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Octet dominance of nonleptonic hyperon decays in a nonrelativistic quark model
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Extracting an effective Hamiltonian by taking the nonrelativistic limit of quark-quark scattering through W-
boson exchange, it is shown that we obtain octet dominance for the matrix elements {B,|H}B,>,
where B,,B, denote ordinary baryons. Further, it is shown that the above matrix elements are enhanced so
as to compensate the Cabibbo suppression factor sinf. to some extent.

It is well known’ that the current-current picture
of weak interactions does not automatically guar-
antee the most striking aspect of nonleptonic de-
cays, namely the approximate validity of the AT
=% rule for strangeness-changing decays. The
situation is also more or less the same® for a
gauge theory of weak and electromagnetic inter-
actions at least in its minimal model unless one
assumes additional pieces of currents. In par-
ticular, it is necessary to assume® an additional
V +A current involving the charmed quark and that
the matrix elements of the strangeness-changing
(Vv -A)x(V +A) interaction [such an interaction is
automatically octet under SU(3) as the charmed
quark is a singlet], even for ordinary baryons
which have an extremely small contamination of
charmed quarks, dominate over those of the
(Vv -AY) interaction which does not involve a
charmed quark and which contribute to both Af
=1 and AJ =3 parts.

The purpose of this paper is to show that in the
quark model, when we deal with ordinary (V -A)
charged currents, the Al =3 rule for matrix ele-
ments of the form (B, |H|B,) follow in the
leading nonrelativistic approximation, while
(B,|H}'| B,) vanishinthe same approximation. Here
B, and B, denote ordinary baryons. Itis wellknown
thatinthe current-algebra approach the question of
the AT=1rule or octet dominance for nonleptonic de-
cays of baryons hinges on the octet dominance of
the above matrix elements both for the s-wave and
p-wave amplitudes, for the latter such matrix

elements enter through the baryon-pole approxi-
mation. We also show that the D/F ratio for the
SU(3) parametrization of the above matrix elements
comes out to be —1. Further, not only does the
octet dominance follow in the above-mentioned ap-
proximation, but also there is an indication that
the magnitude of the matrix elements is enhanced,
that is to say that the suppression expressed by
the Cabibbo factor siné is compensatedto some
extent. It may be noted that previously the octet
dominance and D/F=~1 has been shown in the
quark model for Bose quarks®® or octet dom-
inance for the matrix elements (B,|H!°|B,) for
various color versions of triplet model of fermion
quarks.® We wish to emphasize that in the latter
case the additional degree of freedom of color is a
necessary ingredient. We, of course, take quarks
with spin-, and in our approach color plays no
part, nor does any V +A current involving the
charmed quark, the latter would be relevant only
for nonleptonic decays of charmed hadrons. As is
the case in the above type of models, we take the
current and constituent quarks to be identical; the
distinction between them may not be very mean-
ingful in the nonrelativistic quark model we are
considering. Finally, we wish to remark that our
approach has some anology with that considered by
De Rdjula, Georgi, and Glashow’ for hadron mas-
ses. Below we give details of our calculation.

We consider quark-quark scattering through the
exchange of weak W* bosons for which the matrix
elements are of the form

1 gy’sin6ccosfe [~ ., - = + L.
M /2)\2/; Sl:;;:/zcosg [ U (pi v (1 +}’5)0f i U(Pt) U(Pj)‘)’x(l +75)ﬁ,~ U(P;) +( —“])], (1)

where q=p; — p{ =p} — p;. The U’s are Dirac spin-
ors in Dirac space but are column vectors in-
volving u,d, s quarks in SU(3) space; a; and B} are
operators which respectively transform a u-like
state into a d-like state and an s-like state to a

u-like state. We take the nonrelativistic limit of
the above matrix elements. In the leading non-
relativistic approximation, only vy, and y; y; have
nonzero limits. Thus only the parity-conserving
(pc) part of the M survives in the leading nonrela-
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tivistic approximation, and we have in this limit

M~

1 .
3 Gpsinf cosé.
xZ(a;sm:a;)(l-a ;) (2)

where Gp/V2 =gu?/my? and §; =35, is the spin of the
ith quark. Taking the Fourler transform of the
above matrix elements we have

Hy = (2\[2 Gpsinfscosb,

X Z (a7 B% +Bia;)1-0; -6,)) 83(F) .

