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%'e shiv hoer to extract much information relevant to SU(3) symmetry from a partial-wave analysis of
KN~KN, EN~mX, and KN~mA up to 1.9 GeV (center-of-mass system). The method uses the
discrepancy function of dispersion theory, and the results provide checks on a considerable number of
couplings between hadrons.

I. INTRODUCTION AND SUMMARY

The lom- and medium-energy baryon bound states
and resonances axe well described the the I.-ex-
citation quark model SU(6) x O(3), using three
quarks. ' However, one can inquire whether SU(3)
properties can be observed in the scattering ampli-
tudes away from the resonances, and also one can
ask whether there is any trace of SU(3) in scatter-
ing states where there is a repulsion between the
particles. The answer to the first question is that
one can indeed see SU(3) properties at nonresonant
energies by using the discrepancy functionsy' but
only in the amplitudes where there is a strong at-
traction; to the second question the answer is
"probably not. "

%e use the analysis of the experimental P=O,
I'- and D-wave processes RV-KN, KN-mZ, and
KN-vA up to 1.9 GeV [center-of-mass system
(c.m. s.) energy] by Lea, Martin, Moorhouse, and
Oades' (to be called LMMO). They use a K-matrix
method to fit the data, and me have several re-
marks on the form used. However, the main prob-
lem is determining the unseen amplitudes pZ- mZ,

mZ -mA, and mA -mA, and me look into the princi-
ples involved. It is convenient to use the eigen-
states of K(s); an eigenstate having eigenvalue
X(s) = 0 is called a null state. Numerous null
states occur in the data fit, and this means that
the background parts of the amplitudes are of very
simple form.

If there are several null states in one partial
wave, there mill be ambiguity in the unseen ampli-
tudes; this happens in the fit of I MMO in tmo cases
for isospin I= 1. Elsewhere this ambiguity does
not occur.

The factorized K-matrix fit of I MMO is equiva-
lent to using a relativistic effective-range multi-
channel formula having only a fern parameters.

Such a formula makes use of causality (analyticity)
and unitarity, and the requirement that E be fac-
torized at the resonances is an important feature.
The data fitting works because there is a fairly
clear distinction between the several parts of an
amplitude (resonant, other varying parts, small
background terms). It (usually) determines the un-
seen amplitudes because me see that there cannot
be an eigenstate of K(s) which does not containK¹

Discrepancies

It ts difficult to see SU(3) properties ln the par-
tial-wave amplitudes +;,(s) themselves, apart
from the resonances, or bound states (f,j are
channel indices). However, the discrepancy func-
tions 6;& (s), . Which were valuable ln exploring the
dynamics of the mN system, ' have no physical cut,
and they are much smoother functions of s than are
E;, (s). They should be better for our purpose.

The functions h&, (s) are given solely by the ex-
perimental data, and they are in fact the experi-
mental estimates of the exchange forces in the
KN-KN, mZ-mZ, KN-mA, etc. , partial maves.
Moreover, the 6;&(s) cannot be affected by any
argument about Castillelo-Dalitz-Dyson (CDD)
poles; one can only argue whether s;,(s) are eval-
uated accurately.

The discrepancies A;&(s) relate to the PB (i.e. ,
0=,'') channels, and only those (KN, wZ, vA) which
are open over most of our energy range. Since
there are four or five PB channels in pure SU(3),
the n;, (s) cannot show the full SU(3) symmetry,
but only a truncated version of SU(3). We disting-
uish betweenthis &cuneated SU(3) sym~«&y s+d
intrinsic SU(3) breaking. The intrinsic breaking
can arise because the ranges and the couplings of
the exchange forces may depart from pure SU(3)
values; also there mill be additional intrinsic
SU(3) breaking in the amplitudes F;,(s) due to the
spread in PB thresholds, and because inelastic
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(i.e., other) processes also have spread thres-
holds.

Conclusions

There are five main results of our work:
(i} Those eigenstates vi '(s) of A„(s) having large

positive eigenvalues A, (s) (corresponding to strong
attraction) show SU(3) clearly. This is not a reso-
nance property since b, „(s) exist at all energies
and they show no bump or discontinuity at the res-
onances.

