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Two-particle correlations in the process p +p—p +p +7* +7* +77 +77 at 23-GeV/c incident
momentum are analyzed with a diffraction excitation model, and a Reggeized multiperipheral
model that contains symmetrization and baryon exchange. The former provides a slightly
better description of the correlation data. Some single-particle distribution model calcula-

tions are presented and discussed.

INTRODUCTION

Two types of models for high-energy hadron-
hadron interactions have recently received inten-
sive treatment. One of these is the multiperiph-
eral model (MPM),! and the other the diffraction ex-
citation model (DEM).2 The former asserts that
at high energy nondiffractive processes dominate
the total production cross section, and the latter
that diffractive processes dominate. Insofar as
the gross features of inclusive single-particle
spectra that they predict are concerned, there is
not much difference between the two at presently
attainable machine energies as the parameters of
each model are adjusted so that they compare well
with the data. Partly for this reason, there has
been much discussion of the correlation phenom-
ena. We share the view that this is a sensitive
area to investigate for the distinction of the mod-
els. However, it is also our opinion that since the
inclusive cross sections are the outcome of ex-
clusive processes, the place to unravel the details
of dynamics is the exclusive process. This is be-
cause the more integration the data involve, the
less sensitive to dynamical details it becomes.

In this paper, therefore, we investigate the exclu-
sive process p+p~p+p+n +7t + 777" at 23 GeV/c.2
We compare the predictions of the aforementioned
theoretical appreaches with the correlation data
available to us, show some single-particle distri-
butions of interest, and demonstrate the energy
dependence of these distributions.

The choice of the process (studied here) is a
compromise between two requirements. First, in
order to test DEM the process must truly be dif-
fractive. From our experience, this implies that
the c.m. energy available for particles in the final
state to move away from each other must be a few
GeV. There cannot, therefore, be too many par-
ticles present. Second, to be able to apply the
statistical arguments of the diffractive model, the
number of particles cannot be too few. The com-
promise situation is to study a reaction where the
number of particles in the final state is about the
same as the average multiplicity at the given ener-
gy. The process selected here for study meets
these requirements. In this process, however,
double excitation of the incident nucleons can oc-
cur. A reaction that would better unveil the pa-
rameters of the diffractive process would be one
in which the excitation of only one of the incident
particles is possible. We have studied such a
process, d+p~d+p+n*+7~ at 25 GeV/c, and will
report the results in a later publication.

DIFFRACTION EXCITATION MODEL

In the DEM considered here, two incident par-
ticles interact with each other via the exchange
of a Pomeranchukon and get excited. The quasi-
stable systems created then decay with the emis-
sion of pions and the original particles. The de-
tailed dynamics of the decay may be very compli-
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cated indeed, but the statistical postulate is that
since many channels are open the resulting dis-
tributions are governed by the laws of probability.

®
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where M; is the mass of the excited state j, P,
is the probability amplitude for the excited nu-
cleon j to decay into %, final particles, B,()B,(¢)
is the residue function on the vertices, and where
for simplicity we have assumed a factorizable
Pomeranchukon. The & functions simply express
the fact that each excited state can decay only with
an even number of charged pions. The factor
(M,M,)'7? expresses the assumption of a weak
triple-Pomeranchukon coupling and the conse-
quent f-trajectory dominance.*

We apply statistical arguments for the decay of
each excited nucleon and write

n;j N
Pf""j= H eXp(Ci ‘ki lz) ’ (2)
i=1

where E,. is the momentum of the ith decay product,

in the rest frame of “fireball” j. C; can be ex-
pected to depend somewhat on the species of par-
ticle being emitted since, experimentally, one ob-
serves that the higher-mass secondaries have
larger transverse momenta. A consequence of
this decay probability is that the emitted particles
from each fireball will be isotropic in the rest
frame of their respective fireball.

