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1.Introduction

Statistical cluster hypothesis of multiparticle praduction in
hadronic interactions has a long time history.The reasons for this

hypothesis are the following experimental fac ts:qrouping of

secondaries in rapidity space,asymmetrical events,short—-range
correlations and so forth.The revival of the interest ta this
hypothesis has been stimulated by the analysis of the multiplicity

distritutions of charged particles in pp and pp collisions which

has been found to be well described by a negative binomial
distribution at energies above 10 GeV {1]). A.Giovannini and L.Van
Huve have shown that the mechanism which would give a negative
btirnonial distribution is cluster (or clan) production one

[2].Huwever there are many other features of mul tiparticle

—m—

production the reproduction of which in the framework of cluster ;

fwpoethesis could support such approach.They are:

LI

1.The leading particle effect.

T.The growth of rapidity space is not nearlv so rapid as a

multiperipheral model gives.

T.The growth of the central rapidity density (dn/dn)n -
4.Asymmetry of a large amount of interactions.
S.Appro:ximate KNO-scaling at the energies Vs < fngR and it's
violation at higher energies. s

4.Forwmard-backward multiplicity correlations.

7.The growth of single-diffractive cross section at vs < fngR and

1t’'s approximate constancy at higher energies?

T

8.The growth of the average transverse momentum which enhances at
collider energies.

7.The dependence of the average transverse momentum in central
rapidity region on multiplicity.

17.Rising fraction with energy of "minijet” events.
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Can one interpret above - mentioned features of multiparticle 1

produc tion un the basis of cluster hypothesis and if so,which

3

proper ties do Lthese clucsiers possessT An  attempt to answer thas
question 1s a goal i the paper.We will construct Monte-Carlo
cumalation mode!  shers we uwuse as a first approximation the
brem--tr ablung snalogy proposed by L.Stodolsky [3)] and later

developed by S.Fotorsky and L.Van Hove [4]1.This approach seemed to

be attractive b&tzuse it enables one to consider multiparticle

production as fragmeatation (or dissociation) of the cealliding

hadrune 1nto clusters.In other words,lt provides one with the uniform
description of diffractive and non-diffractive processes.Throughout
the ronstruction of the model we set up some assumptions which lead
to a goud agteement between calculations and data. One of the key
variable wsed in nar calculations is an inelasticity which at last

was an attribute of (o=m:c ray interactions,but at present it

attracts moye and mor e attention of collider data
resesrchers.lnelacticity specifies a fraction of initially
available enarqgy Y=.which is next found in produced
secandaries.This quantity makes an analysis of multiparticle

praduction appreciably =zasier.

In section 2 we start with the description of the model.ln
Section T through the comparison of the results of the model with
data the assumptions and parameters for phenomenological
erxpressions are refined.Simultaneous analysis of the model and data
is made next. In Section 4 there are conclusions and discussions ;

concerned the connection of our model with the other approaches.

2.Description of the model

|
|
Using the bremsstrahlung analogy with nucleons instead of ‘
electrons and pions instead of photons Stodolsky derived the !
connection between the leading particle spectrum in reaction i
pp—>pX and the central rapidity density of secondary pions [3]. In

Ref.4 the low mass clusters are used as radiated objects yet.The

basic assumptions of such approach are:

i)Leading particles and radiated pions(clusters) possess low

transverse momenta.




ii}The probability of n — pions{clusters) radiated into a rapidity

interval y,y+Ay follows a Poisson distribution

P(n) = (p-Ay) exp(-p-Aydin?, (1)
e

where p is the density of pions(clusters) in rapidity space.This is
equivalent to assume that emission of clusters is statistically
independent.
Now the probability that the incident particle loses the energy
1H is
P(H) = § &6(H ~F njuj)~n Prni). (2

where the summing before &—function is over the various
configurations LT YRR .Substituting (1} into the right-hand
side of Eq.(2) and passing from the sum to an integral Stodolsky

calculated the inclusive spectrum of the leading proton
PCH) —> doldx = const-(1-x2771, (3

To agree with the experimental spectrum he put p=1. However this
value of particle density on rapidity space independent of energy
is in contradiction with the data at higher energies (¥$»10 GeV).In
addition to that the model does not describe the range of the
diffraction peak (2 =~ 1).0ne of the possible wavys to overcome first
discrepancy is to introduce the gromth of cluster masses with
collision energy. This is our first assumption.Second discrepancy
15,10 our view,a consequence of the inclusive formulation of the
praoblem.As shown below this discrepancy is eliminated in the
exclusive realization of the moadel.

Simulation of exclusive events is performed as follows.First,the
trelasticity of the interaction or fraction of the initial
c.m.energy Vs available for production of secondaries is
determined.Then,using the available energy H = K-vYs,where K is an
inelasticity,we generate clusters and their kinematics.There are
four stages on which we generate inelasticity,cluster
masses.cluster momenta.,cluster decay.
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.1 Inelasticity
In &« separate interaction inelasticity is specified as

k=LE 4 ¥s, (4)

where E‘ 1= the energy of particle(cluster) i. Fluctuations of the
inelasticity from event to event lead to some distribution
P(K}.There are not elaborated theoretical methods for calculation
of Ptk}) and average inelasticity <¢K3.Existing model calculations
lead to diszimilar results.Hence we will use empirical data which
pauncity will be rcompensated by corrections derived from the
compar ison cof recults of event generation with data.The data on
P(t) and energv dependence of <K} for pp collisions are shown in
Fig. 1 and Z2.Sgquare at s = 540 BeV is an estimate of Ref.2

