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ABSTRACT

The main aim of thias papexr iz to propose the sriterion
whioch gives the possibility to dietinguish betwaen tha
wodels with different mechanisme of eluster produciion,

As sn exsuple wa consider two muliiperipheral modsla

both of which it the traditional distributions rethey well
even though they sirongly diffsr in physical sssumpiiony
about ithe origin of sluataxs.

The newly propossd rapidity Interwal maihpd holps 3o
digoriminats between thew and o show ihat cluslern ave

produced psriphexally with rathey largs w2929%.



‘1. INTRODUCTION

‘Meny wodels of mulfiple production have been proposmed.
To prove the vitality of any of them one should desoribe
quantitatively a ;ot of experimental diatributione. Tt meens
that the model should be wsll daeveloped both from the iheo-
“retical point of view und for the computationsl purposes (i.e.
the computer program should bs‘elaborated)a

Extensive 1nveutisat&on of the multiperipheral acheme
'{ﬁ 2] based on the Bethe~Salpeter squation has wmade 1%
possible to compute &ﬂuccording %o this scheme all distribuu
tionse which could he obtained frow weny perticle production
expsriment (it is briefly reviewed in [4]). Theyefore the
vqunntitative somparigon of theory predictions with experimen-
tal dats can be made.

_ Such & comperison confirme the previously derived conclu=
‘8ion [1] that particles are often created in inelastic pro-
;besaaé via the intérmediate stage of clusters® production.

It 18 very difficuit to repieducs in theory even éucb simplest
sxpeyiwental data as the multiplicity distribution if the
clumterization of paiticies is not taken into eccount. The
per#pherully produced resonances give rise io the extromely
nai;ow distribution with the low avarage multiplicity. ‘

However, the theory does not propose the unique treat-’
went of clustera. We have consider two versions of the
multiperipheral scheme which strongly differ in the wmechaniam
of broduction of elusters. Anticipeting the conclusion we
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can Bay that both of them describe inclusive and semiinclusive
one-particle disiributions and two~particle correlations rea~-
sonably well but the rapidity interval distributions distin-
guish one from the other.

In the first version [?,4] clusters do not play any
important role in periﬁherel processes but the single heavy
non~pezipherél cluster decaying according %o hydrodynamical
theory is produced., On the contrary, in the second veraion{b]
a1l clusters sre created in periphers} processes and no slng-
ie non~-peripheral clustex is formed, In spite of these re-
markable physical differences boih versions agres reasonably
well with main experimental resulte for inelastic interac- .
btions of N P at 40 GeV {5 B}and pp ot 70 end 200 GeV
[2,4.8] .

But the rapidity interval distributions {(see [C]and Tew
ferences therein) differ apprecisbly in both the versiona.
Tﬁey prefer the second version but phow that it should be
coxrrected to agree better with experiment, The role of clus-
‘ters should increase in the developed scheme and their fea~
tures should be slighly changed. We conolude that the rapi-
-dity interval wethod is very effective to oiudy the clun;;
verization phenomenon, ‘ e
‘ Pirnt, we deaoribo and coppare tho two varuionn of tho
peripheral approach., Then we show in tiguxoa the qnantitatixu
‘agreewment of both the versions with usual experimentsl diste
ributions. rinnlly. wo digcuss the eluntcrization erit-rin
end their indications for theorefical pronﬁnoca
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It is very simple in application and produces direct
information about clusters. This method can be used to check
~any model of wmultiple production. We have used two multipexri-

pheral models just as an>oxample which reveals some of the
poseiblilities of the rapidity interval method. It clearly
exposes that any model, which pretends to describe experimen~
“tal data,lahould £it not only traditional distributions but
it should pass meny correlation criteria to be convincing.
' 2. THEORETICAL MODELS ‘
bThe multiperipheral scheme based on the Bethe-Salpstexr
equation [1,2,4] is almed at describing all inelastic
channeia of reactions (i.e. the whole exclusive inforwation)
starting from the knowledge of elastic soattering and,
first of all, of.the energy bepaviour of the total cross sec-
“%ion which is connected to the elasiic scatiering amplitude
bj the optical theorem.
' The approximate analytic solution of the multiperiphe=
ral equation helps Yo fix free adjustable paremeters in the
model, E§entuallyhihealstic a?ents are genézated by 8 compu-
ter [3] and the various diatributions are obtained in much
the same way as it is usually done with bubble chamber datae
A new methpé for Monte~Carlo calculation v(B] is applied to
multi-peripheral graphs with appropriste distribution of
bloba' messes and enables us to considey broperlgvall events
(up to 16-charged particles ones). At present %his is the
only theoretical echeme which has been coumpared with all
”nvéilablﬁ experimentsl data for 7 P at 40 Go¥/c snd for
pp 8t - E = 70 GeV/c and 200 Ge¥/c.
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Fig. 1 shows the general structure of inelastic proces-
88, All processes split up into the non-peripheral ones
(the first term in the sum) at given energy ahd the periphe~
ral ones‘which are described by the one~-meson interactions of
non-peripheral blobs at lower energies. The phenomenologically
chosen non-peripheral prooesaed ares .

a) the 5i7f and NN resonances (uimilﬁx to ones in
ABPST-model [7] ).

b) the elastio diffraction ™

" ¢) the clusters.

