Vol. BS (1974) ACTA PHYSICA POLONICA No §

PRODUCTION OF 7% MESONS IN K*p INTERACTIONS
AT 8.2 GeV/e

By J. BARTKE, A. Eskreys, J. FIGIEL, P. MALECKI, A. ZALEWSKA, K. ZALEWSK],
J. ZAORSKA

Institute of Nuclear Physics, Cracow*

K. DziuNikowska, K. ESKREYs, A. GuLA, B. MurYN, H. RubpNIickA, L. SUSzyckl,
W. ZIELINSKI

Institute of Nuclear Physics and Techniques, Academy of Mining and Metallurgy, Cracow**
( Received March 19, 1974)

Experimental results on #° production in K+p interactions at 8.2 GeV/¢ incident mo-
mentum are presented. Average n° multiplicities for given prong numbers are evaluated.
They are consistent both with the corresponding results for pp interactions at 12 GeV/¢
(chosen for comparison because they have the same average prong number) and with a model
where total multiplicity distributions are calculated from the Czyzewski-Rybicki formula
and the charge branching ratios from the statistical model. Some averages over the #° mo-
mentum distribution are also evaluated. In particular it is found that n°s produced in two
prong interactions go predominantly forward.

1. Introduction

Growing interest in the charged particle and total multiplicity distributions over the
past few years has stimulated detailed investigations of #° production. However, due to
the difficulty of observing the neutral particles, data on 7° production are still rather scanty.
We present the analysis of the production of 7° mesons in inclusive and semi-inclusive
(fixed numbers of charged particles in the final state) K*p interactions at 8.2 GeV/c inci-
dent momentum. This analysis is based on the detection of gamma quanta coming from
7% decay and undergoing conversion into electron pairs inside the 2m hydrogen bubble
chamber. Since the radiation length in hydrogen is about 15 m, only less then 5 per cent
of emitted y-s can be converted. This practically excludes the possibility of reconstruct-
ing individual z° -events.

The film used for this analysis was obtained by the Brussels-CERN Collaboration dur-
ing an exposure of the CERN 2m hydrogen bubble chamber to a separated K+ beam of
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8.2 GeV/c at the CERN proton synchrotron. General information about this exposure
can be found in Ref. [1] and about K*p interactions at 8.2 GeV/c in Ref. [2]. Our preli-
minary results were presented at the Pavia Conference and are quoted in Ref. [3], where
references to similar work on n° production in other reactions are also collected. Our
study yields the first results of this kind for K*p interactions.

2. Experimental procedure

Because of the very short lifetime of a #° meson, the electron pair coming from its
decay points to the primary vertex where this meson has been produced. About 36 000
pictures were scanned twice for primary K*p interactions with at least one pointing electron
pair in a fixed fiducial region. The scanning efficiency for associated electron pairs was
estimated as 91 per cent and the corresponding correction factor was introduced. We mea-
sured the tracks of the incoming kaons and of the associated electron pairs. Out of the
1450 events found 96 per cent passed the geometrical reconstruction program Thresh.
Tracks with radius below 3.5 cm (corresponding to electron with kinetic energy below
18 MeV) were not measured. In order to reduce the background from ¥°-s and unasso-
ciated electron pairs the following acceptance criteria, obtained from an experimental
study of the y— V° ambiguity and of the angular resolution, were used:

1. The angle between the momentum of the pair and the line joining the interaction
point with the conversion point had to te less than 4° for pairs, where both tracks were
measurable, and below 6° for pairs where only one track was measurable.

2. The effective mass of the pair had to be below 15 MeV.

It was estimated that by this selection the ¥° contamination was reduced from 5 per
cent to below 2 per cent. About 13 per cent of the pairs were rejected as not associated
with the vertices. The number of photons including the unmeasurable ones, accepted for
each multiplicity of charged particles is given in Table I.

In order to reduce the statistical error on the number of pairs associated with 8-prong
events, all pairs associated with 8-prong stars and passing our selection have been included.
This corresponds to the total sample of 200 000 pictures.

TABLE 1

The average multiplicities of z° mesons produced in K+*p interactions at 8.2 GeV/c and input information
! p

Type of Cross-section (mb) | Accepted number .
interaction Ref. [2] of photons Average weight o)
All 13.72+0.4 1375.7 34.6+0.93 1.054+0.09
2-prong 5724+0.27 724.3 326+1.0 1.254+0.11
4-prong 6.65+0.13 546.3 36.3+1.5 0.90+0.09
6-prong 1.29+0.06 103.0 39.1+4.8 0.95+0.13
8-prong 0.074+0.014 17.6 53.2+10.8 0.721+0.22

The errors given in the Table are statistical only.
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About 6000 pictures were scanned for all primary interactions, in order to find, by
comparison with the topological cross-sections from Ref. [2] the overall normalization.
For each accepted electron pair we calculated its conversion weight W defined as the
reciprocal of the conversion probability P. The latter is related to the cross-section for
conversion ¢, and to the potential path of the photon in the chamber / by the formula:

P=1-exp(—p-0o.-D, 2.1

where ¢ denotes the density of protons in liquid hydrogen. The dependence of the conver-
sion cross-section on photon energy can be found in Ref. [4]. The number of produced
n° mesons n,o is related to the number of converted photons #n, by the formula:

N =3 <{W> n, 2.2)

where (W) denotes the conversion weight averaged over all converted photons. The
average conversion weight for all the sample and for each multiplicity of charged particles
separately is given in Table 1.