/ <K»> a 0.6 (D)

K2y = sa0Bev /s = 63GeV

As was shown in Ref.10 one may fit the inelasticity distribution

with a beta distraibution

Pek.sr = K2 Le1-k)%"1 s Bea,b)
(&)
B(a,b) = [(aIT(b) / T(a,b)

with
{K(s)>» = a / (a+rb). (7)

The s dependence of P(K,s) and <¢K(s)} is contained in parameters a
and b.As a result of withdrawal of K from (&) for a separate event

we have the available energy ¥ radiated ciuSters

2, 1/2

W=Kvs =g en’ . (8)

where pi and H‘ are momentum and mass of cluster i.
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Fig.1 Inelasticity distributions for pp collisions.Circles are
compilation of data from cosmic ray experiments [71, histogram -
data [B] at v==16.5 GeV.
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Fig.2 The average multiplicity plotted as a function of energy.
Circles — compilations of the data from cosmic ray experiments [7];
triangles~data of Ref.8, square—the result of the estimation (5)

from Ref.9.

Fig.3 Parameters a - 2 and b — | of the distribution (&) plotted
as a function of energy.
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Fig.4 The inelasticity distributions at various
Histogram —data from Ref.B.

2.2 Cluster masses

During the collision a considerable amount of kinetic energy of
colliding hadrons is converted into the excitation

energy(effective
i mass) of emitted clusters.As with Ref.[11] cluster mass generation
‘ which is statistical in nature leads to the following distribution
iP,

£y
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P{H) = c-M-expi—b-H). (?)

The parameters ¢ and b determined by the normalization conditions
Jreur-anm = 1 (10)

fa-pams-an = cn> (11)

can be expressed in or. average mass of clusters <M>. s— dependence
of -M: is tuned to agree the characteristics of simulated events
with data (see section 3).

The cluster mass growth with energy is necessary in our opinion
by the following reasons.First to provide at least up to the top
I5F energies nonvanishing contribution of single diffraction.
Indeed., based on stalistical nature of cluster production the less
the multiplicity of produced clusters,the greater the probability
of diffractive events.Cluster mass growth just restricts rapid
increasing of their multiplicity with c.m.energy of colliding
particles. Secondlv,cluster mass growth is the one of the factors
which cau=ze the rise of central rapidity density dn/dyv=o. Third,
it provides the growth cf transverse momentum of secondaries with

..M. ENErgy.
2.3 Cluster mumenta

Statistical independent emission of clusters with limited
transverse momenta corresponds to a cylindrical phase space
nodel .For cluster i the rapidity

y = L Y . 12y

nhere (‘ is random number with uniform distribution in the i1nterval

(0,13, and

ooz oy BANY _ o . 3
v, 2Ine os 1(HD)0, (13)
. iy P Y
where (MTl‘= [(p1" -~ Hx i 15 transverse mass of cluster 1.

However i1in this wav 1t 1s difficult to obtain a consistent

L R Y
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description of energetic dependence of average multiplicity,
rapidity distributions and single diffractive cross section. To
overcome this difficulty we put forward the following assumption:
the available rapidity region (ARR) for clusters degpends on an

inelasticity

Y., = 2In [ ofK)-¥s /7 (H, ) 1. (14)
p) T i

The phenomenological function a(K) is adopted as follows

(K} = a,-exp [—K-K 32/ 3 %7, Kk <K
1 c 1 [
(15)
a(K) = a_-exp [—(K-K 327 a.%7¢b . K 2 K _.
2 c 2 Y =4
where 4, = a2+b. Such a behavior af afk? enables ane ta get a

consistent description of the majority properties of multiparticle
production up to ISR energies. The limitation on ARR leads to the
effect that the clusters praduced at inelasticities which close to
0 and 1 are concentrated essentiallv in the central rapidity
region. At intermediate values of the inelasticity ARR increases
approaching to kinematical limit Yinax- The larqger ARR, the greater
the probability of producing a few clusters at available energy N.
Under statistical independence of a cluster emission this leads to
essential fluctuations of cluster location in rapidity space in
particular to asymmetry which is a distinctive feature of single
diffraction. On the other.,hand the decreasing of ARR at the same
value W leads to the decreasing of kinetic energies of clusters so
the number of clusters increases. This results a more uniform
cluster filling of ARR that is specific to a non-diffractive
praduction. The parameters in expressions (15) are adjusted to get
the desired features of generated events. Usirng a rapidity
ralculated from Egs.(12) and (14) ,we derive energy and momentum of

a t lusler
E = (M ) -ch v, (146)
n )j-sh LR

rpII'i = T (17)
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The clusters are given transverse momenta from a distribution

o 2 2
T [(pT}j ¥ x exp [-b (pT)j I - {18)
Z.4 Leading particles
The generation of clusters is carried out till the available

energy H = K-v¥s is not yet exhausted. The remaining part of the
c.m. 2nergy (I1-K)-¥s is distributed over the two leading particles
which are supposed to be the main remnants of the incoming

particles. The transitions taken into consideration are

++ + -
p —rp.n.att 8,40 A (19)
P o panaatt oAt a% A . (19°)

For transition probabilities we use the results of OPE-model [12].

Leading particle momenta are defined by the energy—momen tum
conservation
E Pi = P[ +PH {20)
2 2 2 2
+ +Pe = (1-KJ)- 21
I S s 20
h P . is the mo tum f ith cluster ,P;,Ffy,m,, 0, are momenta
where £, men o Prrfpemyrmyy

and masses of leading particles.

