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The problem is posed of exhibiting a mechanism that avoids 4F= 1 neutral currents with-
out invoking experimentally unknown types of particles. The proposed solution rejects the
Cabibbo rotation in favor of a mixing, between two types of unit-spin mesons, that is pro-
duced by the SU&-symmetry-breaking interaction. One quantitative prediction that is well
satisfied is the identity of the strong-interaction coupling constants appearing in & decay and
inp'-e'+e .

tes a more conservative attempt. Can
t a mechanism for avoiding unwanted
rrents that refers only to experimental-
zed types of particles? This note

one exhibi
neutral c4
ly recogn
sketches an affirmative answer.

Unified theories of electromagnetic and weak
interactions generally face a problem with ha-
dronic neutral currents that change hypercharge.
Such currents are strikingly suppressed in nature,
but are usually implied by the Cabibbo rotation
that introduces the sY =1 charged currents. This
has led to several suggestions, of varying de-
grees of charm, which are uniformly couched in
the language of hypothetical subnuclear constitu-
ents. ' The number of the latter has thereby been
increased, from three, to four, five, seven, . . . .
The phenomenological orientation of source the-
ory inv)

First we must review the archetypal treatment
of the leptons. ' These particles are grouped into
leptonic charge triplets, ~ L =+1: p,', v, e, and
the chiral charge-bearing currents represented
by

j"„=,'gyoyl'T, ~(, —ab=12, 21.
Here we have introduced the antisymmetrical ma-
trices

T,„=—,
' (t„+iy,(t, t,~)), ab = 12, 21

&2 t„=t, +i t„v2 t„=t, it„-
and the t„a=1, 2, 3 are the 3 ~ 3 imaginary, anti-
symmetrical matrices of unit isotopic spin. The
T matrices obey the commutation relations of the
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group U„as illustrated by

»~ n1= » aa~

in which

is the electric charge matrix and

T„+T„=iy,+ —,'t, (1 iy, -t, )

(4)

(6)

(6) 3
N= —', Q T„~ (14)

struction (9) are associated with opposite nucleon-
ic charge, which is the counterpart of the more
usual procedure where the two unitary indices e,
p are assigned to inequivalent, complex conjugate
representations. In connection with nucleonic
charge, we note the relation between the genera-
tors T 8 of the group U„where

commutes with all the T matrices. The simplest
dynamical hypothesis introduces a U, -invariant
coupling with four-vector fields A.~„a, b =1, 2:

represents nucleonic charge, and those of the re-
duced group SUa (T„'8) from which the nucleonic
charge concept has been deleted. It is

Z +ay2~a s
a, b= ie2 ~ct8 ~a8 ~0.8+ ~ (16)

g, g'=1, . . . , 4. (6)

We emphasize that the factorization into individual
spinors indicated here is purely symbolic, de-
signed to facilitate contact with the leptonic struc-
tures; it carries no implication concerning the
compositeness of the particles. Nonuplets of vec-
tor and axial-vector fields are thus symbolized by

&ps r4y'y" t-8(,
sag any y" iya tagvk~ n, P =1, 2, 3

in which the t 8 are antisymmetrical matrices
obeying U, group commutation relations,

[tas ~ ty~] =58yt~-5~~tys,

together with

(10)

and v is a 2 x 2 antisymmetrical imaginary matrix
representing a unit nucleonic charge. The explicit
structure of the t 8 is given by

where the association between particles and fieMs
y, A12 21 g, A.22 Z. The U2 invariance

is a partial symmetry that is broken by the large
masses assigned to the particles W and Z (as dis-
cussed in Ref. 3).

The coupling between the vector fields A~„and
the hadrons is pictured as proceeding through the
intermediary of fields associated with the nonu-
plets of 1'(0 ) and 1 particles. The fields of such
particles are conveniently represented by spinors
of the second rank,

Also, the U, strong-interaction group having gen-
erators that combine isotopic spin and hyper-
charge, electric charge in particular, is identified
with the corresponding subgroup of SU„so that

Q = T'» = T» N. -
As an aspect of this relation we expect that I
fields coupled to the photon are of the form

3

8 Q V ~a 2 $y y (tgg ~a)$

(16)

T„=—'(t, s+iy, ILt», t, 8})
=-,' (1 +iy,v)t, s,

T„=,' (t„+iy,(-t„,t„})
=a (1 +iy,v)t»,

which uses the equivalence illustrated by

(t» ~ t~g} =a (1 +V)T~B + (1 —V)Tg~

=Vt18 .
Now we evaluate the commutator

[Tu T2xj =-'(1+iya»(t» -ts8)

where
11 22 P

(18)

(19)

(20)

