PHYSICAL REVIEW D

VOLUME 9, NUMBER 9

1 MAY 1974

Linear zeros versus SU(3) in meson-baryon scattering*

H. B. Mathis and R. H. Capps
Physics Department, Purdue University, West Lafayette, Indiana 47907
(Received 26 December 1973)

Odorico has shown that measurements of certain meson-baryon scattering amplitudes support the
postulate that the zeros in the spin-independent amplitudes are approximately linear in the Mandelstam
plane. He has shown further that if the postulate is extended to all meson-baryon amplitudes, a
violation of SU(3) interaction symmetry is implied. We investigate the possibility of determining from
experimental data which of the two principles, the linear-zero postulate or SU(3) interaction symmetry,
is better satisfied. The reactions KN — 72 and N — K = are crucial in this determination. We show
that the existing data involving these processes are not in perfect accord with either of the two

principles, but favor the linear-zero postulate.

1. INTRODUCTION

Odorico has cited experimental evidence that
the zeros in the spin-independent amplitudes (A)
for tN-7N, EN-KN, and KN-7A processes are
approximately linear in the Mandelstam plane.!*?
He identifies these lines of zeros with specific
patterns discussed in an earlier paper.® It is
stated in Ref. 1 that with these identifications the
hypothesis that all other meson-baryon A am-
plitudes correspond to allowed linear-zero pat-
terns requires a violation of SU(3) interaction
symmetry. However, the data analysis of Odorico
of the above-mentioned processes does not in it-
self require SU(3) violation.

The possibility that nature prefers linear zeros
to SU(3) symmetry for these amplitudes is in-
triguing. The purpose of this paper is to study the
question further, and to identify the possible ex-
periments that can best show which, if either, of
the principles of linear zeros and SU(3) symmetry
is approximately valid. In this connection, exist-
ing phase-shift analyses of KN-7Z and 7N-KZ
data are compared with the various theoretical
predictions.

A brief review of the implications of the linear-
zero postulate is given in Sec. IIA, and Sec.II B
contains a complete list of the assumptions that
lead to the conflict with SU(3). The conflict is
demonstrated in Sec. III. In Sec. IV B, SU(3)-
symmetric solutions for zero patterns and reso-
nance widths in EN—-7Z and 7N -KZ amplitudes
are derived, and corresponding predictions based
on the linear-zero postulate are given in Sec. IVC.
These predictions are compared to experiment in
Sec. V.
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II. PROCEDURE

A. The linear-zero patterns

In order to make clear where the conflict be-
tween the linear-zero hypothesis and SU(3) arises,
we will express the linear-zero hypothesis in the
algebraic form derived in a previous paper.* We
modify the notation of Ref. 4 to make it appropriate
to meson-baryon scattering. An amplitude in the
s, t, and u Mandelstam channels is represented
bya+b-c+d, a+c=-b+d, andc+b-a+d, re-
spectively, where the bar denotes an antiparticle
and a and ¢ denote mesons. The spin dependence
of an s-channel, meson-baryon scattering am-
plitude T is represented by

T=-A(s, t)+ 3ily (g, +4,)]B(s, t),

where ¢, and g, are the four-momenta of initial
and final mesons, and s (¢) is the square of the
energy in the center-of-mass system for an s-
(t-) channel process. As in Ref. 1, we are con-
cerned only with the spin-independent amplitude
A(s,t). Weuse V and T to denote residues of
vector and tensor-meson Regge trajectories, re-
spectively, and N and A to denote residues of
baryon trajectories of the nucleon type (physical
particles of j =3, 3, etc.) and A type (j=3%,Z, etc.),
respectively. In general, each of the N and A
residues is a sum of contributions from both par-
ities in the direct channel (channel of the physical
particles of the trajectory).

The residues are related to coupling constants
by the equations
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Vi =8at 8rzas
As =grdc grba ’ (1)

Tt =&rav 8rca>
Ns = grdc grba ’
Nu =8rda8rvc Au =8&rda8rvz »

where the index of T, V, N, or A is the channel
of the physical particles of the trajectory, and a
summation over contributing trajectories 7 is im-
plied.

It is shown in Ref. 4 that the linear-zero hypoth-
esis is equivalent to the requirement that the
ratios of residues in the different channels cor-
respond to one of thirteen possibilities, each of
which corresponds to a pattern of zeros. These
sets of residue ratios, and the directions of the
zero lines, are given in Table I.

