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It is shown that the new features of large-p~ phenomena observed in high-energy inclu-
sive m~p and pp reactions can be understood in terms of a statistical model. Consequenc-
es of this model in other processes, for example, g~p and pp, are also discussed.

In a recent paper, ' Donaldson et al. have re-
ported on an experiment on inclusive production
of large-transverse-momentum @~&1 GeV/c)
neutral pions at large c.m. system angles (8 =90')
in &'P and pP collisions at laboratory energies
(E~,b) 100 and 200 GeV/c (c.m. system total ener-
gy v's =13.7 and 19.4 GeV, respectively). It is ob-
served that the ratio of inclusive cross sections

R(90,g, ; s;p/s')

do(90', pi; s;pp -&oX)/d'p
do(90,pi; s;~'p -s'X)/d'p

at given s decreases with increasing P&, while
the corresponding ratio for &'p-&'X to s p-m'X,
R(90,p»s, & /& ) is approximately equal to uni-
ty. Furthermore, the s dependence of the ratio
given in Eq. (1) is such that R can be expressed
as a function of a single variable of the form
P~s, where h is a constant. Since this measure-
ment is the first experiment on inclusive large-
P~ particle production in meson-nucleon collision
processes, it is expected that the result may re-
veal some of the unknown features of the large-
P & phenomena and will provide a crucial test for
the various theoretical approaches. Comparison
between the data and a class of models has al-
ready been made in Ref. 1. The purpose of this
note is to show that the above-mentioned features
can be understood in terms of the statistical mod-
el discussed by Meng and Meng and Moeller. '

According to this model, "particles with large
P~ are produced in violent collision processes
(we note that not all high-energy processes are
violent''), the physical picture of which can be
summarized as follows: (a) The high-energy col-
liding particles arrest each other and form a con-
glomerate. (b) The conglomerate expands and
than decays when a critical volume is reached.
(c) At the moment of decay, the conglomerate is
considered to be in a state of statistical equilibri-
um. The critical volume, which is in general a
function of all the quantum numbers (baryon num-
ber, isospin, etc.) of the total system (that is, of
the conglomerate), is assumed to be independent
of the incident energy.

It follows from this simple picture (and stand-
ard thermodynamics) that the temperature T of
the conglomerate at the moment of decay depends
on the total energy Ks and the critical volume V
in the following way:

+&/sy- z/4

In the first-order approximation, the single-par-
ticle inclusive cross section at 0 =90 in the large
transverse momentum region (b~»m, m is the
mass of the observed particle) can be written as
do/dps = exp(- p &/Cr), and it follows that

cfv (90' p~ s) =f(V) exp{- CV'~4p~s i~s)

where C is a, constant and f is an undetermined
function of V. We obtain from Eqs. (1) and (3)

R(90',p;s;p/ ') exp{-CV "[1—(V, /V )" ]p (4)

where V» and V, ~ are the critical volumes of the conglomerates in violent PP and & P collisions, re-
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spectively. Hence we expect the following:
(I) Both dv(90'pp~; s;pp -soX)/d'p and d 0(90',p~;s;s "p-vcX)/dsp are functions of the variable Z&

=-p~s '/' only. In first-order approximation, they are simple exponential functions of Z&. Comparison
with the data for pp -7/'X has already been made 2' » Comparison with the & p - s'cX data of Donaldson
et al. is shown in Fig. 1. The data show an exponential function of Z&. The corresponding plot for
& p -&0X is not presented because of the empirical fact' that R(s /s ) = 1.

(11) R(90',p~; s;p/s ) is also a function of the variable Z& only and, in first-order approximation, a
simple exponential function of Z~. Since the factor CV»'" is nothing else but the constant b, which has
already been determined' ' by the pp -&'X data, this function can be calculated, provided that the ra-
tio V»/V, &p is known. Now, in first-order approximation, the critical volunie V can be considered as
a sphere of radius x, while the total inelastic cross section is proportional to r . Thus, we have in
this approximation

V„/V.;= l .(PP)/..("p)l'". (5)

From Etis. (4) and (6) we obtain

3/s
e(90',p;s;pl" ) expI-p 1 — p s '"I.

&in

we obtain. V, +~= V„-~, and hence,

R(90',pi;s;7/'/n ) = 1.

Comparison of this expression with the data of
Ref. 1 is given in Fig. 2. The slope of the straight terms of o;„(s p) in a similar way. From the em-
line is calculated from EII. (6) with & = V.6 which pirical fact that at high energies
has been determined from the pp collision data in
Hefs. 2 and 4. It agrees with the data as shown
in Fig. 2.

(III) R(90'ppj;s;7/'/& ) can be expressed in

LIJ
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This result is also in good agreement with experi-
mental data. '

(1V) The arguments given in (I), (II), and (III)
can be applied to other hadron-hadron (for ex-
ample, KQ, pp) collision processes. ' This means
in particular that the single-particle inclusive
cross sections do/d'p in the central region (()
= 90') in these cases are also simple exponential
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FlG. ].. Single-particle inclusive cross sections dg/
d p for x at c.rn. system angle 0=90 in the x+p colli-
sion versus z~ =p~s, where p~ is the transverse
momentum (in GeV/c) of the observed ape and vs is the
total c.m. system energy (in GeV). do/d p is given in
cm'/GeV . Data are taken from Ref. 1.
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FIG. 2. R(90',p~; p/&sr+) versus Z~. Data are taken
from Ref. 1. The straight line is calculated from the
model ~
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functions of Z~. We have measured do(K'p-~'X)/
dp at 100 and 200 GeV/c as a function of P~s '/'.
They show similar scalings to the & data (they are
not presented here). The Z& dependence of the
ratio of do/d'p for different projectiles or targets
can be calculated from the corresponding ratio of
total inelastic cross sections.

(V) Similar results can be obtained for the gen-
eral case where 8 is arbitrary. In the first-order
approximation me have

cf0'
(8 p s) ~exp]- CV'"ps '") (9)

ps 1/8 (10)

which reduces to &~ at 8 =90 . Since, in obtaining
Eq. (9), we have neglected all noncentral violent
collisions, '' the effect of which becomes strong-
er when &0 -=j0 —90'~ becomes larger, ' the ex-
pression (9) can be a good approximation for
small && only. Nevertheless we expect that (9)
and the corresponding equation (4) will provide
a rough, qualitative description of the 8 depen-
dence in violent collision processes.
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particle. That is, do/d'P is a simple exponential
function of the variable'
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'Recent experiments (see the papers cited in Refs. 2
and 3) seem to suggest the following simple physical
picture: Particles with large transverse momentum
and/or particles associated with large multiplicities
(i.e., also those in high-multiplicity events which only
consist of low-p~ particles) are produced by the same
kind of collision processes (violent collisions) which
can be described by the model given in Refs. 2 and S.
This implies, among other things, that violent colli-
sions contribute a large part to the total inelastic cross
section.

6The simple picture for high-energy hadron-hadron
collisions can also be applied to hadron-nucleus proces-
es. See Meng Ta-chung, State University of New York
at Stony Brook Report No. ITP-SB-76-7 (to be pub-
lished) .

Here we only consider the large-p~ region where
the mass of the observed particle can be neglected.

This point has already been discussed by E. Fermi,
Phys. Rev. 81, 688 (1951).


