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ABSTRACT

The phenomenological model of Chan et al. is applied to
the calculation of the cross~sections and single particle angular
and momentum distributions of the reaction pp - ni, where at
most one neutral pionisallowed in the final state. By adjusting
only three variable parameters we achieve good qualitative agree-
ment with most experimental data, for multiplicity n between 2
and 9 at incident p momentum ranging from 1.61 to 7.0 GeV/c.
Interpolation at 2.7 GeV/c and extrapolation to 12.0 GeV/c with
the same parameters check satisfactorily with newly available

experimental data at these momenta.
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1. - INTRODUCTION

Recently, Chan, Loskiewicz and Allison 1) (hereafter referred to
as CLA) have proposed a Reggeized multi-peripheral model of multi-pion pro-
duction in 7T p and Kp scatterings. Using three adjustable parameters,
it successfully accounted for the essential features of single particle dis-
tributions over a wide range of energy and final state multiplicities. By
including resonance formation into consideration Plahte and Roberts 2),3)
extended this model to calculate the cross-sections and two-body effective
mass distributions of the same reactions, and were able to explain the
pronounced backward peak in the baryon longitudinal momentum distributions.
In this paper we report a straightforward application of the CLA model to

pp annihilations into pions.

Some general features in the single-pion angular distributions

4)-24) accumulated

have now emerged from the considerable experimental data
on the pp— nT reaction : (i) the produced 1 ( 72) tends to be emitted
forward (backward) and along the p beam direction ; (ii) these asymmetry
and collimation effects increase with higher beam momentum and lower final
state multiplicity 13)’16)’17). Such features have very simple qualitative
explanations in the CLA model. In addition, the model is found to also
yield fairly satisfactory quantitative results, both in single-particle

distributions and in cross=sections.
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2. - PRELIMINARY REMARKS

The CLA model is essentiglly a phenomenological interpolation
between high-energy peripheral scattering described by the multi-Regge
behaviour and low-energy isotropic scattering dominated by phase-space

behaviour. Each multiple production process is)calculated from incoherently
1

éuperimposed amplitudes of the following form :
. L=1 5[+CL €8 bf_ : (1)

where the symbols have already been explained in Ref. 1). When fully’

Reggeized, this amplitude corresponds to the diagrams of Fig. 1(a) or (b).

‘For pp annihilation into pions, clearly only baryon trajectories may be
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exchanged in such amplitudes. Since it is known 25) that the [ls tra-
Jectory is weaker in coupling strength than the baryon trajectory N, by
about one order of magnitude, we neglect Ag  for simplicity. Experiment-
ally, only final states with at most one T° are observed, which are thus
uniquely labelled by the multiplicity n. The absence of double charge

([5) exchange then implies that there is only one graph contributing to
each reaction of even multiplicity, while n numerically identical yet
physically distinct amplitudes contribute to each reaction of odd multipli-

city ne. In both cases amplitude (1) can be considerably simplified :

Al = G g™ T <1+ h )(1 +s;/a)q (fn.-s;/b)ﬁt’(:z)

[:1 4""SA‘/Q

where we denote c¢/g -1 by h and replace the two energy scale factors
bI and bE used in CLA by a single factor be. G 1is, nominally, the
ratio of "external'" to "internal" high-energy coupling strength, but we
will also absorb in it other constant numerical factors in the calculation
of cross-sections. Energy is expressed in units of GeV and other physical

quantities accordingly.



The parameters in Eq. (2) are chosen as follows. The Regge
parameters o( and ﬁ of the linearized nucleon trajectory have been
determined recently 25) at =-0.38 and 0.88, respectively. h dis not
varied, but merely fixed at the value corresponding to the c¢/g ratio
used by CLA, i.e., 0.077. For each multiplicity n a normalization
constant Cn is substituted for ngn—1 in the calculations of the
cross-sections, where Cn is adjusted individually for the best fit.
This affects only the multiplicity dependence of the cross-sections. For
the rest of the data we may adjust only the two energy scale factors a
and be. They have been chosen to be O.1 and 3.0, respectively, so as to
bring the best agreement to exparimental data for multiplicity between 2

end 9 and at incident momenta 1.61 H)7T), 3.0 8)79) 3,59 10)-12)
20)=-22) and

5¢7 13)'18), and 7.0 GeV/c 19). Interpolation at 2.7 GeV/c

23)

extrapolation to 12 GeV/c are made after all parameters have becen

completely fixed, when additional data came to our attention.

