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56-10 octet mixing and ~g„/gp~ for stable baryons

S. G. Kamath
Department of Physics, University of Delhi, Delhi-110007, India

(Received 1 July 1977)

The ~g„/gr~ measured recently by Decamp et al. from the semileptonic decay X ~ ne r, is calculated
in a constituent-quark model with harmonic-oscillator forces in even partial waves only as proposed recently

by Mitra. The model provides a natural facility for an ideal mixing between the L states of the (Q,O )f) and

(70,0+)0 to represent the nucleon octet, with the Roper octet as the orthogonal counterpart. The theoretical
prediction obtained is 0.15, to be compared with 0.17+00&-reported by Decamp et al. For the A~pe v,
decay the corresponding ig„lgg is calculated as 0.778, to be compared with an experimental average

value of 0.66 +0.05.

In a recent paper Decamp et al. ' report on a
measurement of the ~g„/g„~ for semileptonic decay
of the Z, quoting a value (0.17) of the order of 3
standard deviations from the previous figure of
Oa435 +0.035 obtained by the Yale-Fermilab-BNL
group. ' This ratio of the axial-vector to the vec-
tor coupling constants for the "stable" baryons'
has been of prime interest in the study of the sym-
metries, e.g. , SU(6), associated with the con-
stituent-quark model. Thus the SU(6) prediction'
of ~g„/g„~ = 5/3 for the neutron ti decay has long
been regarded as anomalous (assuming no renor-
malization of the axial-vector constant at the
quark level), and has motivated various correc-
tions to the nonrelativistic quark model. ' For
instance, Bogoliubov' has shown that this dis-
crepancy could be due to the basic nonrelativistic
character of this model and that a relativistic
treatment using Dirac (instead of Pauli) spinors
leads to a value of ss-(1-25) for the neutron case,
where 6 is a positive quantity related to the norm
of the small components in the quark Dirac spinors.

Le Yaouanc et al. ' have recently viewed the prob-
lem of ~g„/g„~ for the neutron by relaxing the as-
sumption of no renormalization effects on the axial-
vector constant at the constituent-quark level, but
in the context of the twin effects of internal rel-
ativistic quark motion and SU(6) breaking. While
thereby suggesting a structure for the quarks (a
point of view that is open to question), the re-
normalized quark axial-vector constant (G„') ap-
pears as a parameter in their theory, the magni-
tude of which is fixed from the experimental value
of ~g„/g„~ for the neutron. More important, how-
ever, is the nature of the other assumptions in-
volving other free parameters, e.g., the hypothesis
of SU(6) breaking at the nucleon level, that influ-
ence the estimation of G„'. Indeed, the octet mix-
ing introduced between the (56, 0')c and the rad-
ially excited (70, 0')s supermultiplets suggested by
Le Yaouanc et al.' to represent the "mixed" nu-

cleon is not easily defendable because the (70, 0'),
states are placed a little too high in energy in the
harmonic-oscillator approach adopted by these
authors.

The basic aim of this note is to keep to the struc-
tureless view of the quarks in the constituent-
quark model, and to evaluate the ~g„/g„~ for the
stable baryons (especially Z and A) using an al-
together different point of view for the basic
interaction forces between the quarks inside the
baryon. We have in mind here the recently pro-
posed even-wave harmonic-oscillator (h.o.)
theory of b3ryonic states" by Mitra, which dif-
fers from conventional h.o. theories" in that the
odd partial waves in a pair-wise h.o. quark-quark
interaction are heavily depressed relative to their
even counterparts. While referring the reader to
the literature" for details, it would suffice our
purpose here to mention one important conseq-
uence of this input, namely, the prediction of a
ground state of (70, 0')c that lies below the (70, 1 )

and above the (56, 0'), supermultiplets. This nat-
urally allows for an easy mixing' between the octet
members of the (56, 0')c and (70, 0')c, besides pro-
viding an interesting alternative" to the conven-
tional (56, 0'), for the Roper resonance. Note that
in the conventional h.o. approach adopted by
I e Yaouanc et al. ' the (70, 0'), lies at a much
higher excitation to facilitate mixing with the
(56, 0'), state In the .even-wave model' on the
other hand, this very state is significantly de-
pressed in energy ao as to appear as an effective
ground state of the 70 series, thus providing a
more natur. al candidate for mixing thorn in the con-
ventional h.o. model.

The nucleon octet in the even-wave model is thus
taken to be'

(1U}= (56, 0') cosp +
~
70, 0') sing

with the Roper octet as the orthogonal state, viz. ,
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tan'p = 0.5. (3)

which is strongly reminiscent of an ideal mixing
angle. This value of the mixing angle checks very
well, as shown in Ref. 9, with the two other im-
portant low-energy parameters governing L
= 0'- 0' transitions, namely the pion-nucleon cou-
pling constant G„„,and the ~- N7T width. As al-
ready observed by Mitra and Sood, ' the problem
of simultaneous consi s tency among these thre e
experimental parameters has been genuine in
most constituent-quark-model theories (whether
h.o. or otherwise) that are available, since none
of these makes use of a mixed nucleon.

Let us now examine the consequences of Eqs. (1)
and (3) for the Ig„/gvl value obtained for the
Z - ne v, reported by Decamp et al. ' and the
A- Pe v, , the latter being reported in the Particle
Data Group" at an average value of 0.66 +0.05.
Using the well-known totally symmetric spin —uni-
tary-spin functions" for the 8„components of the
56 and 70, and the quark weak-interaction Hamil-
tonian in the notation given by'"

H„= d'x[q(x)(G„' y„+G„'y„y,)

&&(a' cos 6+ P' sin 8)q(x) ]

x [l (x)y„(1+y, )v(x)]

+H.c., (4)

we find that for no renormalization effects on the

I&,) = —I56, 0') stnp+
I
&&, 0') cosp

The magnitude of this mixing angle (P) in Eqs. (1)
and (2) is fixed by the lg„/g„l input for the neu-
tron, assuming no renormalization effects for the
quark axial-vector constant G„' and it works out
to'

axial-vector constant G„', the Z —ne v, mode
is predicted to have

lg/g I=o15 (5)

in excellent agreement with the value of 0.17", ,~
by Decamp et al. ' Note however, that with a
pure (56, 0')0 assignment for the Z the corre-
sponding Ig„/gvl works out to 0.44, thus exhibiting
a poorer overlap with the results of Ref. 1.

For the A —Pe v, de cay, the theo re tie al pre-
diction works out to

lg~/gvl =0 77(t (6)

to be compared to the averaged experimental val-
ue" of 0.66+0.05. The fit is again very good in
relation to that predicted by a pure 56 assignment,
which is calculated to be unity. In both of these
semileptonic decays, the hadron momentum in the
final state is too small to be of any significant ef-
fect at the level of the form factors. A quick
estimate with the even-wave h. o. wave functions
shows that the correction is only of the order of
7 —8%. This again seems to be in excellent favor
experimentally with the even-wave h.o. predictions
over that of the conventional model. "

We would like to conclude this paper with the
observation that recently Slaughter and Oneda"
have used the values of Ig„/g~l for Z - ne P,
obtained by Tanenbaum et al. ' in support of their
conjecture on the existence of a ninth, "baryon at
1700 MeV. Since Decamp et &l.' obtain a value
which is 3 standard deviations smaller, it would
be interesting to determine the effect of this re-
vised value on Slaughter and Oneda's conjecture.
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the manuscript.
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