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ABSTRACT

It is shown that the correlation in transverse

_angle between pairs of particles with dissimilar center

of mass longitudinal momentum can provide a sensitive
test between multiperipheralism and most other models

of high-energy multiparticle production.
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Recently, the study of inclusive processes has become a
popular means of probing the dynamics of high-energy particlé produc~
tion. However, these studies have so far been uﬁable to discriminate
between the various dynamical models of high-energy production processes.
The fact that the various models all describe the experimentai inclu-
sive data is a coﬁsequence of their‘sharing several propefties in
common. They all incorporate peripheral phase space and provide the
incident particles with large elasticity. Hence, they all reproduce
the limited transverse momenta dependence of the produced and leading
secondaries and the large longitudinal momentum behavior of the leading
particles. However, where the models differ is in the mechanism they
provide for the production of the secondary pions.

At one extreme is the multi-Regge modell in which the basic
mechanism is peripherality. As an exchanged meson propagates from the
fast incident particle to the targét, it sequentially emits pions in
the beam direction in order to lose its»high momentum and be absorbed
by the target at rest in the laboratory. This process of sequential
pion emission leads to peripheral-two-body exchangés between neighboriﬁg
produéed pions and correlates them in & manner similar to a  two-body
scattéring process. |

‘ On the other hand, most other models of multiparticle produc-

tion produce the secondary pions in an uncorrelated manner limiting

. only the magnitude of their transverse momentum, and distributing their

longitudinal momentum with a more or less phase space distribution.2

In these models the only correlations between produced particles are

" those dictated by overall momentum and energy conservation. Thus, in

these models correlations in transverse momentum between particles

with similar and dissimilar longitudinal momentum should be the same.
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However, for the multi-Regge type model, the sequential emission of
piong might lead to different transverse momentum correlatioﬁs between
particles with similar values of longitudinal momentum and those with
dissimilar ones.

.In this note we present the results of calculations of the
transverse angle correlations between pairs of particles as a funétion
"of their difference in center of mass longitudinal momentum for both
types of models. We find that while the two models predict qualit-
ativeiy similar behavior for these correlations at low energy, their
predictions are quite differént at high energies.

To characterize the multi-Regge type model we use the formula-
tion and parametrization of Ref. 3. This model gives a good descrip-
tion of the inclusive spectrg in the reaction K+p S 4+ anything: at
12 GeV/c and 7P R anything at 25 GeV/e.

The second class of models, uncorrelated pion production, ‘is
characterized by a peripheral phase space model that includes the known
properties of high-energy collisions--namely, elasticity of the inei-
dent leading particles and limited transverse momenta of both the
leading and produced particles. These properties can be summarized by
the matrix element squared

. N-1

IM]E = exp a(tl + tN) -b E: piz(T) . (1)

i=2

-

Here, N is thé number of particles in the final state, tl and tN
are the four-momedtum-transfers squared from the incident particles to
the leading elastic particles and the pi(T) are the components of the

(8§ - 2) produced pions' momentum transverse to the beam direction.

-uv-
The first sum in the exponent causes the leading partiéles to be pro-
duced elastically with large longitudinal momentum thle limiting their
transverse momentum. The second sum limits ﬁhe transverse momentum of
the produced pions while distributing their longitudinal momentum
accordiﬂg to phase space. The parameters a and b determine the
extenﬁ to which the transverse momenta are limited and the leading

particles are produced elastically.

The transverse and longitudinal inclusive momentum spectra were -

calculated for the pions and protons separately from the multi-Regge
model for the reaction pp —pp(N - 2)r, N =6, 8, and 10 at 25, 100,
and 400 GeV/c.u For each of these multiplicities at each energy the
parameters of the peripheral phase space model [a .and b in Eq. (1)]
were adjusted to produce a good cprrespbndence to these inclusive
spectra. Thus, by construction the typ models yield the same predic-
tions for the inclusive pion and proton spectra at each of these
energies at each of these multiplicities.A We then calculate the
predictions of these two models for the correlation in transverse
ahgle between pairs of final state particles as a function of their
difference in center of mass longitudinal momentum.‘

In many experiments it is difficult to distinguish pions from
protons at higﬁ energy, therefore in making the comparison all of the

particles were assigned pion masses for the Lorentz transformation to

the center of mass of the rea.ction.5 After this transformation the

particles are ordered in longitudinal momentum from most negative to
most positive. Particles with corresponding positive and negative

longitudinai momentum are assigned to conjugate pairs. That is, the
two particles with the most positive and most negative longitudinal

momentum form the first pair, the two with the next largest form the

ooy
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next pair and so on. The transverse angle v
g = cos'l[;?l(T)-FQ(T)/!E‘l(T)J|§’2(T)|] (0 < ¢ <180°) is calculated
f;r each péir. ’

Figure 1 summarizes thevcomparison qf the predictigns of the
two models for these pransvefse angular distributions by presenting -
their asyﬁmetry about ¢ = 90° for each éonjugate pair at the energies
and multiplicities discusse&-abové. Figure 2 shows the actual angulér
distributions for N = 8 at 100 Gev/e.

