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Interesting predictions' have recently been
made on the basis of the algebra SU(3)SU(3)
postulated by Gell-Mann' for the weak vector
and axial-vector currents. Since this algebra
was originally abstracted from a simple field-
theoretic quark model of the weak interactions,
it is of interest to revisit the quark model to
see what results follow directly from it with-
out recourse to the weak-current algebra. In
this note, we propose a dynamical quark mod-
el for the semileptonic weak interactions and
derive a number of consequences.

According to Gell-Mann' and Zweig, ' the bary-
on octets and decuplets are regarded as super-
multiplets of three fundamental triplet states
(QQQ) of SU(3), and the meson octets and no-
nets as supermultiplets of quark-antiquark pairs,
(QQ). We shall find it desirable to extend this
conjecture to SU(6) quarks and to consider the
superstrong forces binding the quarks in the
composite states to be spin and unitary-spin
independent. To this picture we now add the
following assumption which guarantees octet
dominance for the weak currents: (A) In a
baryon or meson semileptonic reaction, only
one quark (or antiquark) makes the beta. tran-
sition. Since this assumption neglects all quark-
quark rescattering corrections, we are unable
to justify it a priori.

In this dynamical quark model there are two
levels of predictions for the semileptonic reac-
tions. On the lower level, we obtain relations
between amplitudes for processes of a given
supermultiplet transition which we show to be
essentially independent of the quark-model
parameters and follow from assumption (A)
and the underlying supermultiplet symmetry
for the fundamental quarks. These symmetry
predictions are found to be in generally good
agreement with experiment. One additional
prediction follows only from this model and
has yet to receive a definitive test. Predictions
on the higher dynamical level which relate dif-
ferent supermultiplet transitions are somewhat
uncertain, since they depend more heavily on
the unknown quark parameters and the momen-
tum-transfer dependence of the form factors
involved. We are able, however, to adopt one
palatable set of quark parameters which yields

reasonable predictions at this higher level.
The basic semileptonic quark transitions:

3 -3.—Following Gell-Mann we postulate a
weak-interaction Lagrangian for the SU(3) quarks
according to

(Q), ( i~2)) (Q)
W V p,

where the quark current transforms like an
octet of SU(3) and is given by

(Q) —
(1 )

=Quar
+r5 Q

the leptonic current is represented by the ma-
trix

l cos0 l sin8

l. = l j'cos0

l j sin9

in terms of the Cabibbo angle 6I with —il
~
P

=ly (I+y5)vl' , and the square bracket in (1)
indicates a trace over the SU(3) indices. As
a result of the strong interactions, the axial-
vector coupling constant is renormalized and
induced terms are generated, so that the weak
quark-transition matrix element for Fig. 1 has
the general form

(Q 'i~ iQ )(Q Q '/~')'"
P u o 0 0

=u [ay +bo q +cy y +dq y ju
u u»

where a, b, c, and d are unknown functions
of the momentum transfer squared, q'= (Q'-Q)'

f, with the res—triction a(0) = 1. For conve-
nience the quarks are assumed to have the same
mass.

The baryon-baryon semileptonic transition:
56-56.—For the baryon octet-to-octet transi-

FIG. 1. Feynman diagram for the basic semileptonic
quark transition: 3 —3.
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tions, we now make use of assumption (A) il-
lustrated diagramatically in Fig. 2. One must
exercise care to take into account whether or
not a spin flip occurs in the basic quark tran-
sition. This is most conveniently done within
the framework of the nonrelativistic SU(6) the-
ory. Hence we now assume that the forces
binding three quarks are spin and unitary-spin
independent, so that the baryon J =-,'+ octet
and & decuplet states can be regarded as mem-
bers of the 56 supermultiplet of SU(6) where-
as the —,

'+ quarks belong to the fundamental 6.
The baryon matrix element for the 56-to-56
transition is then given in terms of Eq. (2) ac-
cording to

(B' I J IB) = Q (B' I Q. ,Q.Qk)(Q. , I J I Q.)
z', zgk

x(q.q.qklB)+ ~ ~ ~ ,
z g k

where the summation indices run from 1 to 6,
and the additional terms are two similar sum-
mations involving the current matrix elements
of the second and third quarks. We assume
the same space wave functions for all quark
states and neglect Coulomb corrections, so
the overlap integral in (3) is given simply in
terms of (2) and the SU(6) content of the three-
quark states for B and B'.

If we first specialize to the neutron-proton
transition and take the nonrelativistie limit
of both sides of Eq. (3), we can relate the quark
parameters a, 5, and c of (2) at zero momen-

B

turn transfer to those for the n-f transition.
The parameter d(0) remains undetermined though
it could be related to c(0) by partial conserva-
tion of the axial-vector current. ' We do not
make this identification here, however, since
we shall later reproduce the Goldberger-Trei-
man relation for pion decay in our model.
Equation (2) may then be rewritten as

(Q i~ ~q )(Q Q /M')'"
P p o 0 0

=u ly F (q') —(p, —1/2M)cr q F (q')
p p, v w pv v T

', (G&-IG )[y„F&(q')- (q„/M)Fp(q')}y5},(4)

where F&(0) FT(0) FA(0) =1, p~ ——3(p,p-pz)/
5e, and G&/G&= 1.18. Note that it is meaning-
ful to write Eq. (4) in a relativistically covari-
ant form, since the quark wave function in the
representation 6 of SU(6) can be boosted unique-
ly' as the product of a Dirac spinor and SU(3)
vector. Thus the SU(3) transformation prop-
erty of the quarks factors out trivially.

