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Hccnenopanne unxmosusHoro poxaeans y , K3, A, A -wacTun
B pp -B3aUMOEACTBHAX NpR mMmynsce 22,4 M'sB/c. Yacrn 1.
Nonrtie m rTomonorrueckue ceveHus poxaeHHs HeflTpaNbELIX YacTHN.
Hayyenne KNO -cxeRnuura

B paGore n%eucrameuu NMONHEe H TONO/NOrHYeCKHe CeuYeRHS POXOeHHS
y , K%K° , A, A —qacran B Pp -B3aumonedcTEuax mpm 22,4 T'sB/c.
CpaBRUBAIOTCS 3aBACHMOCTH CPeAHEro YACHA HeRTpANbLHBIX 4aCTHE OT
MHOXECTBEHHOCTH B  Dp -B3aAMOAEACTBHAX NMPH PA3NAYHBIX SHeprasx.
HNoxasaro, wro nna y u K°-powaenus B pp -p3aumogefcTRASX npH

22,4 TsB/c sunonuserca ranoresa KNO -ckefnunra.

Pa6ora sunonuena » JlaGoparopam sricoxux smepruli OHAH.
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Inclusive Neutral Particle Production in

pp Interactions at 22.4 GeV/c. Part I. Total
and Topological Cross Sections of =n°, K°/K°, |,
A/R  production. A Test of the KNO Scaling

Bypothesis -

In this paper we present the results of an analysis
of inclusive production of y@) , K9 , A . A particles
in T:p interactions at 22.4 GeV/c. The total and topolo-
gical inclusive cross sections of neutral particles
were obtained. The charged multiplicity dependences of
the mean number of » , K°/K°, ,A/A productions were
studied. The KNO scaling hypothesis for =°, K: A par-
ticles was tested.

The investigation has been performed at the
Laboratory of High Energies, JINR.
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In this paper we present the results
of an investigation of inclusive production
of y(°, K§ , A, and A (including A, A
from X° and X° decays) in pp interactions.
The data have been obtained in exposures of
the hydrogen bubble chamber "Ludmila" to
a RF separated beam of 22.4 GeV/c antipro-
tons at the Serpukhov accelerator. Some in-
formation on the antiproton beam is given in
ref./V,

About 40 00O pictures of the total sample
of 300 000 have been used in this analysis.
The pictures were scanned twice for all ty-
pes of primary interac¢tions. The scanning
efficiency for the interactions with associa-
ted V°’s (V° stands for all neutral par-
ticles y(79), Kg + A, A) was about 98%.
The events were measured on semiautomatic
measuring machines.The measurements were car-
ried out using the geometric programs
MDTHRESH or HYDRA-geometry. The kinematic
programs GRIND or HYDRA-kinematics were
used for kinematic fitting of the decays
and conversion by the following hypotheses:

K° 5 ntn—,
A > prr—,
A s pat,
Yy - ete .,



About 95% of unique V°’'s (out of all
V°'s) were identified using the kinematic
programs and ionization information. In
order to classify ambiguous V°'s, use was
made of the transverse momentum distribu-
tions of negative tracks from V° decays (in
the laboratory system) relative to the neut-
ral-particle direction/WCAfter using such
a method, statistical weights were assigned
to the remaining ambiguous particles/2ﬂ
Table 1 shows the numbers of unique
and ambiguous neutral particles.

Table 1

The number of unique and ambiguousV®%

Type of V° y KO A h

particles 5

Number of unique 770 363 159 107
VOIS

Type of _
L. iria o_ o_

ambiguities KS A KS A

Number of

ambiguities 13 14

To correct for minimum decay length cuts
and for decays outside the fiducial volume,
a standard weight was assigned to each par-
ticle/2/ In order to check further V° losses,
the expected forward-backward symmetry for
y and K; longitudinal momenta in the c.m.s.
was used. Corrections for unseen decay
modes were made for Kg , A and A particles/s/.
All corrections are discussed in more detail

in ref./w,
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In Table 2 we present the total inclusive
cross sections (ot(Vﬂ), topological cross

sections (o, (V®) and mean numbers of neutral
particles per inelastic pp interaction (<n(V°)>=
=a, (Vo ), where o, is the inelastic

cross section/V. All y's were assumed to
come from g° decays and hence the =»° cross

sections were obtained from the relations:

o, (n°) = —;at ),

o (@) —;—an(y).