(ii) 'I%e set I, of states having large positive
eigenvalues P.~(s) is identical with the set Th where
theory predicts strong attractive exchange forces
in PB-PB scattering. Also, each of set L con-
tains a bound state or resonance (below 1.95 GeV).

The set A of all resonances (below 1.95 GeV)
contains a few more states than L, for example,
(10,D, /, }. Earlier theoretical studies" have sug-
gested that in set (R —C.) strong attractive inter-
actions are found in other meson-baryon channels,
such as PD (i.e. , 0 2').

(iii) This result deals with symmetry breaking.
The bordered matrix theorem of Ref. 6 enables us
to understand why SU(3) breaking is fairly small
in the set L of states, even though all the PB chan-
nels are not present (tiZ, t)A, K= are missing). In
the remaining states SU(3) breaking is large, and
most of the A~(s) are small. This is partly due to
not having all the PB channels, but there is a fur-
ther effect. Theoretical calculations show that
repulsive eigenvalues of A;, (s) should occur in

some Y=O, I=1 states, but none are seen.
(iv) Except for the resonant states at resonance

energies, SU(3) breaking is worse in the pa.rtial-
wave amplitudes F,, (s) than in the A, &(s).

(v) Our results should make it possible to con-
firm, or redetermine, some of the basic couplings
used in calculating the exchange forces. For ex-
ample, there is the choice between whether the
pseudoscalar, or the equivalent pseudovector,
PBB couplings obey SU(3) best, and there are
problems concerning the VBB couplings, ' and so
on.

Our results should also make it possible to pre-
dict some partial waves, and they may suggest
improved ways of analyzing experimental data.

In Sec. II we discuss the data analysis and dis-
play the discrepancy eigenstates; in Sec. III the
theory of PB exchange forces is summarized; in
Sec. IV we discuss SU(3) repulsive states and we
also propose new ways of analyzing the experi-
mental data.

II. DATA AND DISCREPANCIES

Our work is based on the K-matrix fit of LMMO'
to experimental data on RV KV, KN mZ and,

K~- vA from 1.52 GeV to 1.9 GeV (c.m. s. energy).
Other analyses including newer data are by now
available (see for example Ref. 8) but these do not

give the K-matrix elements we need to reconstruct
the unseen amplitudes for vZ —7tZ, ~Z —mA, and
mA- mA. We believe that our use of the older
LMMO analysis is justified since the newer results
do not show large changes from the LMMO results
in the region of interest to us.

Here we use the normalization in which

where Q is the diagonal momentum matrix. For a
single channel this normalization corresponds to
T = (e" —I)/2iq. An account of K and its use in
data fitting are found in pages 394-399 of Ref. 9
and particularly in papers quoted there; the reader
might also consult Refs. 10, 11, and 12. In their
fit LMMO use the parametric form

ql/2Kql/2 C ~0x ~0(W W)

n ~(r) X ~(r)
+gC, W r

(2)

and we extxaPolate the results of LMMO down to
the vA threshold (1255 MeV) using simple formulas
consistent with Eq. (3). [In this extrapolation the
measured width and branching ratios of D„(1520)
and the pole approximation for P»(1385) are used. ]

In the fitting by LMMO (1.52 to 1.9 GeV) a chan-
nel is added to allow for inelastic processes (i.e. ,
KN- x, where xaKN, vZ, vA), so for 1=0, 1 the
fits are, respectively, 3, 4 channels. Good fits
were obtained' with a,t most two pole terms (W„
—W) ' in Eq. (2), plus the (W, —W) term; almost

with W = s' ' the c.m. s. energy. C„C, (C„&0),
Wo, W„, and the constant unit vectors (in channel
space) g', p. '"' are real parameters; && means outer
product. The factorization property of Eq. (2) is
necessary in the case of a resonance (or bound-
state) pole so as to ensure that the resonance (or
bound state) only occurs in a single eigenstate.
Factorization is not necessary for the background
terms but may give a more flexible fitting function
for large

~
W~.

There are two comments:
(a) If W„ is below the thresholds the constraint

C„&0 means that the term ( W„—W) ' will repre-
sent a bound-state pole, or a repulsive-driving-
force pole, but not an attractive-driving-force
pole. This is a bias in fitting, but it should in-
crease the reliability of our main results. We ex-
plicitly demonstrate attractive driving forces, and
we fail to find repulsive forces.

