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ABSTRACT

Measurement of the ratio R = Y((j>ir'*'ir~)/Y(uir+ir~) for annihilation of stopped
antiprotons in a gaseous and a liquid hydrogen target is presented. It was found that
deviation from the OZI rule increases with decreasing dipion mass and it depends on
the target density.

1. Introduction

In recent experiments with stopped antiprotons at LEAR (CERN) strong
violation of the Okubo-Zweig-Iizuka rule was discovered. The ratio of the yields
of <j> and LO mesons R(<f>X/u)X) is about 30- 50 times larger than the OZI prediction

s)On leave of absence from Sahid Beheshty University, Dept. of Physics, 1983Ą Tehran, IRAN
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R(<t>X/uiX) « I • !IT3. It was found K 5 that the degree of the OZI rule violation
strongly depends on the quantum numbers of the initial state.

A number of-theoretical models were developed for explanation of these data.
The approaches based on the traditional concepts seem to be unable to reproduce
all features of the 0 production observed now (for review, see ' ) . At the same time,
unconventional ideas like polarized intrinsic strangeness in the nucleon 8> ' offer a
rather natural explanation of the observed facts and suggest a number of new effects
to be measured.

Especially high OZI rule violation in two-body reactions NN —* 0(u)X was
seen for the processes where the mass of X was small (A" = 7 and TT). For annihilation
at rest decreasing of the mass X means an increase in the momentum transfer to 0.
So we would like to investigate if the degree of the OZI rule violation depends on the
momentum transfer, i.e. on the mass of the system created with the 0 meson. For
that the reactions

p + p — > <j> + TT+ + 7r- (1)

p + p —> U + TT+ + TT~ (2)

were chosen, and the ratio R = > («!>7r+;r~)/y'(u.'7r+jr~) was measured for different
invariant masses of the dipion system.

It. was found that the deviation from the OZI rule increases with decreasing
dipion mass and il depends on the target density.

2. Data handling

The data of the antiproton annihilation at rest were obtained using the OBELIX
spectrometer on the M2 beam line of LEAR. The detailed description of the OBELIX
can be found elsewhere and only a brief review is done here. The experimental
setup consists of a number of subdetectors arranged around the Open Axial Field
Magnet. The Time Of Flight (TOP) system contains two coaxial barrels of plastic
scintillators for charged particle identification and trigger. The Jet Drift Chamber
(JDC) provides geometry reconstruction of the event and particle identification by
ionisation loss measurement. The High Angular Resolution Gamma Detector is as-
signed for registration of neutral particles.

For investigation of reactions (l)-(2) it is necessary to register events with 4
charged particles. The trigger, based on the TOF system, was used for selection of
events witli 4 hits in the inner barrel of the scintillator counters and 3-4 hits in the
outer one. A sample of data assigned for investigation of <j>—meson production was
collected using also a "slow particle" condition - at least one time difference between
hits in the inner and outer barrels must be greater than 8 nsec. This condition was
used to enrich the experimental sample by charged kaons.

Data wen1 taken for two targets: liquid hydrogen and gas at 3 atm pressure.
In the former case annihilation occures mpinly from S-wave initial states and in the
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Figure 1: The A' + A' and w+ir x° invariant mass spectra for the reactions
pp —+ K+ I\'~K+~~ (a,b) and pp —> 2-K+2K~K° (c,d) for stopped antiproton anni-
hilation in liquid target (a.c) and gas target (b,d).

latter one annihilations from S- and P-waves are possible with approximately equal
probability. For annihilation in liquid target we accumulated 16 • 106 events with"the
"slow particle" condition and 1 • 106 - without it. For the gas target we collected
1.5 • 106 and 3 • 106 events, respectively.

The following criteria were used for event selection. The event should have
4 tracks reconstructed in JDC with correct charges. A cut on the track length was
imposed. Data samples with the "slow particle" trigger condition were used to select
events with 1\ + K~w+1>~ in the final state. Two kaons of the opposite charge should
be recognized by dK/dx and TOF. Finally events were submitted to the kinematical
fit to fulfill hypotheses pp —> K+K~n+w~ (4C fit) at the confidence level CL = 5%
and pp —» 7T+7r~7r+7r~7r° (1C fit) at the confidence level CL = 10%.

For the liquid target sample 59299 A'A'TTTT events and 127904 5TT events were
selected. For the gas target sample the respective numbers were 7015 and 230769.

