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This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
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process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
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ABSTRACT

Determinations of the average multiplicity of secondaries as a

function of the recoil momentum of the target particle will measure

momentum-space correlation ranges in high-energy inelastic collisions.

’ Multiparticle production procésses at very high energiés are

predicted by various models to exhibit the phenomenon of scaling [1-5],

together with a logarithmic energy -dependence of the average multiplic--

ity of secondaries [1,4,5]. In order to distinguish between these
models, it will be important to investigate the correlations between
3?roduced particles, and, in particular, to determine the ranges in

momentum space over which such correlations can extend. It might

AJ appear that these investigations would inevitably require the difficult

expérimental task of measuring a large number of high-momentum second-

ary tracks in each event. However, it is the purpose of this article

to point out that some two-particle correlation ranges can be
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determined by a measurement of cne low-momentum track, namely that of
the recoiling target particle, in conjunction with a simple coﬁnt of the
number of charged secondaries producéd. We shall also discuss some
related predictions concerning the results of this kind of measuremenf%T
Consider first an inclusive process of the type
a+bsd +¢ +»X, Whefe bﬁ 'is the target and b'. is the recoiling
target, ¢ is anbther observed secondary, and X . represents any
combination of other particleé. The particle b' will be easily dis-
tinguished from the other secondaries at the low momenta we wish to
consider. Let fabb'ﬁ(s; pb,,p;)  be the.two-parficle disfribﬁtion

function for this process at c.m. energy-squared s,

(1)

. _ 3 3
fabb'c(s’ pb"pc) = Eb'EC dc/qab(s) d va d pc 2
where gab(s) is the ab total cross section. Let fabb.(s; pb,) be
the single-particle distribution for the process a +b -b' + X, in

which ‘¢ is not observed. Then the average multiplicity of particle

type c¢ 1n conjunction with a recoil of momentum Py is
i) - NS o
o (53 85) = [ (53 yme) /B, Ty (55 ) ()

The integration in eq. (2) is over the phase space prescribed
for c¢ by the values of s and -Pb" A crucial observation is the
following: if the momenta of- b and b' are close together, then

kinematics constrain the phase space of ¢ to be far away from these

~momenta. For a finite momentum-space correlation range, this implies

that fabb'c will now factorize:

T While this work was in progress we received a paper {6] in which

measurements of the same general kind are also discussed.
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Tfor p, very different from Py s where fabc is the single-particle

distribution for the process a +b —c + X.

In order to display the phase space of pérticle c, it is most

convenient to introduce the longitudinai rapidity variable y [3,5], in

terms of Whlch we may write the laboratory four-momentum of ¢ 'as

2, m, )2

2
= (u cosh y, PTl’pTZ’ p sinh y), where u = (pTl + Py
When the particle b' 1is nonrelativistic its rapidity is simply BL’
the longitudinal component of its velocity. The corresponding rapidity

of the system ¢X for large s is % zn(s/BLmb){ and the invariant

mass-squared of this system is s' = sﬁL. Consequently the longitudinal '

phase space of ¢ is given by
 m/em) < v o< a(s/um) | (x)
This region is shown in fig. 1, together with the form of single~-
particie distribution thaf is exﬁected if two-particle correlations
have finite rapidity ranges [51.
If we do not observe the recoil b', the phase space of ¢
extends throughout the region ‘
m(u/m) < ¥ < tn(s/em), | (5)
and the overall multiplicity of particle type ¢ in ab collisions

has the form

»zn(s/umb)
n b/c(S) = [ dpyy degj dy f,,.(s5 p.)
£n(p/m)
= a° Zn(s/mcz) + Bac + Bbc + O(s-% Ins) , (6)

where A® (independent of a and b) is associated with the central

.

C
"pionization” region of the rapidity plot, Bac (indevendent of b) is
associated with the. "fragmentation of a" at the.high-rapidity end of
the plot, and correspondingly for Bbc.
If, on the other hand, we do obéerve b', but at 4 recoil mom-
eptgm sufficiently‘lowithat zn(p/eLmb) is greater than the rénge of ]
’thé.rapidity correlation between b’ .and e, fhen we may use the

factorization property (3) and eq. (2) to.obtain

' (n(s/um,) .
_Ezbb._(S; P ) = [del deef &y £,.(s350) 5, (7)
, L

n(u/pm ) \

S

- which gives

— L c o2 c -3
Do (83 By ) = A fm(s/m7) +a% snp, +B," +0(s2 n s),

(8)
where the constants A% ana Bac are the same as those appearing_in
eq. (6). Equation (8) expresses the fact that in the kinematic region
we have chosen, which is essentially the triple-Regge region [7], the
multiplicity depends logarithmically dn the missing mass s' and doeé
not receive any contribution from the fragmentation of ﬁ,_ If egs. (6)
and-(8) are summed over all‘chgrged-particle types ¢ vahd the ferms

involving - fn m, "are absorbed in the constant Ba?, these eguations

become predictions of the average multiplicity of charged secondaries.

P

Equation (8), which is our main result, shows that at fixed, L

small longltudlnal recoil ve1001t1es the multiplicity o is com=-

abb!'
pletely determined by the overall multiplicity nabc’ and is independent
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:f the transverse recoil velocityTT and of the type of target particle

z. The value B8 of By at which the prediction (8) begins to break

max
down is.related to the rapidity range A of the correlafion between
particles b'. and c:

e /zn(u/mbemax_)_- . _ B C)

& common expectation, based on the multi-Regge model:[5,8], is

,fhat A might be between 1 and 2 bunifs'of rapidity{_ If.ohe assumes
211 the charged secondaries to be pions, the average value of 4n p can '
-be computed from their transverse-momentuﬁ.distribution to be

:(Zn'u) ~ -1, where p is measured in GeV. This implies that eq. (8)

-would apply up to Yongitudinal recoil momenta in the range 50-130 MeV/c,

However, if almost all the secondary pions are in faét due to the decay

of fo) mesons,* then A could be considerably less thgn 1, because

pions with.rapidities near that of b' would be coming from p mesons
Qith higher, and thereforé uncorrelated, rapidities.> Such a mechanism
%ould thus increase the range of recoil moménta for which eq. (8) is

valid. At the other extreme, if there are very longAcorrelation ranges
eq. (8)1will.not be true at all. This in itself would be an experimeﬁ-

tal obsérvation of great interest.

It is a pleasure to acknowledge conversations with M. B. Green.

Tt In other terms, which may be mdré familiar, we may say that at
fixed missing mass s' in this kinematié region the multiplicity
is independent of t = (pb'- pb,)z.

This isAessentially the case in the pion-exchange multiperipheral

model; ref. [1].

3.
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FIGURE CAPTION

Fig. 1. Longitudinal rapidity plot. The phase space of particle ¢

lies between the. dashed lines.
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