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" To be published in Physics Letters. 

*Research supported by the United States Atomic Energy Commission. 

The computer analysis was made possible through funds provided by 

The University of Rochester. 

tAddress after Sept~nber 1, 1973: Nevis Laboratories, Columbia� 

University, Irvington, N.Y.� 

FERMILAB-PUB-73-152-E



-2­

Within the past year, bubble chamber exposures from Serpukhov and 

from the National Accelerator Laboratory (NAL) have provided physicists 

with a detailed look at proton-proton interactions in the 50-400 GeV/c 

energy range. Several aspects of these experiments have already been 

1discussed in the literature . 

One of the most striking phenomena observed in these high energy 

experiments has been the seeming regularity of the behavior of the 

topological cross sections. In particular, Slattery2 has shown that 

the semi-inclusive scaling prediction of Koba, Nielsen, and Olesen3 (KNO) 

for the charged-particle topological cross sections is extremely well 

satisfied by the data over a momentum range of from 50 GeV/c to 303 GeV/c. 

The KNO prediction is that 

,, 
a , n 

t= 
n<n> (1) 

a. 1JJ«n)t 

l.ne1 

where a is the topological cross section for the reaction pp ~ n charged
n 

particles at a particular value of the square of the center of mass energy, 

s, a is the total inelastic pp cross section, <n> is the mean numberinel 

of charged particles produced at the particular value of s, and 1JJ is an 

energy independent function. 

4Dao and Whitmore have recently derived a new form of KNO scaling 

which is applicable to the semi-inclusive reaction pp ~ ~o + n charged 

a
particles. The scaling law for semi-inclusive ~ production is 

<n> (2) 
<n > 

o 
~ . 
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o 
where <n> and <n > are the me~n numbers of charged particles and ~ ts, 

~o 

respectively, produced at a particular value of s, a (~o) is the in­
n 

clusive ~ 
o cross section at a particular value of the charged-parti.cle 

multiplicity, n, and $ is an energy independent function. This scaling 

law is also found to be in excellent agreement with the existing data 

on hi.gh energy 1r production in pp collisionso 4 

We examine in. this note the semi-inclusive reactions 

pp 4 K~ + n charged particles (3) 

and 

pp 4 A +n charged particles (4) 

wit.hin the frame~"ork of the KNO
, 

scaling prediction. The KNO prediction 

for the aboNe reactions is given by equation (2), with ~o being replaced 

by either K~ or A. We note that the energy independent function ~«~» 

need not be the same for reactions (3) and (4) as it is for semi-inclusive 

o 
~ production. \-le wish to point out that the extension of equation (2) 

to strange-particle production is by no means guaranteed by the fact 

a b· 0/ 0 0that it works for 1T production. The ehavior of the KS 1r and Ahr 

production cross section ra.tios as a function of the associated charged-

particle multiplicity is not clear from presently available data. In 

particular, the data from 69 GeV/c to 303 GeV/c 5 indicate that the 

A/no ratio is strongly dependent upon the associated charged-particle 

multiplici.ty. 

In order to test the scaling prediction of equation (2) for strange 

particles, we plot in Figs. land 2 the available high energy pp data 

on K~ and A production5 , respectively, as a function of <~> The smooth 
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curves drawn on these distributions ate the result of a� least squares 

3 n j
fit of the data to a function of the form <1>«:» = exp( L 3 . «n» ). 

j=O J 
oThe coefficients a for the K and A fits are given in Table I. The

j S 

X2 between these functions and the experimental data is 16.1 for 26 

o . 
degrees of freedom for the KS's, and 10.0 for 16 degrees of freedom 

ofor the A's. The ~S and A topological cross sections for the high 

energy pp data presently available can therefore be described by a 

·n
functional form that depends only on <n> ' and hence are consistent 

with the semi-inclusive scaling prediction of equation (2). Thus, the 

strange-particle topological cross sections in high energy pp collisions 

from 69 GeV1c to 303 GeV1c can be parameterized i.n the same energy in-

o
dependent manner as the charged-particle and TI topological cross 

.sectl0ns. 6 

o - ­We ha~e also investigated KSTI and ATI correlations by examining 

7the Mueller correlation parameter f • For non-identical particles a
2

and b, £2 is defined as 

- 0 
TI KS TI- A 

We plot in Fig. 3 f and f for the available high energy pp2 2 

data. The errors on these quantities are relatively large, and several 

interpretations of the energy dependence of these f 's are certainly2

possible. It appears, however, that these quantities do not exhibit 
-TI TI0 

as strong an energy dependence as f 2 over the same energy range. This 

latter quantity is increasing approximately as (in s)3/2 from 69 GeV/c 

4to 303 GeV/c. 

I wish to thank T. Ferbel and P. Slattery for critically reading 

this note, and F.T~Dao and J. Whitmore for bringing their analysis to my 

attention. 



•• 

-5­

Table I 

o·
Coefficients for Least Squarea F~t to K~ and AData 

KOCoefficient AS 

8 0 -2.38 ±0.57 -1.13 ± 0.75 

8 1 7.08 ± 1.67 4.59 ± 2.62 

a2 -4.95 ± 1.47 -3.39 ± 2.67 

a3 0.85 :': 0.39· 0.45 ± 0.82 

,� 
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Figure Captions 

<n> C1n(K~) 
1. as a function of n/<n> for the reaction<n ;­

K
O 

C1inel� 
So� 

PP .... K + n charged particles. The solid curve is the result 
S 

of a fit to the data. 
0. 

C1 (A)<n> n
2. as a function of n/<n> for the reaction pp .... 11.+ n<n > C1A inel 

charged particies. The solid curve is the result of a fit to 

the. data. 

1T-K~ 
3. (a) The correlation parameter f as a function of the2� 

beam. momentum.� .', 
1T-A 

(b) !he correlation parameter f 2 as a function of the 
, 

beam·momentum. 



pp - K: + n CHARGED PARTICLES 

• 69 GeV/c 
o 100 GeV/c 

2� x 205 GeV/c 
6 303 GeV/c 

<n>o;, (K~) 

<nK~> Oinel 

0.1 

0.5� 1.0 1.5 2.0 2.5 3.0 
n-

<n) 

Fig 1 
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Fig 2 
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Fig 3 