1In such an exclusive formulation the statistical independence of
cluster emission leads occasionally to the situations when all the
clusters produced find themselves within forward or backward
hemisphere only. Such events are classified to be single
diffractive ones and the incoming proton is supposed to fragment
which remnant is in the hemisphere where the clusters produced are.
The second leading particle conserves all its quantum numbers. The
parameter b in Eq.(18) for the generation of transverse momenta of
clusters is adjusted to get an agreement between calculated and
experimental distributions for transverse momenta of a 1leading

particle in diffractive events.
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2.5 Cluster decays

In a simple case clusters can be made to decay both
isotropically and following a cylindrical phase space which is
adequate to a multiperipheral model. Up to ISR energies both
approaches don‘t differ because of rather low masses of clusters.
However at collider energies where cluster masses reach values of a
few GeV multiperipheral decay may lead with some probability to a
jet siructure. A study at these energies [13] has shown that the
growing part of inelastic interactions just comprises minijet
events.Thus a multiperipheral decay of clusters is favored
because it provides a way of describing both soft and semibard
processes.Clusters are taken to be uncoloured objects possessing
reutral charge for cluster masses which are more than of a pion
rass. Hence we can identify them with evolving gluon—-gluon and
quark-antiquark pairs. We suppose that the bullk of clusters develops
from quark-antiquark pairs then we derive tﬂe properties of decay
particles from e*e——annihilatinn data provided . iéefe— = "cl'
However it must be noted, that although annihilation processes at
higher energies possess a clearly defined jet structure.mean
multiplicities in them grow substantially faster than the
multiperipheral model yields. Besides this.the growth of energy
1§e+e~ is accompanied by the plateau height of the rapidity
distribution as well as in hadron—hac'ron interactions.The
multiperipheral decay scheme could be agreed with this effects
provided the hadronization process is performed through the
production and the subsequent decay of next 1level clusters i.e.
subclusters. However,we suppose that the detailed model treatment
of cluster decay is of self-sufficient interest and therefore we
use for the generation of the properties of decay particles the
modified cylindrical phase space model. Modification of a model is
concerned with the limitation on the 1logarithmic growth of
rapidity,so it leads to the enhance of the dependence of an average
decay multiplicity on a cluster mass.

At a rest frame of a cluster we assign to decay particle j the’

rapidity

S, ST L D e
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Y= E:'Y. = Ej'ln 3 ﬁ-HCl / (HT)iJ v (22)

where tj is a random number uniformly distributed in t.e interval

T
on cluster mass

{0.1], M )i is the transverse mass of jth particle and 3 depends

R = RN = [1+C-In(H_,/ nou_l . (23)

Farameters C and H':7 are adiusted in such a way that the average
multiplicity of charged particles and their rapidity spectra agree
with those in e*e—— annihilation processes at 1se+e— = ”cl' The
particle composition is adjusted to these data too. The production
of » - mesons is taken into account as a correction since they are
practically lachking in annihilation processes.Transverse momenta of
decay par ticles are drown from the folloing distribution:
=2

7 f(PT!,I x exp [—a~(PT'i‘J . (24)
assuming ~« = cunst.,1.e.1t does not depend on a cluster mass. This
iz justified by the fact that in two jet events of
e*e_‘annihilatxon processes average transverse momenta of hadrons
depend only slaightly on the =nergy iée*e—. We also assume that the
direction of the decay axi= of a cluster depends on its mass. The
less is the cluster mass.the closer the direction of the cluster
decay axis to the vollisiun axis,and conversely 1 f the cluster mass
approac hes the mi.amal value at a fived collision enerqy,then
the direction of the cluster decay axis shifts to the plane which
is perpendicular lo the (ollision axis. Fur simplicity we define

this relationship a: {tollowing

Tos o= pup (~c-H /(MY (&™)

where 3 is the anale between decav axis and collision auis, ¢ 1s A

parameter and “H' is the averaage mass of clusters.
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3. Comparison of generated events and data

3.1 Parameter adiustment and single diffractive cross section

The energetic dependence of the inelasticity distribution P(K,s!
and its mean value <¢K(s)}) manifest through the values of free
parameters a and b in Eqs.(&6) and (7).Because of the uncertainty of
experimental data there exist some arbitrariness in choosing these
param=ter values. We refine them by comparing those features of
calculated and experim .ntal events which are sensitive to the form
of the distribution P(K,s).The best suited values of psrameters a
and b are shows in Fig.3. Such a behaviar of these parameters cor-
responds to the average inelasticity calculated by Eq.7 to be equal
0.45 for ¥s < 15-30 GeV and to decrease at higher energies
(Fig.Z).The actual decreasing of <K(s)> at ¥s = 15 GeV which is in

agreement with data is due to the kinematical limit W < Vé—ll'—lll’
i.e., the masses of remnants I and II are comparable to the total
c.m.energy. The calculated inelasticity distributions are shown in
Fig.4. As can be seen,the maxima of the distrihbutions shift with
the energy growth to the range which corresponds to the smaller
values of K and this shift is accompanied bv the narrowing of the
distributions

Farameterizations bzing used to generate cluster masses are
adjusted from the comparison between the results of calculation and
the data.To get a good description of single diffractive (SD) and
non-single diffractive (MSD) interactions uvup to ISR  energies one

can use a logarithmic dependence of cluster mass on energy
<M} = a + b-In( Vs / 1301. (26}

where a = 0.10 GeV, b = 0.25 GeV, Sp= 1 GeV (Fig.5). In doing so

the parameters for afk)?) in (15) are Kr=0-33. a,= 0.73, a,= 0.45,

1 2
d1=0.025- 42= 0.065, b= 0.30.
However ,at higher energies (vs > i%ISR) the calculated average
multiplicity of charged particles increases considerably slower

than the e:perimental one does fdashed curve in Fig.6}.To avoid
this disagreement one may use the following ways:

i) To enhance the energetic dependence of cluster masses.

