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ABSTRACT 

The fluxes of the long-lived particles that will be produced by the NAL 200-BeV 

proton accelerator are evaluated by extrapolating the data made available at present 

by the NAL, CERN, and Serpukhov machines. 

INTRODUCTION 
1

The recent data from Serpukhov have made somewhat easier the guessing of the 

fluxes of the secondaries that will be produced when 200-GeV protons hit a target of 

hydrogen (or Be, or AI). This is not onlybecause the measurements at 70 GeV shorten 

the gap that must be spanned by the extrapolation to 200, but also because the 

Serpukhov data suggest a new empirical rule that, added to those already known, make 

the extrapolation less vulnerable to the vagaries of the physical intuition. 

The rules that presently seem the safest to me are the following: 

Rule I. The forward" - and ,,+ fluxes, (d 
2nl dw dP) are those evaluated by

() = a
2

Awschalom and White using the formulas of Hagedorn and Ranft. 3 They are given in 

Fig. 1. The"o fluxes are somewhere between those for"+ ,,-. At angles different 

from zero, the fluxes are given by the following expression 

P(} 

b 
e (1 ) 

where P(} " P sin e = P 1 is the transverse momentum and b = 0.20 GeV/c. 
2

The proton fluxes are those evaluated by Awschalom and White and are given 

for the forward direction in Fig. Lb. 

It is expected that the neutron fluxes will be about equal to the proton fluxes 

(except, of course, for the elastic scattering contribution), 

At angles different from zero, relation (1) still applies. 
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Rule II. The K fluxes and the p fluxes are obtained by multiplying the 1T fluxes 

respectively by the factors R(K ) and Rtp ) given in Fig. 2. 
+ + 

Similarly the K fluxes are obtained multiplying the 1T fluxes by the factor 

R(K 
+

) of Fig. 2. 

The justification of Rule I lies in the fact that the Hagedorn and Ranft formulas 

satisfy the following three empirical laws that were found to hold rather well for p-p 
14 

interactions up to cosmic-ray energies (- 10 eV). 

A. The multiplicity of the stable particles (mostly pions) produced in a p-p 

interaction is given by the expression 

n(tot) 

where Po in Ge VI c is the laboratory momentum of the proton. 

B. The average transverse momentum of all secondaries is <P > 0.40 GeV Ic 
1 

and the distribution of P is approximately given by the expression
1 

The characteristic momentum b = P = 0.20 GeV/c, interpreted by Hagedorn and 
l/23

Ranft as a characteristic temperature of hadronic matter, is the main justification 

for their statistical model of strong interactions (be = k'T'). There are now reasons to 

believe that it is more appropriate to think of b as the characteristic radius (R ~ 1 

fermi) within which hadronic matter scatters coherently, as in an optical model. 4 In 

this case b ~ flc/R = 1/.J4A, where A = 10 (GeV)-2 is the slope of the differential 

peak. 

However, it shoulrl be emphasized that this very important empirical rule, now 

more than 12 years old, stands independently of the opinion of the physicists using it. 

C. The average energy given to the secondaries in each interaction (the average 

inelasticity of the p-p collisions) is about 500/0 of the incoming energy, and after the 

collision the degraded nucleon has about equal probability of appearing as a proton or 

a neutron. 

These three rules alone, plus some guessing about the shape of the longitudinal 

momentum distribution of the secondaries, are sufficient to give the CKP formula. 

Hagedorn and Ranft have found plausible expressions for rounding off the CKP 
+ 

spectra that, for 1T , 1T and p , fit better the data available up to 70 GeV. Likely these 

expressions will continue to be useful up to some hundred GeV. 
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The justification for Rule II can be found in the results of the measurements 

performed at Serpukhov. 1 When the following ratios of the forward fluxes 

2 -/2 ~~ 
d cc dP dw dP 

2 2 
R(p) ~ ~ 

dec dP d o dP/ 

are plotted as a function of vt Pmax' P max being the maximum momentum allowed 

by kinematics to the particle considered, the Serpukhov data obtained at 35, 43, 52, 

and 70 GeV and the CERN data 5 obtained at 20 GeV fall approximately on the Same 

curves (those of Fig. 2). It is reasonable to think that the same Curve will be fol

lowed when the energy of the protons is about three times larger. 
+

Encouraged by this, we are proposing to use for R (K ) the curve obtained in 
5

CERN for 20-GeV protons for predicting the K+ fluxes (Fig. 2). 

In Serpukhov this assumption will be tested within one year or so. 
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(The data used here have been kindly supplied to the author by A Wetherell. )
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Fig. 1. Forward fluxes of particles produced by 200 GeV Ic protons on H (or Be or AI). 
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Fig. 2. Ratio of the fluxes of K mesons and antiprotons to pion flux, for 200 GeV Ie 
protons on H. 