i>]
(3)
Defining
d'= (¥, |6* (@) | ¥o) (4)
it is easy to see that the relevant matrix elements
(B, |H¥ |B,) ~Ha,u

are given by

an, =-2—5-;-2L sinf.cosb.d’ (-V6), (5a)

ast, =§2L sinf;cosf.d’ (-6) ,

=V2 ayo, (5b)
a0)° -2\/— sinf.cosqd’ (—2V6) (5¢)
az-z-=0. (5d)

The factors -V 6 , -6, —=2V6 follow by writing the
spin—unitary-spin wave functions of p, n, =¥, Z°
A° and =° (see, for example, Ref. 8). The rela-
tion az¥, =+V2 ayzo, expressed in (5b) ensures the
A =% rule (or octet dominance), and hence A(Z})
=0 in the current-algebra approach. Once the
octet dominance for a,, is established, we can
parametrize a,, in the SU(3) limit as

=V2 (2Fifs,s +2Ddg,s ). (6)
Then the relation (5d) immediately gives
D/F=-1. (7)

Now using the current-algebra relations® for the
s-wave amplitudes one has

A(A-pﬂ')=—fla,\,,,

A(E‘.'-Aﬂ‘)=-fl— dx9 » ®)

A (Z)“—»pw")-\/2 f

Then using Eqs. (5) in addition to the Lee-Sugawara
relation,®

2A(E™~AT) =A(A° = p17) ==VT A(Z* =~ p7°),

(9a)
one has the additional relations

A= pr) =—J—13—rA(z*-pw°) :

(9b)
A(E"~AT )—— A= pr0),
which have previously been noted by assuming that
the 20 representation in SU(4) dominates.' Here,
these relations have nothing to do with SU(4) but
are a consequence of the current-algebra approach
and the relation (7).

The question naturally arises how good is the de-
tailed fitting of s- and p-wave amplitudes of non-
leptonic decays of hyperons in the current-algebra
approach with the D/F ratio fixed by the relation
(7). This by itself does not give a good fit. How-
ever, it has been shown® that with the D/F ratio
nearly -1, i.e., -0.85, it is possible to obtain a
reasonable fit provided that the K* contribution
through the K*-m weak transition, which contri-
butes only to s-wave amplitudes, is also included.
This contribution vanishes in the SU(3) limit but
is numerically important if its strength is esti-
mated by assuming that K¢- 27 is also dominated
by the K* pole. The K* contribution can be shown
to obey by itself the Al =3 rule if the current-al-
gebra argument is used. With the K* contribution,
the additional relations (9b) which are not as well
satisfied as the Lee-Sugawara relation will no
longer hold.

Finally, we note that in terms of F and D de-
fined in (6),

1
,aAnlzﬁ' '3F+D|; (10)

so that with relations (5a) and (7),

G 3
: . ( , ) . 1)
|F| _LZ\/Z sinfccosfc \ 75~ |a’ |
If we assume SU(3), d’ defined in (4) can be ap-
proximately related to d which occurs in Ref. 7.
In fact then

d'zgd , (12)
T
where one can easily see from Ref. 7 that
d 2 (- N)9Imj?
3 32a
gm -1
“(Z- ) o (1- s ) , (13)
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where m, and m, are effective masses of « and s
quarks, a, is related to the quark-gluon coupling
constant while A, N, £, and A denote masses of
N*, N, =, and A baryons. Thus using (11), (12),
and (13),

siné, cosf
|F| Z'Tca?—c (& = N)Gz(9m,2) . (14)
S

Now Gg(9m,?)=107° as 9m,2~my?, (A - N)=300
MeV, sinf;cosf;~;. Thus,

|F|= 9&_7.@ 10°° MeV.

S
With a, ~0.5, this gives |F| to be about 1.5 x10~%
MeV. This by itself is of the right order of mag-

18

nitude for, e.g., A(ZZ). However, for an overall
fit of s- and p-wave amplitudes which require in-
clusion of K* contribution as mentioned earlier,

| F | is needed® to be about 4.5%x107% MeV. Such a
value of |F|would require quite a small value of
a4, namely =0.17.

We would like to emphasize that the relations
(5) which imply octet dominance for the matrix
elements (B,|H3 ¢ | B,) are the result of the parti-
cular combination (1 —5‘-3) in relation (3). This
in turn is a consequence of the (V —A)? interaction
expressed in (1) in the usual picture of the weak
interaction. Had it beena (V -A) X (V+A) inter-
action, we would have obtained the factor
(1+6,+3,), and the relations (5) would have been
different.
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