It has been assumed that all the observed y-quanta come from decaying n%-s. Correc-
tions for y-quanta originating from X° and 5 decays, as well as from #° decays with Dalitz
pairs were estimated to be negligible and consequently ignored.

3. Characteristics of 7° production

3.1. The average multiplicities

Using the data on y production one can derive information concerning the produc-
tion of 7° mesons. On the basis of the weighted number of accepted photons and of the
topological cross-sections we calculated the average number of z° mesons produced in
all the inelastic K*p interactions ({#,0)), and for given multiplicities of charged particles
n ({npoy,). In Fig. 1 our results on {n,0y, ate compared with corresponding data for pp
scattering at 12 GeV/c from Ref. [5]. This is a particularly good reference experiment for
us, since the average multiplicity of negative charged particles is 0.69 +:0.06 in K*p inter-
actions at 8.2 GeV/c and 0.71+£0.02 in Ref. [5]. It is seen from the figure that at present
accuracy the two sets of data are consistent with each other. The average number of n°
mesons per inelastic interaction in our sample is 1.054+0.09 to be compared with 1.18+
+0.09 fcr the pp interactions at 12 GeV/e. This confirms the suggestion from Ref. [3]
that at given average multiplicity of charged particles there is little difference between n°
production in different reactions.

The slow decrease of (#,0), with n, means weak negative correlation between the pro-
duction of neutral and charged pions. This feature of particle production can be also
expressed in terms of Meuller’s correlation coefficient

f2 = <n1l:_ : nn°>—<n1r'> : <n1z°>° (3'1)
Its value can be calculated from the formula:

f2 C= Z‘i Re- <n1z°>n,,- ‘ ann—/ainel~<nn-> ) <n1;0>- (3.2)
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Our data yield £, = —0.10£0.09 to be compared with —0.03 4:0.08 obtained for the pp
interactions at 12 GeV/c.

We also compared our data with the predictions of a model proposed in Ref. [6].
According to this model, the distribution of total multiplicities is described by the Czy-
zewski-Rybicki formula (Ref. [7]) and the charge branching ratios are calculated using
the isospin weights given by the statistical model (Ref. [8]). The free parameters of the
Czyzewski-Rybicki formula, n and D, are fitted so as to reproduce correctly the multipli-
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Fig. 1. The average numbet of 7% mesons as a function of charged particle multiplicity for X+p interactions
at 8.2 GeV/c, for pp interactions at 12 GeV/c (from Ref. [5]) and calculated from the model of Ref.[6]

city distribution of charged particles. Thus for the multiplicity of n° mesons absolute
predictions are obtained. As can be seen from Fig. 1, the agreement of the model with
the data is very good. The model yields {n,0> = 1.07 and f;;~ = —0.16 which are in good
agreement with the experimental values.

3.2. Momentum and energy distributions

The formulae relating the momentum and energy distributions for #° mesons with the
measured distributions of y-quanta are given in Ref. [9]. For the first few moments of
these distributions these formulae read:

<E1:°> =2 <Ey>9
<pi,1t°> =2- <pi,'y>7
Diwd =3Py — Ema. (3:3)
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Here E,o and p; o denote the energy and the i-th component of the momentum vector for
7° mesons. E, and p;, denote the same quantities for photons and m, denotes the mass
of the #° meson.

From these relations we calculated for n° mesons the average of the energy, of the
longitudinal momentum and of its square (all in the centre of mass system), and of the
average square of the transverse momentum. It has been checked that the contributions
to these averages from the unmeasured and the unreconstructed events are negligible.

TABLE II

The averages of the energy, longitudinal momentum and its square (in centre of mass system) and average
square of the transverse momentum of #° mesons produced in K*p interactions at 8.2 GeV/c

Type of {Egoy {pL®> {P*La0> {pPra0)
interactions (GeV) (GeV/c) (GeV/e)®» (GeV/e)®»
All 0.466+0.011 0.128+0.013 0.154+0.013 0.116 +0.007
2-prong 0.531+0.018 0.192+0.022 0.21240.021 0.123 +0.009
4-prong 0.410+0.016 0.072+0.017 0.100+0.015 0.112+0.011
6-prong 0.381 +0.030 0.054+0.030 0.062+0.015 0.097£0.015
8-prong 0.278 +0.064 0.077 +:0.048 0.027+0.033 0.064+0.015

The errors given in the Table are statistical only.

The results for all inelastic K*p interactions and for given multiplicities of charged particles
in the final state are given in Table II. The averages of energy and squared longitudinal
momentum of produced n°%s drop with increasing charged particle multiplicity, while the
average square of the transverse momentum is seen to be nearly constant. The average
longitudinal momentum is positive and for the two-prong topology much higher than
for other multiplicities. Diffractive dissociation K+ — K+ 7°zn° could contribute here.

The authors thank the Brussels-CERN Collaboration for the kind permission to use
their film for this study.
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