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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
7N — 7N 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 TN -pN, "N -pA, TN~fN, and
TN - fA: The contribution of pion trajectory ex-
change to the ¢-channel zero-helicity amplitude
foo,34" can be extrapolated from ¢ = u? 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, oo
- o000, where ¢ is a scalar-isoscalar particle

By(-aup, =4, =Qp —Qyy, -ayp) =B(-ap, "aAl)Z

with x; =@,,~ @ 4 g—0ps X2==Qay, X3==M, X4
=—q4,-04p, and x;=—ag,—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 a,;=n. For
each such integer, the generalized hypergeomet-
ric function reduces to a finite series depending
on the four other energies s, 5, Sa;, S;» and
sgs Two of these, s, 5 and s,,, can be selected
to describe the quasi-two-body process o +0

- (resonance) +o. The other two can be re-ex-
pressed in terms of s, 5, S4,, and two angles in
the Gottfried-Jackson* frame describing the reso-
nance decay.
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which is taken to have the pion mass. The inter-
nal Regge trajectories are taken to be the o tra-
jectory so that we have a sort of Reggeized ver-
sion of the A®® (or A¢®) 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 oo 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 Bardak¢i-Ruegg amplitude
B(-a4p, =4,y =y — 0y, —ayg) for the graph
of 00 — o000 depicted in Fig. 1. For simplicity,
we have assumed that the ¢ particles are noniden-
tical and that this is the only amplitude which
contributes. The five internal trajectories all
have the same form: a,;;=a’(s;~m?), wherem
is the mass of the spin-zero ¢ particle, m =0.138
BeV. In numerical calculations, we have taken
a’=1/BeV?,

Biatas and Pokorski® noted that B, can be writ-
ten in the form
- (-1)” T(-ag,)
(m—ay)m! I'(-ag,~m

)sz(xn Koy Xgy 3 X g5 Xs5 1)

m=0

l 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 £-channel
helicity amplitudes for production of the reso-
nance at a,;=7n 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 a,,=1 are displayed in
the upper part of Table I; amplitudes for the pro-
duction of the spin-2 resonance at «,;=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
sap and s4,, we have taken the limit s4 g~ « 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 oo vertex. Our
results can therefore be applied to obtain a mod-

Table I. Helicity amplitudes for production of oo resonances (00) g in the reaction oo

—(00)zo. The symbols are defined by

Q= =120/ (sy5=4m?) V2B(=a 45, —ty), R=(t—4m?)?sing, /2s,

p= %(323—41%2) 1/2, E=m?—t =Sy3,

Pt =% I:[t-—(m-—sn)l/z] [t —(m + 5,,1/9)2] ]1/2‘

t

In each case S, is to be evaluated at the resonance in question.
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el of the 7p (and 7f) helicity-1 (and helicity-2)
vertex in experimentally accessible reactions.

Differential cross sections for “p” and “f” pro-
duction computed from these amplitudes are very
similar in shape to experimental cross sections®
for 7N - pA and 7N - fA, reactions in which 7 ex-
change seems to dominate. The “f” production
cross section is slightly broader than the “p”
cross section, also in agreement with the data.
Isospin considerations complicate the compari-
son of relative magnitudes for “f” and “p” pro-
duction with experiment; this model does, how-
ever, give a definite prediction for this ratio
without specification of additional coupling con-
stants.

We display in Fig. 2 some density-matrix ele-
ments computed with the amplitudes of Table I,
for s 4 5 =20 BeV2 For simplicity, all o’s were
kept real in evaluating the generalized hypergeo-
metric function. Hence only real density matric-
es were obtained. This treatment could be modi-
fied to include complex «’s, if desired.

Figure 2(a) shows the density matrix elements
for “p” production, after the s-wave oo reso-
nance has been separated off. Because only one
vertex has spin, oo~ “p”c has an extra symme-
try (p,, ==p,-,); thus py, and p,, are the only in-
dependent density-matrix elements. Both p,, and
Poo are similar in behavior to the available data®
in 7 exchange reactions. This implies that it
will be worthwhile to construct a more physical
model of the p production amplitude in this for-
malism. Similar considerations apply to the den-
sity matrix elements for oo~ “f o, shown in
Fig. 2(b).

We have also calculated the density matrices
for spin-1 and spin-0 production at a,;=1, nor-
malized to the condition py** +2p;,* +py,° =1 (up-
per indices refer to the spin of the produced par-
ticle; lower ones to the helicity). As expected,
the model fails in this sort of daughter-parent
comparison. The spin-0 contribution p,* is
much too large compared with the spin-1 contri-
bution py,''. (The model gives, att=0, py°°
~0.18, pgo'*~0.22, whereas the experimental re-
sult® is closer to the reverse of this.)

In spite of this difficulty, we conclude that this
type of application of the Veneziano five-point
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FIG. 2. (a) Density-matrix elements for spin-1 pro-
duction, (b) Density-matrix elements for spin-2 pro-
duction.

amplitude warrants further investigation in more
detailed models. It considerably simplifies ap-
plication of the Veneziano prescription to high-
spin quasi-two-body processes, as well as pro-
viding a toy model for the Regge residue functions.
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