A normalizing convention has been used to sim-
plify Table I. The linear-zero prescription spec-
ifies the ratio of residues of two resonances in
different channels at the point of intersection of
the resonances. Thus, in pattern I(x), where a
V resonance intersects s-channel N and A reso-
nances, the requirements for V, are

Vi (B)=4,(8),

where a and $ are the intersection points in the
Mandelstam plane of the vector resonance with the
N and A resonances, respectively. Actually, V,(a)
and V, (B) are not equal. However, we assume that
the ratio of residues of like trajectories is the
same at different points, so that the ratio V,(8)/
Vi(a) is the same for all V trajectories. Hence,
by renormalizing the residues A,;, we may write

Vi (@) =N, (@),

Vi=N,=A, (2a)

for this pattern, where now V, denotes V,(a). We
may use Table I only to compare the residues of
like trajectories, e.g., we cannot compare a A/N
ratio with experiment. By a similar argument,
the residue N, is not the same when the N reso-
nance crosses V and T resonances, but we re-
normalize the T relative to the V so that we may
write [for pattern I(«))

Ng=V,=T;, (2b)

where the residues all refer to the point a. Equa-
tions (2a) and (2b) are the ratios of Table I for this
pattern.

Since all meson-baryon resonances may be
associated with the s channel, we need make little
use of the N, and A,. Two patterns related by the
particle permutation a= ¢ must be related by the
permutation s=u in the pattern label of Table I.

B. Assumptions

The principal result of Ref. 1 is that SU(3) inter-
action symmetry for the spin-independent ampli-
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tudes is in conflict with the following set of as-
sumptions:

(A) The KN states are exotic.

(B) In each of the 7N amplitudes (1*p scattering,
7°p scattering, and 7 p—~n') at least one of the
s-channel residues is nonzero.

(C) There are nine V and nine T trajectories,
with the isotopic spins and hypercharges of SU(3)
octets and singlets.

(D1) The "N-7N, KN-~KN, and KN-~7A ampli-
tudes correspond to linear-zero patterns.

(D2) All other MB-M B (where M and B denote a
pseudoscalar meson and a member of the nucleon
octet) amplitudes also correspond to linear-zero
patterns.

III. ORIGIN OF THE CONFLICT
A. The N and KN patterns

There is strong experimental evidence in favor
of assumptions (A)-(C) above, and Odorico has
demonstrated the approximate validity of assump-
tion (D1).1*2 Therefore, we will take these as-
sumptions as given and pinpoint the conflict be-
tween assumption (D2) and SU(3) symmetry.

We consider first 7N and KN scattering. As seen
from Table I, assumptions (A) and (D1) imply
pattern I(ux) for K p and K n elastic scattering.
Odorico points out that assumptions (B) and (D1)
imply that 7*p and 77p scattering must correspond
to I~ () and ITI"(s), or to T~ (s) and I~ (x).! Al-
though for our argument concerning the conflict
it is irrelevant which of these two assignments is
made, it is clearly preferable to assign III~ () to

TABLE I. The residue ratios for the allowed zero
patterns, The second column lists the Mandelstam vari-
ables that are constant along the different zero lines.
Zero lines corresponding to constant differences in
Mandelstam variables extend throughout the plane,
while those corresponding to constant s, ¢, or » occur
only at negative values of the variable.

Pattern Zerolines T, V, N; A; N, A,
I(t) t 0 0 1 -1 1 -1
I(s) s 1 -1 0 0 1 1
I(u) u 1 1 1 1 0 0
o' (¢) t,s—u 2 0 1 1 1 1
o (s) s,u—t 1 1 2 0 1 -1
o (u) u,s—t 1 -1 1 -1 2 0
I (t) t,s—u 0 2 1 1 -1 -1
I~ (s) s,u—t 1 1 0 2 -1 1
O™ (x) u,s—1t 1 -1 -1 1 0 2
oIt s,t,u 1 0 1 0 1 0
I (¢) s,t,u 1 0 0 1 0 1
oI~ (s) s,t,u 0 1 1 0 0o -1
oI () s,t,u 0 -1 0 -1 1 0




7" p scattering. Otherwise, the j =% (A) contribu-
tion to 7*p scattering would have to be canceled by
another A-type resonance. Henceforth, we take
the 7*p pattern to be IIT™(u).

