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Kypumin A.C. ¥ Op. J2 - 11833
MHOrOKOMIIOHeHTHAS Moaellh He3aBUCHMOrO HCMyCKaHHd
K/IaCTepoB U ONMHCaHHe NauHLIX, IO 3APAJOBLIM paclpefeleHHAM,
3apAOOBO-HeiiTPadbHEIM # “Blepen-Has3ai’—-KoppenduuaM MpH
BLICOKHX 3HEeprufx

[puboaUTCH ONKMCaHWe 3apPANOBBIX pacnpenelleHHH u 3apFAAOBO-HeHTpalb-
HLIX KOpPpe/suuii Ha OCHODE MHOTOKOMIOHEHTHOH MOJelld, BK/o4aued B ceba
CTATHCTHIECKH He3aBHCHMOe POXOEeHHe HeATpalbHbIX Kj1acTepoB B UeHTpalb-
HOit O6MaCTH UpH Ha/lM4HH ONpelesieHHBIX KAaHAJOB AMCCOUHMAUHH CTaJKHBAIOWHX-]
cf 4aCTHIU.

Mokazano, uro npu 3xepraax E; >100 T'sB ocHoBHON BXJaa B pacnpe-
NleNeHHd 1O YUCIY 3apsXeHHbIX YaCTHIl AAIOT TsDKe/ble KilacTepbl (Cl. > 4m).
Ipor3BOARTCH OUEeHKa MacCh TaKoro kiacrepa. [loxaamiBaeTcd, 4TO “3aru6”
para gyusuuii f(n ch) =<Ngo >, , TAe mn_,o = uuCIO 7° - M@3OHOB, a
Ny = HHC/IO 3apsKedHBIX vactHl, proane ofbACHAETCH KHHEMATHYECKHMH
orpaHHye I TMI.

Ha ocHoBe NpoCTHX NpelANO/OKeHUWH O pacnpeaefleHHM NPOOYKTOB pac—
raga knacrepa B HPOCTpaHCTBe GLICTPOT OAHO OGBACHEHHE HEJABHO MOABHB—
JUHMCH AQHHLIM O KOppefasuHax THna “phnepen-Hasan”.

PaBoTa BmmonHena B JlaGopaTophu TeopeTudeckoh ¢uauxu OHAM.

Ipenpuur O6LenMHeHHOrO MHCTHTYyTa snepHbiX Hccilenopanuil, [y6na 1978

Kurilin A,S, et al D2 - 11833

The Many Component Model of Independent Emission
of Clusters and the Description of Data on Charged
Particle Distributions, Charge-Neutral and "Forward-
Backward" Correlations at High Energies

The charged particle distributions and charge-neutral correla-
tions are described within the many component model involving sta-
listically independent production of neutral clusters in the central re-
sion in the presence of certain dissociation channels of colliding
particles.

It is shown that at energies E > 100 GeV the main contribution
to the distributions over a number of charged particles is given by
heavy clusters ( Cl.s4n ). The mass of such a cluster is evaluated.
It is also shown that the bending of the function <N”°>Nch' where

N o is the number of »° -mesons and N, is the number of charged
particles, is interpreted within the kinematic constraints.

Based on simple assumptions about the distribution of the de-
cay products of clusters in the rapidity space the recent data on thdg
‘backward-forward"-type correlations are explained.
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1. Introduction

The present paper is devoted to the description of some regu-
larities of multiple production within the many cowmponent phenome-
nological model of two mechanisms/1/.

The many component nature of charged particle distributions
at high energies is sufficiently justified at present, However, the
number of components and their relation is still to be discussed
(for the discussion of this problem see, for instance, the review
papers/z/). The origin of different components in the multiplicity
distributions of charged particles can be explained, as is known,
under the assumption about the existence of two mechaniams of
secondary particle production: diffraction excitation (DF) of colli-
ding hadrons and the mechanism of independent emission (MIE) in
the central region,

Without specifying the dynamics of interaction resulting in
different mechanisme of particle production, we shall use the pheno-
menological assumptions about the nature of secondary particle
production affected by each of these two mechanisms.

