
VOLUME 20& NUMBER 26 PHYSICAL REVIEW LETTERS 24 JvNE 1968

OCTET DOMINANCE IN NONLEPTONIC DECAYS*

V. S. Mathur and P. Olesen
Department of Physics and Astronomy, University of Rochester, Rochester, New York

(Received 13 May 1968)

It is a well-known difficulty for the standard theory of weak interactions to explain the empirical AI
= ~ rule that appears to be an excellent approximation for the strangeness-changing nonleptonic de-
cays. Some time ago calculations based on current-algebra and soft-pion technique' have been per-
formed showing that in this approximation one has an effective 61= ~ rule for some decays. '

In this note we want to point out a very simple feature of the standard weak-interaction theory which
sheds some new light on the AI= —,

' rule (and octet dominance) in the nonleptonic decays. We consider
the vector boson theory, where the amplitude for the nonleptonic process A- 8 in the lowest order in
weak interactions is given by
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where J& is the total hadronic weak current. Using the identity
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we may express Eq. (I) in the form
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Using Bjorken's technique' it is easy to see that

To given by Eq. (4) is at most logarithmically di-
vergent. The worst divergence of T is thus iso-
lated in the first term on the right-hand side of
Eq. (3), and is quadratic. The fact that all non-
leptonic decays diverge quadratically in the low-
est-order weak interactions was first noticed by
Halpern and Segre. 4 However, instead of seek-
ing a way out of this divergence, we take here
the less exotic attitude that the weak-interaction
theory needs a cutoff. ' For sufficiently large
values of the cutoff, it is clear that the first
term on the right-hand side of Eq. (3) will domi-
nate the matrix element. Furthermore this term
is proportional to the matrix element of the
equal-time commutator [J'p, 8&J&], the so-called
g term. If we write

[J (x), s J (0)] =o(O)6'(x),
0 p, p. +0=0

where g is a sum of scalar and pseudoscalar

2(B I cr(0) IA)J
( )g

(6)

Equation (6) in fact is a very important and sim-
ple feature of the conventional weak-interaction
theory and leads to the following conclusions:

(a) In the usual quark model' 0 is an octet, ' and
Eq. (6) therefore shows that in this model the
conventional vector-boson theory leads to octet
dominance. Furthermore this result is valid for
all nonleptonic decays including both s- and P-
wave hyperon decays. In this respect, as well
as because of the fact that we do not have to
treat pions as soft, this result goes further than
the current-algebra result. '

(b) If the g term is purely an octet, the small
departures from AI = ~ observed in nonleptonic

densities, we may rewrite the dominant contribu-
tion to the nonleptonic amplitudes
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eff NL '

where the coupling constant G~l - (g'/m~')A'.
Effective Hamiltonians of the type (7) have been
proposed by many authors' in the recent litera-
ture.

(d) So far we have considered the intermediate
vector-boson theory of weak interactions. One

might ask if the results (a)-(c) also follow from
the current-current picture of weak interactions.
Taking the usual limit m~ - ~ in Eq. (l), and

writing g /m~ = G/D2, one obtains on using Bjor-
ken's technique the result that the nonleptonic
amplitude in the current-current theory also di-
verges quadratically. However, instead of Eq.
(6) we now find the dominant contribution to T to

be
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The equal-time commutator in Eq. (8) can be

split into the o term and an extra contribution
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which in general may not transform as an octet.
Only if the second term in Eq. (9) vanishes or
transforms as an octet do we arrive at the same

decays might find a rather novel explanation. By
using Bjorken's arguments it is easy to see that
the logarithmically divergent term in T, defined

by Eq. (4) is in general not octet dominated.
Hence the AI ~ —, amplitude would be smaller than

the AI =
& matrix element by a factor proportion-

al to (lnA)/A', where A is the cutoff defined in
suitable dimensionless units. Of course it is con-
ceivable that the 0 term may not be a pure octet
so that this type of qualitative understanding of
the AI & 2 effects may be wholly or partly incor-
rect.

(c) The fact that the dominant contribution to
the nonleptonic amplitude is given in terms of
the matrix elements of an octet cr is reminiscent
of the tadpole model. ' Equation (6) shows that
one may write down an effective nonlep tonic
weak Hamiltonian

conclusions as in the vector boson theory.
(e) Finally, it is worthwhile pointing out that'o

the o term in Eq. (6) is presumably proportional
to m~' so that for a massless pion, the quadratic
divergence in Eq. (6) would disappear for all non-
leptonic decays. This is the analog of the result
obtained for the pion mass difference, where for
a massless pion the worst divergence (logarith-
mic) also disappears" in the limit of a zero-
mass pion. If we further make use of the recent
algebra proposed by I ee,"it is simple to see
from Eq. (4) that in the Bjorken limit, the loga-
rithmic divergence in the lowest-order weak in-
teractions would also vanish.
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