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ABSTRACT 

Single-particle distributions in transverse and longitudinal momentum 

have been studied in pp interactions at 300 GeV/c. By comparing these dis- 

tributions for different multiplicities of produced particle and with, published 

low-energy data we put forth the hypothesis of a new type of scaling: the 

shape of distributions in pT and pL are independent of multiplicity and 

incident energy. 
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The scaling behavior of a distribution, f(x1, x2) with independent vari- 

ables xl and x 2’ can be defined in terms of a homogeneous equation, 

f&1X1. yq = A f(Xl.X2) . (1) 

The distribution f scales if there exist scaling parameters Xl, X2, and A for 

which Eq. (1) is satisfied. For the special choice: Xl = l/<xl>, X2 = l/<x2>, 

andX =<xl><x 2 >, we obtain the scaling equation 

f(x1, x2) = <xl:<x2> f(+ ?$) - (2) 

We propose a new hypothesis of scaling for high-energy collisions: distribu- 

tions resulting in multiparticle production at high energies satisfy Eq. (2) 

when x = p 1 
T and x2 = p 

L’ 
In other words, the distributions maintain their 

shapes if they are plotted against the mean variable xi/<xi> and properly 

normalized. The energy, initial state, and multiplicity dependencies lie in 

the average value <xi>. It can be shown that Eq. (2) maintains its form when 

it is integrated over either one of the variables. 

In this Letter we present an analysis of the inclusive single-particle 

distributions in the transverse (p,) and the longitudinal (p,) momentum 

variables in the center-of-mass system. These events were produced by 

300 GeV/c protons in the 30-in. hydrogen bubble chamber at the Fermi 

National Accelerator Laboratory. A sample of 877 events (see Table I) with 

prong multiplicity as high as 26 prongs were track matched in three views 

by physicists and scanners on the high magnification (X72) FermiLab-designed 

“MOMM” tables using the bubble pattern of the charged track. 
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These events were then measured and processed through the program TVGP. 

In this study we restricted ourselves lo the negatively charged secondary 

tracks. to which we have assigned the pion mass. Based on our previous 

determination of the KS0 1 Inclusive cross section at this energy, we estimate 

our kaon contamination as about 10% of the negatively charged tracks. 

According to the hypothesis mentioned above, we should test the 

following scaling equation 

1 d’s 1 
; dpTdpL = <pT><pL> (3) 

where I$ is a function independent of incident energy, initial states, and prong 

multiplicity. 

In Fig. 1 we examine the TT- spectra in transverse momentum from pp 

2 2 
interactions at 13, 21, 28.5, 

2 
and 300 GeV/c by plotting (du/dpT)<pT> /C 

versus pT/<pT>. We observe that the data are remarkably similar and 

strongly hint at a universal function despite the fact that a wide range of 

incident momenta and prong multiplicities were selected. 

In Fig. 2 we plot (do/dpL)<pL> /C versus pL/<pL> and show again that 

the data are consistent with a universal function. We note that if these data 

are plotted in the Feynman variable x (= 2p,/6, where fi is the c. m. 

energy) instead of the mean variable pL/<pL>, the distributions will not 

scale for such diverse prong multiplicities as we have presented in Fig. 2. 

The fact that the shapes of the distributions are similar leads us to specu- 

late that: (a) there is one dominant production mechanism, perhaps thermo- 

dynamic in origin, in high -energy collisions, and (b) dependences in incident 



energy, initial state, 
4 

and prong multiplicity are manifested only in the 

average values. 