In recent years of wide use is the hypothesis on clustering
of secondaries in the central region (CR) (see,for 1nstance,ref{2’36.
It should be noted that there are different viewpoints concerning
the characteristics of clusters such as their charge, average

)

*
multiplicity of the decay, mass and so on “.

¥J For various models describing the productazn and decay of
different clusters, see, for instance, the papers -



Unfortunately, it 1is very difficult to nmeasure the clusters.
Therefore, the assumptions about the properties of clusters and
the regularities of their production ard decay can be verified by
comparing the dependence obtained on the basis of these assumptions
with the experimental data.

In this paper § 2 contains short formulatior of the basic
statements of the model of two mechanisms which is ther used for
the description of charge particle distributions and charge-neutral
correlations in PP -collisions (¢ 3) and for the explanation

of recent data on "forward-backward" correlations (§$4),

2. Formulation of the Cluster Phenomenologicai L odel

of Two liechanisms

The model of two mechanisms is based on the assumptior about
statistically independent (neglecting the kinematic restrictions)
productior. of neutral clusters in the central region when certain
dissociation channels of leading particles are open. The cluster
multiplicity distribution in the central region is of the Poisson
nature. An analogous dependence can be obtained in the field-
theoretical models with bremsstrahlung/7/, sourcesla/, and withih
the straightline path approximation/g/ in quantum field theory.,

The cluster rapidity ‘

Y=4thEptpe
2 ) E?)"Pﬂ
ig in the interval [- Y, Y], where Y,\,Zh,&’ ,and /61 is the
gquare of the total energy in the center of mass system, If the
clusters are produced with equal probability in this interval of

rapidities, ther in the absence of the kinematic restrictions

the distribution over a number of clusters is

W — —<u "
Wn—-p-"((I/o)-_—@ > <>
e
and < Vl)"“ﬁ{. Let us clagsify the clusters according to their

decay modes. The production of clusters disintegrating into

a

tw ions: 7

© pion ~ orer©
three pions: o _ v %r”
2XTgH"

four pioms: [} Z;W?I"Q«W”

and so on, e

A apecific feature of the multiple production processes is
the "broadening® with increasing energy of ¢harged particle distri-
butions. Thus, one may assume that with ircreasing energy large cont-
ribution is given by much heavier clusters {(not - and {d- ,but
3 -clusters and so on),

This fact has already been pointed out in‘ref./34 The increasing
slope of the dependence J:(Me‘ ) = <l’br{)”0£ in Wa[)—interactions
with increasing energy also accounts for the above fact (see,
for instance, ref./10/). The results of our description of the mul-
tiplicity distributiors and charge-neutral correlations in pp-
collimions confirm this conclusion (see $3).

Hereafter we shall change the masses of clusters P{ by their

mean values M . .
The diffraction excitation mechanism gives the contribution

mainly to the channels with small multiplicity of secondaries. In

what follows we shall need some concrete schemes of the proton

dissociation, Let us write them out

1. f) —5f) (DE is absent).



2. P-)C/TC/)-
3.p s ot
4, P —>()fr°‘y‘r“.
2. [)—% NJIrIxe.
6. xria
p=p
lote, that at high energies, one should take into accourt the
corntributior of other dissociatior channels (for instance, /D—a/v1357
and so on),
The leading, clusters carry away the finite part of the energy,

ard the sum energy of clusters in the central regior. is then equal

to

—

g =\y. (4-x.)(1-x1) .
where /
2 [4t,a0]

LCK?*

X2 =
qbgﬂ are the longitudinal momenta of leading clusters, and L{Eﬁ
is t;e total energy of incident particles in the c.m, system. Under
the assumption of small moumenta of clusters, the conservation law
of mouenta influences slightly tie rultiplicity distribution,etc.
However, since the maesses of clusters cannot be already considered
to be small, at large multiplicities one should take into account

the restrictions imposed by the conservatior of energy law, ile
take irto account the conservation of energy law in the following
way: Let us assume that the masses of all produced clusters do
not exceed e’ ,‘i.e.,let us add to the multiplicity distributior

the multiplier

ble'~-=M].

