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The statistical separation of charged particles in the 
whole phase space region 111 has made it possible to study 
further the reaction 

PP ... p + X ( 1) 

121 at 22.4 GeV/c . This analysis is based on a sample of about 
2. 2 x 104 inelastic interactions from the 2 m hydrogen bubble 
chamber Ludmila. 
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~· The semi-inclusive struc ture functions of 
protons r~ ( M~ ) in PP - interactions at 22 . 4 GeV/c. 
The solid curves are the quark-parton model predic­
tions. 
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~ig .2. The mean multiplicity of charged particles 
1n the s ystem 

2
X associated with the proton as a 

function of Mx in the reactions pp ... p+X and 
p p ... p (slow)+X at 22.4 GeV/c. The solid curve is 
the quark- par ton model pr ediction . 

p 2 dup 
The structure functions !0 ( Mx) - JL ~ for charged 

" d Mx 
multiplicities n = 2 1 4, • .• 10 are shown in fig . l . The region 
of large missing masses ( Mi~ 20 GeV2 ) is the main point of 
interest now. It is seen that the maxima of the semi-inclusive 
structure functions tf( Mi) are shifted towards higher mis­
sing masses with increasing multiplicity. 

The mean associated multiplicity of charged particles, 
which is connected with the semi-inclusive structure functions 
in the following way 
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< n(Mx) > 

p 2 
I (n-1)!0 (Mx) 
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is presented in ~ as a function of Mi . It is seen from 
the figure that at Mi :: 20 GeV 2 there is a chanle from the 
general trend in the dependence of < n(Mi)> on Mx • In regions 

2 2 2 2 . ' II (4 $ M x s; 20 GeV ) and III ( Mx ~ 20 GeV ) th1s dependence 1s 
fairly well approximated by a logarithmic function 

2 2 2 2 2 
< n (Mx)>- a+b ln ( MiM 0 ). M0 =1GeV (3) 

The slope b in region III is essentially larger than that in 
region II (see table 1). The logarithmic dependence of the as­
sociated multiplicity on M i is predicted by the multiperiphe­
ral model 13

•
41 and the slope is proportional to the "-meson 

multif,licity in the multiperipheral chain vertices (see, e . g., 
ref. 1 1 

) • Consequently, the increase of the slope b may be 
due to the clusterization of particles. 

Table I 

Fit~ to < n(M ~)> distributions in different M ~ 
regtons. 

~ region 

•o1'11Ula 

I ~ ~ 4 Gev2 

&+bR. 
II 4 ~ ~ ~ 20 GeV2 

a+ b lD <« > 

I II ~ ~ 20 Gev2 

a+ b lD < II}~(> 

a 

0.6}±0.09 

0 . 69;!:0 .11 

..... 66_t0.61 

1 
b X. 1BD 

o .61to.06 5/2 

0 .94±0 . 05 8/? 

2 .?8;tQ.19 4/5 
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Fig. 3. a) The experimen­
tal rap idity gap distri­
butions normalized to 
unity for 4-prong events 
in regions II ( 4 S: M ~ 
~ 20 GeV ) and III ( M~ 
>... 20 GeV ) . b) The same 
distributions from the 
quark-parton model. 

To investigate clus­
terization in the system 
X , the method of rapidi­
ty gaps for each topolo­
gy / 6 ,7 / is used. In doing 
so, each positive par­
ticle is in turn assumed 
to be a proton (i.e., the 
event is assigned an ap-

111 propriate proton 
we ight ) . For other charged particles taken as pions 6y*= 

Ot' 0' 10 0 0 I 0 0 0 b, '7"-J 

y r+ 1 - y i is determined in an interval - y ~ y * ~ y , where 
Y defines the width of the "central" region. The weight func­
tion 111 allows one to represent correctly any one-particle 
spectrum of protons. But the distribution of the two-particle 
variable Ay* is distorted . These distortions are small in the 
"central r egion" where all c harged particles are essentially 
"-mesons . Y is chosen from the condition of maximal relative 

difference between average 6y* in the regions II and III for 
each topology. 

