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ConocTasfieHne pacnpefelleHRl MO MHOXeCTBEHHOCTH

3apAMEHHBIX JaCTHI B PP~A PP —B3auMoneHCTBEAX # NpOBEPKa

CXeMbi AyalLHON yHHTApR3AUNH

Ha ocHoBe pacnpefiefleHMs N0 MHOXECTBEHHOCTH 3ApAKEHRHX HacTHU

B Pp ~B3armoneficrpunx npu 22,4 ['sB/c noiyuenni XapaxkTepHCTHKH Mpouec-
ca @HARTHAAUMA aHTHNpOTOHOB.CONOCTABNEHAE 3THX XApPAKTEpPHCTHK C aHaO~
FHYHLIME XapPaKTepHCTHKAME RenH(PAKLUHOHHOrO pp -B3aHMOAe/CTBHS NMOATBEp-
¥naeT COpeBeQnBOCThL MPeACKA3aHAN CXeMb! AyaNbHO! YHHTapH3&UAH.

Pa6Gora Brmonnana B JlabopaTopRA BLICOKEX aHeprri OUAHN.

MpenpuarT OGreARHEHKOrO HACTHRTYTA SAdepPHHIX mccienonauuf, [yGua 1979

B.V.Batyunya et al. El - 12306

Comparison of Charged Particle Multiplicity
Distributions in pp and pp Interactions and
Verification of the_Dual Unitarization Scheme

Charged particle multiplicity distributions in P -
interactions at 22.4 GeV/c were used to obtain antiproton
annihilation characteristics, The comparison of these
characteristics with those of non-diffractive pp-inte-
ractions confirms the validity of dual unitarization

scheme predictions.

The investigation has been performed at the
Laboratory of High Energies JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna 1979




In the framework of dual unitarization
scheme/l/ there is a deep connection between
the mechanisms of hadron production in various
processes.According to this scheme,various pro-
cesses of hadron production are based on the
unique guark dynamics and differ only in the
number of the quark pairs "hadronized", i.e., in
the number of the produced jets of secondary
hadrons, In particular, the main difference
between the non-diffractive pp-interaction
with leading pomeron exchange and antiproton an-
nihilation is that in the first one two hadron
Jets are produced whereas in the second one,
three hadron jets.

As the dual unitarization scheme predicts
a purely gquantitative difference between these
processes, a study of the topological cross sec-
tions may turn out to be a more sensitive method
of checking theoretifcal notions than a study of
other characteristics, for example, inclusive
spectra., )

At high energies one fails to separate the
process of antiproton annihilation in hydrogen
bubble chamber experiments by fitting individual
channels, Therefore the only possibility of
studying this process is connected with compari-
sion of the characteristics of pp- and pp-interac-



tions.In particular,there is some reason to sup-
pose that the difference between the topological
cross sections Aoy = oy (BP) - o (PD) includes
mainly the antiproton. annihilation contribu-
tion 7%/,

In this paper we investigate some properties
of the topological cross section difference for
Pp~and pp-interactions and compare the results
with theoretical predictions. The charged
particlé multiplicity distribution in pp -inte-
ractions at 22.4 GeV/c is based on the data
obtained by means of the bubble chamber "Ludmila",
The number of 7P -interactions used in this
paper to calculate the topological cross sections
is more than twice that of the first publicati-
on”/, where the determination of the cross
sections is described in detail. The values of
ah@b) are presented in table 1,

Table 1

Topological cross sections of Jpp-interactions
at 22.4 GeV/c

Nunber

2 4 6 8 10 12 14 16
of prongs

0.60 8.75 14.21 9.59 4.28 135 0.25 0.075 0.0036

Gn,

mb 103 +19 +.16 +.13 09 105 102 1012 +.0025

To calculate Ag , we have used the data of
paper 4/ based on about 100 000 pp-interactions
at 24 Gev/c. The results are given in table 2,



Table 2

Differences of the topological cross sections
of pp- and pp-interactions

Number
of 0 2 4 6 8 10 12 14 16

prongs
Ag,, 0.60 0.05 1.66 2.88 2.11 0.946 0.209 0.070 0.0016
mb +03 +£31 £19 15 *10 052 +021 +.012 *.0027

The subtraction of the cross sections removes
automatically the diffraction component from
A%r But this procedure does not change As
which contains mainly the contribution from
nonannihilation processes according to extrapo-
lation from the region of lower energies. There-
fore, estimating the characteristics of the
annihilation process, Aao is assumed to be egual
to zero. A small value of Ag, does not contra-
dict a similar extrapolation as well,