s sa A . . ‘n the
Thus, the total multiplicity distribution of clusters in th

central reglon is
EL N (2.2)
/ _ 4 o) QLE-Z M,
M’MCVIW,HB.,. - e’ -{—L 6?/7‘. (< ‘“ >)

where 1_=(3/ o, # and so on.
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The distribution (2.,2) is normalized, and MQé?7 is the
normalizatior factor. ‘

The differential cross section of the productior of l%, -
clusters, nu. (' -clusters and so or under the assumption that the
leading particles are excited in the i-th ané j-th channels,

respectively, is EJ )
[3 ’/ EI’
A ) 1_6._1‘2“««; - {__—‘ (xl)(l'_j’) Lt“G He o ( . 2.3)
G, dx, AN, J
The basic relation in the considered model is (2.3), which is used

as the initial one for comstructing the distributiors, etc, Integra-

ting it over L{Xl and !X, , we obtain

3 llJ. _,
—————6 'Eii""' = jd)((“lxz F(J (X% 1$) W”G do, (e ) ‘
el

This expressior can be simplified by changing ir the irteyral

- /
5;’x,$§7(ﬁ-x,)(1-xz) by some mean value & . Then we have

i
. 0
. _,
S‘.K_i“;'_ = . (S), H’/ (c—.) . (2.4)
~ Ty g b
6¢'M-U.7, / ?
Ne use the logarithmic parametrization for the dependence of average
i I 3 onsi-~
numbers of clusters on the energy in the energy interval undaer ¢

deration, i.e., ) ¢
<> =A +B tn S
I‘O»
§ —4{ cet
I)t)d— { Gey .



Using (2.4) one can easily obtain the distributions over the number
AT~ Ty O oty —

of combinations B , A , 472X ... produced in the decay

of €~ , (- ,B- and other clusters, respectively

ot
t

J , -
W =L 10 (ar>)OLELT 1] @
n, _ .0 = £/ (<> E-2 Vo le: .
Xty ! 402 S (J e ”e( (4 ) »
where <“ b —< 4 > <H-/7'+€~7!:'/7":> ) and M , are the
corresponding average masses,

Obviously, the number of charged particles MCA and the number

of ‘Wc‘—mesons nJTD are connected with ”Jif/?c/ HJI'T o by the rela-

tions )¢ "
P ” .y + t ¢ (2},

R A x DAL L) SO 2y ey

(2.6)
(l)/ (’),/
Mye= 2l pope * Hyrgmpo Ryneygo +4l, o+ €0+ €100
(4 )¢

where 'L [J¢7 are the numbers of charged particles ( Jro-mesons)
in the i-th dissociation channel of the first (second) leading
hadron.

The distribution over the number of charged particles acquires

the form

W.ret‘ ZJ Fe ZVT.Z It b, (<LIK>) x

(2.7)
XQ[E—“_i? /I] 8[‘ Qn +J—+"'+€£'ZZJ
Analogously, for the function <'t,o el we have
e
)
<I\»fc A% My 2= I'— Z (Qnﬂoﬁc* * €(,7,0J (2.8)

rb& ‘J
Aﬂ /),, (<iy>). 9[5 S My ] x

x é‘

by i Iyt o + 8(('“:“ :

Hereafter, we use the assuuptior about the factorization oi the

factor F%j’ i.e. s

The quantities Fi play the role of probabilities of the corres-
ponding dissociation channels. The normalizatior. condition

S =A
is fulfilled.

Due to the local corservation of an isospin, we obtain

A, -26

3, The Description of Charged Particle Distributions and

Charge-lleutral Correlations in pp-~interactiors at EL=5102 Ge

Using relatiors (2.7), (2.8) and the factorization corditiot:,

we obtain

WU\ Mz[LP,1 (<he>) OLE- Z”eM I+

{1 gn[\ Why+2iy+2 +2U (V) gnt i o2, 04

3.1
+ ('i-IJ)Z« Fm, Yo vany + € \({
CHyo>yy = A B, (<) OIEZ e e ]+
WM '
x {I:V;'(Q”z*q”s)*][/:[’g] 8‘7c‘i‘/”1flt’7l +2 * (3.¢

+[2G (%) (@i a5 )+ 201 )Igj iy 4+ 20, 4 T
+(4-V;)(i”l+u”5) ’ Oh"ll"’[,”{.,ZHZf(" j