From an analysis of p +p - p +anything, we
find that satisfactory parametrizations of the res-
idue function can be written as

Bl(t)ﬁz(t)=eXp[ (11% +Ml—> t] (2a)

FIG. 1. Diffraction excitation mo<’2l censidered in this
paper.

Figure 1 shows the dominant mechanism for
production, in this model. The invariant matrix
element representing the process is written as

1)

or

B, (8,(0) =exp[ @ ( Tul? +ML22> t] . (2b)

The cross section for the production of » particles
is
T, |2d®

don=|4p*sl/2 ’ (3)

where d®, is the Lorentz-invariant phase-space
volume element for z particles in the final state
and p* is the momentum of one of the incident par-
ticles, in the center-of-mass system. Then

= [ ao, (@)

and

da da fdo (5)

the total inelastic cross section for the production
of n particles and the differential cross section
with respect to some variable @, respectively.
We have evaluated these integrals numerically
with a Monte Carlo phase-space integration tech-
nique.® The program generates “events” in Lo-
rentz-invariant phase space with a frequency dis-
tribution given by | 7,|%. The calculations are

- exact and there is, therefore, no need to go to in-

finite s, as is usually the case, in order to make
predictions. The various single particle and cor-
relation distributions are merely projected out of
the sample of “events” generated.®

In the process we are investigating, the excited
nucleons have three decay modes:

@)p=p+a" 47,
@)Vp—p+at+rtru+7"

For simplicity we assume that the parameters a
or a’, C,, and C, are independent of the decay
mode. They are thus determined by fitting the ob-
served transverse-momentum distributions of the
protons and pions. Here, we find that
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FIG. 2. Order the center-of-mass longitudinal momen-
ta of the pions from the fastest forward to the fastest
backward and label them k,, k3, k4, k5, respectively.

Let &y and k¢ be the center-of-mass longitudinal momen-
ta of the forward-going and backward-going proton,
respectively. Then, the transverse-angle correlations
plotted (and defined in the text) are between (a) £; and % g;
(b)ky and kg; () k3 and k4; (d) 2y and 2y, k5 and k¢; and
(e)ky and k3, k4 and k5. Curves are DEM calculations.

c,=-2.0,
C,=-0.5, (6)

a’'=a=1.5

produce’
(k.) =300 MeV ,
(k.)=430 MeV .

The resulting contribution to the final state from
double excitation, with this | 7,[2, is 23%. The
suppression is of course due to kinematics: the
minimum momentum-transfer requirement.

Figure 2 shows various two-particle correla-
tions in the transverse angle ¢ defined by

M
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in the %, plane transverse to the beam direction.
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FIG. 3. Transverse-angle correlations of type (d).
(See Fig. 2.) The solid curve is DEM with double excita-
tion included and the dashed curve is DEM with single
excitation only.

The solid curves are the model results when Eq.
(2a) is used for the residue function, and the
dashed curves when Eq. (2b) is used. The proton-
proton correlations appear to be the most sensi-
tive test of the parametrization of the residue
function, but, lacking the single-particle distribu-
tions for this data, we do not know if this differ-
ence is significant.

Some versions of DEM include only single ex-
citation in the calculations®: One nucleon gets ex-
cited at a time. We removed the double excitation
from our calculations and found that there was
little change in all the correlation distributions ex-
cept for the correlation between the fast forward
(backward) proton and the fast forward (backward)
pion. Figure 3 shows this correlation, distribution.
The data clearly require the double excitation
mechanism.

MULTIPERIPHERAL MODEL

The basic multiperipheral graphs included in
our calculation for the data analyzed here are
shown in Figure 4. Each graph has a contribution
to the invariant amplitude of the form:

n-1 o (ts 0q)
T,=1I <si-i;’1.+bi> PR ety (9)
i=1

1

Here s, ;,, is the square of the subenergy between
particle i and i +1. «, is either an effective me-
son trajectory a,(?), or a baryon trajectory a,(?),
where
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FIG. 4. The multiperipheral graphs included in this
paper.

