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in cross section by about 10' and that appears to
be consistent mth experimental data over this
range. The model is a natural extension of the
strong absorption model for describing single
Reggeon exchanges, so if our considerations are
correct, an internally consistent approach is
available for discussing all nondiffractive two-
body hadronic reactions. Finally, we have brief-
ly discussed the interesting possibility that one
can relate the spin dependence of couplings to the
size of exotic amplitudes —if the p-coupling did
not flip s-channel baryon helicities, exotic am-
plitudes would be an order of magnitude larger.
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The quantitative predictions of an inclusive multiperipheral model are compared with
the measured secondary spectra in pp collisions from 12 to 30 GeV/c.

For proton-proton co11isions at high energies
the dominant contributions to the total cross sec-
tion come from inelastic processes. The sim-
plest probe of these processes are inclusive ex-
periments of the type P+P —x+anything, where
x is one of the several types of final-state parti-
cles (e.g. , ~', K', or P). The usual procedure
is to measure the momentum spectra of x for
various angles of its production. Recently, three
such experiments have been performed at 12.4, '
19.2,' and 30 GeV/c. ' In this report we show that
the prominent characteristics of these spectra
can be understood with a simple multiperipheral

model that contains the known properties of two-
body scattering processes. %e compare the w',
E', and proton spectra measured by these exper-
iments to the predictions of an inclusive multi-
peripheral model that is a modified version of
that first proposed by Caneschi and Pignotti
(cp).'

Our modified CP inclusive multiperipheral
model is illustrated by the diagrams of Fig. l.
Figure l(a) represents the case of the proton re-
maining at the end of the multiperipheral chain;
Fig. 1(b) represents the baryon-exchange case of
the proton traveling down one link, emitting a
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FIG. 1. Diagrams representing the processes com-

prising the inclusive multipheripheral model described
in the text.

pion at the end of the chain; and Fig. 1(c}charac-
terizes the pions produced at the internal links.
In all three cases the remaining links in the
multiperipheral chain are simulated by the in-
elastic scattering of an exchanged meson m with
the remaining incident protons. This model pri-
marily differs from CP in that the fast mesons
and slow protons are described by a single dia-
gram [Fig. 1(b)] instead of the three diagrams
used by CP. This eliminates the the need for ex-
trapolating the PP total cross section below
threshold, and allows us to describe the fast me-
sons directly in terms of the backward meson-
baryon elastic differential cross sections.

As derived by CP on the basis of a multi-Regge
model, the matrix elements squared for the pro-
cesses corresponding to the diagrams of Figs.
l(a)-1(c) can be expressed, respectively, as

R =(s/M }'"m '
p (t)M'o (M')

=g 2ttB(tl )(S /M2)2tt m(t2)
2 1 2

x pB'(t, )p 2(t2)M2or(M2),

j3 =(S /M ) 2n2m(t )(1S /M 2)2ttm(t2)
3 1 1 2 2

x P.'(t, )P.2(t, )M,'e, (M, ')M, 2e,(M,2).

set equal to the effective p-meson trajectory giv-
en by Fox.' The exchanged-baryon trajectories
are represented by the known s and t dependence
of the backward meson-baryon elastic scatter-
ing. ' ' The exchanged-meson-baryon total
cross section is taken to be slowly falling from
threshold to an asymptotically constant value—v, (M'} =24(1 +0.3/M').

To describe the data with our model we use the
following procedure. We adjust the meson-ex-
change residue function P '(t} to best describe
the shape of the pion P ~2 spectrum at the small-
est P~ measured in the 12.4-6eV/c data of Ref.
1. We find P '(t) equal to e'" for t& —0.3, and
ce'" for t & —0.3. We adjust the baryon-exchange
residue function PB'(t) to best describe the P r2

dependence of the pions with large P~ using the
19.2-6eV/c data of Ref. 2. We obtain PB'(t)
equal to e'" and t & 0.2 and c'e'" for t & 0.02.
Here the constants c and c' are inserted simply
to insure continuity. We normalize the contribu-
tion of Fig. 1(a) to reproduce the magnitude of
the fast (large-P~) protons and of Fig. 1(b) to re-
produce the magnitude of the fast pions, both at
19.2 GeV/c. The contribution of Fig. 1(c) is nor-
malized to the magnitude of the slow (small-P~)
pions at 12.4 GeV/c. " The complete )1', t(, and
proton spectra are now predicted at all three en-
ergies. We now discuss the salient features of
these measured spectra and their description in
terms of this model.

The protr)n spectra (Fig. 2).—The process of
Fig. 1(a) gives rise to elastic forward-produced
protons and hence a sharp peaking in the proton
P r2 spectra. The process of Fig. 1(b) gives rise
to more inelastic larger-angle protons since the
proton emits a pion before scattering from the

For all three diagrams the exchanged meson
trajectories are chosen to be the same and are
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FIG. 2. Proton spectra measured at (a) 12.4 GeV/c (Ref. 1), (b) 19.2 GeV/c (Ref. 2), (c) 30 GeV/c (Ref. 8). The
solid lines are the predictions of the model.