B. The conflict

In order to demonstrate the conflict, we will
assume SU(3) symmetry of the residues and find
the implied violation of assumption (D2). For this
purpose, we need consider only the Z-channel
residues V; and T,. The pattern assignment I(«)
for K™p and K™n scattering implies V; =T, for
these two processes. This is equivalent to the
two conditions

%lel+§d8 G,=3f,G., (3)
+d,6,-35d, G, - ($)?dy G, = T 1, G,
- (FH)2fs Gy, (4)

where d;, dg, and f, are the interaction constants
of the tensor-singlet, tensor-octet, and vector-
octet trajectories with MM states; G,, G,, and G,
are the coupling constants of the tensor singlet
with BB states and of the tensor octet with sym-
metric and antisymmetric BB states, while G/
and G) are the corresponding coupling constants
of the vector octet with BB states. Each constant
is normalized so that its square is the sum of the
squares of the constants of interactions of one
trajectory with all MM or BB states. Identification
of pattern III~(x) with 7*p scattering requires

T, =0; this is the coupling-constant relation

id G,-+d, G, +(%)%d, G,=0. (5)

One may use Eqgs. (3), (4), and (5) to solve for
the three interaction constants d,G,, d;G, and d;G, in
terms of f; G, and f; G,. One finds that the F /D
ratios (denoted by x and x’) for coupling with bar-
yons are related by

x=(1-x")/(1+3x"), (6)

where x =(8V%(G,/G,) and x'=(HY2(G,/G!).

We next consider the process K~ p-n°A, since
the A amplitude for this process is analyzed for
linear zeros in Ref. 2. The f-channel residues for
this amplitude are

Ve=3+ () fH1(HV26+ G
Ty=-1($)"2d[($)2G, + G,]-

(7

It can be seen from Table I that in all patterns,
the following algebraic condition is satisfied:

Ve T, (Ve + T)(Ve =T, = 0. ®)

Application of this condition to Egs. (7), together
with Eqs. (3)-(5), limits the coupling ratios to
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four discrete solutions, characterized by the x’
values+, -1, -3, and ©. The possibility x'=-1
may be discarded, because it corresponds to the
decoupling of the p trajectory from nucleons, in
which case the 7N patterns all degenerate into
solutions with no nonzero residues, in violation
of assumption (B). Thus, the three allowed x’
values are

x'=%, —%, and =, (9)
We complete the argument by considering two
more A amplitudes. The first corresponds to the
process K'A-K*A, for which the ¢{-channel resi-

dues are
Vi=G5) 21, Gy, Ti=1d3G,+%d,6,. (10)
The second process is K°Z* -K *Z° for which the
t-channel residues are
Vi= (&)1, GL, Ty=-(%)Y%d,G,. (11)
It is straightforward to show that for each of the
x' values of Eq. (9), the residue ratios determined
from Eqs. (3)-(5) are such that the V, and T, of
at least one of the two processes [of Eqs. (10) and
(11)] do not satisfy the condition of Eq. (8). This
completes the demonstration of the inconsistency
of SU(3) symmetry with the set of assumptions of
Sec. II1 B. Furthermore, we have not applied
SU(3) symmetry to the baryonic channels; i.e.,
the assumptions of Sec. II B are inconsistent with
t-channel SU(3).5

1V. CONFLICTING PREDICTIONS FOR N—-X PROCESSES
A. General considerations

We next discuss the experimental information
that can best show whether SU(3) or the linear-
zero hypothesis is better satisfied for the A am-
plitudes. The most suitable amplitudes for this
purpose are of the type KN-1Z, or the crossed
type "N-KZ; we refer to these as N-Z ampli-
tudes. The zero patterns and the decay partial
widths of resonances of these amplitudes are rele-
vant. In Sec. IV B we show that if SU(3) is com-
bined with Odorico’s analysis of the 7N and KN
scattering amplitudes and the K~p—n°A ampli-
tude, !*? there are only two solutions for the N=Z
spin-independent amplitudes. The linear-zero hy-
pothesis is not satisfied for either solution. In
Sec. IVC, we outline the argument of Ref. 1 that
the linear-zero hypothesis leads to specific pre-
dictions for the N-Z amplitudes. The predictions
of these two subsections are compared with ex-
periment in Sec. V.
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B. The SU(3) solutions