(b) In place of Eq (1) we ta.,ke the form

T = K(I —i QK)
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always W, &1.9 GeV. When Eq. (2) has (m+1)
terms in an n-channel fit, there will be (n —m —1),
or more, null states [i.e. , eigenstates of K(s) hav-
ing eigenvalue X(s) =0]. For P» and D» there are
two such null states while elsewhere there is never
more than one null state.

The unseen amplitudes

An important problem is that of the unseen am-
plitudes, i.e., mZ-mZ, mZ-mA, etc. These are
constrained by unitarity, " such restrictions auto-
matically being satisfied by the K-matrix fit which
also supplies further restrictions via the analytic
form of Eq. (2) and the small number of parameters
used in the fit. As an example consider a reso-
nance at W, in a 3-channel problem. We can find
C, and p using only T„,T„. A fit over the reso-
nance region gives the total width (C,), and the
branching ratio at W, gives p, ', p, p „so p 3 is de-
termined (up to a sign).

Possible ambiguities still remain due to null
states. (To simplify the discussion we ignore dif-
ferences between the channel momenta so that the
eigenstates of T and K are directly related. ) If
there is no null state in the analysis the fit to K(s)
is completely determined; if there is a null state
with an eigenvector v which has no KN component
then by changing the eigenvalue from zero we can
alter the unseen amplitudes without affecting the
fit to the data. In the case where there is only one
null state v will in general have a KV component
and this ambiguity will not exist. In the case of
two null states it will in general be possible to
choose a combination of v, and v, which has no XN
component, and the unseen amplitudes are then
subject to ambiguity. Null states and states where
ambiguity can occur are shown in Table I. Note
that the ambiguity concerns the unseen amplitudes,
and it cannot contain any resonance which couples
to K¹

Discrepancies

We must use the reduced partial-wave ampli-
tudes,

F,, (s) = T;, (s)/(q; q;)',
with l the orbital angular momentum and q,
(i= 1, . . . , N) the channel momentum. Also i,j re-
fer only to the PB channels RN, mZ, mA. The dis-
crepancy matrix b, „(s) is defined by

a,, (s) = ReE;, (s) —— ds'P ", ImF;, (s')
Sp

All &E(s) have physical cuts reaching down to s„
the vA threshold, ImE;, (s) being determined
by unitarity in the region between the physical

TABLE I. Analysis of the fits of LMMO (Ref. 3).

Terms in
Eq. V)

No. of null
states

Ambiguity

+Oi +03 D03 D05 pi i +13 D13 D15

3 3 3 2 3 2 3 2

0 1 0 1 1 2 1

No No No No No Yes No Yes

threshold and s,. In states P,» P1y we also sub-
tract from the right-hand-side of Eq. (5) the bound-
state pole terms (s -MA') ", (s -Mz') ', respec-
tively. The discrepancies n, „(s) are given solely
by the data.

By dispersion theory, b, , (s) are the left-hand
cut (or driving-force) terms in the dispersion re-
lation for F,-, (s). Thus A;&(s) are regular and
smoothly varying for s &so, and ~;, (s) =O(s ') as
s-~. They are ideal functions to examine for
symmetry structure.

Eigenstates of h(s)

In pure SU(3) for y= 0, l=0 there are four PB
states and five for I= 1. Imagine forming a;, (s)
with respect to PB states in pure SU(3). The eigen-
states of a, (s) would be the PB representations of
SU(3), i.e., 27, 8„8„1for l=O, and 27, 10, 10, 8„
8, for I= 1 (where 8„8,are some linear combina-
tions of 8~ and 8&). The eigenvalues of b, ;,(s) would
be the pure SU(3) exchange forces in these repre-
sentations.

In practice we use the results of LMMO' to eval-
uate b,„(s) over KN, vZ for I= 0, and over KN, vZ,
mA for I= l. Even though these are not the full PB
SU(3) channels, we can still demonstrate SU(3).

It is simplest to look at the eigenstates of b, ,&( )s
for physical s. Typical values are shown in Table
II. Some of the values at 1600 MeV show distur-
bances which are attributed to an imperfect join of
the LMMO' values to the extrapolating formulas at
1.52 QeV.

A general feature of the results is the slowness
of the rotation of the eigenvectors of a(s) as s
varies. This tells us that (in any partial wave) the
dominant exchange forces acting in the various
channels are of much the same range.

