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The multiplicity distributions from p-nucleus interactions in 

emulsion are found to be consistent with the KNO semi-inclusive scaling 

hypothesis for p-p collisions, without any change in parameters. The 

applicability of the scaling law has been extended from current FNAL 

energies down to 6.2 GeV. The results indicate a fundamental consis- 

tency in the multiplicity distributions, regardless of the size of the 

target nucleus. 

FERMILAB-PUB-77-134-E



1 
Slattery has shown that the Koba-Nielsen-Olesen semi-inclusive scaling 

hypothesisZ is in agreement with the data from p-p interactions in the momen- 

tum range 50-300 GeV/c. Since then attempts have been made to test the vali- 

dity of the scaling hypothesis for the case of p-nucleus collisions in emul- 

sion. Martin et found that in order to apply the scaling hypothesis to 

multiplicity distributions from p-emulsion collisions, the parameters in the 

7 Slattery scaling function [~(z) = (Az + 8z3 + cz5 + Dz ) exp (Ez) where 

z = n /<rich>] have to be modified. With new values for the parameters A, B y  ch 

C, D, and E, the authors observe that the scaling hypothesis agrees reasona- 

bly well with the experimental data at 30, 67 and 300 GeV. HGbert et a1 4 

argued that since emulsion is a composite target, one should first examine 

whether the multiplicity distribution from each constituent group of nuclei 

obeys the scaling hypothesis. The authors pointed out that it is not valid 

to reduce the multiplicity distribution for p-emulsion collisions to a form 

such as that obtainable for p-p collisions and that the only way to test the 

scaling hypothesis is to derive the multiplicity distribution for each group 

of nuclei from the p-p scaling function and then combine the various distri- 

butions to produce an expected multiplicity distribution. Using the Slattery 

scaling function with no change in the parameters (except that $(z) is divi- 

ded by 2 in order to account for the observed odd prong events), the authors 

showed that the scaling hypothesis holds for p-emulsion interactions at 200 

and 300 GeV. 

In this letter, we attempt to verify the validity of KNO scaling for p- 

nucleus interactions below 30 GeV. We make use of the scaling function used 

by Buras et al" who extended the range of applicability of the semi-inclu- 

sive scaling hypothesis in the case of p-p interactions. This scaling func- 

2 tion has the form, $(z) = A(z + B) exp (Cz + Dz ) where z = (rich - a)/ 



<n - a>, the value of a being close to unity. Buras et a1 suggested that 
ch 

for a multiplicity distribution to obey the scaling relation, $(z) = (<n> - 
N 

a)on/oin, the modified moments CN = <(n - a) >/(<n> - alN should be nearly in- 

dependent of energy and the Nth roots of the central moments (p ) 1/N = N 

(<(n - <n>)>)l'N when plotted as functions of <n> should yield a set of 

straight lines intercepting the <n> axis at a. d 

Examining the p-emulsion data 436-8 we find that the central moments of 

the multiplicity distributions plotted against <nS> yield a family of straight 

lines which intercept the <ns> axis at approximately zero (Fig. 1). This 

N 
implies that for p-emulsion data a = 0 and the absolute moments CN = <n >/ 

S 

<n >N should be independent of energy. The value of CN .for N = 2, 3 and 4 
S 

are given in Table I. 
> 

TABLE I. Some absolute moments of the multiplicity distribution. 

Energy (GeV) 

The constancy of CN indicates that if we put z = ns/<ns> in the scaling 

functions of Buras et al., it should be possible to derive the multiplicity 

distribution for p-emulsion interactions. The results of such calculations 

for data from Refs. 6-8, 4 are shown in Figures 2 and 3 respectively. The 

2 x values for the fits are given in Table 11. 



2 TABLE I 1  x t e s t  f o r  sca l ing  f i t s  

Energy (GeV) 2 
X Degrees of  freedom 

A t  every energy considered, events  with n = 0 were excluded i n  t h e  com- 
s 

pu ta t ion  of X%ince t h e  e f f i c i e n c y  of de tec t ion  of such events  i s  low. A t  

14 GeV, t h e r e  i s  a l a rge  f l u c t u a t i o n  i n  t h e  observed frequency f o r  ns = 10, 

2 11 ( r e s u l t i n g  i n  a l a rge  value of  x ) which may b e  due t o  t h e  wide spread i n  

the  beam energy. 

The f a c t  t h a t  a = 0 f o r  t h e  p-emulsion d a t a  i n d i c a t e s  t h a t  t h e  t a r g e t  

p a r t i c l e s  a r e  no t  included i n  t h e  shower p a r t i c l e s  i n  t h e  major i ty  of cases.  

This conclusion is  supported by t h e  observation of Calucci e t  a1.' t h a t  i n  a 

p-p c o l l i s i o n  t h e r e  a r e  0.48 slow protons and 0.12 slow pions.  Whereas i n  

t h e  bubble chamber experiments these  slow p a r t i c l e s  a r e  included i n  t h e  value 

of <rich>, i n  emulsion experiments they a r e  counted a s  heavy t r a c k s .  In f a c t ,  

when t h e  l o s s  o f  these  slow p a r t i c l e s  i s  taken into account, it t u r n s  out  

t h a t  the  con t r ibu t ion  t o  <ns> from t h e  t ayge t  nucleons i s  only = 0.2. The 

impl ica t ion  of  t h i s  observation i n  comparing p-p and p-emulsion d a t a  w i l l  be 

discussed i n  a forthcoming pub l i ca t ion .  

F ina l ly ,  it should be noted t h a t  t h e  above considera t ions  imply t h a t  

t h e  va lues  of <n - 1 > / D  f o r  p-p i n t e r a c t i o n s  (where t h e  d i spe r s ion  D i s  ch 



+i equal t o  (u2) , and <n > / D  f o r  a pure  nuc lea r  t a r g e t  ( a s  opposed t o  a compo- 
S 

s i t e  t a r g e t  such a s  emulsion) should be  p r a c t i c a l l y  t h e  same. Thus, t h e r e  

appears t o  be  an underlying consistency i n  p-nucleus i n t e r a c t i o n s  a t  high 

energies  r ega rd les s  o f  t h e  s i z e  o f  t h e  t a r g e t  nucleus.  

The con t r ibu t ions  t o  t h e  d a t a  used a t  200 and 300 GeV by t h e  p a r t i c i p a n t s  
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FIGURE CAPTIONS 

Fig. 1 Plots of ( ~ ~ 1 ~ ' ~  (where uN is the N~~ central moment) for N = 2, 3 

and 4 as functions of for p-emulsion collisions from 6 . 2  GeV 

up to 300 GeV. 

Fig. 2 Shower particle distributions from p-emulsion experiments. The 

experimental points are from Refs. 6-8 and the curves are calcula- 

ted from the scaling function. 

Fig. 3 Shower particle distributions from p-emulsion experiments. The 

experimental points are from Ref. 4 and the curves are calculated 

from the scaling function. 