Odorico has shown that the 7N and KN scattering
amplitudes are consistent with linear-zero pat-
terns,! so we take these amplitudes to correspond
to the patterns assigned in Sec. IITA. In Ref. 2
evidence is given for zeros of constant # and con-
stant (s—¢) in the A amplitude for K" p-n°A. Con-
sequently, we follow Ref. 1 and assume that this
amplitude corresponds to one of the two patterns
with such zeros. As seen from Table I these are
patterns II* («) and II”(«). Either of these assign-
ments requires V;=-T,. As seen from Eq. (7),
the requirement is

(DS [(B)12GL + 61 1=d [($)*G, + G, ] (12)

This equation and Eqs. (3)—(5) lead to the follow-
ing complete solution for the ¢{-channel residue
ratios:

d,G,=0, dyG=(2)V*f, G},
G!/Gl=G, /Gy=(+)1? (or x'=x=1).

(13)

If duality is applied to baryon-baryon scattering
amplitudes, the condition that all states of baryon-
number two are exotic implies that the contribu-
tions to the imaginary parts of each amplitude
from trajectories of opposite signatures in either
crossed channel must cancel. This requires that
the couplings of vector- and tensor-meson tra-
jectories to baryons are proportional, a well-
known result. The fact that the residues of Eq.
(13) satisfy this proportionality condition is an
attractive feature of this solution. On the other
hand, if the x’ of Eq. (9) were given by —3 or =,
it is seen from Eq. (6) that x # x’; so this pro-
portionality condition would not be satisfied.

We next apply SU(3) to the s-channel residues
N, and A,. The assumption that the K*p and K *n
channels are exotic implies that all residues cor-
responding to the representations 10* and 27 van-
ish. There are then five N-type residues: N,, N,

TABLE II. Predicted s-channel residues if SU(3) sym-
metry applies. The assumptions corresponding to the
SU(3)* columns are (A)—(D1) of Sec. II B, SU(3) symme-
try, and pattern I* () for K p — VA,

s-channel SU@3)* SU@3)~
representation N A N A
10 0 -2 0 -2
5 5 15 15
ss 'y 'y T 'y
sa 35 LB B 4vE
1 1 1 29
aa ¥ -t -4 2
1 -4 8 12 -8

Ny, N,,, and N,,, and five corresponding A-type
residues. The numerical subscripts are SU(3)
representations, and the lettered subscripts s and
a correspond to octet residues, and denote whether
the initial and final meson-baryon states are sym-
metric or antisymmetric in the SU(3) indices.
Time-reversal invariance implies that Ny, =N,
and A;,=A,, but since there may be more than
one baryonic trajectory of the N (orA) type, the
ss, sa, and aa residues are all taken as inde-
pendent.

The pattern assignments mentioned above and
the ratios of Table I may be used to determine the
N and A in terms of the {-channel residues for the
five processes ' p, n p, K p, and K n scattering
and K p-n°A. If Eq. (13) is used to relate the
t-channel residues, one can determine all the
ratios of the N and A. These ratios are given in
Table II, for each of the two possible K~ p—-m°A
pattern assignments.

We next consider the following four KN —7Z
amplitudes:

A =AK p=~1"Z), A;=AK p-1°Z°), (14)
A,=AK p=T"Z7), A =(3)VPARP~1"Z0).

All residues for these amplitudes may be deter-
mined from SU(3) symmetry, and the results com-
pared to the pattern ratios of Table I. The re-
sults are given in the SU(3)* columns of Table III.
It is seen that for both possible N—A pattern
assignments, at least one of the N-Z amplitudes
does not correspond to a pattern.

Because of isotopic-spin invariance, only two
of the above KN—7Z amplitudes are independent.
We take these to be the amplitudes of definite iso-
topic spin. We also take the two independent
7N -KZ amplitudes to be those of definite isotopic
spin. The predicted N; and A; for these four

TABLE III. Linear-zero patterns in 4 amplitudes
expected from different sets of assumptions. The as-
sumptions corresponding to the SU(3)* columns are
those of Table II. The assumptions corresponding to
the linear-zero (000) column are (A)—(D2) of Sec. IIB,

Process su@)* SU@B)” 000
Kp—nZzZ* O~ () O™ (u) II7 ()
Kp—n'z0 no pattern I ()
Kn—n320 o+ (u) no I (u)

pattern
Kp—1tZ~ 1(t) 1(¢) 0
mp =Ktz I~ (s) I~ (s) I~ (s)
mp—K+30 no pattern I (s)
7p —KO=0 I* (s) no I (s)
pattern

Tp—K*Z™ 1(¢) 1(t) 0
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amplitudes, corresponding to the two possible

K p-m°A patterns, are shown in the SU(3)* col-
umns of Table IV. The over-all normalization for
the N and A is such that N=1 for 77p scattering
and A=-1 for 7*p scattering. The experimental
numbers in the table will be discussed later.

