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COMPARISON OF AN INCLUSIVE MULTIPERIPHERAL 'MODEL
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"ABSTRACT
The quantitative predictions of an inclusive
multiperipheral model are compared to the measured

secondary spectre in pp collisions from 12 to 30 GeV/c.

For proton-proton collisions at high energies the dominant
contributions to the total cross section come from inelastic processes.

The simplest probe of'these processes are inclnsive experiments of the

type Pp - X + anythlng -where x is one of the several types of final- .

B ) .
state particles (e.g., n, K7, or p). The usual procedure is to

meaéure,the momentum spectra of x for various angles of. its

o

production; Recently, three such experiments have been performed at

lQ.h,l 19.2,2 and 303 GeV/c. 1In this report we show that the_prominent

" characteristics of these spectra can be understood with a simple multi-

peripheral model that contains the known'propertie5 of two-body scat-
’teringvprocesses. We compare the. ﬁi,-Ki,'and proton spectra measured

by these experiments to the predictions of an inclusive multiperipheral

~ model that is a modified version of that first proposed by Caneschi and

Pignotti® (CP).

Our modified Caneschi and Pignotti inclusive multipenipheral_

model (MCP) is illustrated by the diagrams of Fig. 1. Fiéure 1a repre;

sents the case where the proton remains at the end of the multlperlph-

eral ch31n, Flg 1b represents the baryon exchange case where the proton

travels down one llnk, emitting a pion at the end of the chain, and.

Flg.-lc characterizes the plons.produced,at the internal llnks. In ell

‘three cases the remaining links in theKmultiperipheral chain sre simu-

lated by the 1nelast1c scatterlng of an exchanged meson, m, with the
remalnlng 1ncldent protons. »

For a;l three dlagrams'the exchanged meson trajectories are
chosen to -be the same, and are set equel to the absorbed p-meson
trajectory given by Berger-and>Fbx.5 'The exchanged baryon trajectories ..
are represented by.the known s cnd t deoendence of the:backWard
meson-baryon elastic scattering.6 -The energy dependence of the
exchanged meson-baryon‘totel-cross section is taken, in all three dia-
grams, to be slowly falllng from threshold to an asymptotlcally constant
value. Spe01f1cally,v T(M‘?) = 24(1 + Q.B/Mz). The two residue 7,3
fnnctions, Bm(t) and BB(t), associated with the meson and baryon

exchangee, respectively, -are taken to be functions only of the corres-

ponding,four-momentum tranéfers-squared. These functions are edjusted .



P v-a-
(as described below) toséive the best/correspondeuce_to the
experimeutal data. ‘
- This model (MCP) primarily differs from (CP) in that the festv
mesons aud leW'protons are described py a singleﬁdiagram (Fig. 1b)

insteed of the three diagrams used by (CP). This eliminates the need

for extrapolating the pp “total cross section below threShold

As derived by (CP) on the bas1s of multl-Reggelsm the matrix

elements squared for the processes correspondlug to. the diagrams of Figs.

labe can be-expressed, respectively,‘as

(spy 7 )28 )

() o (8) -
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Thls model is obviously & crude approx1mation to a genulne

)
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multiperipheral model. Its principal advantage is calculational ease,
simce to describe these multiparticle final states only three-body space

integre1s‘(at most) need to be evaluated. The crudeness of this model

'precludesra definitive and unambiguous comparison of theory with experi-

ment.i.ihe best that‘onevcan hope tobachiere is»avconsistent explanation
of the.various e#perimental results within a physically vieble model
that reproduces the salient features of the spectra (It is in this
Snlrlt that we perform such a comparlson |
vTo describe the data with our model we use the following pro-
cedure} We adjust’ the meson-exchange residue function, ﬁm(t), to best

