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The necessity of oonstructing phenomenological schemes based 

on the idea of interaction stems from the absence of a strong 

interaotion theory. Suoh phenomenological models allow one to 

desoribe and classify a great amount of experimental data, and 

to make prediotions for the behaviour of quantitites measured 

expelimentally. The high-energy experiments enable one to select 

the most realistio models, thus providing a deeper inside into 

the phenomena. 

At present there are models for the description of high 

energy hadron interaotions. Conventi onAlly, e~ oen be d~v!deC 

into three groups: i) the so-called H-models (hydrodynamic, 

statistioal, thermodynam1o, eto~ based on the assumption of one 

exoited system,ii) F-models (the models of fragmentation, brems­

strahlung, inelastic diffraction, etc ••• ) assuming two exoited 

systems, iii) M-models (multiperipheral model, Regge model, 

parton model, model of independent cluster produotion, model of 

unoorrelated jets, etc.) with many excited oenters. 

All these models in the range of their applicability 

desoribe satisfactorily the experimental situation on multiple 

hadron production up to the ISR energies. Moreover, one cannot 

choose unambiguously one of these models, since the basic 
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characteristics of the multiple production change slowly as a 

function of energy. Thus, the new data of the pp scattering at 

~ =540 GeV at the CERN SPS Collider are highly important. 

Under such a sharp increase in energy (vs~., =6J GeV at the 

ISR), even an average multiplicity of charged secondaries, which 

is the most general characteristic, becomes sensitive to vari­

ous models. In particular, the data on multiplicity show that 
'lit the models predicting the S growing law of an average multi-

plicity (H-modal) are invalid. They also reject a weak ...,fh, S 

dependence of this quantity (F-model, M-model). It is evident 

that the study of the multiple production is more profitable 

in the framework of the synthetio-multicomponent approach assu­

ming two or more acting mechanisms of a simultaneous particle 

generation, whioh only in combination provide the observed 

multiplicity l, 2/ • 

In what follows the multiple characteristics of the pp 

process at ~ =540 GeV are considered within the multicompo­

nent approach. 

In this report we review the papers J/ in which the results 

obtained at the CERN have in fact been predicted. 

In the first section we investigate the pseudorapidity 

distributions in the central region of the production of. secon­

daries in the framework of the automodel approach. We also 

describe the narrowing and increase in the peak of this distri­

bution with increasing which have been observed in the UA5 

experiment 4/ • 

In the second section we compare some predictions made 

within the multicomponent cluster model with the data obtained 

in the U~ at the BPS Collider. Jn extrapolation of this model 

describing well the data at the ISR energy is shown to be in a . 

sati.trfaotor,r agreement w1 tli the data at fS' •540. GeV. 

1. As is known, various models of multiple production pre­

dict a plateau in the central region for the single-particle 

rapidity distributions. However, the experiments at still higher 

energies detect the deviation of distributions from the plateau. 

Such a behaviour is explained within d 1 5/ some mo e s. • From the 

UA5 experiment at the pp Collider at VS =540 GeV the pseudo­

rapidity distributions at a fixed multiplicity become narrower 

and the distribution peak grows with increasing f!c • 

We consider an inclusive collision of two high-energy had­

rona with the production of V types of secondaries a~g -/ 

c(f>)+(n,-i)+n.z+ .. . I'Zv • Based on the renormalization group 

analysis for this reaction cross section, when Dlmentum- of a 

c-type particle is fixed, we get 6/ 

(1) 

where r=e~ M is the •time• evolution component6,7! y P.r , Q :t 1 •• • 1 

J"v are •anomalous dimensions• of the i.= ~ '") v -types of 

fields of the relevant particles. The given total •anomalous 

dimension• is £ T z ., y 11. f, ... , n y = II (I 1 4 .. • (I v 11 v . 

Averaging over multiplicities of all particle types apart from 

the first type, we get for the corresponding total anomalous 

dimension 

v 
'3!n., == J:, n., + i?z 0'. < nc (nt) /) (2) 
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where <ndrl.t )/ is the average multiplicity of the i-th 

particle type, which is associated with the production of tL1 

particles of the type C • Averaging (2) over 1'1J once more, 

we get the total average anomalous dimension "£ ~n7 for the 

reaction a.& --:>cfp) +X 
~ 

'£ b17 = z 7:. C::J?i 7 (J) 
i"'i ) X 

Consequently, for the reaction a..+8-Jctp)+fn,-i f 

cross section we have 
c- .£ . '[" 

(/lJnc = c . e- nrY 
E clp nc 

(4) 

where C "" is the normalization coefficient. 

