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We present a formulation of the schizon scheme of Lee and Yang which is within the framework of
a renormalizable gauge theory and which yields the full octet rule at the SU(3) level. The model
contains six massive gauge fields, two charged and four neutral.

I. INTRODUCTION

The purpose of this note is to present an up-
dated version of the schizon scheme devised by
Lee and Yang' to incorporate the 4I = 2 and ~So 2
selection rules in the weak-interaction Lagrangian.
We require that (a) the scheme be within the
framework of a modern renormalizable gauge the-
ory' and (b) that the &I = 2 rule be associated with
an octet rule on the SU(2) level. ' These require-
ments can be implemented by enlarging the gauge

group U(1)43SU(2), as used in a. recent note' (here-
inafter called BZ) to a group U(1)SSU(2) 8SU(2).
The theory therefore contains three massive vec-
tor bosons in addition to the three in BZ, making
a total of six in contrast to the four used by Lee
and Yang. These extra bosons are all electrically
neutral and their coupling to leptons vanishes auto-
matically if one requires the separate conservation
of electron number and muon number, again in con-
trast to the Lee-Yang theory in which the removal
of unwanted neutral-lepton couplings could not be
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associated with any general principle. In the in-
terest of simplicity we shall assume that the physi-
cal modes of the Higgs fields are so massive that
their contribution to nonleptonic decay amplitudes
can be safely ignored in comparison to gauge-field
contributions; our model is, therefore, diametri-
cally opposed to the model of Lee and Treiman"
in which the &I = 2 rule emerges only if the Higgs-
field contributions somehow overwhelm the gauge-
field contributions. Also in the interest of sim-
plicity, we shall assume in this note that CP is
conserved.

We emphasize that our considerations are logi-
cally independent of, and without prejudice to, dy-
namical theories of octet enhancement. In the
present state of our ignorance of hadron dynamics
it seems prudent to keep all options open.

II. THE GAUGE GROUP

As in BZ, our model for hadron structure is the
three-triplet model with fractional charges [ the
"red, white, and blue" quark (RWB) model]. In
the present context, unlike the situation in BZ, the
RWB model is the only available three-triplet mod-
el; our constructions do not go through for the
Han-Nambu model. We label the quarks as {P„„
A.; (i=1, 2, 3) and require that they transform ac-
cording to the (3, 3*) representation of the group
SU(3) SSU(3)'; all hitherto known physical particles
are presumed to be SU(3)' singlets to an accuracy
of about one part in 10'.

The charge-raising weak current in BZ is

&'p' = (g/~~)([tP, yp&, (8) +tP.yp&, (8)]i+(tP.yp&2++2yp~s)s

+[[sv, —(v 8 /3)E, ]ype +[s v„—(W8/3)M, ]y~p)z, +(E,, ype +M,y~p)„), ,

H, ff
= (18G»/W2)sin28(P, y 6', —(P~y 6'2)~

(+ ly ~1+ ~ly +1)L ' (2)

In writing Eq. (2) we have dropped terms which do

not transform as SU(3)' singlets and used a Fierz
transformation to effect the charge-retention or-
dering.

ff contains 4I =
& and octet terms as we 11 as

4I = -', and 27-piet terms. In order to cancel the
latter one must introduce at least two neutral
bosons with opposite CP properties (With only.
one neutral boson one can achieve the &I = 2 rule
only at the expense of the Mc 2 rule. Further-
more, cancellation of AS =2 transitions is possible
only if the bosons have opposite CP properties;
with identical CP properties, the b8 =2 amplitudes
generated by the two bosons would interfere con-
structively. ) The simplest Lie group which pro-
vides us with bosons with the requisite properties
is SU(2); accordingly we enlarge the U(1)SU(2)~
gauge group used in BZ to U(1)@SU(2)~SSU(2)»,

where I. and R denote the left and right chiral pro-
jections, respectively, 9I,(8) =—X,cos 8+ A.,sin8,
X,(6) —= -X,sin6+X, cos8, 8 being the Cabibbo angle,

Eo and M, are the neutral heavy leptons required
to maintain universality and render the theory
anomaly free. The neutral current in BZ is not
relevant in the present context since it does not

give rise to change of strangeness.
Assuming that strong interactions are gentle

enough to permit us to contemplate the nonleptonic
decay amplitudes in the local limit, ' the effective
nonleptonic decay Hamiltonian may be displayed in
the form:

where we have introduced subscripts J and K to
differentiate between the two SU(2) groups.

III. PARTICLE ASSIGNMENTS AND
NONLEPTONIC HAMILTONIAN

We note first that since two of the gauge bosons
furnished by SU(2)» are electrically neutral, the
Lie algebra requires that all three be neutral.

The requirement that SU(2)» commute with

U(1)3SU(2)z forces us to assign leptons to this
group in one of four ways:

(a) all singlets;
(b) right-handed leptons as singlets and left-

handed leptons as doublets,

Ws
3V~-

3 Eo

(c) left-handed leptons as singlets and right-
handed leptons as doublets,

(d) left-handed leptons as in (b) and right-handed
leptons as in (c).

It is evident that the principle of separate con-
servation of electronic and muonic numbers rules
out all assignments except (a); the leptons there-
fore decouple completely.