To show that the data presented in Figs. 1 and 2 follow a universal 

distribution, we fitted the data to two functions suggested by the thermo- 

dynamic model 2.3 

+,=k exp [-p (&) -q(s 

(4) 

and obtained the following results: a = 6.23 f 0.52, b = 2.37 i 0.04. c = 1.37 

* 0.03, k = 0.91 * 0.15, P = 0.83 * 0.04. and q = 0.03 + 0.01. The X’/degree 

of freedom are 104/109 and 134/100 respectively. If the average values are 

not divided out, the shapes of the distributions are different. To test this 

point, we fitted the same data without dividing them by the average value 

(namely the distributions: du/dpT (l/u) versus pT, and dr/dpL(l/r) versus 

pL) and using the same functional form given by Eqs. (4) and (5). The results 

were poor and we obtained X2 of 757 and 1509 respectively. 

The correlation between pT and pL can be studied in terms of the ratios 

of moments <p T” ‘Ln >/<pT>m <p L 
>n, which are constants according to 

Eq. x:3). We examine the first moment of this correlation. From Eq. (3) one 

can derive: m 

I d2r 

n ‘T dpT dpr dpT 
<pm(pr)>- ; n I - - = 

I li 
r d‘r 

<PT’ g 
PI, 

.i <pT>’ (6) 

1 dpT dpL dpT 
0 

\ - I 
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In Fig. 3 we plot 300 GeV/c data and data at 19 GeV/c. 
5 

The figure shows 

that within the present statistics Eq. (6) is satisfied. Thus the shape of the 

well-known “seagull effect” (pT and pL correlation) as given by g (pL/ <pL>) 

is also shown to be independent of energy and prong multiplicity. 

Other variables can be used in Eq. (2). For example, if xl= nc, the 

number of charged particles, and x2 = n o, the number of neutral particles, 

then we have the familiar Koba-Nielsen-Olesen scaling. 
6 

It may further be 

possible to generalize Eq. (2) to more than two variables. 

In summary we note the following: 

(i) The scaling hypothesis proposed in this Letter should be regarded 

as an attempt, without resorting to specific theoretical models, to summarize 

the bulk of the pion production data presently available from high-energy hadron 

collisions. 

(ii) Insofar as these distributions are universal and independent of energy 

and initial state, we conclude that there is one dominant mechanism for pion 

production at high energies and the process can be described in terms of only 

a few number of parameters. One such candidate is the thermodynamic model 

in which a very important concept (parameter) is the temperature of the hadron 

system. 

(iii) The scaling hypothesis makes no mention of the energy dependence 

of the average value in the distribution. Consequently, one can study this 

dependence on energy and initial state as a separate problem (for example, 

to see whether pT increases logarithmically or as a power). 
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Table I. Events From 300 GeV/c pp Interactions Used in This Analysis. 

Prong 
Multiplicity 

n 
C 

4 

6 

8 

20 

22 

24 

26 

Number 
of 

Eventsa 

515 

246 

69 

17 

17 

7 

6 

<pT> in GeV/c <pL> in GeV/c 

0.34M.02 0.93ko.04 

0.35*0.02 0.72hO.03 

0.36dl.02 0.64+C~o.O5 

0.33~0.02 0.4iM.04 

0.31M.02 0.43io.04 

0.28kO.02 0.44Ao.04 

0.33*0.03 0.41kO.06 

aTo increase statistics, we have in our subsequent analysis combined these 
events into two groups: 4 5 nc 5 8 and 20 5 n and properly weighted them 
according to the topological cross sections (se:‘Ref. 7). 
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FIGURE CAPTIONS 

Fig. 1. Plot of <pT>/a(da/dpT) versus pT/<pT> for the reactions pp - -+lT. 

Low-energy data at 13, 21, and 28.5 GeV/c are from Ref. 2. 

Fig. 2. Plot of <pL>/Cr(dp/dpL) versus pL/<pL>. Low-energy data at 13, 

21, and 28.5 GeV/c are from Ref. 2. 

Fig. 3. Plot of <pT(pL)> / <pT> versus pL/<pL>, where <pT(pL) > 

= ~W20idpTdpL)pTdpTi jb2ddpTdpLWpT. - : Data at I9 GeV/c are 
0 0 

from Ref. 5. 
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