‘describe the ‘shape of- the pion'transverse'momentum_squered, .pTE,

épéctrum1atﬁthe‘smallesf longitudinal momentun, ’PL’ measured in the . -

. residue function, . BB(t), to best describe the p 2

' .Here the constants ¢ .and c'

fenergies. We‘now discuss the salient features of these measured

e
, _ . 2.\ 2.1t
12.k GeV/c data of Ref. 1. We find B (t) equal to, e '~ for

t > -0.3, and c eo'3t for t < -0.3., We adjust the baryon- exchange

T dependence of the

pions with -large 123 using the 19.2 GeV/c data of Ref. 2. We obtain ~,

1.5t 0.2t

BBz(t) equal to - e for 't > 0.2 and c¢' e for t<0.2.

are inserted simply to .insure

continuity. °

We normalize the contribution of the process diagrammedvin Fig.

" la to reproduce the magnltude of the fast (large pL) protons and that_

of Fig. 1b to reproduce the magnltude of the fast plons, both at 19 2

GeV/c. The-contrlbutlon‘of the process diagrammed in Fig. lc,1s,norf'

malized to the magnitude of the slow (small. PL) pions at 12,1 GeV/c,
The complete n+, . and proton spectra are now predicted at all three

e

The process diagrammed in Fig. la gives rise to elasticvforward

spectra and thelr description in terms of th1s model..

(;) The proton spectra.

produced protons and’ hence a'sharp peaking_in‘the-proton. pT?h‘spectrE. )

The process of Fig. 1b gives rise to more inelastic larger angiev 'jx~¥
protons. This is a consequence-of the proton’emittingve pioh before-
scattering from the other incldent proton and hence emerglng on the

everage at a Iarger angle and lower momentum than the s1ngle scattered

protons of Fig. la. Therefore this model predicts that the PT2

.dlstrlbutlon will become more sharply peaked at larger longltudlnal

momentum, - & result confrrmed by the experimental data. Spe01frcally,l

in the center of mass this implies that factorization of_thebcross

section deq/(dBP/Ej“:»f

fl(PTg) fz(pL)' does‘ggt hold. '
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occurs when M1 and M,
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The protoﬁc Qith large longitudinal momentum arising from the
precess of Fig. la-describe the background to tﬁe structure observed
near the kinematical limit ét 19.2 and 30 GeV/¢ (Fiés. obe). This
structure could have been reproduced with our model by including the

low-energy resonances in the meson-proton total cross section, M?)

‘Figure 2 compares the predictions of our model to the measured proton

spectra.

{2) Pion .transverse momentum spectra.
Figure 3a displays the 'pT2 spectra of the x' and x~ at
12 h GeV/c as measured by Ref. 1. These dlstrlbutlons are both char-

2 that levels

acterized by a strlklng peak (e -15 PT )} for small pT
off to & more gentle dependence (e~ 5 PT2)> for larger pT . - In our
modelvthe sharé peakingvresults from two mechanisms.‘ The first comes
from the forward pions produced at the end of the multiperipheral chain

in the baryon-exchange proccss of Fig. 1b and is similar to the mech-

"anism that produces the'sharp peaking in the‘proton pT2 spectra. The

second mechanism comes‘from the pions produced with very small longi-
tudinal momentum in the process of Fig. lc. These pions result when
the missing masses M, and M, are approximately equal; or in analogy

with a genulne multlperlpheral model these are the plons produced near

the center of the chaln. The more slowly falling part of the spectrum

for larger pT2 arises from the pions produced at intermediate links
in the multiperipheral chain in a manner similar to the mechanism that

) produces ‘the slower larger angle protons. In terms of Fig. lc this

b, have dissimilar values.

~ (3) Pion longitudinal momentum spectra.

