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verse-momentum, differential processes is ex-
plicitly realized. We should stress that the clas-
sical configuration (1), which we chose to be
crypto-Abelian for simplicity, is by no means
unique; indeed, all that is required of it is that
its B field satisfy

lim f 'dip B~(x) v 0.
p~p p

We expect that this class of configurations can be
generated dynamically, thus demonstrating the
self-consistency of our approach. This very in-
teresting possibility is presently under investiga-
tion.
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It is shown that it is possible to obtain the neutral-current weak interaction as the
third component of the SU(2) group without electroweak unification, provided that fun-
damental doublets contain in general a mixture of left-handed and right-handed fields.
The main experimental consequence is the relation mlI, , = ~2m„, with the further pos-
sibility that m)r could be lower than that predicted by the standard model.
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The existence' of the neutral-current weak in-
teraction is regarded as an evidence for electro-
weak unification in terms of the standard gauge
model' based on the local symmetry group SU(2)
(8) U(1). In fact, the standard model predicted
such an interaction before its experimental dis-
covery. The question which I wish to study in
this note is whether this prediction is unique to
the standard model and whether in fact the unifi-
cation of weak and electromagnetic interactions,
which is no doubt a very profound idea, is neces-
sary for the existence of the neutral-current weak
interaction. In other words, is it possible to pre-
dict this interaction on a symmetry group of pure-
ly weak interactions' Previous attempts to iden-
tify the neutral current of the weak interaction
with the third component of an SU(2) group, ' the
other two components giving the charged cur-
rents, failed in the sense that the resulting neu-
tral-current weak interaction does not agree with
the experiments. In this note, I show that one
can identify the charged and neutral currents of

~m~ =&gwLrpr5~pL

where

f W„
" 24rw„

(2a)

(2b)

the weak interaction with, respectively, 1+&2 and
three components of the SU(2) group in agreement
with experiments, provided that (i) the fundamen-
tal doublets under SU(2) contain in general a mix-
ture of left-handed and right-handed fields;
(ii) the basic interaction is axial vector rather
than vector. We illustrate our basic idea first by
considering leptons v» l (e.g. , v„e ), where we
take v, to be pure left handed and massless. We
now assume that

L= V)g
(cosa)(z +(sinn)(z )

is a doublet under SU(2) while —(sina)l~ +(cosa)
& l~ is a singlet. Consider the interaction
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Clearly (2a) is invariant under global SU(2). Later we shall derive it when SU(2) is regarded as a local
gauge symmetry. Since P~ „y„y,g„~ =0, P~y„y,g~=Py„-,'(1+y, )g, $~y„y,$„=—Py„—,'(l-y, )g, Eq. (2a)
gives

2;„,' = 4i g~(W(cosa)v, yp(1+y, )lW„+H.c. +[v, yq(1+y, )vg 7-yq(1+y, )l —2(sin'a)(- Lypl)]wa~]. (3)

Note that the axial-vector coupling in (2a) is necessary to have parity nonconservation in the neutral-
current weak interaction. We can rewrite (3) as

g. , ' = (g~/2~2 cosa [Jp (l)wp + H. c. + (W/cosa) J3~ (l)wsp],
where

J„(l)= iv, y„(1+y,)l,

Js&(l) = 2(i[v&y&(1+y5)v, -Ty&(1+y5)l] —2(sin o')J&~'~'(l)],

ger' cos'cv/8mp' = GF/0 2,

(4a)

(4b)

(4c)

(4d)

gw/8 ~, -GF/~.
The relation (4e) ensures the universality of coup-
ling between charged- and neutral-weak-cur-
rent interactions. The relations (4d) and (4e)
imply

mg/(cosa)mg, = 1. (5)

The structure of Eqs. (4) and (5) is exactly the
same as in the standard model with some impor-
tant differences: (i) no necessity of electroweak
unification and neutral current is just the third
component of SU(2); (ii) experimentally' sin'a
= —,', i.e., 046+ 0.03, and thus m~, = Wm~ instead
of m& = (2/~m~ in the standard model; (iii) since
g~ is not constrained here, ~~ is arbitrary in
general. It may, however, be reasonable to take
the semiweak coupling constant g~s e. Then nz~
z26.4 GeV, yg~, s 37.3 GeV. If gcosa se, then

m~s 37.3 GeV, m~ s 52.7 GeV. It is interesting
to note that the experimental value of sin'n = 2

implies almost equal mixture of left-handed and
right-handed fields in the doublet (1).

(4e)

The extension to hadrons is straightforward if
the quarks are integrally charged. Consider, for
example, the Sakata-like triplet 6', X, x and a
charm-carrying singlet 6" to obtain cancellation4
of strangeness-changing neutral current. We
take ('X', x' denote Cabibbo-rotated X, A)

( (cosn)6'~'+ (sina)(P~' )+=i

(6)

S~,"=ig~Hy &y 5W &H +ig~H'y &y 5W& H

gives the interaction of the form (4a) with

(7a)

as doublets under SU(2), while —(sina)(P~+ (cosa)
x (P~, ',R~, —(sino. )6'~'+ (cosa)(P~', y~ are singlets.
Then SU(2) -invariant

Jq ~(h ) =iPy „(1+y,)X' + iP'y„(1+y, )X',

Js&gt) = z(i [Py&(1+ys)(P —Ky&(1+y~)% —Xy&(1+y5)X+7'y&(1+y5)(P'] -2(sin a)J& ' '(h)}.