11\" = ﬂ

5'14 = nJJfQW- " nz =nw',v—2ra ) ‘f‘/’\D



for the multiplicity distributiors W"’cl; and charge-neutral cor- The irelasticity coefficient is equal to

=

- -
relations. The quartities -\/"_ and _[«z are simple combinations of 3P e c . 0,61 .
the parameters F. . l o us
P i v 3 From the conparison with the experiwental data, for the
r v \ - .
‘l'f 221:‘ F‘ ’ v quantities ‘[’li and Vi ,#e obtain
RN V=10, s
lote, thet with increasing energy (and increasing number of chan- 1= by ¥ by, W

AP

cas r A . .

nels), the quantities 1 and U will comprise a larger number of <o o ,

' 1 2 Uy =0¢ 004,

constituents., Accordingly, a larger number of components will appear s 04 _
3 = + 005 -

in the multiplicity distributions., The increase in the number of 2 ’ ‘

" corponents in the distributions with increasing energy is a specific U}: - 0 39 + 008
P [ - :

feature of the given model, Thus, the model predicts the "broadening"

For < ”ﬁ) = 4+5gfsi—sl,we obtain
e

4
of distributiouns L\/“t(» with increasing energy and the bending of

the curve <”J° >n ,at large “('£ , which is due to the kinematic /4 = 7‘,9/( =z 0,0".( ’
restrictions. o . B=0% 200% .
Formulae (3.1) ard (3.2) have been used for the description of Theberding" of the curve J[;/u‘ =<.”ﬁ£>“ ,as it was already
multiplicity distributionrs Wi,d: at energies EL=1O2, 205, 303, 1480 mentioned, is due to the kinematic restrictic()t‘ns only .
and 2100 GeV (the data are taken from’'%/) and of lpedy g at f‘.ﬁ?‘ 102 Gev/c
EL=205 GeV”z/. As a result, a statistically good description of 0%y
these data is obtained (see Figs., 3.1 ¢ 3.6). asnk
The experimental material used comprises 81 points. Two points
(the values of W:,(L at HL[, =10 at EL=1480 GeV and 2100 GeV are not 015k

on the smooth curve), The description of the remaining 79 points

2
gave )C =T74. 010+

The best description is achieved when the cluster mass is

.05+
MB;\_’ 2,1 Gev/c® 0
what is in agreement with the accepted values of this quantity ) L o 0 s
- 3/ 0 24 6 8 1012 14 16 18 20 N,
(see, for irstance, ). ) Fig. 3.1. The multiplicity distribution at EL=102 GeV.
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Figz., 3.4. The multiplicity distribution at E,=1480 eV,
L

Pig, 3.2. The multiplicity distribution at EL=205 GeV,
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Pig. 3.5. The multiplicity distribution at EL=21OO GeV ,
Fig. 3.3. The multiplicity distribution at EL=303 GeV,
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Pig. 3.6, Cnarge-deutral Correlations at EL=205 GeV .

4, The "Forward-Dackward"-Type Correlations ir the

i.odel of Two l.echanisms

How let us describe the "forward-backward"-type correlations
between charged particles. The data obtained recently by the ACHM-col-
1aboration/13/ have shown that the average number of particles in
the "forward" hemisphere (in the center of nass system) <l4(F£L(H)
increases lirearly with inereasirg number of particles in the
“"backward" Lemisphere n(ﬂ) , the slope being of an order of 1/3.

This teslifies to the strong short-range correlations. lNow
we shall show how this dependence can be explained within the
model with uncorrelated productiorn of neutral clusters, (The contri-
butior of the dissociatiorn products and the kirematic restrictions
are neglected).