11
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11) To reduce the maximum of alK) with energy arowth.

iii) To combine both methods 1 and ii.

Although the first method makes it possible to have a correct
energetic dependence of the average multiplicity of charged
particles it leads to discrepancy between predicted and
experimental rapidity distributions:the central rapidity density
increases more rapidly than that in the experianent. The similar

effect must be evident in three-fireball model (TFM) [11}.in which

the constant number of the clusters (fireballs) independent on
ccllision energy is provided by +the rapid increasing of their
masses.

Using method 1ii only .,we are faced with difficulties in
reproducing transverse momenta and a fraction of minijet events.
So we use the combination of both methods. We shall define the

energetic dependence of the cluster mass as

<#y = 0.30 » 0.12-s17% | (27)
At the energies ¥s < VEISR this dependence agrees very closely
with a logarithmic curve (2&6) \(-.g3.95). !

Curves for afK,s! at different energies are shown in Fig.7 a.

-

Energetic dependence of afK,s) amounts to the decreasing of

parameters 2 12, and b in (15). As it follows from (14),the cluster

-

mass growth and the reducing A ax moderate the logarithmic growth

of rapidity space. Reducing A ax with the energy grawth shifts the

spectrum of produced clusters do/dx to smaller x. In quark-—-parton

e

iy

models the similar shift of produced particles spectra results from
the increasing contribution of the gluonic component or the extra
strings formed by sea quark—antiquark pairs. It should be noted
that the maximum rate of reduction of o gx OCEuUrs at energy range
Vs =~ 50 - 200 GeV (Fig.8).

Thus it is possible to agree the calculations and data for

average multiplicities {solid curve in Fig.6),rapidity L
distributions and transverse momenta at a whole accelerator energies k,
provided one introduces a more strong dependence of cluster masses

on energy and the evolution of af(K,s). However in doing so one

reveals two essential discrepancy between the results of

o
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Fig.5 The energetic dependence of the average mass of clusters.

Dashed curve corresponds to formula (26), solid curve-to formula

(27). .
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Fig.46 The energetic dependence of the average multiplicity ot

charged particles. Explanations are in the text.
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Fig.7 Phenomenological function a(K,s) (Eqs.15) at various
energies. a)The position of O ax in inelasticity space does not

change; b)the position of T may is defined by Eq.28.

calculation and data. On the one hand,the calculated wsultiplicity
distributions at energies ¥s > .,SISR trend to narrow,whereas the
data exhibit the opposite behavior. On the other hand, calculated

single diffractive cross section aSD- first attains a maximum at

 § asp=(!lsn”l‘.n)-al.n,uhere "SD- the number of SD events, "in- the
total number of inelastic interactions, a‘."—the experimsental value

of the inelastic cross section.
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top ISR energies.then trends to decrease more and more deviating
from the data [14] (Fig.?). To refine the agreement between
calculated and experimental values of ogp One has to enhance a
fraction of coherent processes at smaller inelasticities. To do
this the reduction of A ax must be supplemented by a shift of its
position K_ to lesser values of inelasticity. GSince the average
1nelast1:i;y decreases with the energy growth,we shall express the
energetic dependence of the position of maximum Kc in the form
K= p-cuesa il (28)

where » = 0.69, {f ~ 1. Adjusted in such a way a function a(K.s? is
shown at different energies in Fig.7 b. 5D cross sections obtained

; using the corrections mentioned above are shown in Fig.?. The

dizpersion ot calculated values of is duc to certain

“sp

arbitrariness in choosing parameters for a(Kk.,s?, which are also fized

by an agreement between the calculated multiplicity distributions
and the experimental ones. A detailed analysis of multiplicity
distributions is perforred below. HNote that the shift of the

position of atf )} with the energy growth causes the

o
max

appearance of minimum in the energetic dependence of %sp at s =~
200 GeV. Almost all models[15-18) predict a monotonic behavior

of USD(S) in the energy rang=s ¥s > vs Hence, in our opinion, it

ISR™
is of great interest to take a comprehensive measurements of 5D
cross sections og, in energetic interval félsna Vs < fgSPS'

3.2 Multiplicity distributions

As was revealed at the energies vs < vs multiplicity

ISR”
distributions of charged particles depicted in the form
w(:)={n)-Pn. where = =n/{n'.do not depend on the energy of
colliding baryons (KNO - scaling) [19]. However data apalysis at
collider energies exhibited deviations from this law: the higher
c.m.energy,the larger the fraction of events with > > 2 [20].
Dynamical and statistical aspects of scaling behavior of
multiplicity distributions are the subject of much theoretical

investigations.

14
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In our approach the energetic dependence of inelasticity
distributions and afK,s) play an impartant role in multiplicity
distributions behavior. Let us express the multiplicity
distributions P"(S) in the conditional multiplicity distributions

F(an)

p (s} = fP(R.s)-F(n K2 -dK . (29)
(]
Fig.8 o plotted as a function of energv.
max
-w
doas Gu
tmb)
“ [y
08 6
o 4
02 2
.I . o al 2
10 10° a &w‘@ w =

10}
Te (Gan)
Fig.? The energetic dependence of %gp- Data compilation is from

Fef.14. Curves — our calculations.Explanations are in text.