The date at 12.4 and 19.2 GeV/c (Refs. 1 and 2) shows the x~

spectrun falling much more rapidly at large values of pL than the @

6=
(Fies. 2bed). For fhe_19.2 GeV/c data, in the intef&al from p = 10
to"16 GeV/c the x rate decreases five tdmes faster than the “f
rate. In our model this arises from the‘differencé between n-P 'acd
%+p backward elastic scattering in the process of Fig. 1b. The back-
ward 5 D elastic cross. section falls faster from fhe resonance region
than the corresponding n+p Ccross section.7 In our model the ver&
fastest pions:reSult from the case vhere the ‘7p subenergy sy (Fig.
1b) is larée.b Therefore ﬁhe"relative s@allness of thc-'n-p cs com-~
pared to the nfp '5ackwardne1astic cross,secticns for these la?gc |

subenergies ~ 10 Gevg) results in-the relative depletionvof the

!
n with large Pp- Figures j(a-e) compare the predictions of our
model to the measured nt spectra.

(4) The- x* spectra.

. rapidly than the backward K P.

K spectra and normallze the contribution of Flg 1b to the fast K i

' The relation imposed by this model betwecn-fast mescn secon- :LF*
daries and the meson-proton backward elastic sccttering cross section
should be even more pronounced foc the Ki spectra than'ﬁhe \nf
spectra. This is because backward K p scattering at large energy
involves exbtic'exchcngé while .K+p does not, and'hence the K-p . back-
ward elastic cross sectlon falls w1th increasing energy much more S

5 .

In our model the absence of exotic .

exchangés implies that only the process corresponding to'Fig. lc can

: contribute to the K spectrum_while those of both Figs. lb and lc

+
can contribute to the K  spectrum.
To describe the K spectra we use the same trajectories and
residue functions found to best describe the ﬁi and p spectra.

We adjust the normalization of the contribution of the process

d1agrammed in Fig lc td‘glve the best overall normallzatlon to the-

‘

PR
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spectrum. Figures 3f and 3g compare: the predictions of this model to

the K+ and K~ ‘spectra at 19.2 GeV/c. The lack.ofifaSt K~ relative
ﬁo K+ 'is_apparent in the measured spectra and is-adequately described
by our model.

To summarize, we have cbmpared the quantitative predictions of
fa falrly restrietive 1nclns;ve multlperlpheral model to the meson and
proton spectra resulting from opp collls1ons et three_momenta from
12 to 30 GeV/c. The model adequately describes»thevparticle spectra b&
relating them to the well-known properties of‘two-body.scattering
processes.

| There-are some'discrepancies between the predictions of our

modei and the measured spectra. In particular our model gives not
enough peakrng in the pT2 distribution for PT? < 0.05 (Gev/c)2 in’

the 12.L GeV/c data (Fig. 3a). Also, for large pT2 our model predicts

too snall,a cross section for the ni spectra at 12.% GeV/c and the
proton_spectra at 12.4 and 30 GeV/e. These as well as various other
~discrepancies could perhaps be reduced by further»adjustment of the
residue functions B (t) and BB(t) However, this model is such a
crude approx1mat10n to a detailed multlperlpheral model that very little
more insight into the dynamlcs of these processes can be’ obtalned by
pursulng the model beyond its scope.

- The'dependence of particle spectra on two—body scattering
characteristics has also been incorporated into the.limiting fragmenta-
tionvepproach.g Tnere, by invoking general concepts such as reverssal
of.the line of flight of a charge, qualitative predictions can be made
on the.structure of secondary spectra that are similar to our results.

We express our gratitude to J, Ball, V. Chung, G. Kane, G.

Lynch, G. Marche81n1, and M. Ross fbr helpful discus51ons.,
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FIGURE CAPTIONS ' -

Fig. 1. Diagrams representing the processes comprising the inclusive

~ multiperipheral model described in the text.

Fig. 2. Proton spectra measured at (a) 12.4 GeV/c (Refc 1), (b) 19.2

Fig. 3.

" GeV/e (Ref.\2), and (c) 30 GeV/c (Ref. 3). ‘i’he solid vlines

are the predictions of rhe model. o v o .-
Meson snectra. (a,b) x* at 12.h GeV/c (Ref. ;){ (c,d) |
x at 19.2 GeV/e (Ref. 2), (e) «* at 30 GeV/c (Ref. 3),
The solid lines are

and (f,g) K= at’'19.2 GeV/c (Ref. 2).

the predictions of the model.
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