OZM(t)=“é‘+t,

agt)=—-%+t. 10)

The residue functions have been parametrized as
e®, as usual. Also, the constants b; are included
so as to replace the Regge behavior by phase
space when the subenergy of any link becomes
small.

We assume isospin 1 for the meson exchange
links, and no doubly charged baryon exchange
links. The resulting amplitude is then symme-
trized over the like particles in the final state.

For simplicity, we assume that the a; and b,
are independent of the configuration of final par-
ticles. The values

a;=0, allz

b,=b5=2,

by=by=b,=1,
produce average transverse momenta for pions
and protons

(k,), =300 MeV,
(k,)p=430 MeV,

respectively.

The graphs for meson exchange alone and those
including links of baryon exchange were added
with the same weight and phase. The resulting
contribution from baryon exchange was ~50%.
The differential cross sections were again evalu-
ated exactly using the numerical integration tech-
nique mentioned above.

Figure 5 shows the transverse-angle correlation
data and the multiperipheral calculation. The
solid curves are the results with baryon exchange
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FIG. 5. Transverse-angle correlations. See Fig. 2
caption for specifics. The solid curves are the results
from MPM with the nucleon-exchange graphs included
and the dashed curves are the results when only meson-
exchange graphs are considered.

included (see Fig. 4), and the dashed curves are
the results with meson exchange alone. The pro-
ton-proton correlations [Fig. 5(a)] are obviously
too weak, reflecting the fact that the multiperiph-
eral chain has only short-range memory.

DISCUSSION

In the present situation of the investigation of
strong interactions at high energy, it is prepos-
terous to assert which is the correct theory. Both
DEM and MPM seem to be able to fit the inclusive
spectra, both display limiting inclusive distribu-
tions and probably scale in the Feynman sense.
Both have shown a logarithmically increasing aver-
age multiplicity, although MPM more convincingly,
and both can produce a constant total production
cross section.

The basic difference between DEM and MPM
lies in the adding-up process of the exclusive
channels to the inclusive distributions. For ex-
ample, in the MPM the F(x)=x°dN/dx distribution
for produced pions, where x=2k,/s'/? and x°=2E/
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FIG. 6. Diffractive excitation model curves for x’dN/dx, where x0=2E/s!2,

s'/? does not limit for each channel, but the chan-
nels add up to an inclusive F(x) (in p +p — 7 +any-
thing) distribution that does limit. In the DEM
each channel limits and the exclusive channels
add up to a limiting inclusive F(x) distribution.®
Figures 6 and 7 show our model calculations
for F(x) and the reaction studied here, using DEM

and MPM. The differences are obvious in this ex-
clusive final state: One cannot miss the hole at
x~0 that DEM develops as s ==, In the DEM
studied here, the hole at x~0 develops rapidly
between 23 and 100 GeV; the distribution having
developed nearly to the 100-GeV distribution by
60 GeV. There seems to be no way to avoid its
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FIG. 7. Multiperipheral-model curves for x%dN/dx, where x'=2E/s'/2,
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appearance in exclusive channels, other forms of
the decay probability, P;-n; only delay its de-
velopment. The MPM, however, does not have
the slightest dip at x~0.

It is relatively easy for the DEM to describe
the correlation data studied in this paper. How-
ever, the MPM, even with the effects of symme-
trization and baryon exchange considered here,
does not reproduce the proton-proton correlations.
One obvious thing to do in the MPM is to let the
baryon travel further down the chain. However,
the number of parameters in the model then in-
creases and this obscures the true mechanism.

It seems likely that a more promising approach
for MPM is to write an amplitude that is dual in
the sense that not only multi-Regge exchange ef-
fects are included but also one where cluster for-
mation is present. This makes the effective “dis-
tance” between protons shorter, thus, increasing
their correlations. Nevertheless, such proton-
proton correlations diminish in the MPM with in-
creasing s, as contrasted with the DEM.