The numerical computations rely heavily on a computer progrean for
Monte Carlo integration written by James 26). As pointed out in Ref. 1),
this is a heavy drawback when one tries to optimize the choice of parame-

ters.
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4. - ‘CONCLUDING REMARKS

We have shown that the CLA model, without further elaboration,
can well be applied directly to account for the essential features of the
pp » nT reaction. The only exception is the angular distribution for
n = 2, which is far too isotropic, and must be explained by some other
mechanism. Further improvements can certainly be achieved by various
refinements, such as including the 156 trajectory in calculations,
finding a proper treatment of the ecven-odd effect, and taking resonance

formation into account, etc.

The last point has already been raised by CLA and systematically
dealt with by Plahte and Roberts 2)’9), but so far does not seem to have

affected our results very seriously.

The results we obtain are not very sensitive to the choice of
parameters. For instance, a change of a by a factor of two produces
hardly noticeable changes in *he results. However, it is essential to sct
b much larger than -a, o0 as t0 make the angular distributions sufficieunti-
ly isotropic while maintaining a highly peripheral behaviour of the crosgs-
sections. This is entirely different from the experience of CLA, who found
‘geur 0.5 and 1.2, It does not

it best to set both g a.d b ¢ otovhere boty
seem fruitful to speculate on the significance, if any, that can be attached

to this fact at present.

The sensitivity of the model H0 the particular manner of inter-
polating between high and low-gnergy linits has been checked by introducing

an extra parameter A , 0 that BEq. (1) is written as

-1 C)“/)\ B\t/)\
M =1 - U
|A] ~ TT (f’z.i‘l.i)(w‘h\; (1+gga)

A A |
where X, = (si/a) and y, = (si/b) . Clearly amplitude (5) has thc
same high and low-energy limits as amplitude (1), even though it is depen-

dent on XN for the energy range in between. Surprisingly, all of our
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results are strongly dependent on A ;s and can be significantly affected
by a change of 10% in N when it is approximately 1. Unfortunately,
the method of computation again limits the possibility of further exploing
the behaviour of the results when the adjustable parameters are varied for

different values of )..

Pinally, it seems quite clear that it is well worth=while to extend
the present calculations to other ﬁp reactions, on which considerable
experimental data are available, and to investigate angular correlation

effects as well.
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FIGURE CAPTIONS

Figure 1 Diagrams of multi~Regge amplitudes for reactions Ep-ﬂ n7

when (a) n(=4) is even, (b) n(=3) is odd, (¢) a subenergy
is small, and (d) a O, trajectory is exchanged.

Eigg;g_g The total cross—~sections as functions of incident momentum for

various multiplicitiés. Points connected by straight lines are
calculated from the model.

2(n~1) 4

Figure_ 3 Gn/g as a function of n. The dashed line is G'. Open

circles indicate odd n. (a) all multiplicities considered, and
n' = 1. (b) C, excluded, and n' = 2.

Figure 4 The asymmetry parameter A = F/B as functions of incident

momentum for various multiplicities. Points connected by

straight lines are calculated from the model.

EEEEEE-Q The collimation parameter C = P/E as functions of incident
momentum for various multiplicities. Points connected by

straight lines are calculated from the model.

F}gggg_é Histograms of percentage single-pion angular distributions in
the centre of momentum system. T and reflected 7[* dis-
tributions are combined. Dashed lines are calculated from the

model.

Figure 7 Histograms of combined percentage transverse momentum distribu-~
tions of all charged pions for various multiplicities at 5.7 GeV/c.
The histograms are taken from experimental data, solid lines are
calculated from the model, and dashed lines are computed from

Eq. (4) with a given by the calculated < pp) »
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14.

Average transverse momentum (pT> at 5.7 GeV/c as a function
of multiplicity. Points connected by straight lines are calcul-
ated from the model.

Histograms of percentage longitudinal momentum distributions at
5.7 GeV/c for n =4 and 5. The TC  and reflected '

"distributions are combined. Dashed lines are calculated from

the model.
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