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%e construct an anomaly-free U(1) @SU(2) gauge model of weak and electromagnetic
interactions based on the three-triplet model of hadron structure. The model has a large
number of interesting experimental consequences and requires a relatively low value for
the mass of charged intermediate vector bosons; while the lower bound is 13 QeV, 18
GeV is the preferred value.

Recently, many attempts' have been made to
synthesize weak and electromagnetic interactions
within the framework of a Higgs-Kibble-type
theory, along the lines first suggested by %ein-
berg and Salam. It is evident from an examina-
tion of hitherto published models that if one gives
oneself the freedom to introduce arbitrary num-
bers of massive leptons and to postulate a variety
of quarks without worrying about their role in
hadron dynamics, one ean construct an almost
infinite number of theories. In the present note
we reconsider steinberg's original scheme, '
based on the group U(1) SSU(2), with the con-
straint that incorporation of hadrons into the
scheme be carried out within the framework of
an a,cceptible model of hadron structure. (We
define a hadron model to be acceptable 1f lt ac-
counts for the low-lying hadron spectrum, pre-
dicts the correct amplitude for w0-2y, and pays
whatever respect is due to the semiempirical
quark-model relations between masses, cross
sections, etc.) The only acceptable models known
to us are the three-triplet model' with fractional
charges [the so-called red, white, and blue (RWB)
model] and the Han-Nambu model, ' both based on
the group SU{3)8 SU(3)'. For the sake of definite-
ness we will write our formulas in a form appro-
priate to the RIB model. The reader ean verify
that most of our conclusions hold for both models.

All currently known hadrons are presumed to
be SU(3)' singlets to a high degree of accuracy,
say one part in 10'. (The ground-state wave func-
tion of low-lying baryons ean therefore be en-
dowed with the correct symmetry without running
afoul of the spin-statistics theorem. )

Our model has the following features:
{i) The lower limit on m~, the mass of charged

intermediate bosons, is rq, = 13 GeV. On the oth-
er hand, there is no lower limit for m~„ the mass
of the neutral intermediate boson,

(11) The pl'ocesses v~+p vI, +p aIld vp+8 v~

+e are scaled by a common factor and vanish

exactly for m~=m, /2=18 GeV. Furthermore, a,

knowledge of experimental upper bounds on the
cross sections for these processes suffices to
bound Pl & botk 05058 Qtld 58loK:

1+ IRi

II Fo( V~ 8 V~ 8 )

do(v~ p vip)/dt
( 1 )

doFG(v, p -8'n)/dt (2)

Here the subscript FG implies cross sections in
the Feynman-Gell-Mann theory and R =-(1 —2

xsin'$)(me'/mz' cos'$), ( being the Weinberg
angle defined below. Also F., is the neutrino en-
ergy and I; is the momentum transfer squared.

On the basis of the Gargarnelle data' on v&+e
—v&+e, our theory predicts that

14.3 GeV&m@, &31.7 GeV,

and hence that W bosons may be observable at
Cern's Intersecting Storage Rings, if not at the
National Accelerator Laboratory.

(iii) For the process v, +e -v, +e our theory
predicts that

o{v.e - v. e )/oFG =1- IRI8(~&'- 2~,') +a', (3)

8 being the sign function [8(x) =—x/[xI].
(iv) Adler's neutrino sum rule' may be modi-

fied by a factor of 18 at large energies. (On the
other hand, the Adler-Weisberger sum rule re-
mains valid. )

(v) The right-hand side of the Gross-Llewellyn
Smith' sum rule vanishes, just as if one had
used field algebra instead of the quark model.
Other neutrino sum rules are also affected.

(vi) The lepton spectrum includes two neutral
heavy leptons.

(vii) The model is free from anomalies.
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(viii) The amplitudes for neutral AS= 1 decay
such as K~ —p, p, and nonleptonic AS= 2 transi-
tions are of order GFn6, where 6 is a measure
of SU(3)' breaking.

We label the triplets as O';, 2, , y,- (i = 1, 2, 3).
For any fixed i we have a three-spinor of SU(3),
for any fixed isospin and hypercharge we have a
three-spinor of SU(3)'. The charge-raising iso-
spin current, the hypercharge current, and the
electromagnetic current in this model are

(4)

(5)

P decay and p, decay since the matrix element of
the weak current between currently known had-
rons H and H' is

In order for p. decay to have the observed mag-
nitude, g must be related to the Fermi constant
by (8/+2) GE =g'/9m2, '. This differs from the usu-
al expression by a factor of —,'. On the other
hand, the photon coupling is e =g sing. Hence
m~&13 GeV. With our assignment it is neces-
sary to have a complex doublet and a real spin-
zero triplet in order to give mass to the quarks
and the leptons via the Higgs mechanism. The
presence of the scalar triplet removes the lower
bound to rn~ which now satisfies an upper bound

It is clearly necessary to define these currents
as SU(3)' singlets; otherwise the charges corre-
sponding to these currents would not represent
the total isospin, hypercharge, and electric
charge, respectively. Generalizing to the level
of chiral SU(3) 8 SU(3), we shall require that the
currents and charges which occur in the Gell-
Mann algebra be defined as SU(3)' singlets.