Using an appropriate representation 

in the system of cylindrical coordinates in the zero mass limit 

(m .... 0)1 one can easily obtain from (4) the following expression 

for the normalization oross section over pseudorapidity Jt: 
I c/6', tdl?;fo)]-;r,.,< 

6;, rY? = A B(f J if;c) 

where 1/ ..._ I'Zc, and fi is pseudorapidity corresponding to 

the in1 tial vector tJe • 

(5) 

Figure 1 shows the results of comparison of expression (5) 

with the experimental sem1-tnclusive spectra for five intervals 

of multiplicity IZc for pp collisions at ...J? •'40 GeV. J.s it 

ie seen from the figure a satisfactory description ie obtained 

for the effect of narrowing and increase in the distribution 
2 

peak with increasing nc obsernd experimentally (~ .. o,S+l,O 

for each individual ourve). The parameters A and ~c increase 
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linearly with rt Fi 2 h Vfs the Values Of £n~ and £ 0 1r7 C • g. S 0 , 

as functions of 11e and C:.l1o 7 , re speotively. The solid curve 

corresponds to the linear approximation '£he= (0,006±0,002)nc+ 

+ (0,129!0,094), that oan also be justified within the above 

approach. 

It is easily seen that under an unoorrelated production of 

particles of different types <:ni (~J ) / = <n1 ~ { IJ' , and the 

ratio 

( ) 
~nc 

L Z'c ' V == Jt t't1(' 7 

depends linearly on llc • Under the 

particles of several types the ratio 

shown in ref. 81, can be represented 

automodel form: 

correlated production of 
LnJ nJ)7 
Ln< ~ , as it has been 

in the following unified 

(6) 

is the degenerate hypergeometric function, 

is &~ven by the condition 

t:'ll, l/ -.-. 
( lli > 

(7) 

As it is seen from (7), the parameter fl. has 
r;:; C:n 7 

analogous to the Wroblewsky parameter: tO= ~ 

the meaning 

at V = i . 
Then, using the identities (see ref. 71 ) 

j--
1 

t:11, ? =- {fi L. 11J / , { ) ::- j , ... , 1 ) 

we get 

(8) 
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The analysis of expression (8) shows that at V >? 1 one 

oan make a substitution 

(9) 

Fig.J shows the dependence of Lilc) on l: c • From it we 

get the following value for the parameter a : lhi~ 1,79±0.78, 

that is in good agreement with the relevant experimental value4/ 

<:'117 - 1 8 
~- .. 

Thus, in the framework of the automodel analysis we have 

considered the pseudorapidity distributions in the central re­

gion of seoondary production. For the corresponding •anomalous 

dimension• of the solution of the renormalization group equation, 

a linear increase with multiplicity is found. A good description 

is achieved of the experimental data on pseudorapidity semi-in­

clusive distributions in pp collisions at ~ =540 GeV obtai­

ned at the SPS Collider. 

2. Hence, within the multioomponent cluster model J/ one 

can obtain a good agreement with the experimental data on the 

characteristics of multiple production at high energies. Let us 

describe briefly the basic assumptions of the model. The model 

is constructed within the multicomponent approach (see refs.1 • 20 
by assuming two particle-production mechanisms in the hadron­

-hadron collisions: 

i) dissociation of colliding particles with the production 

of secondaries; 

ii)independent emission of different types of neutral 

hadron associations ( clusters;) in the central region. 
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lor the probaoilit~ of distribution over the number of 

clusters, decaying into 11~, Yl.z, ••• charged particles~ we get 

~~;'~ ... = d <_Jj ft, (~n,-1 R,Jt:.11z>T .· · (10) 

where d i and )3: are the probab1lities of the 1-th and S-th 

dissociation c·hannels of colliding haiirons; n, 1 t.ne 7 are the 

multiplicity and average multiplicity of clusters of the tJPe ( 

~1 (Ln?) 1s the .Poisson distributi.-on. Bote1 that thia formula 

for the probability is justified in the framework of field the­

ory in the straight-line 11atll approX1mat1on 91 • Then, 1Ud.ng 

t-he experimental indications that the col.liding particles disso­

ciate not mor~ than into three -eharged particles and that the 

clusters decay through hadron associations of the t.TI" (-) ~ 211 ~ 

w ~ 33 and 8 ~ V F _. w.e get for the dist-ribution over charged 

partlch 111Ultipl.1c1ty 

[lljl-} !);!~ '" ' \ [~ . . 
~ =d'L PJf)~Ja)+Zol~J;.r,.·(i;t:.-;_-v.- fOJ~ d t-.Htf)/g-4-"'· fa~ {11) 

i10 ---z-- l :.() )"' (10 2. 