We can give some estimate of the effect of the
possible ambiguities due to null vectors. Cal-
culating the eigenstates of T&,. coming from
LMMO, ' we find that v varies very little from 1650
MeV to 1850 MeV. The projection of v in (KN, mZ,
vA) space is v' = (0, 0.72, 0.69) for P», and v'
= (0, 0.62, 0.78) for D». Since v' is almost con-
stant, the ambiguity will add to n, &(s) a term ap-
proximately of the form
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TABLE II. Typical values of the eigenstates of 4;&(s). The units are A=c=m, =1.

State TV=1600 MeV
Eigenvalues and eigenvectors

%=1650 MeV 8'= 1700 MeV

8.0 (0.43, -0.61, 0.66)
0.58 (0.81, 0.59, 0.02)

—0.01 (0.40, -0.53, 0.75)

11.2 (0.92, 0.31,—0.25)
4.0 (-0.Ol, 0.64, Q.77)
o.o2 (0.40, o.7o, o.59)

1.50 {0.81, 0.58)
o.os (o.58, o.s1)

10'x (Rx, ~z, ~A)

7.o (o.42, o.e2, o.ee)
O.47 (O.S1, O.59, O. O4)

—0.01 {0.41, —0.52, —0.75)

104m (Kx, ~z, ~A)

6.9 (0.90, 0.25, -0.37)
3.3 (0.12, 0.66, 0.74)

-0.01 (0.42, -0.71, 0.57)

10'~ (Kx, ~z)

1.17 (O.79, O. 6O)
O.OS (O.6O, -O.79)

104' (g pr, 7tz)

6.2 (0.41, 0.62, 0.66}
0.37 (0.81, 0.59, 0.05)

0 (0.42, -0.51, —0.75)

4.8 {0.87, 0.19-0.45)
(o.22, o.es, o.7o)

O (O.44, O.71, O.55)

O.93 (O.78, O.62)
o.o7 (o.62, o.78)

21.1 (0.39, 0.92)
e.3 (o.92, o.39)

16.8
6.3

(o.56, o.s3)
(o.s3, o.5e)

13.7 (0.64, 0.76)
5.2 (0.76, —0.64)

u&'& - v' = 0 (8')

al most exac tly for I y3 and roug'hly for' D yg Since
(as we shall see) the eigenvalues a, (s) are large,
Eq. (8') implies that, on adding the term in Eq. (8)
to 6;&(s), there will only be a small change in the
highest eigenstates p.,(s), u~'(s)] for P» and D»
The other eigenstates of P» and Dy5 may how-
ever, be considerably altered by the ambiguity.

The eigenvalues X,(s) of a,, (s) vary slowly with

s, and we quote in Table III the values at 1650
MeV (which should be free of end effects).

TABLE III. Eigenvalues X&(8) of 6;;(s) at 1650 MeV
(A~ and A3 for P&3 and D&& may be subject to ambiguity).
The units are 8 = c = m~ = 1.

D(s) v' && v',

where D(s) is some function of s.
Consider u ' the leading eigenvector of A;, (s) for

P» (or D») in Table II [u'~(s) corresponds to the
highest eigenvalue X,(s).J It happens that

Large eigenvalues of hfJ(s) and SU(3)

%e need some measure of a strong attractive
interaction. By comparing with the mell known ex-
change forces in the mX system, "or by using the
unitary limit, "me can say that, at 1650 MeV, A.

24X10 ' for aI' mave and A, &0.7&&10 ' for a D
wave indicate strong attraction. (Units are 5=c
= m, =1.)

The strongly attra. ctive cases in Table II are

.7+10 ', ~2=0.63+10 '„
+s/2~ +s/2~ D3/a~ D 5/2

The second D„eigenstate is included although it is
a little under our criterion for strong attraction.

The values of the corresponding a;, (s) eigen-
states and the SU(3) partial waves they suggest are
given in Table IV. For octets the state is @8~+58&,
and

&3/2
D3/2

Da/2

11.1 x 10 2

1.17 x 10 2

16.8 x 10 4

x 10-4

2.5 x10 '
0.08 x 10-'
6.3 x104
0.7 x 10+

defines the f/d ratio a.
The experimental analysis therefore shows

clearly that strongly attractive A„eigenstates oc-
cur in the partial waves:

(1;D,g,), (10;P,q,),
(8;P,y„n = 0.3), (8;D3y„o.= 0.7) .

