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ABSTRACT 

The quantitative predictions of an inclusive 

multiperipheral model are compared to the measured 

secondary spectra 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. 

~e simplest probe of these processes are inclusive experiments of the 

type pp -4 X + anything where x is one of the several types of final-

state particles (e.g., 
+ + 

r:-, K-, or p). The usual procedure is to 

measure the momentum spectra of x for various angles of, its 

1 2 3 / 12.4, 19.2, and 30 G€V c. In this report we show that the promi!1ent 

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

peripheral model that contains the known properties of two-body scat-

+ + 
tering processes. We compare the i-, ,K-, 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 4 (CP). 

Our modified Caneschi and Pignotti inclusive multiperipheral 

model (MCP) is illustrated by the diagrams of Fig. 1. Figure la repre-

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

er8.l. chain, Fig. Ib represents the baryon exchange case where the proton'~~' 

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

Fig. le characterizes the pions produced at the internal links. In all 
, ' 

three cases the remaining links in the multiperipheral chain are simu-

lated by the inelastic scattering of an, exchanged meson, m, with the 

remaining incident protons. 

For all three diagrams,tbe exchanged meson trajectories are 

chosen to be the same, and are set equal to the absorbed p-meson 

trajectory given by Berger and Fox.5 The exchanged barYon trajectories 

are represented by the known s and t dependence of the backward 

meson-baryon elastic scattering. 6 The energy dependence of the 

exchanged meson-baryon totaL cross section is taken, in all three dia-

grams, to be slowly falling from threshold to an asymptotically constant 

value. SpeCifically, aT(MF) = 24(1 + 0.3/MF). The two residue 

functions, f3m( t) and f3B (t ), associated with the meson and baryon 

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

pondingfour-momentum transfers squared. These functions are adjusted 
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(as described below) to .give the best,correspondence to the 

experimental data. 

This model (MCP) primarily differs from (CP) in ·that the fast 

mesons ~d slow protons are described by a single diagram (Fig. Ib) 

instead 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 basis of'multi-Reggeism the matrix 

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

labc can be expressed, respectively, as 

. This model is obviously a crude approximation to a genuine 

multiperipheral model. Its principal advantage is calculational ease, 

since to describe these multiparticle final states only three-body space 

integrals (at most) need to beevaluated.T1ie crudeness of this model 

precludes a definitive and uriambiguouscomparison~of theory with experi-

ment. The best that 'one can hope to achieve is a consistent explanation 

of the various experimental results within a physically viable model 

that reproduces the salient features of the spectra. It is in this 

spirit'that'we perfOrm such a comparison. 

To describe the data with our model we use the following pro­

cedure. We adjust the meson-exchange residue function, Bm(t), to best 

descrlbe the shape of the pion transverse momentum squared, 

spectruin at the smalles't longi tudirial momentwii, PL' measured in the 

12.4 Gev/c data of· Ref. 1. 
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We find B 2(t) 
m equal to. 2.lt 

e for 

t > -0.3, and c eO. 3t for t < -0.3. We adjust the baryon-exchange 

residue function, f3B(t), to best describe the pT
2 dependence of the 

pions with·large 

BB2(t) equal to 

PL using the 19.2 Gev/c data of Ref. 2. 

el.5t for . t > 0.2 and c' eO. 2t for 

We obtain 

t <. 0.2. 

. Here the constants c. :,and c' are inserted simply to insure 

contin\lity. 

We normalize the contribution of the process diagrainmed in Fig. 

la to reproduce the magnitude of the fast· (large PL) protons and,that 

of Fig. Ib to reproduce the magnitude of the fast pions, both at. 19.2 

GeV Ie. The contribution of the process diagrammed in Fig. Ic .is nor­

malized to the magnitude of the slOW. (small. PL) pions at 12.4 GeV/c. 

The cOIiIplete + :n: , :n: and proton spectra are now pred,icted at all three 

energies. We 'now discuss the salient features of these measureq 

spectra and their description in terms of this model., 

(1) The proton spectra. 

Th~ process diagrammed in Fig. la gives rise to elastic forward 

produced protons and.hence a' sharp peaking in'theproton PT2 spectra. 

The process of Fig .• Ib gives rise to more inelastic .larger angle 

protons. This is a consequence of the proton emitting a pion before 

scattering from the other incident proton and hence emerging on the 

average at a larger angle and lower momentum than the single scattered 

protons of Fig. lao 
2 .·Therefore this model predicts that the P T 

distribution will become more sharply peaked at larger longitudinal 

momentum, .a result confirmed by the experimental data. Specificall~I> .. 

in the center of mass this implies that factorization of the cross 

section does not hold. 
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The protons with large longitudinal momentum arising from the 

process of Fig~ la:describe the background to the structure observed 

near the kinematical limit at 19.2 and 30' Gevjc (Figs. 2bc). This 

structure could have been reproduced with our model by including the 

low-energy resonances in the meson-proton total cross section, aT(~)' 

Flgure 2 compares the predictions of our model to t~e measured proton 

spectra. 