C. The linear-zero solutions

We next consider the predictions of the linear-
zero hypothesis for the N-Z amplitudes. Odorico
has pointed out that plausible assumptions deter-
mine the zero patterns for these amplitudes’; we
sketch the argument below.

Isotopic-spin symmetry relates the amplitudes
of Eq. (14) in the following manner:

Aa =%(141 +A2), A4=%(-41"A2)- (15)

It is assumed that the process 7" p~K *Z* is dom-
inated by A-type trajectories, a reasonable as-
sumption since strongly coupled N-type resonances
of these quantum numbers are not known. As can
be seen from Table I, this limits A, to one of the
three patterns: II"(x), III"(¢), or III"(s). The
requirement that the K~ 7~ ¢{-channel state is
exotic implies that A, is either identically zero or
corresponds to pattern I(¢). Equations (8) and (15)
imply that if A, corresponds to I(¢), and A, to one
of the three patterns mentioned above, A; and A,
cannot both correspond to patterns. Hence, A,
must be identically zero, in which case A, A,,
and A, correspond to the same pattern. Of the
three possibilities for this pattern, II"(«) is pre-
ferable, because in the other two cases every
channel in every amplitude is dominated by one

2607

signature. Such dominance is especially unreal-
istic in the ¢ channel. In fact, if £-channel SU(3)
is assumed, it can be shown that the {-channel
residues for the processes A,, A,, and A, satisfy
the condition V; =-T,, in agreement with pattern
II"(x). This is not a compelling argument, since
t-channel SU(3) is inconsistent with the linear-
bootstrap hypothesis for all MB processes, as
shown in Sec.IIl. However, it is unlikely that the
SU(3) symmetry of the couplings of the vector and
tensor trajectories is violated so much that one
of them vanishes in the N-Z processes. Thus,
the most plausible assignment is that suggested
in Ref. 1, and listed in the column headed 000

of Table III.

The corresponding values of the N and A res-
idues in amplitudes of definite isospin are listed
in the 000 column of Table IV. The normalization
is such as to agree with the SU(3) solutions for
the amplitude K p-7"Z* and its crossed amplitude
T p-K*ZT*.

V. EXPERIMENTAL RESULTS FOR N-Z PROCESSES

In this section we analyze existing N-Z data
and compare it to the SU(3) and linear-zero pre-
dictions of Sec. IV. We discuss first the predic-
tions concerning the zeros of the amplitudes, and
later consider the values of trajectory residues.

The real and imaginary parts of the A ampli-
tudes for the K N—-7Z and 7N-KZ processes,
computed from existing phase-shift analyses,®”
are shown in Figs. 1-3. These are to be com-
pared with the pattern predictions of Table III,

TABLE IV, Predicted and experimental ratios of residues in A amplitudes. The assump-
tions involved in the SU(3)* and linear-zero (000) columns are the same as in Table III.

Experiment 2

Amplitude Residue
and isospin type SU@®)* Su@3)” 000 i=% 3 %
KN—7Z,1=0 N —1.84 1.84 -0.61 —0.88
A 1.84 —1.84 0.61 0.41 0.78
KN—1Z, I=1 N 0.50 -2.50 —0.50 -0.28
A —0.50 2.50 0.50 b 0.44
wW—KZ, I=1 N 1.50 -3.00 0 b
A ~1.00 3.50 0.50 b c
N—KZ, I= % N 0 0 0 0.39
A 1.00 1.00 1.00 b ~0.36

3 The KN — X results are taken from Fig. 6 of Ref. 8; the TN — K Z results are taken from

the data of Ref. 7.
b Below threshold.