We see that 02(A) is significantly smaller
than o0,(A) and the difference is larger
than one standard deviation. As the_topolo-
gical cross sections o,(A) and o, (A) are
assumed to be equal according to CP-symmet-
ry in pp interactions, the difference bet-
ween o0g(A) and oy (A) can be explained

by additional scanning and measuring losses
of A particles. Table 3 shows that the mean
momentum of A particles for two-prong events
in the laboratory system is significantly
larger than that for higher topologies,
i.e., one can suppose that_additional losses
are due to the most rapid A particles. There-
fore A's are not used in the further analy-
sis.

Table 4 shows the unweighed and weighed
numbers of V°V®° particle pairs and the inclu-
sive cross sections of V°V°-pair production
in our experiment.

Figures 1 (a,b,c) show the variation of
the total inclusive cross sections as a func-
tion of incident beam momentum for produc-

tion of =n°, Kl%K°/§°) and AAK in pp -in-

6

Table 3

The mean momenta of A and A particles in
the laboratory system for events of diffe-
rent multiplicities.

n <P > : <P

lab A 1ab >K
2 1.7340.20 11.20+1.10
i 2.37+0.18 8.47+0.65
6 3.12+0.32 7.63+0.70
Table 4

V°V® inclusive production cross sections

Unweighed Weighed

number of number

particle of particle

pairs pairs T ot (V°V®) (mb)
K°K®° 20 87 0.26+0.06
K;A 12 69 0.21+0.06
KA 12 87 0.26+0.08
AA 10 73 0.22+0.07

teractions’/4/ The values from PP data /5/
are given for comparison. Our data are in
good agreement with the pp data for other
energies.
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The variation of the total inclusive cross sections

~, K?, A/K production

(a,b,c).

1
as a function of incident beam momentum for

Fig.

in Bpandpp interactions.

The mean number of neutral particles per
inelastic pp collision as a function of to-

pology (<n(V®°)> = o, (V°)/o o, is the
topological cross sectlon/“/) is presented
in figs. 2(a,b,c). The figures also show

corresponding results obtained in other
experiments /4c.d,e/ There is no clear charged
multiplicity dependence of <n(#°)>  and <n(K">,
(figs. 2a,b) at 22.4 and 32 GeV/c. In cont-
rast, one can see an approximately linear
rise of <n(#°)>, at 14.75 Gev/c/4¢/and
100 GeV/c/MV and of<n(K")>n at 100 GeV/c
when the multiplicity varies from 2 to 8.
Such correlations between neutral and charged
particles were observed in pp interactions
from 70 GeV/c and 100 GeV/c for #° and K°
mesons, respectively.6

The <mm/m>n data (fig. 2c¢) strongly
decrease with increasing charged multipli-
city in our experiment and in pp <collisions
at 32 GeV/c but remain constant within er-
rors in pp interactions at 100 GeV/c.

To test the KNO scaling hypothesis for
7%, + Kg, v+ A productlon/T/ figures 3(a,b,c)
show the <n>.0 (V®)/<n(V9)> .0, data against
n/<n> (<n> 1s the mean multiplicity of
charged partlcles/L/) Data obtained in
other pp experlments/&/and fits to high
energy pp interactions/?/ are given for com-
parison. There is no significant difference
between all the data for #° and Kg produc-
tion but the scaling is not valid for A's
as can be seen from fig. 3c. Only the
100 GeV/c data for A production are almost
equal to the pp data while at lower energy
the difference between the pp and pp data
systematically decreases with increasing
primary momentum.

/4e/
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Fig. 3 (a,b,c). The KNO dependence for =°, Kg + A production in pp
The solid curves are fits to high energy
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Fig. 4. The KNO dependences for charged
particles and »° mesons in pp collisions at
our energy. The solid curve is a fit of the
KNO pp data for charged particles.

Figure 4 compares the KNO dependences
for charged particles (<n>.0_ /0,, per
n/<n>) (ref./1Y ) and for °’s in our
Ppp interactions. The fit of the KNO pp data
for charged particles/9/ is also shown. All
the distributions are very similar.

Our main results are:

12

1. There is no clear correlation between
the mean number of 7° -mesons and the number
of charged particles in our experiment.

2. The mean number of A/A particles
decreases with increasing charged multipli-
city.

3. The KNO scaling hypothesis holds for
7° and Kg production in pp and pp inter-
actions in a broad energy interval.

4. The KNO dependences for charged par-
ticles and «° -mesons in pp and pp interac-

tions are very similar.
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titude to the staff responsible for the ope-
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the beam channel number 9 and to the techni-
cal staff of the "Ludmila" HBC. We also
thank the technicians and assistants at all
Laboratories for their excellent work.
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