The covariant derivative appropriate to the
group U(1) SU(2) is && —igW& ~ T —zig'B&Y, where

(T, 2 Y) are the four matrix generators of the

group. T, +2Y=Q is the electric charge. It is
convenient to introduce Weinberg's angle' by the
expression tan) =g'/g; the neutral massive field
will then be Z„=eos)W» —sin(B„.

We assign the quarks to the representations of
U(1) 8 SU(2) as follows: four doublets,

and ten singlets,

1 t+II1B ) ~1I1 & 4L & ~2L t ~2I1 1 3I s ~ L3& ~3K t ~3L '

Here we have used the conventional definition

X,(0) =X,cos0+A. , sin8 and X,(6) = —X, sin&+A. ,
xcos6}, with 0 the Cabibbo angle.

The leptons v„e, v&, and p, , together with

two heavy neutral leptons E' and M, are as-
signed as follows: doublets, (—', ve + —,'uBE', e )L,
(E, e )I1,

' singlet, (+ 3v8ve +3EO)L; and similarly
for the muon system with ve —v„, e —p. , E'
—M', The mixing introduced in the left-handed
doublet is necessary for universality between

mz2 cos2$ &m~2.

The current which couples to Z&, when evaluated
between the familiar hadrons and leptons, takes
the form

&z' = (g/2 eos ()[-,'(v, y'v, + v„y~v„)

+ JEd'(I —2 sin'$)], (9)

which leads to features (ii) and (iii). Note that
the special value of )=45' or R =0 is consistent
with present experimental indications. Contrast
this with the situation with Weinberg's model. '
We remark that all this is made possible by the
presence of right-handed doublets as well as
left-handed doublets, which also ensures the ab-
sence of anomalies.

Next we consider current-algebra sum rules
in our theory. Since the photon is an SU(3)' sing-
let (this is one feature of the RWB model that
does not' carry over to the Han-Nambu model),
it, cannot excite a nucleon into a state which lies
outside the manifold of low-lying states; all
Compton and electroproduction sum rules' are
therefore unaffected. Similarly, since the pion
is an SU(3)' singlet, the Adler-Weisberger sum
rule is unaffected. [The quantity g~ in this sum
rule can be identified with the ratio of coupling
constants in P decay in the SU(3)' limit. ]

The situation changes dramatically, however,
when we come to sum rules which are intrinsical-
ly weak-interaction sum rules in the sense that
their derivation is based upon some model for
the commutator [J&~'~""(x),J,~ ~" (0)] 5(x,). Most
interesting of these is the Adler sum rule for
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neutrino-induced processes:

m„' —q' ' do(v t-g'B) dale(-y)))) (1O)

Cp= 18GF /z,

C„=0. (12)

The Gross-I lewellyn Smith sum rule is based on
the space-space part of the aforementioned com-
mutator. The contribution of left-handed and
right-handed quarks now cancel against each
other in the SU(3) ' limit, hence the result (v)
stated above. The neutrino sum rule in Ref. 10
would also be changed. The consistency of that
sum rule, as stated in Ref. 10, with the current
experimental status' would suggest that SU(3)'
nonsinglet states have not yet been produced. We
may emphasize that features (i), (ii), (vi), (vii),
and (viii) do not depend on the production of such
states. Finally, feature (viii) is based on stan-
dard ar guments. "

We now conclude with the following remarks:
(a) The process v+p —v+H is related directly

to electroproduction in our model. Also, the
mass of M' can be constrained within fairly nar-
row limits by considering its contribution to the
anomalous moment of the muon. These points
will be discussed elsewhere.

(b) There are, of course, many possible varia-

when t is the target hadron, H, and H, any hadron
states with the appropriate charge, q the momen-
tum transfer from v to Ij, and C, a constant de-
termined by the expectation value of the time-
time part of the above commutator between t
states. In the usual theory,

C~= (Gv~/m)(1+sin'6),

C„=(G,'/v)(- 1+ 2 sin'e).

These values survive in our theory if the sum-
mation over H, and H, is restricted to SU(3) ' sing-
let states; for sufficiently large F.„, however, it
is difficult to implement this restriction experi-
mentally without invoking a demon who will be
willing to sit at the end of the neutrino beam and
check whether an emerging hadron is an SU(3)'
singlet 1 For H unrestricted,

tions on our theme if one is willing to sacrifice
some of our listed features.

(c) Our model reproduces all the known fea, —

tures of weak interactions, except for the AI= —,
'

rule and CP nonconservation. In the present
state of the art, we can appeal to ideas of octet
enhancement and soft-pion theorems for the AI
= —,

' rule and put in CP nonconservation by hand. "
(d) Perhaps the most interesting aspect of our

model is the testability of many of its predictions
with existing machines and within the framework
of experimental programs currently under way.
Our model may have the dubious distinction of
being an early casuality in a confrontation of
gauge theories with experiment.
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