¢ Of the two sets of partial-wave amplitudes tabulated in Ref. 7, only the one constrained to
give linear zeros has a resonating F |; amplitude. Because of this ambiguity, we omit this

effect from the table.
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FIG. 1. Real (dashed line) and imaginary (solid line) parts of A(s, ¢) for KN — nZ processes for several values of s
(given inside each graph), plotted against # (against ¢ in the Kp —7n*Z~ case). The units of A are GeV~! and those of
s, ¢, and « are GeV2. The vertical arrows correspond to (s-t) = 4 GeVZ. The data are taken from solution A1 of Ref. 6
(p. 1594); the other solutions yield similar zero structures.
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(given inside each graph), plotted against (t-«) (against ¢ in the 7 —K* 3~ case). The units of A are GeV~! and those
of s, t, and u are GeV?. The data are taken from solution II of Ref. 7.
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FIG. 2. Real (dashed line) and imaginary (solid line) parts of A(s,t) for 7N —KZ processes for several values of s
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FIG. 3. A(s,t)/N (s) for KN — X processes at several values of « (given inside each graph), plotted against (s-¢); for
K™p —7*Z~ the plots are against ¢ for several values of (s-«) (given inside the graphs). The units of s, ¢, and « are

GeV?. N(s) is the integral of |A(s,t)| over the range —1=cos §=1. The data are from Ref. 6; the solid, dashed, and
dot-dash lines correspond to solutions A1, C1, and B2, respectively, of that paper.
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and the directions of the zero lines shown in Table
I.

The three sets of predictions agree on the pat-
tern for the K"p—n"Z* amplitude. The results of
the phase-shift analyses for this amplitude and
for the crossed amplitude 7*p~K*Z* are plotted
for several values of s in the left-most columns
of Figs. 1 and 2, respectively. In both cases,
zeros of ReA and ImA occur close together along
paths that are approximately linear in the Man-
delstam plane. The lines are u~-0.15 GeV? for
the K~ -7~ reaction and (¢ -u)~0.5 GeV? for the
7" -K* reaction, thus supporting the predictions
of Table ITI. The amplitude A(K"p—-n"Z%) is pre-
dicted to have additional zeros at constant (s—-1).
Figure 3 shows a dip in the magnitude of this am-
plitude approximately along the line (s—f)=4 GeVZ
However, this dip is not associated with a simul-
taneous zero of the real and imaginary parts, as
can be seen from Fig. 1, where the location of
the dip as a function of # and s is indicated by
arrows.

If one considers this dip in |A [, together with
the zero at constant #, sufficient evidence for one
of the patterns II*(u), then the data on the reac-
tions K~ p-7°Z° and K~ n-1"Z° support the pre-
dictions of the linear-zero hypothesis. It is
shown in Fig. 1 that these amplitudes have a
structure of dips and zeros similar to that of the
K p-7~Z* amplitude, in agreement with the lin-
ear-zero predictions of Table III. On the other
hand, the SU(3) predictions require that the three
K N-7Z amplitudes discussed above do not have
the same structure.

A similar conclusion pertains to the 77p—-K°Z°
and 7% -K *Z° amplitudes. Figure 2 shows that
these two amplitudes have the same approximate
zero at constant (£-u) as does the m*p-K*Z*
amplitude. This is in agreement with the linear-
zero predictions of Table ITII, but contradicts the
SU(3) predictions.

On the other hand, A(K~p-n*Z7) and the crossed
amplitude A(m"p—-K*Z7) fit the SU(3) predictions
of Table III better than the linear-zero predictions.
The dip in |A| for the K~— 7 process occurs ap-
proximately at t~ —0.5 GeV? (Figs. 1 and 3). The
dip in |A| for the 7~ -K* process is not so clear-
cut, but occurs approximately at ¢~ —0.3 GeV?
(Fig. 2). This constant-¢ structure is expected
for pattern I(¢). Furthermore, these amplitudes
are not smaller on the average than the other
KN-7Z and aN-K Z amplitudes, as would be ex-
pected if all leading-trajectory residues were
zero for these two crossed amplitudes.

Our conclusion from the pattern analysis is that
none of the three predictions of Table III fits the
phase-shift analyses perfectly, but the linear-

zero prediction provides a rough fit for most of
the N-Z processes.