Fig.10 The multiplicity distributions of charged particles in

pp collisions plotted in KNO-form at inelasticities C.4-0.5.
Foints — data of Ref.Z1. Dashed curve is our calculations; solid
curve - the best fit of data for total inelastic events [21].
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Fig.11 The multiplicity distributions of charged particles in
Pp collisions at vs = 5S40 GeV/
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Here we treat variable » as a multiplicity af clusters,that is we
assume that the behavicr of multiplicity distributions of charged

particles is defined by the behavior of the multiplicity

distributions of clusters. This is justified by the fact that clus-
ter decay spectra are ronsiderably narrower than P"(s). An exact
ecaling of distributions (29) would occur in the case of energetic
independence of inelasticity distributions P(K,s) and of scaling
behaviour uf distributions P(n|K). The features of distributions
P(n]K) depend on the behaviour of a(k,s), and if it does not change
with energy, then the distributions P(n|K) would be described by a
unifarm scaling function at a fixed inelasticity K. With scaling of
P(K,s) this would lead to scaling of the total distribution P"(s).
This situation holds approximately up to ISR energies, that is the
distributions Pn(s) take the scaling form. What is more the
multiplicity distributions P(an) at s = &2 GeV in inelasticity
interval 0.2-0.5 can be depicted by y(z)-function which is close to
the scaling function for the total distributions P"(s). Such
similarity of the distributions P"(s) and P(n|K) in KNO-form is due
to two reasons. First, this interval corresponds to a range of
maximum of inelasticity distributions P(K,s’). Secondly, the values

of al(k,s) in this interval are nearly to 1 and in consequence the

distributions P(n]K) possess the greatest possible dispersions.

The reducticon of a maximum of a(k,s) at s > Vbxsn (Fig.7a)
causes the shift of distributions P(n|K) towards large
multiplicities which is followed by the narrowing aof ° the
distributions. In its turn the narrowing of the distributions
P(an) leads to the situation when the shape of the distributions
Pn(s) is increasingly dictated by the shage of inelasticity
distribution at corresponding energy (Fig.4). This connection
manifests itself in the relative narrowing of the distributions
Pn(s) and the occurrence of along tail at high multiplicities while
c.m.energy increases (dashed curve in Fig.11). Introduced to
repraduce SD-—cross sections the shift of the position of o ax in K-
space (Fig 7b) Ieads to the increasing of dispersions of the
distributions P(n[K) at small inelasticities that, in turn,markedly
violates the similarity between P(K,s) and Pn(s) (solid curve in
Fig.11). Eventually, this results in the widening of Pn(s) and not

16
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Fig.12 p_-moments of multiplicity distributions plotted as a

function of energy. Data from Refs.22 and 23. Dashed curve is a

calculation without a shift of the position of Agax in inelasticity

space; colid curve —that with a shift (28).
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Fig.1Z The multiplicity distributions of charged particles plotted
in KND-form. Data-fram Refs.22 and 23.

Fig,14 The average cluster multiplicity plotted as a function of

energy. Circles—results of calculation from Ref 2 and 243.
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Fig.1S The fraction of jet events with E’%%5  Gev in

pseudorapidity range |p|<1.5. Circles - data from Ref.13.

only for total inelastic interactions but also for NSD ones. One
can say that the shape of multiplicity distributions for NSD events
s > VEISR is conmnected with the contribution of diffractive
events. Fig.12 shows the energetic dependence of yz—mnmentﬁ ot the
distributions Pn‘S) for WNSD-events. When comparing it with
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eneryetic dependence of SD-cross sections “sp (Fig.10),ane notes
thaot Lihwy are similar.
Huw the calculated multiplicity distributions agqree with data

77,271 one can judge from Fig.13.
1.1 A er 4qge number «f (zupericlusters

Analysais of multiplicity distributions of charged garticles in
the framoeworl of the cluster mechanism revealed that the average
number of produced :lusters “u* increases with energy achieving a
saturation at ¥s > 40 GeV (Fig.14).

We have also obtasined the similar growth of <u> with enerqvy
althiough the energy of saturation in our approach is somewhat

higher . The behaviouwr of the average number of clusters depends on

three faclors: the avallable energy <H:=<K(s)>-¥s. cluster masses

‘M., and the shape of ait.s). The growth of vs and the reduction of

Cpax promote the increasing of <u>, but the increasing of <H(is)>
and the decreasing of <K{s): - the decreasing of <u>. The
saturation of <r: at collider energies is a result of competition
of these two trends. If a tendency for the decreasing of <K> is
preserved, then the value of <v* at s > ingR would begin
decreasing.

The difference between the maximum values of <y’ obtained in our
approach and by the authors of papers [2,24)] stems. in our opinion,
from the fact that in [2,24] they didn‘'t take into account the

production of neutral particles.

3.4 Hinijet:

It has been observed by UAL Collaboration [13]1 that the
1ncreasing fraoction of minimum hias events with energy growth is
made ap from so-called "minijet” events. Such events were found
when they measured the :harge multiplicity distributions and
transverce energy £, distributions in the rapidity region In|<2.5
under the condition that at least S5 GeV should enter the trigger
cone of radius Il’=[(l\¢5':-'(':11;’:‘11/:‘I =1 in the ¢—n space (¢—azimuthal
angle, n—pseudorapidity). The minijet events have the following
striking features:

.

N
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A.Their average multiplicity is approximately twice as high as that
in non-minijet events.
B.The multiplicity distributions of the minijet events when plotted
in KEND-form is much narrower than the corresponding curve for
minimum bias events.

