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In this note we discuss the effects of mixings
with negative-parity resonant states on the ax-
ial couplings of stable baryons. In particular
we show that the proposed spin-excitation scheme
of higher resonances, according to the noncom-
pact extension U(6, 6), ' does not lead to quite
satisfactory predictions. A similar conclusion
holds, although less strongly, for the alterna-
tive suggestion of L excitation according to
the noncompact O(3, 1).2 Consideration of oth-
er possibilities seems to favor a classification
of negative-parity resonances according to (20,
L = 1), as originally proposed' and discussed
recently in connection with mixing effects.

In a previous paper4 we considered the satu-
ration of the chiral U(3) SU(3) algebra' with
a set of baryon states corresponding to (56,
L=O)+ and (20, L= 1) of SU(6)I8IO(3). We found
that the mixing effect between the two config-
urations could renormalize the D/F ratio and

-G~/G~ with the correct signs indicated by
experiment, leading to the relation

G 1 D+F

G 3 D-F

in agreement with experiment. The derivation,
in Ref. 4, was based on a straight algebraic
solution of the current-algebra, equations. We
follow here the simpler procedure used by Ca-
bibbo and Ruegg, ' who also discuss the mixings
with (20, L = 0) and (70, L = 0)

Let us first consider the mixing of (56, L=0)+

with (56, L = 1) . The interest of such a pos-
sibility is linked to theoretical speculations
on a possible noncompact extension of the or-
bital angular-momentum group O(3) into O(3,
1). One would then expect an L-excitation "tow-
er" of baryonic states belonging to (56, L =0)+,
(56, L= 1), (56, L= 2)+, etc.' The lowest ly-
ing negative-parity states would be classified
according to (56, L = 1). For each fixed heli-
city we consider the decomposition of these
states into representations of the collinear
group [U(3)I8IU(3)]coll.' Such representations
constitute a basis for the reduction of the re-
ducible [U(3)I8IU(3)]coll representations into
its irreducible components. The physical states
are a superposition of such irreducible com-
ponents, compatible with SU(3) invariance and

[for masses degenerate inside each supermul-
tiplet of SU(6)4810(3)] also with conservation
of total angular momentum J' (particle spin).
The decomposition of the states of (56, L = 0)
and (56, L = 1) according to [U(3)I8IU(3)]coll is
shown in Table I. States of definite 4 are ob-
tained as mell-determined superpositions from
the representations indicated in Table I. For
instance, in the (56, L = 1) the octet states (6,
3)8, where the lower index 8 indicates that we
are taking the SU(3) octet combination, have
been obtained by combining an orbital angular-
momentum component L = 1, Lz ——0 with a quark
spin S = —,,Sz --2. Similarly the states (3, 6),
come from L = 1,Lz = 1 and S = 2, Sz = —2. To
obtain octet states with J = 2 we must further
combine with the appropriate Clebsch-Gordan
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ab].e I. Decomposition of the states of (56, L =0), (56, L =1), (70, L =1) and (7o0, L =0) according to tU(3)

U{3)] ll. The IU(3) (3 U(3)] ll representations are denoted as (n, m). The helicity is called h, »dL~ is the

z component of the internal orbital angular momentum. In the decomposition of (700, L =0), 15 corresponds to

the Young tableaux[ ~ [ G and 15~ to Ll l I.
LJ

(56, 0) (56, 1) (70, 1) (700, 0)

h=2
2 {10 1)

(6 3)

(10 1)t

(6, 3)

(3, 6)

(10 1)

(6 3)

(8 1)'t

(3, 3*)
(6, 3)

(3g 3)
(3 6)t

(3,3*)
(6 3)

(15', 3)
(10 8)
(35 1)
(10, 1)

15m)
('6 3)

(24 3)t

0

D 3 G 5 5
= —(4 cos'8 —1) ~ —.

G 9 3'

We thus find that for the mixture of (56, L = 0)+

with (56, L = 1), the D/F ratio is not renor-
malized from its SU(6) value 2, whereas -Gg/
Gy is possibly reduced from its SU(6) value

of -,'. As for the octet-decuplet transitions
we note that the decuplet part of (6, 3) origina-
ting from (56, L = 0) can get mixed with the 4
= 2 decuplet obtained by suitably combining the

decuplet parts (6, 3),0 and (3, 6),0 originating
from (56, L = 1). The matrix elements depend

on the new mixing parameter and cannot be
related to the matrix elements in the stable
baryon octet.

coefficients:

j= — h = —') = (&)1 2(6 3) + (2)1/2(3 6)

The orthogonal combination will, of course,
represent l8, J=~, &=2).