4.7x 10
7.0x 10 2

13.6 x 10~
6.9 x 10+

0.61 x 10-'
0.5 x 10"2

2.6 x 10~
3.3 x104

0.36 x 10 2

0
1.1 x10 4

0

Looking also at D» we see there is a moderately
strong attractive discrepancy for (8;D,~„a
= —0.5)." No other eigenvalues are large. [Notice
that the second a„eigenvector p~" must be ortho-
gonal to p ', which is approximately a singlet; if
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gi'i could not give an 8 (with a reasonable o.) we
would expect A.,(s) to be small. ]

The SU(3) nature of the results is supported by
the mN P-wave discrepancy analysis" which showed
strong attraction in P» and P» [respectively, in
(8;P,~,) and (10;P,~,)]. Another comparison with
experimental data" shows that there is a strong
attractive discrepancy in vN D» [i.e., (8;D„,)]."

TABLE IV. SU{3)properties of the strong attractive
discrepancy eigenstates u(s) (1650 MeV).

State
I =0

Eigenvector
(T7X, 7Z)

Indicated
SU(3) state Comments

Agreemen t mi th theory

The states in Eq. (7) plus the (8;D„,) are pre-
cisely those in which the PB exchange calculations
(Sec. III) give strong attractive interactions.
Moreover the values of + for the octets agree with
theory.

We have considered whether this good agree-
ment with theory could somehow be produced
spuriously by the nature of the data, analysis of
LMMO. ' That seems very improbable. Except at
resonances the eigenstates of T,, (s) have no obvi-
ous systematic properties, and the dominant eigen-
states tend to rotate as s varies. Moreover the
A and Z poles, and 1',*(1385), and even A(1520) all
lie below the range of LMMO's analysis, but they
do concern the discrepancies. It is significant that
both the I= 0 and I= l terms in the octets show up
in the discrepancies.

We should remark that a large positive discrep-
ancy extending over a considerable range of ener-
gy will produce correlations between ReT, , (s) and

ImT, , (s) which are big and are very different from
the case of zero discrepancy; it is not surprising
that such large correlations can be clearly de-
tected.

III. EXCHANGE FORCES IN PB ~F8

The theory of exchange forces in PB systems
has been discussed by various authors, "and
Qolowich" has come nearest to completeness.
However, we need a more concise description,
and above a.ll we require the magnitudes of the dif-
ferent interactions, evaluated in a realistic fashion
using modern information on the coupling con-
stants, etc. Such calculations can only be done by
using the reduced partial-wave amplitudes" [like
E,, (s) a.bove].

We use the PB exchange forces because the dis-
crepancies a, , (s) are evalua. ted over PB channels.
This does not imply that PB exchanges give the
whole dynamics at our energies. For example, it
is known' that the PD (0 —', ') channel is also im-
portant for the (8;D,&~) resonance.

We are dealing with the peripheral region where
(for / = 1) only long- and medium-range interac-
tions need be considered; these come from V(1 ),
B(-,'"), D(z'), and e(0') exchanges. We assume
that e (m, —500-700 MeV) is mainly a. singlet (or
can effectively be treated as a singlet since its
mass is low); we have evidence for this assump-
tion. The numerous coupbngs needed for the cal-
culations have been given (and sometimes deter-
mined) in Ref. 22.

The structure of the interactions (and so most
of the low-energy PB behavior) will depend on two
s ets of coef f i.c ients:

(a) the representation ratios (analogous to the
charge ratios in mN,

"and
(b) the angular momenta ratios.

These tell us which exchanges are strong or weak,
attractive or repulsive, in the physical states.

The representation ratios are given first for
pure SU(3), while the angular momentum ratios
come from integrations over the actual cuts."