The resonances and elastic diftraction are well known
f:om experiment. &he cluster can be deaeribed by different
theoretical hypothesee. It is defined in the theory a8 a non-
peziph;ral.hadronio aystem having the mass beyond the promi-
nent resonance region and decajihg intbvmore than two partio-
les. , : _" i B

’ﬁaﬁy facets of the experimental data favour the clustera,
Ahong thembara the energy boﬁaviour-of average multiplicity,

_ the multiplicity diatribution, thn two-pn:ticle correlations
beto. (see [9} ). ‘

Kowever, the thao:oticll dotinition ot a clnnter does not

'rix its properties eomplatals. In pazticul-n, it does not aay
anything about its nngulnx docay diltribution. According to..
arguments stated . :: - 1n [9] wo aelnmo that aclu-tcr 1: the

*)1te parameters -hdﬁld‘coihcide with thnt of nhndow dittrao~‘

{tion due to the 1ne1altio processel undor considaration.
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statistical system which is described by Pomerauchuk® statia=
tical theory at .10\1 masges (M < 8 Gev/ca) and by Landau hydro=
dynamical theory et larger velues of them. Such an assumpe
tion providas the acheme with the smalleat possible nuubdy

of fxee adjustable parameters. In praciice it weans that at
considored enargies 40=200 GeV the inhomogeneuus term of

‘the equ&tion (Pig. 1) is treated hydrodynamically and the
clustera within the periphersl dlobs are considered as
statintical objects and decay isotropically.

The equation for the total cross section shown in Fig. 1
‘hes & rorm : &

8 = &+ (&, 8] |
v ; ' 1)
-whaye

= L ’ 24, dg, — — =
[é ’ 6J=1;3;3 I %?éa,,_ /,z)x. (S,+K3u‘ﬁ4k?z\@+¢fﬁq k;u" é(s,k') G(S.,l’ )

S is a Bqunred CoMaBa energy, JM is & mass of poi‘ticlee,

K is @ squared fonr-momentum transferred, G 1is 8 total
oross section of non—peripheral processcs.
- ‘This equation is well known from the early work in wul~.
'ytipher;iphaml.iam [7] except for the cdefficient R which Lav,
:usuully aqual to . One aan try to take into account the :
ftencattoring effects cqaaidaring the values of. R 7 ditfannt
'.,,’frnm 1 (soe in details in {5] )o Our firet version usea

% = but :m the mecond version X :Ls equal %o the ratio

'T(M/S,mz iy 1,6. ‘We -hnu. not go “into the details (aee
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[5] ) and want to stress another important feature which
differ the versions one from the other.

The non~peripheral oross-section in the first version
(the term 8 in (1)) does not change appreciably at high
energy and contributes about one third of the inelastic
total cross section., But in the second version it is strongly
guppressed for Qi7" and TNV -processes and completely dig~
appears from NN processes.

The off~-mass-shell form-factors are also slightly cheng~
ed, . ] v

All the modifications give rime to the physical conse-

quences discussed abover

3. COMPARISON WITH EXPERIMENT

Most of the traditional imclusive and semiénclusive’
one-and two-particle distributions cbtained for the two
versions of the muitiperipheral approach agree reasonably
well with experiment. The agreement is 8lightly better for
the second version but this diffarehﬁe ig not deéinive to
¢hoosa it definitely. .

The role of clusiers is seen from Fig, 2 where the con=
tributions of different greaphe to the multiplicity distribu-
tion are shown. It is seen thet the production of clustéta
sontributes mostly to the high—mulfip;ioity gvants. Periphe=
6l resenances plus diffraction produse 0o natrow wltipli=
oity distribution with the low averag; wultiplicity. Let us
note, however, that boih the versious overestimate the low

m:ltipliolty events and should be sliéhtly corrected, We shall
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get wore decisive indications on it from the yepldity
interval diestributions. 7 )

To show weak dependence of other dietributidns on the
model we compsre semiinclusive rapidity distributions
(Pig.3), the dependence of the avesrage number of neutral
pions on the number of negative pions (Pig, 4), semiinclu~
tive distributions of the transverse momentum (Pig, 5)..

it is impossible to dimcuse here all distributions
‘compared with experimental data.

In general, about twenty distributions of such a type
have been cslculated for each of the prooenness_?f'P at
40 GeV and PF at 70 and 200 GeV, The good agreement
with experiment shows that the scheme is a workable and
realistic one but one needs the refined correletion cri-.

teria to distinguish one version from the other,
4, THE CLUSTERIZATION ORITERION

In oﬁt opinion, the most effective way to dietinguish
cluster processes from the other ones is to use the rapiF v
dity interval wethod [6] . The rapidity.intérvale are
defined in an n~br9ng event &s the differences between
the papldities of any two parfioleo

nr;g = \é'l‘ﬂr\k ” ‘35 jK: O)i‘"‘ n-2 (2)
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containing the rapidities of aome k particlea in bétuﬁon. The
dietributions of the intervale with high emough values of n

and k are very sonlifiVo Yo the wodel proposesd and,aa,ﬁe;ally,
%o olusters' contribution. RO ol .

