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The distribution over the number of prongs in inelastic hadronic collisions can be calculated by assuming
(i) that the multiplicities of produced pions form a Poisson distribution, and (ii) that all the isospin final
states are equally probable. The set of distributions for m. p inelastic collisions have been calculated, and agree
well with experiments for all energies.

O predict a Poisson distribution in the number of
produced pions, Chew and Pignotti' used a

multi-Regge-trajectory model. However, experi-
mentally, one usually observes the distribution over
the number of prongs (charged particles) in the final
states. They assumed, for simplicity, that the effective
meson Regge pole has the following properties. (i) It
carries either isospin 0 or 1; (ii) it occurs with equal
probabilities at the ends of the multi-Regge chain with
isospin 0 or 1; (iii) it occurs with alternating values of
the isospin along the multi-Regge line. When the
Poisson distribution is augmented with a specification
of the charges of the final particles, they were then able
to calculate the prong distributions for pp inelastic
collisions, which agree satisfactorily with experiments.

The authors believe that a Poisson distribution is the
consequence of the incoherence of the produced pions.
It is very general and not necessarily only valid in the
multi-Regge-trajectory model. In this paper, the
authors attempt to eliminate the features which are
dependent on the speci6c Regge model, particularly
the ad hoc isospin-independent postulates (i)—(iii).
Instead, we choose the well-known statistical hypothe

sis, ' which assumes that all the possible inelastic final
states satisfying the conservation laws of total isotopic
spin, charge, and baryon number are equally probable.
If prong distributions resulting from a combination of
the Poisson distribution and the statistical hypothesis
agree with experiments, one can view the assumed
properties (i)—(iii) of the effective meson Regge pole
to be a good set of approximations of the statistical
hypothesis.

On the other hand, Wang' has recently suggested
that the charged pions in the inelastic final states of
hadronic collisions are produced in pairs in small cells
inside the nucleon and that the multiplicities of these
pairs follow a Poisson distribution. It was also suggested
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that neutral pions are produced singly in the same
cellular manner but statistically indepeedeet of the
charged production and that the neutrals also follow a
Poisson distribution. The assumption that the neutrals
and prongs are produced in a statistically independent
manner cannot be exactly valid because of the isospin-
conservation constraint which relates the branching
ratios of reactions involving charged and neutral pions.
Wang's model can only provide a fair general agree-
ment for the distribution of prongs for all energies. The
model suggested by the authors satisfies isospin con-
servation and can be used to express all inelastic partial
cross sections at various multiplicities in terms of a
single one. This is not possible in Wang's model. Take
n. p scattering as an example. Wang can only predict
the distributions of the number of prongs but cannot
relate the partial cross sections to each other. That is,
for example, he can express the cross section of n. p
going to four prongs plus an arbitrary number of
neutral pions in terms of the cross section of m. p going
to two prongs plus an arbitrary number of neutral
pions, but cannot express the cross section of m. p —&

s p~+~ n-o in terms of ~ p —+~ pm.+n . Concerning
neutral-pion production, he can express ~ p ~ n'm'~'~'
in terms of m p ~monnow', but cannot express n. p ~
m'm'm' in terms of n p —& w pm+ad because the neutral
pions are assumed to be produced independently of the
charged pions. In our model, all the aforementioned
cross sections are related by isospin conservation and
can be expressed in terms of a single one. Thus, our
model has a higher predictive power. In this paper, we
will only calculate the distributions over the number of
prongs since one does not generally observe the neutral
pions in an experiment.