Faormation of such jets in our approach is a natural consequence
of the following assumptions of the model:
i) The increasing of cluster masses with energy.
i1) Similarity of cluster decay spectra to those in hadroproduction
pracesses of e‘e -annihilation.
iii) The dependence of the angle between cluster decay axis and
Lollision axis in a relative mass of clusters (25).

As shown in Fig.15, the madel yields samewhat less fraction of
minijet events than experiments. The possible reason of this

discrepancy is the lack of the dependence of cluster mass on the

inelasticity.i.e.., essentially higher mass clusters are generated in
central collisions than those in peripheral collisions. However,

our calculations reproduce well the features A and B.
3.5 Average transverse momentums

The transverse momenta of secondaries in our approach are formed
from
i) Transverse momenta of clusters and directly produced particles.
ii) Transverse momenta of the decay particles 1n c.m. frame of
a cluster.
iii) Transverse momenta of jets which are caused by deviations of
the directions of the cluster decay axis from the collision axis.

At the energies Vs - islSR where the main contribution to the
multiparticle production is given by direct hadrons and low mass
clusters, transverse momenta of secondaries is defined by factors a
and b. Succeeding growth of the collision energy is characterized
by the rapid growth of cluster masses, the decay of which may lead
to the production of jets. Thus the changing of the energy
dependence regime of <P_7 at vs > /s (Fig.16) is the result of

T ISR
the rapid grawth of cluster masses.
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Fig.16 \"PT) for charged particles plotted as a function of energy.
Points - data from Refs.Z4& and 27.
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Fig.17. (PT.~‘ for charged particles as a function of dn/dnp ,the

dencsity of charged particles per unit of pseuvdarapidity in the
region |p]¢2.5. Circles - data from Ref.27 at v¥s=540 GeV, points -
from Ref.28 at vV/s=63 GeV.

Fig.18 Rapidity and pseudorapidity distributions (dashed and solid
curves) for NSD events at ¥s=540 GeV.
-w

~—

Fig.1?7 Pseudorapidity distributions for NSD) events at various c.m.

energies: A -53, O-200. + -540, @ -900 GeV from Ref.30; 0O -E =

200 GeV from Ref.3i.

Collaboration UAL [27] has abserved that there are essential
corrélati.uns between (P.,.} for secondaries in the central rapidity
region and their multiplicities (Fig.17). At v/s = 540 GeV there is
a continued increase of <PT) with the rapidity density dn/dy up to
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about dnsdy > 10 particles per unit of rapidity in the region
|7|<2-.5. Similar but more weak variations of <PT?have been observed
at ISR energies [28]. Fig.17 shows that the calculations result in a
somewhat less slope of the curves than the experimental ones. The
possible reason of this distinction 1s connected with the
neglecting in our model of the dependence of cluster masses on

inelasticity.
3.5 Rapidity distribution
Usually at high energies one uses in analysis of data a
pseudorapidity
n = - In [tg(B/211, ()

instead of a rapidity

0.5'ln[lE+PII)/(E—PII)J (31

<
[[}

assuming the equivalence of these notions. However, as shown in
paper [29], this equivalence takes place for -/P7 2 1. Fi19.18 shows
the calculated rapidity and pseudoragpidity distributions for
charged particles for NSD--events at v==54( GeV. One can see that
they differ particularly in central region. Fig.1? illustrates a
goad agreement between calculated and experimental pseudorapidity
distributions. The central pseudorapidity density growth arises in
our approach from the increasing of cluster masses and the

evolution of function a(K).

3.7 Leading baryan spectra

At FNAL and ISR energies, as has been shown in papers [32]., the
inclusive spectrum of protons do/dx in reaction pp——:pX presents a
uniform distribution except a diffractive peak region (Fig.20).
From the point of view of bremsstrahlung analogy [3] such spectrum
is the case if the rapidity density of produced particles p equals
about 1 (see Eq.(3)) and does not depend on the collision energy.
put,as is seen from data,p increases in this energy range that
seemingly contradicts to Stodolsky’'s approach. If we will consider

pas a density of produced clusters P, with masses
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1ncreasing with energy, this contradiction is removed since the
value of Py slightly depends on c.m.energy and is near to 1 up the
collider energies. However the shape of the leading baryon spectrum
gradually changes with energy growth: the uniform distribution is
Jeformed, so the distribution weight shifts to larger values of x
{F1g.20). Such a behavior of the spectrum do/dx is a consequence
of the eveclution of the inelasticity distributions and of a
functian «of&,s?. Indeed, imagine the multiparticle production
process which is free from fluctuations of kinematical properties
of secondaries (clusters) emitted in forward and backward

directiaons in c.m.frame. A similar situation takes place if

a multiparticle production results from the formation of the central
fireball with zero momentum in c.m.frame of colliding particles.
Then the leading baryon spectrum P(x.,s5) is ijust the inversion of
the inelasticity distribution P(K,s) about point K=0.5 because of
s=I-K. At ISR energies inelasticity distributions have a maximum at
A~*. 4 (Fig.5) and the symmetrical about K=0.5 distribution P(x,s)
has it at «x~r.4. Fluctuations of kirematical properties of
secondaries,which occur actually, is in our approach essentially
the consequence of statistical character of cluster emission and
these fluctuations are the greater, the claser ARR to the

Einematical limit (13). At the energies 7s < 7= this is the case

for the main part of zvents because the values ;ina(K.s) are nearly
unit at the inelasticilyv req:on 02.2-0.6 (Fig.7) .The momentum con-
servation law(20)leads to that these fluctuations dilute the shape

of the distraibutions Pdx,s? up to the experimentally observed
uniform spectrum Jo/dv. At cnllider energies these fluctuations are
essentially lest hence the dilution e:tent of the distributions