Pg g g {0.49, —0.87)

D», (0.56, 0.83)

8 ((y —0.15)

L)„2 (0,83, 0.56)

(0.42, 0.62, 0.66)
D», (0.34, 0.94, 0.04)

10
8 (o. = 0.8)

(0.90, 0.25, 0.37) 8 (o = -0.5)

(0.29, 0.85, 0 45) 8 (~ —-0.35)

Not 1,
27 poor fit

Could be 8

(n — ),
Not 27

Could be 27,
Not 1

Not 10, 27;
10 poor fit

Not 10, 27, 8
iNot 10, 10,

27

Not 10, 10,
27

V exchange

The strength of V exchange in the various repre-
sentations is given in Table V. Here V(s), T(s) are
standard left-hand-cut terms; they vary slowly in
the physical region of s.

The dependence of V and T on (J, I) is found in
two independent wa. ys using the results of Ref. 22:

(i) From I=0 and I=1 KN-K¹ This involves a
and p exchange, and the p coupling is derived from
a K7) -Kv analysis, etc.

(ii) From I= 0 (or 1) v'2-vZ and I= 1 vA-vZ.
Only p exchange occurs, and there are certain as-
sumptions about the strengths of the pter, p2"A

coupl ings. "
The qualitative features from methods (i), (ii)
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agree. We write l, for J=l+2. For l =1, 2, 3 (P,
D, F waves) the results are the following:

T(l ) = strong attractive

TABLE VI. B, D, and e exchange in any state, ac-
cording to pure SU(3).

Representation B exchange D exchange e exchange

(being somewhat above the unitary limit used in
Sec. II) a,nd

V(l ) = medium attractive

(below the unitary limit).
Roughly, we have

27
10
10

Sg —Sg

Sy Sg

8~ —Sg

0.35 B
B

—0.2 B

—0.53 B
—0.28 B

0

0.33 D
D
D

2D
0

2.4 D

V(l )/T(l ) = 0.4,

T(L, ) = -V(L ),
V(l, )/V(l ) = 0.4,

V(l, ) + ,T (l,—)= small .

Octet example

(8a)

(8b)

(8c)

(8d)

0.55 B —5D

properties are again based on practical calculations
in Ref. 22.

For t, ) 1 these give the following rough rules
B exchange:

The interaction in the octet state (y8~+ 58&) is
thus, for l

3V(l )+ (0.75+3.35y5)T(l ) . (9a)

3.35y5T (l, ) (9b)

for /, . For y5 = -2 this is fairly strongly attrac-
tive.

The large value of G~»IG, » is closely related
to the results in Eqs. (8a}-(9b).

B, D, and e exchanges

This is strongly attractive for y = 5 = I/W2, but is
small for y6 = -2. The interaction is approximate-
ly

B (l, ) = strong attractive
odd l

B(L ) = — B(L,) I—
even l, reverse the sign of B(l,);

D exchange:

2D(l ) = medium attractive
odd t

D(l, ) = —,'D(l );
even l, reverse the sign of D(l, )

& exchange:

e (s) = medium attractive

e(L, )=~(L ).

(10a.)

(lob)

(1la)

(1lb)

The representation ratios of these exchanges
[for pure SU(3)] are given in Table VI. For the
PBB coupling we use ness=-, . Here B(s), D(s),
and e(s) are standard left-hand-cut terms which
vary slowly for physical s. The angular momentum

TABLE V. V exchange in any partial wave according
to pure SU(3).

The sign reversals in Eqs. (10b), (lib) are due to
the space nature of the u-channel interactions.

Applications of the theory

Using the pure SU(3) coefficients in Tables V,
VI we see unambiguously that there must be strong
attractions in the states:

Representation

27

10

10

8~—8~

Sf—8f

Sg Sy

Vector coupling
v=1

—2V

6V

Tensor coupling
+~ ——0.25

I—2T
3
2T

4T

4T

4 WST

2T
3

L„l odd;10 (B exchange),

l; 8(y5 = 2) (V exchange),

l, l even; 1 (V, B,D exchange) .
The dominant exchanges are indicated. All other
states have medium attraction, or less. The octet
eigenstates are chosen to make the V exchange,
Eq. (9a), maximum; y5= —, gives z= n=0.43. So
the most attractive PB eigenstates are (l = 1, 2)