The problem in constructing hadronic couplings
on the leptonic model begins with the choice of
charge-bearing currents analogous to (1, 2), since
the electric charge axis of the unitary space could
be combined with either of the other two axes.
Leaving that decision open for the moment, we
introduce analogs of the matrices (2) as (P =2 or 3)

t~s =a (1 +V)T&„t, -a (1 -V )Ts~ q (12)

where the 7 8 are the elementary 3&3 matrices
with a single unit entry in the o. row, P column.
They have the multiplication property and

1
11 11

T„=—,'(1 -iy,v)t»+a (1 +iy,v)t&8 —av,
(21)

7C(87 ~$ 58 ~7 ~ ~

The two symbolic fields appearing in the con-

T»+T» = (1 -iy,v)t»+a (1 +iy,v)(t»+t88) ——,'v .
(22)
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(1 -iy,v)(1+iy, i ) =0. (24)

Note that all four of the currents obtained in this
way can be represented as linear combinations of
the v and a fields.

The conventional response given to the problem
of choosing between the unitary axes 2 and 3 is

The 1atter matrix commutes with all the T ma-
trices, specifically, because

[t,s, t„+t~6]-[t8„t„+t88]
(23)

that the wea, k interactions select a particular di-
rection in the 23 plane, one that is inclined at a
fairly small anglis 8c 0.2 relative to the second
axis (Cabibbo rotation). But there is another pos-
sibility. Perhaps nature utilizes both axes, with
the respective currents constructed as different
combinations of 1' fields, which combinations al-
so reflect the mixing action of the strong SU, -
symmetry-breaking interactions. To explore this
idea, we place an appropriate superscript on the
hadronic fields to distinguish the choice of P =2 or
3, and write out the U, -invariant coupling, apart
from a common factor, as

A„[(v„——,'g v Q"'+ (v„- —,'P v „)"']+A„[-,' (v„+a„)1'+-,' (v»+a„) ']

+Aii[-'(»+ 21)"'+-'( si+») "']+AM[-'( ii - il) "'+-'( 22+ 22)
"' - 3Ev'"

+~&(v» —aii) +2 (v33+ais) -iQv ], (25)

where vector indices are suppressed.
As the simplest realization of the fields v"', a"' and v"', a"', we consider just two sets of particle

fields v, a and v', a', which are mixed together by the strong symmetry-breaking interaction. A crude pic-
ture of the latter will be based on the situation encountered in the well-established 1 nonuplet, where p
and &o are approximately degenerate in mass, while K* and Q are displaced upward. Thus, fieM compo-
nents with one or two 3-indices are perturbed, and mixed:

v~3 = v~3 cos83 —v~3 sin8 v~3 = v~3 sln83 + v~3 cos8(2) ~ (3) ~ I

(2) = f ~ (3) I
v33 v33 cos 833 v33 s in8 33 v33 v33 sin833 + v33 cos833

while the other components are identified directly with distinct particle fields, as illustrated by
(2) (3) r (2)

Vgy =
Vyy P Vyy

=
Vyg P Vy2 = Vy2 ~ (2'l)

Our rough view of strong interaction effects also assumes the same mixing angles for 1' and 1 fields.
To avoid unessential complications, we do not include the mixing described by 833 in stating the resulting
form of the coupling (and write 8, =8),

A»[v» ——,
' g v„„+v,', ——,

'g v„'„]+A»[-,' (v» +a») +-,' (v» +a») sin8 +-,' (v'„+a») cos8]

+A„[-,' (v»+a») +-,' (v»+a») sin8+-,' (v,'&+a,', ) cos8]

+A»[-,' (v» —a„)+-,' (v» + a») ——,'Q v„„+-,' (v'„- a,', ) +-,' (v,', +a'„) ——,
' Q v J . (28)

The two kinds of hadronic fields, v, a and v', a',
have been distinguished through their (somewhat
mixed) roles in mediating the weak interactions.
Now we add a final assumption concerning their
disparate roles in strong interactions. It is that
the fields v', a' are only slightly coupled to the
quasistable hadrons that are of interest in weak-
interaction measurements. If we ignore that
coupling completely, we can effectively strike
out the primed fields in (28). The outcome is a
coupling with the charged bosons S" that differs
from the result of a Cabibbo rotation (8 = 8v)
only in the absence of the factor cos8~—= 0.98, and

a coupling with the neutral boson Z that contains
no hypercharge transitions (in contrast, the Cabib-
bo rotation would introduce the field combination
v»+a»+v»+a», for which EY=1). This is the
principal consequence of our investigation.

The factor cos8~ is ranked as one of the minor
successes of the Cabibbo theory. One would be
more concerned about its absence were there not
larger discrepancies outstanding in the usual the-
ory. We cite in particular the -10%%uo difference be-
tween the (Goldberger-Treiman) prediction of 84
MeV for the pion decay constant and the observed
value of 94 MeV. It is worth recognizing, then,
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that the general viewpoint advocated here can ac-
commodate such deviations from the special model
just discussed. The modifications to be introduced
are twofold: The fields v, a and v', a' are replaced
by linear combinations of different particle fields
of the respective types; the assumption that the
primed fields are completely uncoupled from the
low-lying hadrons is removed.