Because of the simplifying assumptions made
here for DEM, which led to Egs. (1) and (2), the
model predicts an isotropic distribution of the
final products in the azimuth angle, ¢, around the
fireball direction; i.e., s-channel helicity. This
is, alas, not the experimental situation.'® To
study this result in the pp reaction one takes the
fastest final-state proton, in the center-of-mass
system, and considers it to be the unexcited pro-
ton. Then the “fireball” direction, taken to be
the direction opposite the unexcited nucleon, is
used to plot such an azimuth-angle distribution.
Figure 8 shows this plot for the final state con-
sidered here. The two models differ most for the
nucleon from the “fireball” decay. We note that
the asymmetry in DEM is due entirely to the pres-
ence of double excitation in the model and the er-
ror that results in determining the “fireball” di-
rection when plotting the final state in the manner
prescribed above.

Because of the statistical nature of the decay in
DEM, it is not clear how angular momentum cou-
pling of the participating particles can be incor-
porated. In addition, we know that final-state in-
teractions must be present and invalidate the fac-
torizable Pomeranchukon assumption. How to
take these effects into account is complicated, if
not unknown. Helicity plots for exclusive final
states would help. Further, DEM predicts that
various components of an isomultiplet have the
same do/da distributions. Discrepancies can
reveal the goodness of the statistical postulate and
the strengths of resonance and final-state inter-

o
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FIG. 8. s-channel helicity for MPM (solid curves) and
DEM (dashed curves), for the proton from the excited nu-
cleon decay, ¢,, and the pions from the excited nucleon
decay, ¢,. See text for definition of “excited nucleon.”

actions in a fireball.

CONCLUSIONS

At 23 GeV/c the DEM fits the correlation data
studied here with relative ease. The MPM can fit
all satisfactorily except the p-p correlations. The
energy dependence is crucial, however, and
should be studied. Further, we have demon-
strated that various projections of the exclusive
final state are quite different in the two models,
whereas the inclusive projections are much the
same. The modern tendency to plot inclusive dis-
tributions alone, therefore, should be avoided.
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Experimental distributions of azimuthal angles between particles produced in pp and pd
collisions at 28 GeV/c and K p collisions at 9 GeV/c are presented and studied. A simple
protostatistical model describes the over-all azimuthal distributions quite well. Other models
are also considered. We show that the azimuthal distribution for reactions of fixed charged
prong number may be used to estimate the average number of missing neutrals, and we study
the distributions of a collective variable designed to test for a preferred transverse direction

in multiparticle events.

I. INTRODUCTION

The study of two-particle correlations is a natu-
ral step beyond the investigation of single-particle
distributions.?'> Such a study could be very useful
in clarifying our understanding of multiple-particle
production in high-energy collisions.

In this paper we concentrate on azimuthal corre-
lations, that is, distributions do/d¢;; where bis_
is the angle between transverse momenta k and k
of two final-state particles. Experimental azi-

muthal distributions have been studied previously®+*

and their theoretical significance in inclusive re-
actions has been discussed.® The data of three
AGS 80-in. BNL bubble-chamber experiments on
pp and pd collisions at® about 28 GeV/c and K™p
collisions at” 9 GeV/c are studied. The following
kinematically fitted reactions are used: pp

~pprtnT, pprtnntn~ at 28.5 GeV/¢; pd—
(ps)ppm=, (p)ppr~n~n* at 28.0 GeV/c; and K ~p
~K prtn~, K prtn-n*n , K prtn ntn ntr" at 9
GeV/c. Unfitted events with between two and ten
prongs in pp collisions and between two and eight
prongs in K™ p collisions are also treated.

The main goal of our study is to identify the cor-
relations which arise simply from momentum con-
servation and the experimentally observed damping
of transverse momenta. A general prediction of
the momentum conservation constraint is discussed
in Sec. II.

In Sec. III, we suggest a “protostatistical” dis-
tribution which incorporates transverse-momentum
conservation and damping and compares rather
well with the over-all experimental distributions

do" _ do"
ap = doy; ’