Inspectidn of Figs. 1 and 2 show that except possibly for the _
lowest energy (25 GeV/e) the predi&tions of the two models are quite
different. The periphéral phase space modei‘predicis a negative
asymmetry that is roughly the same‘for all_éf thé conjugate'pairs.6
On the otherbhand (except for the lowest energy), thé'mulﬁi-Regge model
predicts almost no asymmetry for the first conjugate pair, slightly
jarger for the next and so on, approaching substantial asymmetry only
fbr the innerﬁost conjugate pairé.

This qualitative behavior is very general and is independent
of the detaiied parametrizations of the models. The independence of
the asymmetry with conjugate particle pair in the peripheral phase
space model is simply a.consequence of the uncorrelated production of
the pions. The behavior exhibitedbby the multi-Regge model is due to
the correlation in the longitudinal momentum of thé produced pions
required by the limiting of the successive four-momenfum—transfers
squéred in the multipgripheral chain.7

In the analysis described above resonance production has largely
been ignored. It is taken into account pnly in the miiti-Regge .model
in the dualistic sense of including baryon exchange at the epds of the’

rultl-Regge e : S - T
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chains. However, at high energy the production of resonances “along
with the other final-state particles does not alter the qualitative
predictions of the two models for the transverse angle correlétions.

The principal effect of resonance produétion for both models is to

increase the available phase space for the N particle final state

and produce transverse angle correlations characteristic of an N - R

particle final state, where R is the number of relatively narrow
resonances producéd on fhé average.

A more serious effect that could tend to dilute the difference

_ between the predictions'of the two classes of models is the presence

of unobserved neutral particles in the final state. This will hHave the

opposite effect as narrow resonancé production, namely, the final state

will have the trangverse angle correlations characteristic.of a C+M
particle final state where C 1is the number éf charged particles
observed and M. is the number of missing neutral particles present on
the average. Inspection of Fig. 1 shows that in general this is not a
serious problem'since for ‘both models the Qualitqtive predictions are
largely independent of final-state multiplicity. The potentially most
serious problem comgs_ﬁhen a suﬁsfantial fraction of the very fastest
and very slowest particlés in thé laboratory are‘neutral for an event.
However, these events_shoﬁld be easily identifigﬁle by their relatively
large amount of missing energy as well as their lack of low momentum
particles. Events with these cﬁaracteristics can simply be deleted'from
sgmples used for the comparison.

As noted above, the difference hetween the'predictions of the
two models increases with increasing energy, while the invariance of the

predictions in the presence of resonance production and missing neutrals
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decreases with decreasing energy. These considerations coupled with
zhe predictions for the lowest energy shown in Fig. 1, 25 Gev/e,
suggest that energies in thisrlowest region are probably too low for
using this test to discriminate between the two classes of models.
Bowever, the results of Fig. 1 indicate that beam momenta above 100
"GeV/ciare,cléarly adequate for the comparison.

In our analysis of the multi-Reggg model we. have neglected
possible depéndence of the vertex functions on‘the Toller_-apgles.8
Large effects éf this type have been shown not to be pre#ent in low-
energy interactions9 and it is unliiely that these gffects/cpuld be
strong .enough at high energies to overcomerthe effect of the limiting
of the four-momentum-transfers squared along the'mgltiperipheral

chain.®
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Fig. 1.

Fig. 2.
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FIGURE CAPTIONS
Asymmetry about 90° {in percent) predicted by the two .mcdels
for the transverse angular distribution (0° < ¢ <180°) of
conjugate particle pairs. The asymmetry is defined as
(NG -»NL)/(NG + NL) where NG/L is the number of events with
angle greater/less thaﬁ 90 degrees.
Transvefse-anéular distributions of conjugate particle pairs

as predicted by the two models for the reaction pp — ppbn

at 100 GeV/c.
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