An immediate consequence of Eqs. (3) and

(4) is that the SU(6) results of Bdg and Pais'
which are in reasonable accord with experiment'
are reproduced for all the baryon 56-to-56
transitions. This follows without the assump-
tion of an SU(6)-invariant weak interaction be-
tween two baryons, provided one adopts assump-
tion (A) concerning the one-quark transitions
between SU(6) baryon states.

The pseudoscalar-meson leptonic deeays. —
(1) The two-body decay modes: 8- 1. Here
we must adopt a more detailed dynamical mod-
el than hitherto required, since an annihilation
of the meson occurs. For this purpose, it is
convenient to use the dispersion-theory formal-
ism and to consider the decay oecuring solely
via a quark-pair intermediate state' as shown
in Fig. 3(a).

The matrix element for the transition 8 to
1 (PS meson P to va.cuum) is given by

(0IJ IP)(2to)' =F(-I')k (5)

B w 8

FIG. 2. Feynman diagrams for the 56 56 baryon
semileptonic transitions in the quark model.

in terms of the weak form factor F(k') evalu-
ated on the meson mass shell. " The strong
meson-quark vertex, on the other hand, is
given by

(Q Q '(out) Ij[0)(Q Q '/M')'"
P 0 0

=fWagH[(q+q)']u y v,a5p' (6)
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svYG
F (-m') = —

HAMI, (-m'),'
5

V
(7)

where

x[F (-t)+ tF (-t)].1

A comparison of the matrix elements for K&2+

with g the strong meson-quark coupling con-
stant and H(-m, ') = 1, where m, is the central
mass of the PS octet.

If we now assume an unsubtracted dispersion
relation for F(k'), use of Eqs. (4) and (6) leads
to

and m&2 decays leads immediately to the ratio

m(SC ') m I ( m-')
p, 2 K 2

m(m ') m I (-m ')
p. 2 7t' 2 tT

(8)

(P IJ IP)(4~ ~)'"=F (q')(k+k )+

Presumably the quark mass M is of the order
of 5 BeV or larger (if quarks exist at all), so
that the integral in (7) is insensitive to the PS
masses, i.e. , I2(-m~') = I2(-mff'). Therefore,
Eq. (8) leads in a very natural way to the re-
lation obtained by Cabibbo" with the experimen-
tal value of 8 =0.26. We shall later attempt
to evaluate F(—m~') itself.

(2) The three-body decay modes: 8-8. The
weak meson-to-meson transition matrix ele-
ment is conventionally written in terms of two
form factors according to

+F (q')(k k), -

where q'= (k-k')'. We picture the transition
occuring via a quark loop as in Fig. 3(b), where
again the quark-pair state is retained as the
sole contributor to the absorptive parts of F+
and I" . The simple Born approximation is
used for the meson-quark scattering amplitude,
while the weak vertex is related to Eq. (4).
The one absorptive part vanishes, i.e. ,
Abs(P') J~ (k-k') IP) =0, which implies that"

ImF (q') = [(m'-m ")/q'] I~+(q'). (10)

pl Use of unsubtracted dispersion relations for
I" + and I'" leads to the prediction

F+(0) m'-m"
+ F (q') q'

= -i(m'-m")/m '
7T

p I

FIG. 3. Feynman diagrams for the pseudoscalar
octet meson leptonic decays in the quark model:
(a) two-body modes; (b) three-body modes. The
shaded blobs refer to the strong meson-quark ver-
tices, while the solid circles indicate the weak ver-
tices.

by virtue of (10), where the linear approxima-
tion" for F+(q') has been introduced: F+(q')
= F+(0)[1—zq'/m„']. Since we find A. - O(m'/M')
for both Kf8 and ~e8 decays, Eq. (12) implies
g = 0 in both cases. Experimentally, X is known
to be consistent with zero in K~3 decay, but
the value of $ in K&8+ decay is still not well
determined. " The grand average has been
estimated by Trilling to be $ =0.46+ 0.27, which
is in fair agreement with the quark-model pre-
diction. '4

For K~3 decay, only the strange antiquark
can beta decay, cf.. Fig. 3(b). The result is
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that
F,(q') = (g'/&2)I, (q'), (12)

where

1 I. ~ dt' 1 m 'm ' t '+2q'q'
KI (q')= I

——,—,q 't '-, ln- —. . . F (-t')
3 4m'34M't'+q'+ie 2q, ' 2 1 q, '

t& -2qi q2

with

t1'+ 2q1'q
+(2Mn —1)t'q 'In q ( t')I, —

1 t / 2q fq I

t '=t' —m '-m '
1 K

q '=([t'-(m +m )'][t'—(m -m ) ]/(4t')P~,
1 Z ~ K

q, = (t 4M')'"-.