where ·0 and 8 are the average numbers .of cluster-s decaying 

into 2 and 4 charged particles, respectivel~; ~ is the pro­

bability o.f dissociation into not more than one ohar.ged partic­

le, ~ ·1- ol.. , and LA] is the integ.er of 11 • With \.if.11 , one 

oan easily oaloulate the average multiplicity and other oorre­

lat11Ul mome.nts 

etc. 

;117 ::,1Q .J. fll ~.I. ~.zp ' 
./z = C:n7 -~olfl' -)/4 2

-'1, 
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The energy d-ependence of the parameters (l( , a.. and tf 
is found from the comparison of the formulae obtained with tha 

experimental data on cliarge distributions and average multipli-
+ ., 

city- for the pp, pp, K-p and 71-(J interactions 1n the ISR energy-

region 100 ~ 4000 Gev2 lO/ 

(lJ) 

The constants a,, 0,, •• • (J¥ turn out to be related with the 

quantum numbers (mass and charge of colliding particles) as 

follows: 
a , = A, I ~no ., "''} z 
{lz = lh +,(!> lma -!-1/?1-)l.; #.,/.Ill.-//) z 

a ... = 1 , /111o +me;z 
()If = ,116 .,.. lh /ma -r/178) z ~ 

(14) 

where the values of ;f, , ••• are determined from the afore-

mentioned joint description of the experimental data (see the 

table ), the experiment being described quite satisfactorily-

;t ~ iff = I, C . (15) 

Table 

i L 

1 o.5D ! o.o41 6 2.226 !0.072 
2 0.056 ! 0.020 7 -o.l62 ;!:Oo070 
.) 0.029 ! o.008 8 -o.oo6 ;!:O.Ool 
4 0.01.3 + 0.002 

Fig.4 illustrates the diagram of the dependence of average 

charged multiplicity- on energy. Note, that the corridor of 

errors fort:n7 is about 10* and increases with energy-. As one 

10 

can easily see from the table and above formulae, the model 

described predicts a more rapid than logarithmic increase with 

energy for the average multiplicity C::~t7~(t,.S',t.,) " 1 in pp colli-

sions. 

This prediction is in agreement With the recent results on 

the avera~e multiplio1t:v t:n7 1D ff ooll1.s1ons at tfS' ,.540 GeV 
)/ ~xpt 1>4 ~ + 

: (.n7 .. 27.4! 2.o{n/ - 27.7-3.It is worth mentioning 

that the obtained in ref. 4/ increase in pseudorapidi.ty- partic­

le density- in the central region .3.0 !0•1 confirms the increa­

se in the contribution of multiparticle heavy- clusters to the 

production of secondaries, which has been indicated in the mo­

del under consideration. 

References 

1. A.A.Logunov, M.A.Mestvirishvili, Nguy-en Van Hieu. PhY's.Lett., 

25B, 611 (19 67) • 

2. S.P.Kuleshov1 V.A.Matveev, A.N.S1sSak1an, F1z1ka, 5, 67 (197J); 

v.G.Grishin et al. JINR,E2-6596, Dubna1 1972; Nuevo C1mento, 

Lett., 8, 59o (197.3); A.N.Sissakian, JINR 1 E2-90B6, p.924.3 1 Dubna1 

1975. 

). S.Jiavrodiev, .A..N.Sissakian, H.T.Torosian. Inter. Seminar on 

High Energy- Phy-sics and Quantum Field Theory, Protvino, 1979, 

v.2, .373 (19700 · JINR preprint~P2-12570, Dubna, 1979; JINR prepr., 

D2-Bl-42.3, Dubna, 1981; Ya.Z.Darbaidze, A.N.S1ssak1an, L.A.S1ep­

ohenko end H.T.Torosian, Yad.Fiz., .34, 844 (1981); JINR prepr., 

D2-82-297, Dubna, 1982; .A..N.Sissakian and H.T.Torosian, JINR 

prepr., P2-12685, Dubna, 1979. 

