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An analysis of experimental data on 
the high energy proton-proton scattering 
shows that the general shape of Ao ei /it 
is accounted for by the Van Hove/4/ o v e r i a p 
function da inei /d2b = G(b,s) being a Gaussian 
in impact parameter/5/ 

G(b, s) = T, exP(-b2/R 2 ) , (1) 

where Ь is the length of the two-dimensiona] 
impact parameter vector and d2b & 2иЬАЪ. In 
this framework elastic scattering is enti
rely due to the shadow effect with the neglect 
of the real part and spin flip effects. The 
value of the "opacity" n is close to unity 
and R=1 fermi. It is of importance that in 
this Van Hove approach/5/ сте1 /о 

tot remains 
close to a constant value, 0.185. This is 
practically true (for a summary of experi
mental data see, for example, ref./3/) for 
an outstretched domain of energy: from Ser
pukhov through ISR energies, i.e., 40< p L< 
< 1500 GeV/c, in spite of о e i and o" tot are 
rising at ISR energies. Perhaps, it is an 
evidence for the limiting behaviour of the 
overlap function, which we call "the Van 
Hove regime", and it keept; up with increasing 
energy. 



In the present note we are going to de
monstrate that the early onset of the Van 
Hove regime could be a reason for the early 
or.5et/6/ of KNO-scaling/7/ in multiplicity. 
Nielsen and 01esen/8/ connected the KNO-sca-
ling with the constancy of о e ] /o l o l 

within a simple semi-classical absorption 
model in which a proton is built up from 
some kind of constituent partons and a pro
bability of their "hits" was connected with 
the opacity of "the grey disk". There are 
two differences between their approach and 
ours. Firstly, instead of the uniform over
lap function in the case of the grey disk, 
we propose a Gaussian (1) which is more ap
propriate within the Van Hove regime. Second
ly, and what is more important, instead of 
postulating the Poisson distribution for the 
hit's number we rather consider the follow
ing guark-hadron picture of the hadron-had-
ron collisions. Assume a proton is built up 
out of a number v "stable quarks". In our 
framework the total proton-proton collision 
is summed up of individual independent quark-
proton collisions when a quark belonging to 
one proton strikes the other proton as a 
whole. In such a quark-proton collision 
a bunch of particles is produced and emitted. 
The independence of the quark-proton colli
sions can be understood on the basis of the 
assumption that a great number of virtual 
quark-antiquark pairs is involved in the 
proton-proton collision, and the original 
proton remains to be relatively undisturbed. 
Then the probability of N quark-proton colli
sions at a given impact parameter Ь , pN(b) , 
is defined by the generating function for 
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a binomial distribution 

*(/,!>) =- X p N(b) z N
 Г[ Р(Ь) + (1- Р(Ь)Ь.]1', (2) 

N=0 
where p(b) is the probability of the absence 
of a quark-proton collision, l-p(b) is the 
probability that this collision occurs, and 
7. is an auxiliary variable within 0 < z < l . 
The total probability of the absence of the 
quark-proton collisions for quarks is equal 
to 

P yih) = p"(b) . ( 3 ) 

Our main assumption consists in the identifi
cation of this quantity with the "transparen
cy" of protons at a given impact parameter 

P 0(b) = 1 - C(b,s). (4) 

The total probability for the N number of 
quark-proton collisions is defined by 

P N = ± { a p N H O , N = 1,2,..., (5) 
mol 0 

where и i n e i = Q n R ^ , and the corresponding 
generating function is 

V со 

и ( z ) -- x p . , z N= 1 г a 2 h[u ( Z , M - P „ ( Ы 1 . ( 6 ) 
N = 1 О ine! 0 

Due to eqs. (l)-(4), with the help of a sub
stitution x ••- 1 -i/ exp (-b 2,'f)2), we obtain 

mz),HiJi[^ t(i-x 1 /Vi^i T is—. ( 7 ) 
" Л 1 - x l ' 

where A =] - >j « l. in so far as we want to 
give an outline description of the multiple 
particle production we assume that i?=l- Then 
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Here there is a combination of the well-
known Euler 4> -functions^9/. The factorial 
moments of the distribution are 

Ф =<N(N-l)...(N-m+l)>=^-5H| 
(9) 

= Av-l)..Av-m+l)[\(-\rl ("lill+i)], г=0 г v 

where (m ) are the binomial coefficients. The 
amount rof the quark-proton collisions cannot, 
obviously, exceed a quark number v , and only 
first v factorial moments are not vanishing. 
In the limit f->°° ("partor. model") the binomial 
distribution (2) is replaced by its limiting 
Poisson distribution. Then, instead of eqs. 
(7) - (9) , we have 

ri(z) = l - С- 0(2-ж), С ~ Euler constant, 
(10) 

PN = £(N+1) -1, (11) 
фт = m!f(m+l) . (12) 

Two latter eqs. (11) and (12) contain the 
Riemann £-function/9/. 

