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The necessity of constructing phenomenological schemes based
on the idea of interaction stems from the absence of a strong
interaction theory. Such phenomenological models allow one to
describe and classify a great amount of experimental data, and
to make prediotions for the behaviour of quantitites measured
experimentally. The high-energy experiments enable one to select
the most realistioc models, thus providing a deeper inside into
the phenomena.

At present there are models for the description of high
energy hadron interactions. COnventionglly, they can be divided
into three groups: 1) the so-called H-models (hydrodynamio,
statistical, thermodynamio, etoy based on the assumption of one
exoited system,1i) F-models (the models of fragmentation, brems-
strahlung, inelastic diffraction, etc ... ) assuming two exocited
systems, 11i) M-models (multiperipheral model, Regge model,
parton model, model of independent cluster production, model of
uncorrelated Jets, etc.) with many exoited oenters.

All these models in the range of thelr applicabllity
describe 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




characteristios of the multiple production change slowly as a
function of energy. Thus, the new data of the Pp scattering at
VE? =540 GeV at the CERN SPS Collider are highly important.
Under such a sharp increase 1n energy (V?;:; =63 GeV at the
ISR), even an average multiplicity of charged secondaries, which
is the most general charaoteristic, becomes sensitive to vari-
ous models, In particular, the data on multiplicity show that
the models predicting the SVW growing law of an average multi-
plicity (H-model) are invalid. They also reject a weak ~6 S
dependence of this quantity (F-model, M-model). It 1s 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, which only in combination provide the observed
multiplicity 102/ ,

In what follows the multiple oharacteristiocs of the Ppp
process at {Ei =540 GeV are considered within the multicompo-
nent approach.

In this report we review the papers 3 in which the results
obtained at the CERN have in faoct been prediocted.

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
desoribe the narrowing and inorease in the peak of this distri-
bution with inocreasing which have been observed in the UAS
experiment 4/ o

In the second section we compare some predictions made

within the multicomponent cluster model with the data obtained



in the UA5 at the SPS Collider. An extrapolation of this model
describing well the data at the ISR energy is shown to be in a
satisfactory agreement with the data at ﬁ =540 GeV.

1. A8 18 known, various models of multiple production pre-
dioct a plateau in the central reglon for the single-particle
rapldity distributions. However, the experiments at still higher
energies detect the deviation of distributions from the plateau.
Such a behaviour is explained within some models.s/. From the
UAS experiment at the pp Collider at \/:5_'1::540 GeV the pseudo~
rapidity distridbutions at a fixed multiplicity become ngrrower
and the distribution peak grows with increasing [llc .

We consider an inclusive collision of two high~energy had-
rons with the production of \) types of secondaries arb »
C/P)+/ﬂ,-{)#ﬂz*... /1, .Based on the rencrmalization group
analysis for this reaction cross section, when mOmentum of a

c-type particle is fixed, we get 6/

d dG_n My, .. My . - do.ﬂ/.».».ﬂ\)
2_F. ch f}lﬁ, d/”nf?&oﬁ_ ,

where ‘[:51 %;'05 is the “time" evolution component6'7,/ fi recer
I’) are “anomalous dimensions® of the (=7, .., V —~types of
fields of the relevant particles. The given total “anomalous
dimension® is X,, . n»y = a‘,/l/ + .. * 3"‘) 7y, ‘
Averaging over multiplicities of all particle types apart from
the first type, we get for the corresponding total anomalous

dimension

Vv
Zn, =3’;/Z-, +Z]¢' <l’l¢' /’11)7) ¢
(=2



where {/;(n()) 1is the average multiplicity of the i-th
particle type, which is assooiated with the production of M,
particles of the type ( . Averaging (2) over s, once more,
we get the total average anomalous dimension X <»n> for the
reaction a+é »c(P)+ X

3
Reny =2 7 L7, &)}
¢t (B)ein,- 1)+ X
Consequently, for the reaction a+€ =¢C f” <

cross section we have

E O/Gﬂc = Cne .e_fﬂo-l )