3. Analysis of data

The A'+A'~
presented in Fig.I
total number of o

and 7r+7r~7r° invariant mass spectra for the selected events are
Oiie can see clear signals from <f> and u> mesons.To estimate the

(^') mesons, the corresponding part of the invariant mass spec-
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Figure 2: Background free TT+X invariant mass distributions for the reactions
pp —> <j>ir+w~ (a,b) and pp —> OJTT+X (c,d) for stopped antiproton annihilation in
liquid target(a,c) and gas target (b,d).

trum was approximated by the sum of the Breit-Wigner function with fixed 4>(UJ)
width smeared by the Gauss distribution and the polynomial function to describe the
background. We obtained mj, = (1019.1 ± 0.5) MeV with an experimental resolu-
tion 04 = (3 ± 1) MeV and mw = (781 ± 1) MeV with an experimental resolution
<7W = (18.9 ± 0.1) MeV.

Background free ir+ir~ invariant mass distributions for reactions (1) and (2)
are shown in Fig.2 a)-d). For reaction (1) of ^-meson production this spectrum was
obtained by subtraction of events from the bins near the <j> peak.

For reaction (2) of uj-meson production the so-called A-subtraction procedure
was used **. The u> decay amplitude is proportional to the parameter

, IPVXPVI 2

where p are three-momenta of the charged pions from the u decay in its rest frame, and
A' is the maximum possible value of \pw- x pr\ |2. The distribution of this parameter
for the events from the w decay is proportional to A, while for the background events
it is expected to be flat. We separate the events into two samples: one with A < 0.5
and the other with A > 0.5. Subtracting a spectrum with A < 0.5 from A > 0.5 one
can obtain a background-free distribution.
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The spectrum of invariant mass of TT+T in reaction (1) shown in Fig.2 a,b)
reveals absence of the events in the p peak. That is consequence of our apparatus
acceptance. Charged kaons with a momentum less than 200 MeV/c do not arrive at
the JDC. As a result, we are not able to observe high values of MTlr created with <j>.

The dipion mass distributions in reaction (2) are shown in Fig.2 c,d). They
dominate by the peak from p meson production which is especially strong for anni-
hilation in gas. In the case of antiproton annihilation in liquid one could also see
remnants of the /2(1270) peak truncated by the phase space. These distributions
are rather similar to the ones measured in the previous experiments which studied
reaction (2) for annihilation in the liquid and gas target.

One could see in Fig.2 c,d) that at small masses MTT < 500 MeV the invariant
mass distributions are rather flat. This interval is also suitable, from the point of
view of our statistics and apparatus acceptance, for detection of pions created with
<j> mesons in reaction (1).

So we determine the ratio R = Y(<f>Tnr)/Y(uTnT) (where Y is the yield of (j>- or
uj-mesons) for dipion system masses within the interval 300 MeV < Mvn < 500 MeV
and compare it with the same ratio for total yields of <j> and u mesons produced in
reactions (l)-(2).

The efficiencies of registration of reactions (l)-(2) were determined from the
Monte-Carlo simulation. Simulated events were reconstructed and analysed using the
same selection criteria and kinematical cuts as for experimental events. To calculate
the detection efficiency for reaction (1) the phase space distribution of the dipion
mass was assumed without taking into account the <f>p channel. We cannot exclude
such events from the experimental sample and therefore the Y(<j>Trir) value is less than
the total yield of <pinr + 4>p. For the reaction with uirw production, the registration
efficiency practically does not depend on the dipion mass and y(o>7r7r) is the total
yield of unrir + up final state.

In Table 1 we collect the information about the number of events Nev select-
ed for each reaction, registration efficiencies e, yields of (f> and u meson production
(multiplied by 104) and the corresponding ratios R (multiplied by 103). These values
are given for all events, without any cut on the dipion mass, and for events with
300 MeV < M™ < 500 MeV. One can see that for all events of reactions (l)-(2)
the ratio R is in agreement with OZI rule prediction as in the case of annihilation
in liquid as for annihilation in gas. However for small masses of the dipion system
the ratio R is greater than the value obtained for all events. It is interesting that for
annihilation in gas at small dipion masses the degree of OZI rule violation is greater
than for the same sample of events of annihilation in liquid. In both cases it looks as
if the OZI rule violation increases with decreasing mass of the system created with <j>.
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Table I. Yields of <j> and u; meson production in reactions (l)-(2) for annilihi-
lation of stopped antiprotons in liquid and gas targets (preliminary, only statistical
errors are taken into account)

-V,,.

U>7T + 7r~

853±94
320-12± 1541

W5T + 7 T -

108±(i7
1918±244

<j>n+7r-

WTT + TT-

292 ±4 3
71(>40±1011

U)3T + 7 r~

104±23
2701 ±578

Y-104

Liquid H2

All
1.08 ±0.03
4.60± 0.41

300 \UV <
2.29 ± 0.09
l.67± 0.40

H, <

All
1.24±0.02

3.80± 0.20
300 MeV <
2.41±0.06
3.74± 0.26

events
3.5±0.4
719±74

Mr* < 500
0.7±0.1

42.4±6.5J
it 3 atm

events
3.7±0.5
628±34

Mnn < 500
0.7±0.2
23.9±5.4

« < /

4.9

MeV
16.5

5.9

MeV
29.3

± 0

± 3

± 0 .