(10' Pyle}pi (8 j Py/2) rr (8L D3(2) pi (lqiDgL2)

with n = at for the octets. This agrees well with the
strongly attractive eigenstates of A;, (s) found in
Sec. II.
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However, A;, (s) are evaluated over the "open"
channels only, i.e., (KN, vZ) for I= 0 and (KN, v Z,
vA) for I= 1, so a;, (s) will not obey pure SU(3)
Let H&, (s) be the exchange-force interaction ma-
trix for pure SU(3), as we have just discussed
and let (H;, (s)),~„be the interaction matrix over
the "open" channels. In Ref. 6 and in detailed cal-
culations in Ref. 22, (H;&(s)),~„ is evaluated, in-
cluding reasonable symmetry breakings of the
var ious coupling s. It turns out that the largest
positive eigenvalues (A. ,(s))„,„of (H;, (s))„., are
somewhat less than the corresponding largest
eigenvalues a,(s) of H;, (s), but (X,(s)),~, are still
strongly attractive. Let (Z~'~), „and uiu be the
corresponding eigenvectors of (H;, ),~„and H;
By using a theorem on bordered matriies, it is
shown in Ref. 6 that the projection of cv

' in the
space of the open channels is almost in the sa.me
direction as (rui"), „. (The several conditions re-
quired for this result to hold are indeed obeyed by
the physical system. )

This means that there is good agreement between
the strongly attractive eigenstates of a;&(s) [Eq.
(7)] and those [Eq. (12)] of the calculated interac-
tion matrix (H;, (s)),~„. We see below that there is
also agreement for (8;D,~,).

H; (s)

{b)

( H;j (s) )Dppr

X (s)
jj

X{s)
Ji

X (s)

Mixing of representations

In going from H;, (s) to (H, , (s)),~,„five eigen-
states are reduced to three for I= 1, and four are
reduced to two for I= 0. We have just seen that
when there is strong attraction (A, (s)),~,„and
(&uiu), ~„are particularly related to x,(s) and +
Fig. 1 shows possible relations between the other
eigenstates in that case. In general the second
(and third) eigenstates of (H;, (s)},~„will not show
SU(3) features because of their mixed origin [Figs.
l(a), 1(b)]. However, in D» both a, (s) and a, (s) are
strongly attractive (and well separated) and a pos-
sible scheme is suggested in Fig. 1(c); both
(2"),~„and (&u"')„,„can obey SU(3) because in

(KN, vZ) space the 1 and 8 (a = 0.5) vectors are
nearly orthogonal.

{8;D5
& 2 ) and 10

Using Table V, VI and Eqs. (9), (10) we see that
(8;D,g,) with y8 = =,' would have medium/strong
attraction. The detailed calculat ions in Ref. 22
show that this is also true in the open-channel ma-
trix (H&&),~„. Also y=-8 = 1/W2 gives &=-2.9
(but we look closer at c. below). For I= 1 the open-
channel branching ratios vary little for a between
-0.5 and -3, so the PB exchange calculations are
in good agreement with the highest eigenstate of
b, ;, (s) for I= 1,D,~, (c.f. the last lines in Tables III,
IV). However, the attraction in (8;D,g,) is not

FIG. 1. Relation behveen eigenstates of the full PB
system and the truncated systems. (a) Case of I = 1,
(b) one type of I =0, (c) type for I =0, D~.

especially strong, so the methods of Ref. 6 will
not work so well, and indeed SU(3) breaking is
noticeable in I= 0, D,~„' the highest eigenvalue of
', ;, (s) is too small (Table III) and the eigenvector
is (8; n = + 0.2).

The other medium strong attraction expected
from Tables V, VI and Eqs. (8)-(11) is in (10;P,~,)
But this cannot show up in our data because the
dominant attraction in F=O P» is the (8;P,~,), and
the projections in (KN, vZ, vA) space of 10 and (8;
n -—0.3) are far from orthogonal. Therefore the
symmetry breaking (or symmetry truncation) on

going to the open channels [Fig. 1(a)] must mix 10
with other representations, and will necessarily
suppress the second eigenvalue A, (s) of A„(s) for

Table III confirms this.
In the discrepancy analysis for Y =+ 1,"only

mN- mN was used, so 10 cannot be found there.
However, the analysis of I= 0 KV scattering shows
a pronounced feature in P» (Refs. 23, 24) around
1800 MeV (Fig. 2); this does not appear in the T = 1
amplitude P», so the phenomenon must be in 10.
This behavior is consistent with a medium- strength
attraction in 10, as predicted by theory.
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f/d ratios for the octets