(2) Pion .transverse momentum spectra. 

2 Figure 3a displays thePT spectra of the n+ and Jl at 

12.4 Gevjc as measured by Ref. 1. These distributions are both char-

15 2 2 
acterized by a striking peak (e- PT) for small PT that levels 

2 2 
off to a more gentle dependence (e-3 PT) for larger PT' In our 

model the sharp peaking results from two mechani'sms. The first comes 

from.the forward pions produced at the end of the multiperipheral chain 

in the baryon-exchange process of Fig. lb and is similar to the mech-

&Dism that produces the sharp peaking in the proton 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 Ml and M2 are approximately equal; or in analogy 

with a genuine multiperipheral model, these are the pions produced near 

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

for larger 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 

occurs when 1\ and M2 have dissimilar values. 

(3) Pion longitudinal momentum spectra. 

The data at 12.4 and 19.2 Gevjc (Refs. 1 and 2) .shows the Jl 

spectrUlli falling much more rapidly at large values of PL than the + Jl 

-6-

(Figs.2bcd). For the 19.2 Gevjc data, in the interval from p 

to 16 GeVjc the Jl rate decreases five times faster than the 

-

+ Jl 

10 

rate. In our model this arises from the difference between n p and 

n+p backward elastic scattering in the process of, Fig. lb. The back-

ward rc-p elastic cross· section falls faster fro~ the resonance r~gion 

than the corresponding. Jl+p cross section.? In our model the very 

fastest pions result from the case where the JlP subenergy sl (Fig. 

Ib) is large. Therefore the' 'relati ve smallness of the -n p as com-

pared to the n+p backward elastic cross sections for these large 

subenergies (sl ~ 10 Ge~) results in the relative depletion of the' 

n with large PL' Figures 3(a-e) compare the predictions of our 

model to the measured spectra. 

(4) The K± spectra. 

The relation imposed by this model between fast meson secon-

daries and the meson-proton backward elastic scattering cross section 

should be even more pronounced for the spectra than the 
,+ 
n-

spectra. This is because backward K-p scattering at large energy 

invol ve.s exet'ic' exchange while K + P does not, and hence the K-p back-

ward. elastic cross section falls with increasing energy much more 

rapidly than the backward K+p.8 In our model the absence of exotic 

exchanges implies that only the process corresponding to Fig. lc can 

contribute to the spectrum while those of both Figs. Ib 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 n± and p spectra. 

We adjust the normalization of the contribution of the process 

diagrammed 'in Fig. lc to\give the best overall normalization to .the 

spectra and normalize the contribution of Fig. Ib to' the fast K+ 
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spectrum. Figures 3f and 3g compare I the predictions of this model to 

the K+ and K- ·spectra at 19.2 GeV /c. The lack of fast K- relative 

to K+ is apparent in the measured spectra and is adequately described 

by our model. 

To summarize, we have compared the quantitative predictions of 
i .. ~ .. , 

a fairly restrictive inclusive multiperipheral model to the meson and 

proton spectra resulting from pp collisions at three momenta from 

12 to 30 GeV/c. The model adequately describes the particle spectra by 

relating them to the well-known properties of two-body scattering 

processes. 

There are some discrepancies between the predictions of our. 

model and the measured spectra. In particular our model gives not 

enough peaking in the PT2 distribution for PT2 S 0.05 (GeV/c)2 in 

the 12.4 GeV/c data (Fig. 3a). Also, for large PT2 our model predicts 

too small ,a cross section for the ± 
:rr spectra at 12.4 GeV/c and the 

proton spectra at 12.4 and 30 GeV/c. These as well as various other 

discrepancies could perhaps be reduced by further adjustment of the 

residue functions Bm(t) and BB(t). However, this model is such a 

crude approximation to a detailed multiperipheral model that very little 

more insight into the dynamics of these processes can be obtained by 

pursuing the model beyond its scope. 

The 'dependence of particle spectra on two-body scattering 

characteristics has also been incorporated into the limiting fragmenta­

tion approach. 9 There, by invoking ·general concepts such as reversal 

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. Marchesini, and M. Ross for helpful discussions. 
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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 .measuredat (a) 12.4 GeV/c (Ref. 1), (b) 19.2 

GeV/c (Ref.' 2), and (c) 30 GeV/c (Ref. 3). The solid lines 

are the predictions of the model. 

Fig. 3. Meson spectra. (a,b) :rr± at 12.4 GeV/c (Ref. 1), (c,d) 

:rr± at 19.2 GeV/c (Ref. 2), (e) :rr± at 30 GeV/c (Ref. 3), 

and (f,g) K± at 19.2 GeV/c (Ref. 2). The solid lines are 

,the predictions of the model. 
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