Thus, if our assumption about the early 
onset of the Vr.n Hove regime is true, then 
the distribution (8) or (11) for quark-proton 
collisions and its moments (9) or (12) are 
independent of energy. They are functions of 
the only parameter: the quark number v . 
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To perform the transition from this dis
tribution to the particle multiplicity one 
we propose, following Nielsen and 01esen/8/, 
that the width of the particle distribution 
in each individual bunch is much narrow corn-
pared with the overall multiplicity distri
bution. After that the relative moments, 
c iheor. = < N m > / < N ,̂ n\ for the quark-proton 
collision distribution can directly be com
pared with the relative moments, с m*p' = 
= < n cnh>/<n ch > m> f o r t h e charged particle 
multiplicity distribution. Some numerical 
grounds for this direct comparison will be 
given at the end of the paper. In table 1 the 
theoretical values с ™ e o r - are compared with 
the experimental Slattery values с e

n*p /<*/, we 
see that the best agreement is observed for 
the quark number v equal to three. In this 
case a single, double and triple quark-pro
ton collisions can occur with the probabili
ties P, =0.723, P 2 = 0.218 and P 3 =0.059, 
respectively. Further, if the quark-specta
tors, which do not participate in the colli
sions, take away their fraction of the inci
dent momentum/10/, then we have an estimate 
for the inelasticity coefficient (with ̂ =3, 
<N>=l.:;35)k = <N>/i/ 2 0.45 in good agree
ment with experimental data (see,/l!/). We 
would like to emphasize that the value of the 
inelasticity coefficient is expected to be 
a constant, owing to the stabilization of 
the Van Hove regime, which was just observed 
in an experiment/11/. This quantity ought to 
gather around the values 1/3, 2/3 and 1 with 
the above-mentioned probabilities. This as
sertion does not contrauict the experimental 
data/11/. At last a correlation between the 
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Table 1 
Calc alated values с ' т ' е о г" = <N*>/<N> PTI 

for the quark number v = 2 , 3 
mental S l a t t e r y / б / values 

, 4 , » and exper i -
c <-*P =<n ™ ; / < n , > ? m ch ch 

Iheor. с c c x p . 
m 

in v = 2 v = 3 v=i | / = 00 ~* <n , > = 5 . 3 - 8 . 9 ch. 

2 1,117 1,191; 1,240 1,50 1,244*0,006 

3 1,40 1,71 | 1,92 3,45 1,81 i 0,D2 
Ji 1,94 2,82 I 3,57 11,24 2,97 i 0,06 

5 2,89 5,17 ! 7,47 47,40 5,36 ± 0,15 

6 4,48 10,12 16,98 244,0 10,43 ± 0,4 

7 7,12 20,69 40,82 1479 21,6 ± 1,1 

8 11,45 43,58 
_ 

102,4 10300 47,0 ± 2,8 



Tab le 2 
Va lues с '"; е о г'= <n m

u >/<n . > m c a l c u l a t e d 
f o r t h e compos i t e p r o t o n model w i t h t h r e e 

q u a r k s 

<n , > = 6.41 
ch<-

2 1,250 1,240 
3 1,88 1,85 
4 3,25 3,19 
5 6,27 6,15 
6 13,11 12,86 
7 29,12 28,54 

8 67,6 66,3 



increase in the inelasticity coefficient and 
the increase in the secondary multiplicity is 
expected. 

Finally, we try ;o compare directly the 
calculated charged particle multiplicity 
distribution with the experimental one. To 
this end,, we need to make some additional 
assumptions about the particle production in 
each quark-proton collision. The distribu
tion of the secondaries produced in this col
lie jn is supposed to be independent of the 
impact parameter, and is a Poisson distribu
tion with the average particle number м . 
Then the probability for production of n se
condaries is 

p ° % ! , р " - т г ~ e x p ( - N ^ - (i3) 
To perform the transition from the overall 
multiplicity distribution to the charged 
particle multiplicity distribution we make 
use of the charge-independence hypothesis/12/. 
The calculation was done for the case v = 3 
and for two values of the average charged 
particle multiplicity <nch>=6 11 and 9.05, 
which correspond to p L=100 and 300 GeV/c, 
respectively. The results of the calculations 
are presented in table 2. As we can see from 
a comparison of the data of table 1 and 2, 
the values of the relative moments for the 
charged particle multiplicity distribution 
are indeed close to the values of the relative 
moments for the quark-proton collision dis
tribution. This confirms to some extent our 
assumption about the coincidence of these 
qur .'cities. However, KKO-plot presented on 
Fig. 1 shows a disagreement between the theo-
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nch / <n ch>•Though the distributions are dis
crete we joint by hand the calculated points 
by continuous curves. The arrows on the 
x-axis indicate the places where the maxima 
of individual distributions corresponding 
to a single, double and triple quark-proton 
collisions would be located. 
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retical and experimental values in the range 
of the maximum. This appears to be a conse
quence of our assumption that the secondary 
particle distribution in each quark-proton 
collision is a Poisson distribution. For 
example , it could be broken down by the 
production of resonances or clasters/13/. 
We hope that the details of the particle 
production mechanism affect only slightly 
the general behaviour of the multiplicity 
distribution. The latter depends mainly on 
the possibilities of quark-proton collisions. 
This may be a cause of the fact that the 
good theoretical values for the relative 
moments are obtained even from a "wrong" 
distribution. 

Thus, on the basis of our suppositions 
about (i) the early onset of the Van Hove 
regime for the overlap function, (ii) the 
composite structure of protons and the in
dependence of quark-proton collisions, and 
(iii) narrow single particle distribution 
for each of these collisions coir.pared with 
the overall multiplicity distribution, we 
have obtained the scaling behaviour for 
the multiplicity moments. Their experimen
tal values are found to be preferable for 
the construction of a proton out of three 
quarks. 

The author would like to thank Prof. 
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