Pix,s! is not <=u significant as it was at ISK energies.
3.8 Forwar d-backnard multiplicity correlations

It has been observed [ >3-35] that there is a correlation between
multiplicities of charged particles in forward (F) and backward
(B) hemispheres. Fig.21 shows the dependence of the average
multiplicity in baclward hemisphere (nB} in the pseudorapidity

interval —4-n<-1 on the multiplicity in the torward hemisphere in
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Fig.20 Inclusive spectrum for protaons from reaction pp——>pX at 1SK
energies.Points - data from rRef.32.Curves - our calculations;dashed
curve - inclusive spectrum for leading particles in reactionpp—-:pX

at ¥s=540 GeV. -w
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Fig.21 Dependence of the average multiplicity of charged ?aiticles
in backward hemisphere in the pseudorapidity interval -—~4:ind-1 'on
the multiplicity in forward hemisphere in the interval 1<n{4.

circles - data from Ref.34.

b
ur
FrLg.22 Energetic dependence nbl
of the strength of the forward-backward o2
cotrelatione. Data from Refs. 33-35. " ,
10 200 000
& ey

the symmetrical interval t<p<4 at Yo =540 GeV. This dependence can
be approximated by a linear function

oo Y= a s+ b-n, . (32)

B(nF’ F
whers the parameter b.characterizing a strength of correlation.

=quals about ¢.45. Such correlations are long range ones in

contrast to shart range correlations which are the result of decay

of low mass clusters and resonances. Similar correlations occur at

ISk erergies also.although the value of parameter b is appreciably
less that is the long range carrelations  increase (Fig.22). As

zar be seen 1n Fig.Z1! our model well describes a long range

correlations. It must be noted however that a linear approximation

t3 a crude approximation. The calculated curve (nB(nF)} 15

tharacterized by a more weak slope at small and large values of "
framework of our model

these correlations are in ageneral a r~sult of

than that at intermediate values. In a

increasing of the
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cluster density p_ , in rapidity space. In turn pcl depends on an
<!
tnelasticity of interaction and ARR. The greater the inelasticity,

the haigher p_, with the simultaneous increasing of n that leads

F
eventually to the dependence of (nB) on a..

1Ir; hadroproduciion processes in efe——annihilatinn long rang
correlatiuns are practically absent or at least very weak [36].
Frum our point of vaiew, this is a case because the inelasticity
15 these provesses 1s fixed (equal wnit).

Let us clarify why the calculated dependence (nB(nF)> deviates
fram a linear approzimation (32). A weakening of the dependence

(nB(nrl§ at large values of ne takes place because the inelasticity

for these ne does not practically change and is close to its

maximum value. Weskening of the correlations at small values of nF
is because of that the value of ARR corresponding to inelasticities

realized at these " is maximum at collider energies. The larger the
values of a(K,s!) (Fig.7b), the larger ARR, and the less the cluster

density in ARR that means the growth of fluctuations of cluster

multiplicities in forward and backward hemispheres. And at large

fluctuations the impact of the inelasticity on the features of

produced particles is weakened.

These fluctuations are the main reason of weakening aof long

range correlations at lower energies, since the values of «ofK,s)

become close to unit for the bulk of interactions.

4. Discussions and summary

We have positively answered the guestion about the

possibility of the description of tne multiparticle production in the

framework of the cluster mechanism and have derived the properties

af these clusters. They are the following:

A.The cluster masses grow with the energy according to (27) and

this growth enhances at the energy range 7s > fslSR'
increases up to energies
¥=s2300-400 GeV and then starts slightly to decrease.

B.The average cluster multiplicity <u>

The maximum
value of <(v> is about 10.

C.The decay of a cluster of mass "cl» -n is similar to

- . * - .- N
hadroproduction process in e e -—annihilation. The low mass clusters
are suggested to be pions and mesonic resonances.
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Although our model is semiempirical it is a self-consistent one

since 1t gives a complete description of multiparticle production
far 53D everts as well as for NSD events. Self-consistence of the

model enables us to make certain predictions in those regions of

the collizion energy where data are absent or contain essential

statistical and systematical errors. For erample, the data on 5D

cross sections (Fig.%) carnot be fitted by & unique energetic

dependence, as the calculations show for o, the

sD minimum at the

energlies about 200 GeV.
The changing of the multiparticle production regime at the

energies s 3 igISR (KNO-scaling violations. a rapid

iPT). minijet production) is governed in the model by

qrowth of

a rapid

growth of cluster masses and the evolution of a(k,s? and the

inelasticity distributions. These features of the model may be

related to the properties of the famous models and approaches. For

example, in dual parton model (DFM) [37] the leading diagram

involves two strings stretched betwesn valence quarks and diquarks
of colliding baryons. Obviously, the intermediate objects which

develop in the re=sult of these string breaking correspond ta our

clusters. As the collision energy increases the contribution of
extra strings arisen from the sea quarks and their effective masses

/
(H=(xl~x2~5JL

<) increase. The analogy to this effect in our

approach is the reduction of o with the energy gagrowth, that

causes the concentration of clusters in central rapidity range.

