the statisti-
ca weights of the corresponding initia states.
E(®S,,p) and E(*P,,p) are the enhancement factors
which reflect deviations from the pure statistical
population of the levels.

The F values are not known precisely in a model
independent approach. If one follows Ref. [19], where
the EC3S)) and E(*P,) factors of Egs. (11, 12) turn

out to be very closeto 1 at all densities and f4( p) =
0.87,0.42,0.20 in liquid, gaseous NTP and 5 mbar
low pressure targets, respectively, then

Br(pp— ¢7°’s) = (7.57+£0.62) - 10°¢, (13)
Br(pp— ¢7°'P;) <05-10 4 95%CL,  (14)

i.e. the branching ratio from the 3S initial state is
more than 15 times larger than the one from the *P,
state. This fact shows a strong dependence of the
¢7° production on quantum numbers of the initial
pp state. The indication of this selection rule, re-
ported earlier in Refs. [1,6], is now confirmed with
considerably larger statistics: the experimental num-
ber of ¢ for our LP data sample is N, = 400 + 42,
while the ASTERIX collaboration had only N, =4
+ 4 for the data sample under similar conditions [1].

The results of the previous measurements
[1,6,20,21] of the ¢=° annihilation frequency are
givenin Table 3 aswell. They are in agreement with
our values for the LH, and NTP targets; in addition,
the results for the 5-mbar hydrogen target are re-
ported here for the first time.

To study the OZI-rule violation for tensor mesons
the yield of the f,(1525) meson, which is mainly an
Ss system, has to be compared to the yield of the
f,(1270) meson, which consists of light quarks. In
the K"K~ 7 % Dalitz plots shown in Fig. 1 the band
from the f,(1525) meson is weak for annihilationsin
liquid hydrogen and becomes more prominent for
annihilations in gaseous hydrogen. The yield of the
f,(1525) meson could depend on the interference
with the near-by states. To give a feeling on the
possible variation of the f5(1525)7° yield due to
interference effects, in Table 2 we show the results
of the fit for different amplitude sets. The y? values
shown in the same table reflect the degree of fit
quality for each set of amplitudes used.

Looking through the values in Table 2 one can
see that to get a good description of the LP data
sample with x2/NDF < 1.1 it is enough to add only
the f,(1700) state to the ISA set. Including more
resonances in the fit does not improve the y? value
for the LP data considerably and the f,7° vyield
from the P-wave remains rather stable and varies
between 18- 10~ % and 23- 10~ * (all fy7° annihila-
tion frequency values in Table 2 are corrected by
Br(f; » K*K™) =0.444 + 0.016 from [7]). If the
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f,(1700) state is not included in the analysis, the
yield of f,7° from the P-wave drops by a factor of
two, but the description of the LP data becomes
worse.

The comparison of the f;7° yields from the S
and P-waves shows that the annihilation frequency
of this state from the P-wave is higher by a factor of
4 -+ 10 irrespective of the set of amplitudes. For the
best fit (last row of Table 2) the corresponding yields
are:

f(pp— f3(1525)7°)
= (2.26+0.68) - 10 4,LH,, Swave, (15)
= (20.4 + 2.0) - 1074, LP, P-wave. (16)

To determine the pp — f,(1270)7° annihilation
frequency the pp —» 7" 7~ #° annihilation channel
was used. Inthe K"K~ 7 ° final state there is strong
interference between the f,(1270) and a,(1320)
states, whereas in the 7#"7 7 ° final state the
a,(1320) contribution is absent. The relative S- and
P-wave annihilation fractions for f,(1270)7° —
a7 m° were taken from the results of the spin-
parity analysis of the pp — =+ 7~ #° reaction, per-
formed earlier by our collaboration [22]. In order to
get the absolute values of S- and P-wave annihilation
rates of the f,(1270)7° state, the corresponding
pp— 7" «% annihilation frequencies were mea-
sured for each target condition using the data col-
lected with the minimum bias trigger. The obtained
f(pp— 7t 7 7°) frequencies are (5.36 + 0.27)%,
(5.16 + 0.26)% and (4.89+ 0.28)% for the LH,,
NTP and LP data respectively. These data can be
compared to previous measurements (6.9 + 0.4)%
(liquid [23]), (5.82 + 0.43)% (liquid [24]), (5.20 +
0.35)% (NTP gas [25]) and (4.85 + 0.50)% (X-ray
trigger from P-wave [25]). Then the S- and P-wave
contribution to the f(pp — f,7°) annihilation fre-
quencies (corrected by Br(f, - 7" 7~) = 0.566 +
0.018 from [7]) are

f(pp— f,(1270)7°)
= (485 +3.8) - 1074,LH,, Swave, (17)
= (137.2 + 12.4) - 10™*, LP, P-wave. (18)

The present K*K™ 79 analysis gives somewhat

comparable results for f,7°% (using Br(f, > K*K™)

= 0.023 + 0.003 from [7]), though with significantly
larger errors. For the best fit they are (13 + 10) - 10~ *
and (102 + 75) - 10~ * for the S-wave f, production
in the LH, annihilation data and for the P-wave f,
production in the LP data respectively.