We now discuss the gauge formulation of the
above model. Consider the gauge transformation
corresponding to the covariant derivative

(7b)

(7c)

P !Il g W~5 P (8a)
I'p„——D~S"p -D pWp

=(s„w, —B„w„)—ig y, [w„,w„],
F —F' = (1+ii)F, (8b)

where I' is any fermion doublet. The notation is
such that the tilde denotes that TV„= &~ W„and
c = —,'v ~ e are not only matrices in weak isospin
space but also Dirac matrices, in this case unit

which is also a Dirac matrix. The transforma-
tion law for W™„deducedfrom the requirement
that

(D„F)' = (1+i~)D„F
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is

Wp Wp' = 8'„—i[W„,s]+g 'y, B„q.

Also one can see that

F„„-F„„=(I+it)F„„(I—i~).

Then the gauge-invariant Lagrangian is

(10)

(12)g = —,'TrD(- —,
' TrF»F„„)—Ly„(B„-ig~y,W&)L -Hy„(B„-ig~y5W„)H-H'y~(B„-ig~y, W&)H',

where the first trace in (12) is with respect to Dirac matrices. In Eq. (12), we have not displayed the
kinetic-energy terms for singlets under SU(2). Equation (12) gives the interaction Lagrangians (2a)
and (Va).

To break the gauge symmetry spontaneously' so that TV bosons acquire mass, we see that a Higgs
triplet

(13a)

(13b)

This gives p = 1, i.e. , the relation (5) for sin a
= —,

' (sin'8~= —,'), the values required by experimen-
tal data.

We now briefly discuss the case of fractionally
charged quarks u, d, s, and t.- for the hadronic
sector. We form the following doublets:

(13c)

gives.

having the gauge-invariant coupling

4 TrD(- Tr(B&y +ig~[qr, y5W&])(B&y —ig~[y~W&, p])f
and with the vacuum expectation value (here the
tilde denotes that y is a unit Dirac matrix while
the bar indicates Hermitian conjugate)

(14a)m @f3 2m gf
2= 2

the relation required. Now in general, if we do
not assume the universality of couplings between
the charged- and neutral-current weak interac-
tions, the relation (5) is replaced by

( (cosp)U~+(sinp)Ua )
H~=

( (cosy)d~'+ (siny)d„' )
(15)

/ —(sinp)UI, + (cosp)U„)
H, =l

k —(sinygg' + (cosy)d~ 3

p =m~'/(cosa)'m~, '.
With use of (14a) and noting that sin'a here cor-
responds to 2 sin'6I & in the standard model, the
above relation becomes

(14b)

p = (2 cos'a ) ' = (2 —4 sin'8 ~) '.

igz(Ly&y5W&L+cos 8(H~y&y5W&H~+H~'y&y5W&H~')

Note that because of two hadronic doublets H„H„
compared to one lepton doublet, it may be natu-
ral to implement the universality as above. Then
to ensure the universality between leptonic and
hadronic charged-current weak interactions and
the absence of right-handed hadronic charged cur-
rent [i.e. , to have the form (Vb)] we have, re-
spectively, (note that 8 here is in general differ-
ent from the Cabibbo angle 8C)

cos 8 cosp cosy + sin'8 sinp siny = cosa, (17a)

cos 8 sinp siny+ sin 8 cosp cosy = 0. (17b)

+ sin 8 (H2y ~y5WpH2 +H2'y~y5WqH2') j.
Furthermore, in order that the hadronic neutral
current has the same form as the leptonic one
[i.e. , to have the form (7c)], we must have

cos'8 sin'p + sin'8 cos'p = —, sin'a,

cos'0 sin'y + sin'9 cos'y = 3 sin'a.
(18a)

(18b)

Equations (17) and (18) have the solution

cos28 = (1 —v sin'a)"',
cos2p = (1 —v sin'a )/(1 —v sin'a ) '~',

cos2y = (1 —3 sin a)/(1 —v sin a) (19)

with similar ones, H, ' and H, ', involving c and s'.
(14c) Then the following interaction Lagrangian is in-

variant under the global SU(2):
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The gauge formulation of Eq. (16) is somewhat
complicated and it would arise as an effective in-
teraction by enlarging the SU(2) group to, for ex-
ample, SU, (2)SU, (2). I shall consider it in an-
other publication.

To conclude, it is possible to have the neutral-
current weak interaction similar to that of the
standard model and in agreement with the experi-
ments without electroweak unification. The main
experimental consequence of the present model
which differs from the standard model is the rela-
tion rn~, =vYm~ and that mass of charged W (and
hence that of W, ) could conceivably be lower than
that predicted by the standard model.
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