The rapidity gap distributions, dN / dy*, normalized to uni­
ty are given in fig . 3a for regions II and III for 4-prong 
events . The enchanced contribution o f small 6. y* in region III 
indicates the increase of short-range correlations between the 
particles in system X for large Mi . A similar effect is seen 
in higher multiplicities although the difference between the 
6y * distributions in regions II and III becomes smaller with 
increasing multiplicity (see table 2). The decrease of <Ay*>n, 
as well as of the relative difference of the values of <6 y*>n, 
with increasing n in regions II and III has a simple kinema­
tical origin (<6y*>n - (ln s)/ n) 
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Table 2 

Average values <Ay•> for regions II and III fo r dif­
ferent multiplicities. For each pai r of numbers, the 
lower one is fo r the quark-parton model . 

4-pronged 6-pronged 8-pronged 

1.6 1.2 o.a 

4~~~20 Gev2 1.08z0.02 o.5}.t0.02 o.~_:t0 . 03 

0 . 79_:t0.03 o.4-5_:t0.02 o . 29_:t0.04 

~~ 20 Gev2 0 . 71:t0.02 0 .4-2_:t0.01 0 . 28j:0 .01 
0.98_:t0.03 0 . 52.:!:0.02 0.}1,:!:0.02 

In fig .3b* we plot the 6y*- distributions for Monte-Carlo 
simulated events accord ing t o the quark-parton model/ 8/ which 
contains only resonanc~ s f rom the lowest- l ying SU(6) multi­
plets (see table 2). 'l'hese distributions show a tendency op­
posite to that of the experimental ones . An increase of <6.y*> 
with increasing the value of M2 can be expe cted from kinema­
tical considerations. Thereforexthe model also supports an 
evidence for clust erization i n region III. 

In figures l . and 2 is shown a comparison of the one-par-
- - 2 p 2 ticle structure functions f~(Mx) ,t (Mx) and of the mean 

associated multiplicity to proton < n(Mi)> with the quark­

parton model
181 

normalized to the non- diffrac tive inclusive 
cross section for pp reactions at 22 . 4 GeV/c (di f f rac tion i s 
not taken into account by the model). One can see that the 
experimental distributions f~(M~) a nd r P( Mi) are qualita­
tively described by the model. In the case o f the assoc i ated 
multiplicity the model prediction differs from the experimen­
tal data. In principle, one can have a better ag reement 

*The 6.y*-distributions for Monte-Carlo events obtained 
without the weight func tion111 do not di f f e r sign i ficantly 
from those given in fig. 3b. 
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modifying the distribution of valence quarks by increasing 
their spread over x (the distribution of the Kuti-Weisskopf 
type is used in the mode1 191 ). This well lead to a decrease 
of the mean proton multiplicity (it is too large in the 
present model) and will increase the contribution of events 
with large values of M 2 • As for the model reproduction of the 
clusterization of "-mlsons at Mi ~ 20 GeV 2, this phenomenon 
may be described within the framework of the model by modify­
ing the distributions of valence and sea quarks without the 
help of clusters (heavy resonances). 

The following results have been obtained: 
2 

1. The maxima of the structure functions rf(M x) are shifted 
towards larger missing masses with increasing multiplicity n . 
2 . The general trend of the dependence of the associated mul­
tiplicity on Mi changes at M~ = 20 Gev 2• The increase of 

the slope at M~ :2:. 20 Gev2 may indicate a clusterization of 
pions in this region . 

2 
3. A confirmation of clusterization for Mx :2:. 20 GeV 2 is made 
when analysing the rapidity gap distributions . 
4. The quark-parton mode1 181 describes qualitatively the one­
particle structure functions but does not reproduce the clus­
terization observed in the experimental data. 
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