± 8

103

8

.5

9

.6

R(<PH
Ph. sp.

10.3 ±

20.4 ±

12.5 ±

36.2 ±

•10 3

corr.

1.6 •

4.3

2.0

10.6

4. Discussion of the results

Values of the total yield for reactions (l)-(2), shown in Table 1. are in general
agreement with the results of the previous measurements. Thus, the yields of the
u>7r+7r~ for annihilation in liquid and gas were measured • 12 to be Y(liquid) =
(660 ± 60) • 10-' and Y{yus) = (682 ± 74) • lO"1.

The yields of <f>-K+x~ shown in Table 1 are slightly less than those measured
by l- n Y(liquid) = (1.6 ± 0.9) • 10~4 and Y(gas) = (5.4 ± 1.0) • lO"4. The reason is
a lack of 4>p channel discussed above.

The measurements of the ratio R((p/u>) for small dipion masses were performed
for the first time and it is important to demonstrate that an increase of the OZI rule
violation with decreasing dipion masses is not an artefact of. say, difference in phase
space volumes. Dilferent forms of such correction have been discussed (see and
references therein). The last column of Table 1 contains ratios R corrected for the
difference in the phase space V for reactions with 4>KK and U)7T7T.

RWHrk.Sr.Corr. =

One could see that after this correction the degree of the OZI rule violation only
increases.

The corrected values of H are compared in Fig.3 with the results of other
measurements of the ratio in the binary reactions of antiproton annihilation at rest.
Indeed, some apparent dependence of the degree of the OZI-rule violation on the mass
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of the system created with <p is seen. However, one should be cautious interpreting
this dependence because different binary reactions were measured for different initial
states. Thus, the <jr/ final state for annihilation in liquid produces mainly from the 'So
initial state, whereas the <^>T channel comes from 3Si initial state. An indication that
we observe not simple dependence on a kinematical variable as momentum transfer
is the fact that the ratios R for annihilation in gas and in liquid are different.

The observed increasing of R at small dipion masses could be explained as
a manifestation of different spin structure of the amplitude of <j> and u) production.
The conservation laws unambigously couple the spin-triplet 3Si initial state with the
4>(u>)%% final stale when two pions are in the S-wave relative to each other. The
spin-singlet initial '.S'o state couples with 4>(U))K-R system when two pions are in the
P-wave, i.e. to the <j)(u)p final state. The partial wave analysis of the <j>inr channel
demonstrates that in the S-wave the production of <j> mesons is completely dominated
by the spin-triplet JSi initial state, whereas for ix> meson production both 3Si and 'So
states are important . S o the measured ratio R for annihilation in liquid is

11 =
Y(wp) (3)

It is clear that at small dipion masses, far from the p peak, this ratio should increase.
So for annihilation in liquid, at small dipion masses, we in fact measure the

ratio Rs = \ (O(K + -x~ )s)/ Y(u)(ic+ir~)$) for annihilation from the 35i state. We have
verified that decreasing of the dipion mass interval to 300 MeV < M** < 400 MeV
not changed the value of the ratio R within the errors. So the OZI-rule violation for
annihilation from the 3,S"i state exists but it is rather modest: Rs & 16 • 10~3. It is
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interesting to understand why this value is different from the ratio observed for the
fa0 channel, which also conies from 3S\ but the degree of the OZI rule violation is
substantial: R(<f>vo/unr0) « 100 • 10~3 l~5'.

There are two possible reasons for different degree of the OZJ rule violation.
It may be connected with the mass difference between the systems produced with <j>,
reflecting in this way possible dependence of the OZI rule on the momentum transfer.
Or it may be connected with the different quantum numbers of the system created
with <)>. The 7r7r system in the relative S-wave is a scalar Jpc = 0 + + , so our results
could be interpreted as follows. When <j> is created from the 3Si initial state with
a scalar 0 + + , the OZI rule violation is less than in the case of (f> production with a
pseudoscalar 0~+.

The best way to clarify this problem is to perform direct measurements of
t-dependence of the differential cross sections of <J>TT and u>7r channels.

In conclusion, the measurement of the ratio R = Y(<j>TC+Tr~)/Y(uic+w~) for
annihilation of stopped antiprotons in gaseous and liquid hydrogen target is presented.
It was found that deviation from the OZI rule increases with decreasing dipion mass
and it depends on the target density.
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