Using the f;7° yields from Egs. (15, 16) and the
f,7° yields from Egs. (17, 18) one obtains the ratios

R( f5(1525)7°/f,(1270) 7°)
= (47 + 14) - 1073, S-wave, (19)
= (149 + 20) - 103, P-wave. (20)

These experimental ratios have to be compared with
the predictions of the OZI rule. For the quadratic
Gell-Mann-Okubo mass formula the ratio R(f,/f,)
is

R( f,/f,) =16- 1072, (21)

For comparison with this prediction the experimental
ratios should be corrected by the different phase
space for f,w° and f,7° final states: R=R,,, F.

There are different ways to calculate the correc-
tion factor F. Simple two body phase space correc-
tion gives F=1.67%*D, where L is the relative
angular momentum between the resonance and 7°
meson. A more elaborate approach based on the
Vandermeulen model of annihilation into two-body
final states [26] gives F = 1.08. Therefore, after
correction for phase space the value of R may only
increase. Hence, the appreciable deviation (espe-
cialy for P-wave annihilations) from the OZI rule
prediction (21) cannot be attributed to the difference
in the f,77° and ;7 phase spaces.

A previous measurement of the f,7°/f,7° ratio,
concerning only annihilations in liquid hydrogen tar-
get [27], is R(f,m%/f,m°)=(25.4+6.1)- 103,
This ratio was derived from the spin-parity analysis
of the pp — K K27 ° annihilation channel with S-
wave amplitudes alone, which were constructed in
the K-matrix formalism. The fit of our LH, data
with an amplitude set similar to the one used in Ref.
[27] gives R(fymw°/f,m%) =(19.8 + 35) - 1073,
which is in agreement with the reported value.

In addition, the R(f,7°/f,7°) ratio of produc-
tion from the P-wave is reported here for the first
time.

The anomalously high yield of the pp— ¢7°
channel could be explained (see [28-30]) by the
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rescattering diagrams with K *K in the intermediate
state pp — K *K — ¢7°. The calculations [28,30]
provide reasonable agreement (within a factor two)
with the experimental data on the ¢m yield for
annihilation from the S-wave. However, to explain
the suppression of the ¢ar yield for annihilation
from the P-wave, in this approach one should assume
an unusually small frequency of the K * K amplitude
from the *P, channel [29].

To verify this conclusion, one may consider the
results of our spin-parity analysis concerning the
annihilation frequencies of the K *K fina state at
different target densities given in Table 4. The yields,
corresponding to the best fit solution (last row of
Table 2), show that the *P, contribution to the K *K
annihilation frequency is comparable with the 3S
contribution and increase when the target density
decreases:. this dependence is opposite to that of the
¢ yield which decreases with decreasing the target
density. However, our fit is unable to distinguish
between the isospin 1 =0 and | = 1 components of
the K *K amplitude. Therefore, in principle, it may
occur that the observed increase of the K *K yield
in the P-wave is due to the | = 0 part of the ampli-
tude, the | =1 K *K state, allowed for rescattering
into ¢ °, being suppressed for some unknown rea-
sons. The final answer to this question should be
given by our coupled channels anaysis of the
KK~ 7% K°K*x* and w77 #° finad states,
which is now under way.

In any case, the rescattering mechanism is cer-
tainly not valid for the tensor meson production. In
Ref. [31] the production of f, in the pp— fym°
reaction via the K *K and pm intermediate states
was considered. The calculated production rates of
f, from the S- and P- states are quite small, of the
order of 107°. This is far from the experimental
results, especialy for P-wave annihilations, see Eq.
(16). Therefore, the large apparent violation of the
OZI rule observed for annihilation from the P-wave
cannot be explained by the rescattering mechanism.

Abundant production of the ¢ meson from the
S-wave annihilation was explained in Refs. [32,33]
on the basis of an additional production of ¢ by
diagrams that are alowed by the OZI rule if the
nucleon wave function contains ss pairs. The intrin-
sic nucleon strangeness is assumed to be polarized as
indicated by recent deep inelastic lepton-nucleon

Tabl_e 4
K *K annihilation frequency (in units of 10~ %) at three densities
of the hydrogen target

LH, NTP LP (5 mbar)
total 52409 7.0+08 74409
from 3S; 33408 1.7+04 0.8+0.2
from P, 0.9+0.2 34405 45+0.7

scattering experiments (for review of the experimen-
tal data see [34]). The polarization of the nucleon
strangeness explains the strong dependence of the ¢
production on the initial state quantum numbers. As
atest of the model, it was predicted in Ref. [32] that
strong apparent violation of the OZI rule should be
seen for the tensor meson production in annihilation
from the P-wave. Our experimental results support
this prediction.

In conclusion, the reaction pp —> K"K~ 7% was
analysed for antiprotons annihilation at rest at three
hydrogen target densities. A strong dependence of
the pp — ¢7° yield on the quantum numbers of the
initial state is observed. The branching ratio of the
¢ channel from the 3S, initial state is more than
15 times larger than the one from the P, state. A
significant apparent violation of the OZI rule for
tensor mesons in the P-wave pp-annihilations, pre-
dicted in Ref. [32], is observed: R, (f;7°/f,7%) =
(149 + 20) - 103, significantly exceeding the R=
16 - 10~2 OZI-rule prediction.
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