The evolution of the inelasticity distributions can be

associated with the evolﬁtiun of the inelastic overlap function in
impact parameter representation [38B)]. Analyzing the inelastic

overlap function x, Heanzi and WYalin (393 have shown that the
increasing of the inelastic cross section ain(S) from 53 to 540 GeV
is due particularly to the enhancement of the absorption at impact
parameters which are close to about 1 fm. Clearly,this leads to the
growth of the effective radius of inelastic interactions. Although

the connection between impact parameter and inelasticity is not

unique, it would be intuitively apparent that the larger the impact

parameter value, the less the inelasticity. Taking into account the

X To define the inelastic overlap function G(b,s), it can be used

-
the expression for the inelastic cross section ain(s)=_/d"b~6(b.s).

25

-

P

e

»”




fac L that Lhe geomet:rical scaling [40] violates, one can suggest

that the =vululion of inelasticity distributions and the decreasing

"3

of 4% are Jdue to more peripheral inelastic collisions.

3s showrr above cluster masses begin to increase with the
collision energy particularly at s > féISR.Huw to agree this
,effect with the results of the correlation analysis which says that

the multiparticle production in pp and Pp collisions at the ener=~

gy range ISR-SPS results from the production of small size(low mass)

ot

- et

cluster-, which then decay in average into about 2 charged

Maad

particles?In order ta agree these two approaches, we assume that

the decay of our {super)-luster iz a branching process and the

small sise clusters are produced at  the final stage of this

e e e

rracess. The whys and wherefures of our assumption follow from the
=imilarily between the decay of our (superjclusters and the

. + = - <
tuelr opprreduc tior processes 1n = 2 —annihilation because the latter is

wiell doscrited by brancting models [41,42].
Culiaboration UAS [4%1 has developed the prageam GENCL
gener ating pp 1ns=lastic  interactions, i which a multiparticle

prodac Lion 15 shared into two stages. First, low mass clusters are - p

prentiszaad and then these clusters decay into final hadrons. Although i

P

GFHC!. describes a bulk of fsatures of multiparticle production which

a

arz2 not fed into the program, there are some discrepancies between
ils resuits and Jata. A ersaple of such discrepancies are foreword-

backward correlation- which, in our opinion, are sensitive to the

L

vrtoice of Lhe inrtial cluster size. At the optimal cluster size

-

{clusters decay in average into about 1.8 charged particles)

cerresponding to  the consistent description of the data,GENCL

uvverestimates the correlation strength. As shown in  previous
section forward-backward currelations are weakened by the
fluctuations of cluster distribution in ARK. The lérger the size of
clusters, the le=s the density of clusters in ARR., that leads to

larger fluctuations of their distribution in rapidity space.

—Dile
¢ ot et et et

Thus our approach, 10 which the size of (super)clusters

<
i
[

increaces,is favored. Again an explicit manifestation of

superclusters are, in our view, minijets.

A

v

T am indebted to my coileagues in LCTA for fruitful discussions.
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MycynbomaHGekoB H.K. E2-88-809
CTaTHCTHYECKHEe KIIACTepEl B mpoleccax MHOXeCTBEHHOTO
POXAeHHA |YacTHIL

PaccMaTpHBaeTCs BC3MOXHOCTDH AETAallbHOTO OIMMCAaHHA Xapak-—
TEpHCTHK MHOKECTBEHHOTO DOXHIeHHs B OUuDpAKIHOHHHX H HEeZH~
HPAKHHOHHLIX HpOIeCcaXx B Pp— H PP-CTOJKHOBEHHSX NPH BEICO~
KHMX SHEPrUfAX C HCIONb3IOBAHWEM TUNOTE3h CTATHCTHYECKOIO
HCIIYyCKAHHA KiacTepoB. Takoe omucauue CTAHOBUTCS BO3MOX-—
HhIM OpPH CIeJYWIMHMX OCHOBHHX MpEANoONoOxkeHuAx: 1) Maccel Kia-
CTepoB pPAacCTYT C 3Heprueil CTOJKHOReHHsA; 2) OBICTPOTHRE HH-
TepBall, 3acelideMill KIacTepaMH, 3aBHCHT OT HEYNpyroCcTH H
3HepruM CTOJIKHOBeHHMA; 3) pacnap kmacTtepoB ¢ Maccamu Mg >>
>> m, HIeHTHYeH NPOLECCY aJipOHH3ALMH B et e —aunurmnsanpn.
Co3paHa nporpaMMa reHepalWH 3KCKIN03HBHbIX co6niThii. Iloxkasa-
HO, 4TO B HITepBane 3Hepruii y/s =50-200 I'sB mpoucXomuT H3~
MeHeHHE MOoBeJIeHHA CceueHHUsi OMHOKPATHON CHPPaAKIHH,

PaGora BpmomnHeHa B JlaGopaTOpWH BLMHCIHTENBHON TEeXHHKH
U aBToMaTusaunuu OUAH,

Hpenpant O6BeIUNEHAOr0 HHCTHTYTA AAEPHBIX Keenenopanuii. yGua 1988

Musulmanbekov J.J. E2-88-809
Statistical Clusters in Multiparticle Production

The possibility of describing multiparticle production
in single-diffractive and non-single-diffractive interac-
tions for pp and Pp collisions is treated using the hypo-
thesis of statistical cluster emission., The description
is valid under the following basic assumptions: 1) The
cluster masses grow with collision energy. 2) The rapidi-
ty space occupied by clusters depends on inelasticity
and collision energy. 3) The decay of clusters of masses
Mg >>m, is similar to the hadronization processes in
ete~ annihilation. An account of the Monte-Carlo simula-
tion model is given. It is shown that there is the
changing of the behavior of single-diffractive cross sec-
tion in the energy region ys = 50-200 GeV.

The investigation has been performed at the Laborato-
ry of Computing Techniques and Automation, JINR.
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