We use the assumption that the rapidities of GLclusters, which
are produced in the decay of B —cluster, are close to the rapidity

of B-cluster, i,e.y

de vgs

14

and the rapidities of pions, which are produced ir the decay of

Giclusters, have the rapidities

g'ﬁ' =4e *A4,
where éﬁ?(B) is the rapidity of ﬁkB)—cluster, and A is a certain
paraneter. Generally, the result depends weakly on the form of the
distributior over the pion rapidity.
B-cluster disintegrates into the combinations Q:h’f?%’)— JI2I°
and QJVD.The combiration of four JTO—mesons does not contribute to

the correlation dependences of charsed particles. The distribution

over Myva~, M,)'*.f"i.‘l" has the form

1 =P 5) P
"o Truano Maatin- (D) /i’wfw‘z/r°

(0) ,
where

P=< M:m’n‘> < Atymape>
The whole rapidity irnterval can be devided into three regions
[- Y)-A],[-A’/_\] and (A, Y]. It the rapidity of B-cluster disin-
tegrated into the combination JZIN'2R is in the interval [—Y,'A],
then, obviously, all four charged pions fly "backward", and if,

in the irterval [:“A, 4 ] ,then two charped pions fly "forward" and

two "backward", etec...

The probability of a cluster to get into the regions [lﬂ,Yi],
('A,A] and L~ Y,-AJ is equal to

Ll).': Y__'_w = {__iLV‘
2Y T 2
Luz—_:w
=1 _1g
Wy =7-7 @

respectively, where

o Z\
W= —
X

15



The probability of the rapidities of #; combinations L4 27

to get into the first interval, “L , to the second, and &ZS, to

the third, and of the rapidities of the numbers of combinations Kiﬂ;s
QﬂtT—QJA to get to the first, second and third intervals, res-

pectively, is

=& (0)F, (D-)
'Mlni'm Ka Il ”‘( ‘ ‘
The numbers of "forward" and "backward" particles are related

to “L,”. 3 by

n(F)_

=D W .

Yig + 201y, +3K, + Ky +1 4

3)
n' )= dh, + 4Ny +Ky +2K5 +1.,

The distribution over the number of particles flying “backward"

has the form

Wm(a) == Z: JZ P (D ) P (D) gm(“) 4,,2.,4,;}1,;(21,2;(},_1

-% (),,3(03) pnz{DZ) nL _ung-2u, (D)

and the function <V\( )> () is represented as
n(F)
Ty = WazﬂP,(o (D)
X (2“ +QM4 +2 k,'f Kz +{) . Sh(ﬂ)'zh + ‘”,,3*_,(2_*2(3 +

(8)
- 21, +K.
n=+ ¢~ an z- S (245+K5) x

"sz(Dz) puj(Ds} pz;(DJ) /thﬂi, Yy -24,~2Ks /02)

The last two formulae predict the linear increase

at H(B)ZB (see, fig, 34,7).
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Fig. 3.7. The dependence of the average number of particles
emitted in the "forward", directior as a function of

the number of particles emitted in the "backward"
direction

The deviation of the theoretical curve from the experimental
(B
ore (at V& =sffceV) at small values n‘ )is due to the fact that

we have not taken into account the contribution of the diffraction

component.

The parameter zﬁ is sufficiently large and equals

Axo€ Y
what accounts for a rather large slope of the curve.

at Ya 1,§+ 3, Al , what is in agreement with other esti-

mates of this quantity.

The agreement of theoretical results with the experimental ones

testifies to the assumption that the neutral clusters dominate, and

17



allows one to find the probabilities of various dissociation
channels within the model under consideratien.

So, the idea to unify two mechanisms of secondary particle
productior, namely, a) the mechaniem of independent production
(reutral clusters) in the central region; b) the mechanism of
dissociatior of leading particles with local conservation of charge
and other quantum numbers appeares to be rather fruitful and makes
it possible to‘explain a wide spectrum of experimental regularities.
Besides, the comparison of the theoretical dependences with the
experimental ones allows one to obtain within our model the numeri-
cal estimates for physical gquantities such as average mass of
clusters, inelasticity coefficient and others.

Of much interest is the theoretical and experimental investi-~
gation of possible separation of corntributions from various mecha~
nismg, Besides, it would be desirable to check experimentally the
effect of "clusterization®, and particularly, the assumption about

the dominance of clusters in the central region with zerc charge.

In conclusicn we are grateful to Professors A,N,Tevkhelidze
and V,A.Matveev for interest in this work and stimulating comments.
Thanks are also to I.V.Apdreev, Yu.A,Budagov, I.k.Dremin, N,P.Zotov,
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