’
where Cnc is the normalization coeffitient.
Using an a.ppropria.te representation
Pbe _ ch (n-.)
P, IP /
in the system of oylindrical coordinates in the zero mass 1imit
(m —’0), one can easily obtain from (4) the following expression
for the normalization oross section over pseudorapldity 4 :

{ A6 _ y, (el 2)] " Fn
6;7 ﬁ’? _zz, z”c) ) (5)

where A ~ /¢, and /3 18 pseudorapidity corresponding to
the 1nitial veotor ,De o

FPigure 1 showa the results of comparison of expression (5)
with the experimental semi-inclusive spectra for five intervals
of multiplicity %, for pp collisions at VS =540 GeV. As it
is seen from the figure a satisfactory description is obtained
for the effeoct of narrowing and increase in the distribution
peak with increasing /lc observed experimentally (1&;0,8,-'1,0

for each individual ourve), The parameters /4 and f;,c increase
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linearly with /1. . Fig.2 shows the values of &re and L e
as functions of /) and <//e7 , respeotively. The solid curve
corresponds to the linear approximation 2’;,0= (0,00640,002) 7 +
+ (0,129:0,094), that can alsc be justified within the above
approach.

It is easily seen that under an uncorrelated production of
particles of different types </ (#)) 2=<n:7 (;g/' , and the

ratlo

L (7e9) = Z2—

depends linearly on /!¢ « Under the correlated production of
Lhniny)7

117
shown in ref. B/, can be represented in the following unified

particles of several types the ratio s as 1t has been

automodel form:
4l
)2 _ v/ at, 5 )
QD/? V= ny =z v(v4,a, %Lg‘,) g e

where W/J(.,'?,X) is the degenerate hypergeometric function,

2 = ,/,7(7, and the pa.rameter & 1s glven by the condition

by L E ) o
Z Dt &ni 70’1

(1 | l’/

As it 1s seen from (7), the parameter ¢ has the meaning
4
analogous to the Wroblewsky parameter: l,[’?' ?D at ]>=.f K
Then, using the identities (see ref. 77 )

7> L11:7 = g5 Ly 2, (-'K/':i,,,,, 1

we get

[(2,9) =2 + XL pree, V), ®



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

can magke a substitution
L (2e, v>2) = [ (2) = Plze, V). ®)

Fig.3 shows the dependence of LA&) on Zc¢ , From 1t we
get the following value for the parameter Q “/Zi-"—' 1,7940.78,
that 1s in good agreement with the relevant experimental value4/

<22 = 1.8,

Thus, in the framework of the automodel analysis we have
oonsidered the pseudorapidity distributions in the central re-
glon of secondary 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 V@? =540 GeV obtai-
ned at the SPS Collider.

2, Hence, within the multicomponent cluster model 3/ 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.1’26
by assuming two particle-production mechanisms in the hadron—
~hadron collisions:

i) dissociation of colliding particles with the production

of secondaries;

ii1)independent emission of different types of neutral

hadron associations ( clusters)) 1in the central region,



For the probabllity of aistribution over the number of
clusters, decaying into Ayqy VL,,, ees charged particles, we get

Wik | =de iR Bofend a0

1, M2,
where ¢ and ‘ﬁu' are the probabilities of the i-th and j-th
dissociation ochannels of colliding hadrons; ”(,1”6’7 are the
multiplicity and average multipliocity of olusters of the type {;
P, [<r?) 1is the Poisson distribution. Note, that this formula
for the probability is justified in the framework of field the—
ory in the straight-line path approximation 9/ « Then, using
the experimental 4ndications that the colliding particles digso-
clate not more than into three charged particles and that the
olusters decay through hadron assoolations of the type G»27 s
W 37 and B 2Y7 4 we get for the distribution over oharged
particle multipliclty

5id mel (o8]
W, - ﬂ(z, Z; pfe) &gﬁ(a).«zgﬁg&/f)/’._«égb)* /f fﬁﬂ’)@;ﬁ/a), (11)

£=0

where @ and 6’ are the average numbers of clysters decaying
into 2 and 4 charged particles, respactively; o 1s the pro-
bablility oi dissoclation into not more than one charged partio-—
le, fel-o , end A7 1s the integer of A « With W , one
can easily caloulate the average multiplicity and other ocorre—
1lation moments

