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We show how the Veneziano five-point function may be used as a model for Regge resi-
dues in quasi-two-body processes. An artificial reaction with many of the properties of
nN mnN is studied'in this model; density matrices for spin-1 and spin-2 resonances
produced by pion exchange are calculated. The results are encouraging enough to war-
rant construction of a more detailed model along these lines.

One of the principal difficulties with the simple
Regge-pole model has been the arbitrariness of
the Regge residue functions. Residues can be
evaluated at the internal particle poles; but in
the absence of information about all particles on
a given trajectory, the t dependence of these
functions is unspecified. Hence extrapolation
away from the pole is fraught with uncertainty.
This is best illustrated by pion-exchange pro-
cesses such as mN- pN, ~N- ph, mN- fN, and
nN-fA: The contribution of pion trajectory ex-
change to the t-channel zero-helicity amplitude

foo 1 & can be extrapolated from t = p,
' only by

making assumptions about dynamic residue func-
tions, and there is no method for determining the
contribution to other helicity amplitudes which
do not couple at the spin-zero pole.

The recently proposed generalizations" of the
Veneziano formula to n-point functions provide
a model for the t dependence of all these resi-
dues. We illustrate this by some calculations
for the simplest possible artificial reaction, oa
-ocro, where cr is a scalar-isoscalar particle

which is taken to have the pion mass. The inter-
nal Regge trajectories are taken to be the 0 tra-
jectory so that we have a sort of Reggeized ver-
sion of the XC' (or Xa') field-theory model. With-
in this model we calculate the helicity amplitudes
for oo- o+(spin 1) and oo- o+(spin 2), where
(spin 1) and (spin 2) are the vo resonances anal-
ogous to the p and f. Although our model lacks
many of the features of the real world, the re-
semblance of predicted density-matrix elements
to the data should encourage calculations with a
more realistic model.

We begin with the Bardakgi-Ruegg amplitude
B~(-Qg gy, -Bg ~, -&~2, —Q23, -Q~s) for the graph
of ao-coo depicted in Fig. 1. For simplicity,
we have assumed that the a particles are noniden-
tical and that this is the only amplitude which
contributes. The five internal traj ectories all
have the same form: n~j. = a'(s&J-m'), where m

is the mass of the spin-zero v particle, m = 0.138
BeV. In numerical calculations, we have taken
a'=1/BeV'.

Biakas and Pokorski' noted that 8, can be writ-
ten in the form

(-1)"' 1'(-~s.)
Bg( +Also nA1& +pm' +23y +gB) ( ABt +AX) ~ I x I ~s Px2(x1& +2& ass t &cx &5t )

~&=p L +») L~™B'3 n)

with g y
= Qy2 Qg B QB3& +2 +A g& 3 ns &4

Q g y nz z, and x, = —az,-m. This displays
explicitly the behavior of the function as a sum
over resonances in the s» channel. The ampli-
tude for production and decay of a resonance with
spin n, together with all its daughters, is propor-
tional to the residue of the pole at n»=n. For
each such integer, the generalized hypergeomet-
ric function reduces to a finite series depending
on the four other energies sg~, sg „s„,and

sQ 3 Two of these, sz ~ and sp j can be se lected
to describe the quasi-two-body process 0+a- (resonance)+o. The other two can be re-ex-
pressed in terms of sg & s& y

and two angles in
the Gottfried-Jackson4 frame describing the reso-
nance decay.

This change of variables allows one to exhibit
the decomposition of the amplitude into spherical
harmonics in the Jackson frame; the coefficients
of these spherical harmonics are the t-channel
helicity amplitudes for production of the reso-
nance at n» =n and all its daughters. Knowledge
of these amplitudes allows calculation of all den-
sity-matrix elements for the resonances pro-
duced, and of the differential cross sections for
their production. In the absence of any other
pure Regge model for most of these quantities,
these predictions are particularly interesting.
We must bear in mind, however, that the treat-
ment of daughters in the Veneziano amplitude is
not unitary in any approximation; thus ampli-
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FIG. 1. Labeling of kinematics for the graph consid-
ered.

tudes for production of a daughter particle will
generally be too large compared with those for

production of the parent. This means that the
daughter-parent interference density matrices
cannot be calculated accurately without improv-
ing the model.

Helicity amplitudes for production of the spin-1
and spin-0 resonances at n» =1 are displayed in
the upper part of Table I; amplitudes for the pro-
duction of the spin-2 resonance at o.» = 2 are giv-
en in the lower part. Because some of the kine-
matic quantities which are simple in the Jackson
frame are moderately complicated functions of
s~& and s~ „we have taken the limit sz ~ - ~ in
the expression multiplying the beta functions;
this allows the Regge residues to be read off di-
rectly. Note that the factorization property for
Regge residues can be used to remove depen-
dence of these amplitudes on the vo vertex. Our
results can therefore be applied to obtain a mod-

Table I. Eelicity amplitudes for production of oo resonances (oa)& in the reaction oo
(ov)&o'. The symbols are defined by

Q= st a'(s-23 4m ) B(-a~, a&&), R-=(t-4m ) sint), /2s,

P= s(s2&-4m ), E=m t s2&, --2 1/2 2

1 [t (m-s, g ~~2-] [t (m+ s,,~~-2)2]

Ig, 2—

In each case s23 is to be evaluated at the resonance in question.
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