Remembering the dominance of the V and 8 ex-
changes, Tables V, VI show that the sign of 6jy is
determined by the V-exchange 8~- 8& term
(3&5/4)T; this gives 6/y&0 for I octets, and 6/y
&0 for l, . The 8 (and D) exchanges will modify the
crude values of n given above, which came from
using Eqs. (9a), (9b). [We must arrange that A. ,(s)
is maximum. ]
8 exchange is greatest for 5=0 and it is attrac-

tive in (8;P,~,) and repulsive in (8;D»,), (but it is
not large). So we get o. & n = 0.43 for (8;P,~,) and
n &n for (8;D»,). D exchange tends to give the
same effects. In (8;D»,) 8 exchange is strongly
attractive, so ~ moves from -3.0 towards 0; D
exchange is small here.

The f/d ratios of the leading a eigenstates should
be close to the f/d ratios given by the measured
branching ratios of A, Z and of the (8;D»,) reso-
nances. There should presumably be similar close
agreement between the measured f/d values and the
value from b, (s) for the (8;D»,) resonances, even
though we believe that there is considerable cou-
pling to I'D and other channels. ' The experiment-
al values from the resonances, "the best values
for b, eigenstates (Tables IV), and the SU(6) reso-
nance pxedictions are given in Table VII.

IV. OTHER PROPERTIES

SU(3) repulsions

The pure SU(3) scheme in Tables V, VI predicts
moderate repulsions in the PB states (a) (10;
P».), (b) (3'I P,pa), (c) (8.;P»,), (d) (27;D3i,), (e)
(10;D,~,). (Here 8, indicates the octet with lowest
eigenvalue. ) Each, except (b), ls the most repul-
sive eigenstate of H,&(s) for its partial wave.

We see [(a)+ (b)] in the low-energy behavior of
the vN amplitude P», "while (b) and (d) are seen

TABLE VH. fjd values of resonance and discrepancy
octets.

Resona. nces
(expt. values}

Eigenstates of
a;, (s)
(rable IV)

SU(6) prediction
0.3
0.4

0.7

0.65
0.62

—0.5
-0.5

in the low-energy behavior of the KN amplitudes
P», D». '~ However, in the case Y=O the list of
eigenvalues of b, ,&(s) in Table III shows none nega-
tive (within errors). The practical calculations of
Ref. 22 over the open I'8 channels show no repul-
sion in the I= 0 states but in the I= 1 states
( H„(s)),~,„hasrepulsive eigenvalues, P» and D»
be J.ng clear cases.

In Sec. II a possible ambiguity in the D,i, (I= 1)
discrepancy was discussed. However, the vector
v' of Eq. (6) is very different from the 10 repre-
sentation, so this cannot be the cause of losing the
repulsion.

There may be various explanations for this lack
of SU(3) structure, but it is clear that some in-
trinsic symmetry breaking is present here, over
and above the truncation effects caused by going
rom H, , (s) to (H, , (s))„,„. This is in sharp con-

trast to the strongly attractive eigenstates of
a,, (s) which obey SU(3) well.

Eigenstates of F,.(s)

%e have examined the eigenstates of the reduced
partial-wave amplitudes F;,(s) in the energy re-
gion (1.5 to 1.9 GeV) of I MMO's analysis. Away
from the resonance energies these eigenstates
generally do not show any simple SU(3) properties.

FIG. 2. A typical Argand diagram for the EN partial
wave Po& (Ref. 2g)

Analysis of data

Our work suggests improvements in the future
analysis of experimental data. The importance of
null states should be realized, especially in con-
nection with the possible ambiguity in the unseen
amplitudes.

The success of the I MMG analysis' depends on
having only a, few parameters in K(s), Eq. (2). A
more sophisticated data analysis would require
greater flexibility in parametriztng K(s), and the
increase in parameters might well lead to difficul-
ties. %e suggest that some theoretical constraints
should be used.

The minimum theory is implied if one constrains
the solutions of the data analysis by requiring that
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the discrepancies A;, (s) [Eq. (5)] should have slow
ly rotating eigenvectors ui'i(s) in the physical re-
gion. Remembering that there is no trouble about
unseen amplitudes at, or near, a resonance (un-
less it is completely decoupled from RN) the re-
quirement of slow rotation of the u~"(s) will spread
the stabilizing effect of the resonance to other
energies.
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