The figure compares the values of As, with

theoretical predictions of the Webber model e
This model is based on the interpretation of

dual diagrams which satisfy the condition of
unitarity. The interpretation is by analogy with
the multiperipheral diagrams for the production
of clusters ordered in rapidity. As is seen from
the figure, the model predicts an excess of
events with low multiplicity. The same effect
was observed when using the data for 32 Gev/c ™/,
Since the model of Webber contains a number of
suppositions, it would be more instructive to
perform a model-independent comparision of
experimental data with the notion of the dual
unitarization scheme, According to this scheme,
there is a simple relation between the number

of secondary hadron jets produced in processes
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Fig. Comparison of the Webber theory
predictions (solid line) with the
experimental values of Aﬂr

with leading pomeron exchange and annihilation,
Assuming that the jets are produced indepen-
dently and there is a uniform energy distribution
between them, it is easy to get the relation
between various characteristics of the multi-
plicity distributions for antiproton annihila-
tion and pomeron processes by means of the
formalism of generating functions. In contrast
to paper”ﬂ we use for comparison the absolute
distribution characteristics instead of the
relative ones, For comparison of the absolute
values it is necessary to fulfil the condition
of strick equality of energy per jet in various
processes, Meanwhile, the fulfilment of the
relation 2/3 for c.m, energies of nondif-
fractive PP-interactions and annihilation does
not really provide the equality of energy per
jet because of the presence of leading baryons



in pp-interactions and of the possible relative
motion of hadron jets. Therefore the results

of comparison of the absolute characteristics
even weakly dependent on energy cannot be consi=-
dered as reliable,

So in the present paper we have used for
comparison the relative momenta CK=<nK>/<n>1§
which exhibit a quasiscaling behaviour. This
helps to weaken the influence of energy dependence
of the characteristics and to make more clear
the manifestation of statistics in going from
two-jet to three-jet processes,

Let us present the relation between three
lower momenta Cﬁ and C§ for annihilation and
pomeron processes, respectively:

A_2cP, 0
02 =3 02+ P

A P 2,P 1
Cs=—9—03+—3—02- —9—,

A 8 P 16 P 1 P 2
C4=—2—7--C4 —277—03 —9-(20 2— l)

They supplement the known relations for the
mean charge multiglicity <n>A—-g--<n>P and the
dispersion D*=3/2 DY , where DZ,<n%>-<n>%.

Using these relations and data on the partial
cross sections of nondiffractive pp -interactions,
we can predict the characteristics of annihila-
tion and then compare them with experimental
values, To make this comparison more convincing,
we include, besides the present results, some
cther experimental data. Some of these data
are based on the topological cross sections of
antiproton annihilation at 9.1 GeV/c, the
others on Ao, at 100 GeV/c together with the
corresponding data on pomeron processes, In all
cases the data have been chosen on condition of
a rough equality of the c,m.s. energy per jet.



Tuble 3

Comparison of the characteristics of snnihilation and pomeron pmcouos”

Pl ap’ 12/4 9.1/6/ 24/ 22.4 6o/ 7/ 100/
gev/c i
Type of non-diff. ANN ANN non-diff. ANH ditfer, non=diff, ANE differ.
process PP calc, exp. PP calce pp - PP PP calc. pp - PP
< n> 3 042*002 5 01 3 5 032;009 4 l42t'°3 6 .63 6 0841.1 8 6.35:.10 9 .53 9.43:1 '25
D 1 e444401 1.76  1.82¢.14 10974602 2441 24204432 2.71te13 332 344043428
<n>/p 2.37 2.91 2.92 2.2  2.T5 3411 2.34 2.87 2,77
Ca 12184400 1,712 1.124.01 1204400 113 1.103,02 1.184401 1612  1e13ga11
03 14592401 1,38 1.364.04 14664401 1043 12333405 159304 138 14433030
04 2-‘0:002 1 a“ 1 .77:.08 2‘561-04 1 096 1 076:.1 2 2.86:.09 1 085 1 0991068

1) Diffractlon mas sxtracted according to the data of paper/ 9/ .



The results of comparison are collected in
table 3, First of all, we see that calculated
annihilation characteristics are very similar
to experimental ones. Moreover, there are a
marked uniformity of the characteristics for
annihilation reactions and a marked difference
of the formers from the characteristics of
processes with pomeron exchange, which in turn
are almost constant in a wide energy range, So,
the data given in table 3 have proved the cor-
rectness of the initial assumption of a purely
quantitative difference between the processes
of secondary hadron production in antibaryon
annihilation and nondiffractive hadron interac-
tions with vacuum quantum number transfer in
the t -channel., It should be mentioned that the
formulae presented predict a more narrow
(nearly by 18%) multiplicity distribution in
the variables n/<n> for Pp -annihilation as
compared to nondiffractive pp-interactions,

It should be concluded that modern notions
of a fundamental role of guark dynamics which
underline the dual unitarization scheme and
reduce the difference of hadron processes to
merely a quantitative difference in the number
of hadron jets are not in contradiction to the
available experimental data on pp~ and Dp-inte-
ractions in a wide energy range.
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