If the primed fields give an effective baryon con-
tribution in the y coupling that is -+2%%uo of the un-
primed value, the result is essentially equivalent
to introducing cosL9~ in the hY =0 part of the 8'
coupling with baryons. ' There are two possibili-
ties here: The various yrimed particles are cou-
pled with normal strength to the familiar hadrons
but there is almost complete destructive inter-
ference among the contributions of all the parti-
cles of this type for small momentum transfer;
or, every primed particle is subnormally coupled
to the usual baryons (is there a connection with a
recent cosmic ray observation' of a particle that
decays into hadrons with an anomalously long life-
time'P). Next, 1st us recall that the charge-bear-
ing components of the a field associated with the
lightest nonuplets have the following meaning in
terms of fields attached to the particles A, and m:

a A + Sm, m„=&2m, .1

A
(29)

Now suppose that, both in the photon and R' cou-
plings, the effective baryon contribution is re-
duced by -I(@ through the mediation of more mas-
sive (unprimed) families of unit spin particles.
The consequence is an increase of -10%%uo in the
m-8" coupling, in comparison with the usual theory.
So far, this is simply da,ta fitting. But there is an
important implication here for the value of the
coupling constant g-associated with the unit-spin
particles; it is best inferred through the behavior
of w, which is an associate member of the lightest
particle family, rather than by reference to bary-
ons, the properties of which are also inQuenced
by other families of such particles.

To express the last point more quantitatively,
let us supply (28) with the factor

vy2 —p ~ v2y —p p v~I —v22 —v 2 p
+ o (31)

having in mind that

1/2 —m cosgc .
g P

We have introduced cosj9~ to compensate for the
additional contribution of the primed particles to
the electromagnetic interactions of the baryons.
The factor of W2 refers to the field identification,
expressed for the usual 1 particles, by

1 j.
v» ———,(v» —v») +—, (v» + v») . (32)

The constant g is not to be equated to the constant
g~ that characterizes the lightest mesons, since
the heavier mesons are supposed to produce a re-
duction by the factor ~.

g = (I)gp (33)

Now let us exhibit the electromagnetic coupling
specifically associated with p'.

(e/g) m ' cosHeApo,

and the 8' coupling of the pion:

2 '"e cos8~ 8' — 8m'+TV' 8m . 35
Wag v2 g

The latter displays the conventional n coupling
constant for weak interactions,

=94 MeV,
2g

from which it follows that

g2

4n
(3V)

Apart from the factor cos8~, the same coupling
constant appears in the electromagnetic interac-
tion (34), which predicts the rate for the decay
p'-e'+e . A recent colliding-beam measure-
ment ' gives

=2.8+ 0.16, (38)

or

g2—=2.7+ 0.15
4m

(39)

which is quite satisfactory agreement.
The value deduced for g is measured by

(40)

It is interesting that a very similar number is ob-
tained from the identification of low-energy s-wave
wN scattering with the consequence of p exchange. '
Of course, we must now reconcile this agreement
with our picture in which m and% interact, not
only through the exchange of p, but also by means
of more massive particles of the same type.
Since we are, at the moment, quite free to adjust
unknown coupling constants and masses, there is
no immediate difficulty here. As an illustration,
let us suppose that the same constant g appears
in coupling the various mesons to the photon and
to W. In addition, imagine that the -10% contri-
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bution associated with the heavier mesons is dom-
inated by one particle family with a squared mass
-3 and a hadronic coupling constant -3 relative to
the lightest mesons. Then the additional contri-
bution associated with the heavier mesons in mN

coupling, where squared coupling constants ap-
pear, will be only several percent.

Another application where the distinction be-
tween g and g& can be significant is in the calcula-
tion of magnetic moments. We follow the discus-
sion of Ref. 9, Sec. 3.8, where it is remarked that
the predicted magnitudes of magnetic moments are
some 15% too low, as illustrated by

5 e
3m

P

(41)

The factor

~ cos19~ =1.10 (42)

describes a 10% increase associated with the light-
est 1 mesons. Presumably, the primed particles
will produce a small additional increase, while the
heavier particles of the same type as p', &c, Q
will make a negative contribution. To the exterit
that the magnetic moments associated with heavier
mesons have a corresponding inverse mass factor,
a substantial fraction of the 10%%ug increase could
remain.

The last remarks are characteristic of the situa-
tion produced by this approach to electromagnetic
and weak interactions. The quantitative predictive
power of the theory is limited, but the qualitative
situation seems to be improved. The application
of these ideas to electromagnetic mass splittings
and nonleptonic decays will be deferred to another
publication.
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