In the hadronic sector, we note first that the
quarks used to construct the J currents can also
be used to construct K currents with (6'„(P,)~ and
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(3I,(8), A,, (8))~ regarded as K-spin doublets. How-
ever the nonleptonic weak Hamiltonian which re-
sults from the self-coupling of these currents is
identical, within a constant factor, to the Hamil-
tonian in Eq. (2); consequently, these assignments
are useless for our purpose. We therefore con-
struct the K spin out of the quarks X„2„A,„and

It is convenient to introduce the notation

and the octet rule on the SU(3) level. In writing
&,« in the form (7) we have explicitly used the fact
that all low-lying states belong either to the iden-
tity Or the alternating representation of S,', the
group of permutations of the SU(3)' indices 1, 2,
and 3. In the SU(3)' limit, the identity representa-
tion of S,' corresponds to mesons, the alternating
representation to baryons and transitions between
the two are, of course, strictly forbidden.

C =
2 (313 + XB), D = ( 313 + Z, ) .1 1

-D+

& singlet,

D+B
W2

The relevant part of the resulting interaction may
be written in the form

2, = 2'(K'„"+K"') X",
where X" are the SU(2)r gauge fields and

(4)

(3f,y„X,+3I,y„3I,), —(3I -~)

(-i)(%,y„3I, —3I,y„3I,)~ —(3I —X), (5)

(%,y„3I, —3I,y„3I,), + (3I - ~)

K(2)
P

(-3I,y„3I, + ~,y„X,), + (2- 3)

(-f)(%,y„z, -X,y„3I,), —(2-3) .

(3I,y„~, + E,y„31,), —(2- 3)

(6)

By considering various possible assignments, sub-
ject to the proviso that the ~3~2 rule be sacro-
sanct in leading order, we are led to the following
identification (modulo trivial rotations):

g triplet,

IV. ES=2 TRANSITIONS

Next, we consider ~$ =2 transitions in our mod-
el. Our construction guarantees the absence of
these transitions in leading order provided the
masses endowed to X," and X," by the Higgs mech-
anism are equal in the tree approximation. It is
impossible to make any firm statements in higher
orders because of the intractability of strong in-
teractions. If one is willing to assume that strong-
interaction effects will not have a dramatic effect
on orders of magnitude, ' an assumption that may
well be quite wrong, one can estimate the contri-
bution of one loop graphs to 4S =2 amplitudes.
These contributions are easily seen to fall into
three classes, with amplitudes proportional to
Gzo 5(mx sin 8/mv'), G~ub sin'8 and G~o sin'8
&& (mx'/m~'). Note that the last-mentioned con-
tribution does not contain the SU(3)' suppression
factor 5; it may be necessary, therefore, to sup-
press this contribution by making the X particles
rather light; m~-1-2 GeV. Since X," and X," de-
couple completely from leptons and couple with
infinitesimal strength (-10 'e) to low-lying hadrons
on their mass shells, they are hard to produce and
hard to detect; endowing them with a low mass
does not lead to any difficulty with present-day ex-
periments. We hasten to emphasize, however,
that this guess on X mass should be treated as pure
speculation; as stated earlier, strong interactions
could change the picture completely.

U. REMARKS

(The splitting of the current into two pieces has no
particular significance in the present context. )

It is evident that with judicious choice of pa-
rameters [(gr/m„)2 = (g/m~)'sin8cos8], the full
weak Hamiltonian in the nonleptonic sector, and
within the manifold of low-lying states, may be
written in the form

H,ff = (18Gzsin2 8/v 2 ) [ ((P,y„(P, + 3I,y„3I, + X,y„X,)~

—(1-2)] (3I,y~x, + K,y "31,),
(7)

which embodies the AI = 2 rule on the SU(2) level

(i) While we have given our construction for the
octet rule in the local limit, passage to this limit
is not really necessary; if mx=m~ in the tree
approximation, Eq. (7) can be trivially modified so
as to be valid at arbitrary momentum transfers.
The price one pays is a possible loss of control
over one-loop ~$ =2 amplitudes, as discussed
above.

(ii) The question may naturally be asked: How
much faith should one put in a scheme in which
even one mass or coupling constant has to be ad-
justed "by hand" to guarantee a selection rule?
We have no satisfactory answer, but hazard the
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guess that the relationship imposed in our model
may emerge naturally when our gauge group is
embedded in a larger gauge group that might be
+e gauge group chosen by nature.

(iii) The theoretical and experimental possibili-
ties suggested by very weakly coupled neutral
bosons of relatively light mass, as well as the

question of CP violation in this model will be dis-
cussed elsewhere.
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Kimel and Nath's work on quantization of the charged spin-~ field is extended to fourth order in

the charge. The anticommutator is found to agree with that of Johnson and Sudarshan to this order. It
is inferred that Kimel and Nath's quantization is also inconsistent.

After Pauli and Fierz's pioneer work, the mas-
sive higher-spin field interacting with the electro-
magnetic field has been discussed repeatedly. ' '
In particular, Johnson and Sudarshan' pointed out
that the quantization of the Rarita-Schwinger spin-
—,
' field interacting with the external electromag-
netic field is inconsistent when it is quantized in
terms of Schwinger's action principle. It was not
clear whether the inconsistency is inherent in
Schwinger's action principle or stems from the
peculiar propagation character of the fundamental
field equation. ' Recently, Kimel and Nath4 re-
examined the problem with a quantized electro-
magnetic field by using the Yang-Feldman formal-

ism, and claim that the quantization can be carried
out consistently to second order (at least) Provided
that Q

' (the operator which relates the Heisen-
berg field to the asymptotic fields) exists and can
be expanded in a power series.

We would like to point out in this note that the re-
sult of Kimel and Nath concerning the anticommu-
tation relation of the spin- —,

' Heisenberg field
agrees with that of Johnson and Sudarshan, when
expanded in powers of the coupling constant (at
least up to fourth order in the charge). Hence, the
inconsistency anticipated by Kimel and Nath [see
the conclusion of Ref. 4; we quote: "Internal in-
consistency can arise, within the Yang-Feldman