In me3 decay, both diagrams of Fig. 3(b) oc-
cur, so that F+(0) for this mode is twice as
large as that given in (12). The ratio of the
matrix elements for K~3+ and ~~3+ decays is
then given by

K(K +) 1 me3
II(~ ') 2 m

e3 77

(13)

2M(3 G

f (0) = —
I

— cos8 I,
g 5 G

(14)

since I, (q') =I,(0) for the range of q' involved
in the decays. The ratio in (13) is 0.47, where-
as experimentally" the ratio is about 0.40.
In passing we note that the rates for q-7T+

+ e++ v and y-m++e++ v are predicted to be
zero. '

(3) Dynamical estimates for the weak form
factors in the PS meson decays. We now at-
tempt to obtain rough estimates which relate
the leptonic decay modes 8 to 1 and 8 to 8 of
the PS mesons to the fermion transitions 6
to 6 and 56 to 56. In particular, we shall adopt
one set of quark parameters and show that the
derived magnitudes for the weak form factors
are in reasonable accord with experiment.

First we regard the PS mesons as s-wave
states of QQ pairs bound in a Yukawa-like well
of range p, '; it then follows that the strong
meson-quark coupling constant is given rough-
ly by g = 3M/g. If one now repeats the disper-
sion-theoretic calculation of Goldberger and
Treiman' for pion decay by replacing their
nucleon loop by a quark loop, one arrives at
a modified Goldberger-Treiman relation,

which depends only on the range of the quark
interaction by virtue of the above estimate for
g. The observed value'5 of 0.94m' for If+(0) I

is obtained if one sets p =2m+.
In order to evaluate If+ (0) I = IF~ (0)lsin8 for

Ke3 decay, we must make assumptions about
the weak form factors entering the integral
in (12) in the asymptotic timelike (unphysical)
region. We simply note that if we adopt a sim-
ple-pole form for FV and a double-pole (Hof-
stadter-type) form for FT where both have
poles at q'=-(2 BeV)', the Sachs behavior"
is guaranteed in the asymptotic region, i.e. ,
FT/F V-q ' for large q'. With M= 5 BeV and

g = 50, we find If+ I =0.22 compared with an
experimental value' of 0.16.

The baryon-baryon semileptonic transition:
56- 70. —We now return to the use of SU(6)
(Iuarks and again refer to Eq. (3) where B is
a member of the 56 but now B' is a member
of the three-quark mixed-symmetry supermul-
tiplet 70. It is a simple matter to show from
(3) that the reduced matrix (70lJ~ l56) vanishes.
Since the N*(1512) is thought to be a member'9
of the 70, this prediction is particularly inter-
esting. Its consequence is that the reaction

v + N- N~(1512) + I
l

(15)

should be greatly suppressed' in high-ener-
gy neutrino experiments. Likewise it follows
from the conserved-vector-current theory
that electroproduction of the N*(1512),

e + N- N*(1512)+ e (16)

should also be greatly suppressed. These pre-
dictions must be regarded as very critical tests
of our quark-model assumptions, for they do
not follow from SU(6) symmetry alone, "i.e. ,
the 70 is contained in 35S 56 = 56$70700
+1134.

Very little is known experimentally" at pres-
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ent for the weak production and electroproduc-
tion of the N*(1512). It is well known that a
large second peak above the N*(1238) mass
does appear in the photopion production exper-
iments. " This has always been assumed to
be the N*(1512), which would be at odds with
our predictions (except possibly for some strong
form-factor dependence). Very recently, how-
ever, there is evidence to indicate that this
peak in the cross section is not the N*(1512),
but rather the less familiar Roper resonance, '
N*(1480)—or simply a large phase-shift enhance-
ment. "

The essential ingredients of our calculations
are the basic one-quark transition postulate
and the use of exact SU(3) symmetry in the
absorptive parts for the weak PS-meson form
factors. The unsubtracted dispersion integrals,
in turn, for these form factors are found to
be effectively independent of the PS-meson
masses since the quark mass is presumably
very large. Within this framework, we have
been able to derive all the results inherent
in the weak-current algebraic relations for
the semileptonic reactions. The nonrelativis-
tic SU(6) results of Beg and Pais for the 56-
to-56 transitions have also been reproduced
in our model. Finally an additional prediction
has been obtained for the weak 56-to-70 transi-
tions, which is outside the scope of the SU(6)
theory.

All of these symmetry predictions have been
obtained from the most economical quark mod-
el: one triplet of equal-mass quarks. Had
we used a more complex triplet model with
one triplet and one singlet or two triplets, the
predictive power of the model would have been
considerably reduced. If quarks do not exist,
these symmetry predictions still follow from
the very abstract features of the model. On
the other hand, we have been able to exhibit
respectable dynamical predictions for the semi-
leptonic reduced matrix elements, should quarks
really exist.
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