VOLUME 27, NUMBER 6 PHYSICAL REVIEW LETTERS 9 AUGUsT 1971

other incident proton and hence emerges on the
average at a larger angle and lower momentum
than the single-scattered protons of Fig. 1(a).
Therefore this model predicts that the P ~' distri-
bution will become more sharply peaked at large
longitudinal momenta, a result confirmed by the
experimental data.

The protons with large longitudinal momenta
arising from the process of Fig. 1(a}account for
the background to the structure observed near the
kinematical limit at 19.2 and 30 GeV/c [Figs. 2(b)
and 2(c)]. This structure could have been repro-
duced with our model by including the low-energy
resonances in the meson-proton total cross sec-
tion o r(M').

Pion transverse-momentum spectra. —Figure
3(a) displays the Pr' spectra of the s' at 12.4
GeV/c as measured by Akerlof et al. ' These dis-
tributions are both characterized by a sharp peak
[exP(- 15P r')] for small P r' that levels off to a
more gentle dependence [exp(- 3pr')] for larger

P~'. As for the protons, the sharp peaking of the
pions comes from the forward pions produced at
the end of the multiperipheral chain in the bar-
yon-exchange process of Fig. 1(b), while the
more slowly falling part of the spectrum for larg-
er P ~' arises from the pions produced at inter-
mediate links ""

Pion longitudinal -momentum sPectra. —The
data at 12.4 and 19.2 GeV/c (Refs. 1 and 2) show
the w spectrum falling much more rapidly at
large values of p~ than that of the v' [Figs. 3(a)-
3(d)). For the 19.2-GeV/c data, in the interval
from P =10 to 16 GeV/c the v rate decreases 5

times faster than the n' rate. In our model this
arises from the difference between n P and m'P

backward elastic scattering in the process of
Fig. 1(b). The backward w p elastic cross sec-
tion is smaller in magnitude and falls faster
from the resonance region than the corresponding
~'P cross section. ' Since the very fastest pions
result from large sP subenergy in Fig. 1(b}, the
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relative smallness of the m P as compared to the
w'p backward elastic cross sections at the large
subenergies (s, -10 GeV ) results in the relative
depletion of the n with large P~.

The K' sPectra. —The relation imposed by this
model between fast meson secondaries and the
cross section for meson-proton backward elastic
scattering should be even more pronounced for
the E' spectra than the m' spectra since the K P

backward elastic cross section falls with increas-
ing energy much more rapidly than that for the
backward K'P. ' We find that the K spectrum of
Fig. 3(g) is described entirely by Fig. 1(c), while
the K' spectrum in Fig. 3(f) requires Fig. 1(c)
for slow mesons and Fig. 1(b) for fast mesons.
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 quantita-
tive predictions of a fairly restrictive inclusive
multiperipheral model to the meson and proton
spectra resulting from PP collisions at three mo-
menta from 12 to 30 GeV/c. There are some
discrepancies between the predictions of our
model and the measured spectra that could per-
haps be reduced by further adjustment of some
parameters, but the results taken together sug-
gest a consistent view of features of inclusive
data in terms of two-body data.
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SWe parametrize the backward differential cross sec-
tion as der/du =P (u)s ",and from the experimen-
tally measured cross sections in the energy range
3 & s & 6 GeV (Refs. 6, 7) we determine n(0) to be -2.0
for ~ p, -1.3 for 7i'p, and -0.25 for K'p. The shape
of ~(u) is taken from Ref. 8.

We find that the process of Fig. 1(c) accounts for
80% of the meson spectrum, while Fig. 1(b) gives rise
to the rema1»11g 20%. Figure l(a) accounts for about
50% of the proton spectrum and Fig. 1(b) for the rest.

For p& R 1.6 GeV, where t&=-4 GeV and the angle
of the emitted pion is greater than 60, the simple
Regge-pole representation of the two-body scattering
amplitudes becomes invalid and the model undercuts
the spectrum [Fig. 3(a)] .

We find that Fig. 1{c)also predicts a sharp Pz peak-
ing for pz & 0.3 GeV/c atpL, 0.
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A multichannel phase-shift analysis has been performed for the first time on the avail-
able experimental data of all the channels of XN interactions in the momentum region
0 to 1200 MeV jc. The Argand diagrams of the reaction amplitudes and the resonance
parameters within the momentum region are given. The results provide stronger evi-
dence for a number of previously suggested resonances and also indicate some new pos-
sible resonances.

The experimental data for the following reac-
tions below the incident E momentum of 1200
MeV/c have been accumulating very rapidly dur-
ing the last five years: KN interacting into KN,

Zv, Am, EN~, Z~7T, A~~, and Ag final channels.
It has become possible to make a meaningful
multichannel phase- shif t analysis incorporating
simultaneously the existing data of all the above