The renormalization of the matrix elements
of the axial generators between states of the
stable baryon octet [from their SU(6) values]
is due to the mixing of the octet part of (6, 3)
originating from (56, I.= 0) and the above com-
bination. We write

I stable octet baryon)

= cos8(6, 3),+ sin8[-3 "'(6, 3),+ (-,')"'(3, 6),]. (1)

The relative weights of the couplings D and
F in different representations of [U(3) 8 U(3)]coll
are reported in Table II. With these weights
we obtain for the mixture (1) F = -,'(cos'8--,'sin'8),

cos ~ 3 sin'0, or, equivalently, the predic
tions

I stable octet baryons)

= n(6, 3)/+ 0[ 3"'-(6,3)9+ (-')"'(3, 6) )

+y[3 1/2(33+)+(2)1/2(3+3)] (2)

with the coefficients n, I8, and y satisfying
n'+ P'+ y'= 1. The presence of two independent
parameters does not lead to any constraint
between the values of -Gg/Gl/ and D/F. Al-
so no relevant restriction is obtained for the
octet-decuplet transitions, due to the mixing
between the J = —, decuplet of (56, L= 0) and the
J= -', decuplet of (70, I- = 1).

Finally, we discuss the mixing of (56, L =0)+
with (700, L = 0) and (56, L = Q) . The theoret-
ical reasons suggesting a possible relevance
of (700, L = 0) and (56, L = 0) for classifying neg-
ative-parity baryonic resonances are connect-
ed to the proposal of a noncompact extension
of the rest symmetry U(6) SU(6) according to
the group U(6, 6). ' The proposed ladder repre-
sentation of U(6, 6) for the baryons contains
the U(6)SU(6) representations (56, 1)+, (126,
6*), (252, 21*)+, etc. The lowest negative-
parity excited states would then belong to (126,
6*) which breaks up into the SU(6) represen-
tations 700 and 56 . The mixing of the ba-
sic (56, L = 0)+ with a (56, L = 0) does not pro-

We next consider the mixing of (56, L = Q)+

with (70, L= 1) . Classification of the negative
baryonic resonances according to (7Q, L = 1)
was considered by Dalitz. ' The decomposition
of (70, L = 1) into representations of [U(3)C8IU(3)]coll
is shown in Table I. From these states one can
form two octets with J = & which can both get
mixed to the (6, 3)8 originating from (56, I- = 0).
The stable octet baryons can be written as
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F =cos ~ —3,

D = (S/5) cos'()- 4

and, after eliminating cos"0,

G D+F

G 9I' -5D

(5)

Equations (4), (5), and (6) do not compare sat-
isfactorily with experiments (the mixing tends
to reduce both G&/G& and D/F) The more.
complex situation of a simultaneous mixing

Table II. Relative weights of the couplings D and p'

in the octet component of different representations of
[U(3)483 U(3))coll. The normalization is D+F = —G~/
Gy.

(3, 3*)8 (3*,3)8 {6,3)8 (3~ 6)8 (10,8)8 (6, 15 )8

D

0
-1

0
+1

2
3

+1

duce any deviation from the SU(6) predictions
for the axial ma. trix elements. Thus D/F = ~

and -G~/Gy = -,' for such a mixing. The study
of the mixing of (56, L = 0)+ with (700, L = 0)
requires a. more lengthy calculation. The con-
tent of the 700 of SU(6) in SU(3)SSU(2) is (in
the notation [SU(3) representation, J']]:

700= [35, —2]&[10,2]0+[35, 2]6[27, ~]8[10,2]

&+[8, —', ]0+[27, 2]&+[10, z](EI[10*,2]0+[8, p].

One sees from Table I that the octet states
with J= —, are a. combination of (6, 15 ), and

(6, 3),. To determine such a combination we
ca,lculate the ratio D/F of (10, 8) which must
coincide with the D/F of the J= 2 octet, as ev-
ident from the above helicity assignments.
The required combination of (6, 15 )s and (6,
3)s is then identified as being orthogonal to
that combination of the same tensors bearing
the same value of D/F The c. a.lculated weights
of D and F for (10, 8) and (6, 15 ) are shown

in Table II. The stable octet baryons can fi-
nally be written as

I stable octet baryons)

= cos()(6, 3),+ sin8[zv3 (6, 15 ),——', (6, 3)s], (3)

giving

of (56, L=0) with (56, L=0) and (700, L=0)
again leads to the same predictions.

The above argument makes, in our opinion,
the proposal of excitation of higher resonances
according to the U(6, 6) extension' not very use-
ful. The proposal of excitation following the

O(3, 1) noncompact extension, ' suggesting (56,
L = 1) for negative-parity resonances, fails
in reproducing a renormalization of D/F as
a mixing effect. Mixings with a possible (20,
L=0) or (70, L=O) are discussed by Cabib-
bo and Ruegg' and do not lead to correct pre-
dictions. Mixing with (70, L=1) is not suffi-
ciently predictive to allow for definite conclu-
sion. The choice of (20, L = 1), proposed in

our earlier papers, '~4 seems so far to be the
most favorable one.

We would like to acknowledge useful corre-
spondence on the subject with Professor N.
Cabibbo.
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