Let us start with a Poisson distribution for the
produced pions,

Wo(m, ,m) = (m) "e—"/m!,

where m is the number of charged and neutral pions
produced in the hadronic collisions and m is the mean
multiplicity of produced charged and neutral pions
which depends on the energy of the incident particle.
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FIG. 1. Observed distributions over the number of prongs.
(a) Zero prong, (b) two prongs, (c) four prongs, (d) six prongs,
and (e) eight prongs, in m p inelastic collisions (Ref. 4) are com-
pared with our prediction (solid curves). The standard errors of
the observed data along the n, axis are not shown and are roughly
the same as those along the P(n„e,) axis. Furthermore, when the
data points are too dense, even the standard errors of some points
along the P(n„n,) axis will not be shown.
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ponservation of energy is well satisfied in our model
by having the mean multiplicity of pions as the ex-
ponent of the Poisson distribution. Compared with the
Fermi model, ' the calculation presented here is much
simpler because no tedious phase-space integration is
involved. Our model is expected to work well at cosmic-

~ E. Fermi, Progr. Theoret. Phys. (Kyoto) 5, 570 (1950).

ray energies too. Besides, one can use the model to
express all inelastic partial cross sections at various
multiplicities in terms of a single one. As the new high-
energy accelerators begin to accumulate data, our
proposal would provide a convenient way to systematize
high-energy data.

The authors woul. d like to acknowledge many en-
lightening discussions held with Professor C. P. Wang.
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We present a treatment of Ef3 decays based on current commutators and using a covariant sum-rule
formulation. Working in a general kinematical configuration and dispersing on a line (in the plane of the
squared pion mass and of the momentum transfer) which belongs to a family of curves all parallel to the
"steepest" (kaon rest frame) parabola, me write down de6nite expressions for the form factors 1+ and f .
The relation of our procedure to other recently reported approaches is discussed.

I. INTRODUCTION

K( FNTI Q, Adcmollo, Dcnardo, and Furlan, 1

using the techniques of Ref. 2, gave a generali-
~

~~

~~

~

zation of the Callan-Treiman soft-pion relation'
between the K~3 form factors and those of the axial-
vector decays of the E and m Inesons, in which the
pion IQass was cxtI'RpolRtcd to thc physlcRl value by
pcI'foI'Illlng R sRtuI'Rtlon of ccI'tMIl comD1utators ln the
kaon rest frame. In order to obtain expressions for the
Ets form factors as functions of the momentum trans-
fer, it is of course necessary to work in a morc general
kinematical con6guration. Onc posslblllty, Rctually used

by Dcnardo and Komen, 4 is to saturate the relevant
commutators by sandwiching them between the vacuum
and, 8, E-meson state of arbitrary energy E. The inter-
gration path is then a curve in the plane of the squared
pion four-momentum (g') and of the momentum trans-
fer (k'), which belongs to a family of parabolas (labeled

by E) always passing through the Callan-Treiman point
Lq'=0, k'=(kaon mass)'j. In this paper, applying the
generalized sum-rule formalism given in Ref. 2, wc
shall consider another possible way of getting the mo-
mentum-transfer dependence of the E)3 form factors.
In order to work covariantly, we shall. disperse on a line

* On leave of absence from the Institute for Atomic Physics,
Bucharest, Romania.
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belonging to a set of parabolas all parallel to the steepest
one (that corresponding to the kaon rest frame).

In Sec. II, we start from current- and field-algebra
commutators and we derive a set of sum rules, the
evaluation of which is treated in Sec. III, where we
find, in the one-particle saturation scheme, definite
expressions for the Ei3 form factors f+. An alternative
pI'occdulc bRscd on thc usc of dispclslon I clatloIis fol
f+ in k~ at q'= (pion mass)', together with a current-
algebra sum rule and a field-algebra (superconvergent-
type) relation, is developed in Sec. lV. The results of
this work, as well as its relation to Rcfs, 1 and 4, are
discussed in Sec. V,

In this section wc use the procedure proposed by
Fublnl RIld Furlan to derive sulTl I'ulcs foI' thc Invariant
weak amplitudes related to the Et3 decays in the same
way as it was done for axial-vector —nucleon-scattering
amplitudes in Ref. 5. We start by defining the quantities

T = d's e"'8(so)

&&&oIL~."'() i'. ' "(o)ll& (p)) (2 l)

U'„=i d's e*&'0(so)

&&&oILD "'& ),i".' '&(o)jl&-{p)), (2.2)
' M. Micu and E. E. Radescu, Nuovo Cimento 61A, 73/ (1969),