The method permits the analytical sonsideration for wimp~
lent moéola to annlyai qualitative effects and is casily »
applied in the multiperipheral acheme for qnantitatiﬁo'compg-f
yison with eiperiments' v v v }_‘_ .

Fig. 6 shawa strong shortage. of olﬁhtoxi‘in the fiilt
version of the multiperipheral scheme and some ahortugi’of
them in the second wexaioﬁ. It follows from the conclusiong
drawn from analytical tr;utmoﬁt_(F]' which ;ndiéate that the
‘ maxima of rapidity interval distributions movobtc thevloiﬁ?
values of intervals if the role of clusters increases,. '

. The rapidity gap distribution (k=0) appears to be less
senaitive to clusters than the distributiong of 1ntngdla>
containing the laxge number of part1oles. ‘ ' ‘

We conclude that olnnterl are produoced peripharally :
with rather large masses (noticeably exceodins maeses of re-
sonances and larger than the ave:ago cluntol size in tho
second version which is close to 3 GeV). : ’

Although tha secand version does not differ utronaly'
from experiment one can notice the itrogulnritiel in some -’
theoxstical distributions. At an energy 200 GeV (PFig. 6)
the shoulders in distributions at largo neand k % 3 axe .

pronounced, The oriain of them ie known from the annlynio of
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distributions produced by the definiie graphs. They ure
initiated by the creation of two fiN-clustera in a two;blob
peripheral graph (Nova-type procesas ["9). It gives riss to
the ptwo-bump~like ntrnctnre of rapidity intervels (wee
Pig.8). '

» If this préees- existe one can separate it chooéing {the
eventa with the slow eecondary protons {¥,|<0.4 (this condi-
tion diminishes the background due to peripherally produced
résonanoen). The resulting distribution should show two-bump
structure like the one shown in Pig.8.

The available preliminary experimental distrivutions
do not poseess any bump-like structure. Moreover, we failed
to meparaie any bump-like contributions in them according
to the above criteria, ' »

Therefore, we conclude that the Nova-type process with
two well separated cluaters appears to be strongly suppres~
wed. '

' 5, CONCLUSTION

Olustering phenomena in high-energy multiparticle final
states were extensively studied for some years, There are
three problems which should be solved,namely, the eiie of
clustera, their origin (i.e. the mechanism of produotion)‘and
thoir nature (in particulax, the deocay properties). One may
Qrgue [?,4, 1{] that the clusters are noticeably larger than
the commonly observed resonances. In this paper we tried
to solve the next problem, namely, one of the origin of clua~

“ters. Por this purpose, two modela were considered. It wase
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shown previnusly that both of thew descyribe rether well the
traditional characterietice of ﬂ”p ~experiment at 40 GeV
and pp et 70 and 200 GeV. But the models assume different -
origin of clusters. Using the newly proposed rapidity inter~-
vel method we have been able to show that clusters should be

produced peripherally with rather large mnnioo. The results

may provide @ guide to more refined uodeln,

' We hope that the rapidity intervel wethod may be nnorul
for eolving the problem of the nature of clultoru. 1.0, tho
question whether tha: can be desoribed by the ltuti:ticul
approach, by the lcquanoe of polyptripharul lldderl ox by
gluonplrton ideas.
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PIGURE CAPTIONS

Pig. 1. The graph repressntation of equation (1) for total

cross sections (A) and of its iteration sdlutions (B).

Pig. 2, The wultiplicity distribution of charged particles at

Pige

Fig.

Pig.

I'is_.

3.

4.

5.

6.

70 GeV and its substructure according to the first
verasions :
_a) remonances + slastic diffraction + J; in the
multiperipheral bloba, b) at least one of the
blobs is a cluster (peripheral processes),
¢) non-peripheral cluster, d) the totel topological
cross-gection; e) only resonance production in
multiperipheral blobs.
The total topologicul oross sections for the
second versioi almost ocoincide with the oneas given v
by the curve d).
Inclusive and semiinelusive (4,6,8,10,12,14~prongs)
rupidity distributions at 70 GeV. '
A ~ the firet version
B - the second version
fhe dependence. of the average number of neutral pione
Nyge on the number of negative pions N_ for the
first version at 70 GeV (A) and for the second ver~
sion at 40, 70, 200 GeV (B)
Sewiinclueive distributions of transverse momenta at
40 GeV mccoxding to the second version
Rapidity intexval distributione for two versions at
70 Gevy ( Ny = 10)
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Pig. T. Rapidity interval distributions foxr the second
version at 200 GeV (N = 8) ‘

Fig. 8. Rapidity dutarval distribvtions for different graphs
et 200 GV and Ny, = 10 (the second vermion) =
8) a resonance + a cluster |
b) & cluster + a cluster

¢) two resonances + a cluster
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