We now turn to the experimental residue ratios,
compared to the predicted ratios in Table IV.
The experimental predictions of the right-hand
columns are the contributions of N- and A-type
resonances to the residues of the A amplitude
for the N=Z processes. The contribution of each
resonance is proportional to the imaginary part
of the relevant partial-wave amplitude at the
resonance energy, multiplied by the resonance
width. If all contributions to the same residue
were proportional, as assumed in Sec. ITA, these
residues could be compared at any momentum
transfer. This proportionality assumption is not
exactly valid, however, because two different
partial waves contribute to some residues. (For
example, D,,, and F,,, resonances contribute to
the same residue.) Ideally, one should compute
these residues at positive ¢ values near those of
the t-channel resonances, since Odorico’s residue-
ratio conditions are obtained at resonance inter-
sections. Fortunately, if ¢ is appreciably positive
the partial wave of higher I dominates, so the
exact value of ¢ that is chosen is not important.
We have chosen £=1 GeV? for the tN-KZ reso-
nances, and have taken the K N-nZ residue ratios
from a recent analysis of Odorico.® The normal-
ization for each j is such that the (j=3) N-type
residue for 77p scattering is 1, and the (j =3 and
1) A-type residues for 7*p scattering are -1.
The 7N phase-shift analysis used in the normal-
ization is that of Almehed and Lovelace.®

The magnitudes of the residue ratios are ex-
pected to be sensitive to the SU(3) mass splitting
of the external particles, especially in the cases
of higher angular momenta. Therefore, we will
stress the comparison of the predicted and ex-
perimental signs of these ratios. It is seen from
Table IV that whether or not the over-all sign is
changed, the measured K N-7Z residues are in
clear contradiction to both sets of SU(3) predic-
tions. On the other hand, these measurements
agree in sign and approximately in magnitude with
the linear-zero predictions. The table also shows
that all the predictions fail to reproduce the res-
idues for the 7N -KZ processes very accurately.

We conclude that although the evidence is not
clear-cut, the present data favor the linear-zero
postulate to SU(3) symmetry for the N-Z spin-
independent amplitudes. In order to make the
meaning of this conclusion clear, we summarize
the procedure briefly. Odorico has shown that
the linear-zero postulate for the spin-independent
amplitudes is supported by data on 7N and KN
scattering and the process KN-7A.*2 Conse-
quently, we have applied the postulate to these
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amplitudes. If SU(3) interaction symmetry is
assumed also, there are only two solutions for the
interaction ratios; in each of these all the ratios
are determined. Data on the N—~Z processes are
in strong contradiction to both these solutions.
Clearly, if the linear-zero postulate were not
applied to any amplitude, the SU(3) violation would
be less clear-cut. This is because the data ana-
lyzed by Odorico contain experimental uncertain-
ties, so that if no supplementary postulate were
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used, the N-Z predictions would not be so pre-
cise. The significant thing about our results is
not the SU(3) violation, but the experimental sug-
gestion that nature prefers the less-well-known
linear-zero postulate to SU(3) symmetry for spin-
independent amplitudes. More data and phase-
shift analyses of the K N-1Z and 7N—-KZ ampli-
tudes are needed to test this suggestion more
thoroughly.

*Work supported in part by the U. S. Atomic Energy
Commission.
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Previous work on the dual resonance model in inclusive vector-meson production is ex-
tended to include both abnormally coupled trajectories and trajectories with positive inter-
cept. Differential cross sections and density-matrix elements are obtained and compared
to those of the previous calculation. The single-particle spectrum for spinless mesons is

also obtained and compared with earlier results.

I. INTRODUCTION AND NOTATION
A. Introduction

In a previous paper! the predictions of a standard
dual resonance model (DRM) for inclusive vector-
meson production were obtained. The calculation
had two major shortcomings which one could ex-
pect to overcome within the framework of a DRM.
The first is that the B, which was used® contains
only normal [for 1+2 -3, n,=n,7n,, where 7,
=(-1)"iP,] couplings. Consequently, for 7N— pX,
where X is anything, only 7 exchange is included
in the ¢ (7p) channel. But at very high energies
one would expect A, exchange to become increas-
ingly important (due to its higher intercept), and
we would therefore like to include abnormally

coupled trajectories in the calculation. The sec-
ond unpleasant feature was the use of only one
internal trajectory, the “m-p” trajectory a(s)
=-m,? +s. While this is not expected to be a fatal
flaw, it is desirable to investigate the predictions
of a more “physical” model, for the sake of com-
parison to both experiment and to the predictions
of the simpler model.

In this paper we remedy these two ills. Using
the kinematic superstructures of Canning and
Jacobs,® we construct an amplitude with abnormal
coupling to accommodate the A, trajectory. Pro-
vision for trajectories with positive intercepts is
made by using the tachyon-free amplitude of
Rittenberg and Rubenstein.? The one-particle
spectra and density matrices of 7 and A, exchange