11 



4. K.Alpgard et al. Phys.Lett., 107B, JlO (1981). 

K.Alpgard et al. Phys.Lett., 107B, Jl7 (1981). 

5. I.V.Andreev and N.M.Dremin, Uspekhi Fiz.NaUk, 122, Nl, J7 (1977); 

s.P.Kuleshov et al. Particles and Nuolei, N 5, 1974 (see also 

references therein). 

6. Ya.Z.Darbaidze, A.N.Sissakian, L.A.Slepohenko, Proceedings of 

the Interna.tiona. Seminar on High Energy Physics and Quantum 

Field Theory, Protvino, 1980, v.l, J04 (1980); 

Ya.Z.Darbaidze, N.V.Makhaldiani, JINR prepr1nt,P2-80-160, Dubna, 

1980. 

Ya.Z.Darbaidze, N.V.Makhaldiani and L.A.Slepohenko, Reports of 

the Tbilisi State University, v.20J (1978). 

7. V.A.Matveev, R.M.Muradyan and A.N.Tavkhelidze, Particles and 

Nuclei, v.2,5 (1971). 

8. N.S.Amaglobeli, et al. JINR preprint1 E2-82-107, Dubna, 1982. 

9. B.M.Barbashov et al. Phys.Lett., 1970, JJB, p.924J. 

LO.R.K.Ansorge et al. Phys.Lett., 1975, B59, p.299; 

C.Bromberg et al. Phys.Rev.Lett. , 197J, ll, p.l56J; 

W.Thome et al. Nuol.Pbys., l977, m29, p.J65; 

E.Albini et al. Nuovo Cimento, 1976, AJ2, p.lOl; 

D.Fong et al. Nuol.Phys., 1976, mo2, p.J86; 

V.E.Barnes et al. Phys.Lett., 1974, J4, p.415; 

G.S.Abtams et al. Phys.Rev.Lett., 1977, Jl, p.l271; 

W.M.Bromberg et al.. Phys.Rev •. , 1977, Dl5, p.66. 

Received by Publishing Department 
on July 7, 198). 

12 

MaepOAHeB c.~ .. CHcaKRH A.H., TopOCRH r.T. E2-83-480 

OnHcaHHe xapaKTepHCTHK MHO*eCTBeHHoro PO*AeHHR aApOHoe 
npH CBepXB~COKHX 3HeprHRX B MHOrOKOMnOHeHTHOM nOAXOAe 

B paMKax aBTOMOAenbHoro aHanHaa HccneAOBaHo pacnpeAeneHHe no nceBA0-
6~cTpoTe a ~eHTpanbHOH o6nacTH PO*AeHHR BTOPH4H~x 4aCTH~. AaHo onHcaHHe 
noBeAeHHR nHKa 3Toro pacnpeAeneHHR c pocToM nc , Ha6n~AaeMoro B UA5 3Kcne­
.PHMeHTe. HeKOTOp~e npeACKa3aHHR B paMKax MHOrOKOMnOHeHTHOH KnacTepHOH MOAe­
nH cpaBHHBaiOTCR c AaHH~MH, nony4eHH~MH a UA5 3KcnepHMeHTe. noKaaaHo YAOB­
neTBOPHTenbHOe cornacHe 3KCTpanonR~HH 3TOH MOAenH H AaHH~X npH vii~ 540 r38. 

Pa6oTa B~nonHeHa B na6opaTOPHH TeopeTH4eCKOH ~H3HKH OHRH. 

Mavrodiev S.Cht., Sissakian A.N., Torosian H.T. 
Description of ltJltihadron Production 
at Superhigh Energies in the Multicomponent Approach 

E2-83-480 

The pseudorapidity distribution in the central region of the produc­
tion of secondaries is inv~stigated in the framework of the automodel 
approach. The narrowing and increase in the peak of this distribution with 
increasing of "e , which have been observed in the UA5 experiment, are 
described. Some predictions made within the multicomponent cluster model 
are compared with the data obtained in the UA5 at the SPS colHder. An 
extrapolation of this model describing well the data at ISR energy is shown 
to be in a satisfactory agreement with the .data at Vs = 540 GeV. 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 
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