Z/y7 =20 +¥E+4 2p,

2
A =<7 vyf -Fp 4 @a2)

etce
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The energy dependence of the parameters s & and /
is found from the comparison of the formulae obtained with the
experimental data on charge distributions and average multipli-
oity for the pp, pD, (fp and 7I-*p interactions in the ISR energy

reglon 100 = 4000 Geve 19/ 5
y 2z Q £+ Z £,
2-a. (b %“)0; é= ot %’) Y A= 7+ yﬁ, % - (¢5))

The constants A/, &7, ..o #¢ turn out to be related with the
quantum numbers (mass and charge of colliding particles) as

follows:
Qar =141//ﬂa4)r7t)z
Qs = Ao 4 A5 Ira »298)% 6 Aelia 2 26)°

as = 45 le #7%8)* [e))
Oy = Ao+ Az /ma fﬁl}z,
where the values of // 9 eee are determined from the afore-
mentioned Jjoint desecription of the experimental data (see the
table ), the experiment being descrided quite satisfactorily

295 _
2= =1.¢. (15)
Table
¢ Aot 8A l A 2 ahs
1 0.513 + 0,041 6 2,226 0,072
2 0.058 + 0,020 7 ~0.162 0,070
3 0,029 + 0,008 8 ~0,006 +0.001
4 0,013 + 0,002

Fig.4 1llustrates the diagram of the dependence of average
charged multiplicity on energy. Rote, that the corridor of

errors for £#7 is about 10% and increases with energy. As one

10



can easily see from the table and above formulae, the model
described prediots a more rapid than logarithmioc increase with
energy for the average multiplicity .{'17"'/&%)/’* in pp colli-
sions.

This prediotion is in agreement with the recent results on
the averase multipliocitv £#7 in fP ocollisions at %§1 =540 GeV

expt

¥ s in7 w210k + 2,001 = 27,7%31¢ 18 worth mentioning
that the obtained in ref. 4/ increase in pseudorapidify partic-~
le density in the central region 3.0 + 0.1 confirms the increa—
se in the contribution of multiparticle heavy olusters to the
production of secondaries, which has been indicated in the mo-~

del under conslderation.
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Maspoanen C.U., CucakAan A.H., Topocax I.T. £2-83-480

OnucaHne xapakTepucTUK MHOMECTBEHHOrO POKAEHWMA afPOHOB
NPK CBEPXBLICOKUX IHEPrUMAX B MHOMOKOMMNOHEHTHOM noaxoae

B paMkax aBTOMOAENbHOrO aHanWM3a WCCNeQoBaHO pacnpepeneHue NoO nNcesgo-
6ucTpOTE B LEeHTPanbHOW OBNACTU POXAEHUA BTOPUUHBIX 4acTuy. [aHO onucaHwe
noBeAeHWA MWUKa ITOrO pacnpeaeneHns C pocTom n. , Habnogaemoro s UA5 3kcne-
pumeHTe. HexoTopuie nNpeAcka3’annAa B paMKax MHOIMOKOMNOHEHTHOM KNacTepHOM Mope-
N CPaBHMBATCA C flaHHLIMM, NOfyueHHbiMu 8 UJAS 3xkcnepumenTe. Mokasawo ygos-
NEeTBOPUTENbLHOE COrNacue IKCTPANONAuMM 3TON MORENW W AaHHHX Npu VS = 540 [aB.

Pa6ora swnonHexa B JlaBopaTtopumn TeopetTuueckon o¢uamkm OUAW.

Npenpuxt 06veqUHEHHOrO MHCTUTYTa RAEPHBX uccnegoBanuii. fy6Ha 1983

Mavrodiev S.Cht., Sissakian A.N., Torosian H.T. E2-83-480

Description of Multihadron Production
at Superhigh Energies in the Multicomponent Approach

The pseudorapidity distribution in the central region of the produc-
tion of secondarics is investigated in the framework of the automodel
approach. The narrowing and increase in the peak of this distribution with
increasing of n, , 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 UAS at the SPS collider. 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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