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Leptons interact only with photons, and with
the intermediate bosons that presumably me-
diate weak interactions. What could be more
natural than to unite' these spin-one bosons
into a multiplet of gauge fields ? Standing in
the way of this synthesis are the obvious dif-
ferences in the masses of the photon and inter-
mediate meson, and in their couplings. We
might hope to understand these differences
by imagining that the symmetries relating the
weak and electromagnetic interactions are ex-
act symmetries of the Lagrangian but are bro-
ken by the vacuum. However, this raises the
specter of unwanted massless Goldstone bosons.?
This note will describe a model in which the
symmetry between the electromagnetic and
weak interactions is spontaneously broken,
but in which the Goldstone bosons are avoided
by introducing the photon and the intermediate-
boson fields as gauge fields.® The model may
be renormalizable.

We will restrict our attention to symmetry
groups that connect the observed electron-type
leptons only with each other, i.e., not with
muon-type leptons or other unobserved leptons
or hadrons. The symmetries then act on a left-
handed doublet
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and on a right-handed singlet
R=[3(1-v)]e. 2)

The largest group that leaves invariant the kine-
matic terms —Zy“auL—E yH8, R of the Lagrang-
jan consists of the electronic isospin T acting
on L, plus the numbers Ny, Np of left- and
right-handed electron-type leptons. As far
as we know, two of these symmetries are en-
tirely unbroken: the charge @ =T3-Ng—3Nf,
and the electron number N=Np +Njy. But the
gauge field corresponding to an unbroken sym-
metry will have zero mass,* and there is no
massless particle coupled to N,® so we must
form our gauge group out of the electronic iso-
spin T and the electronic hyperchange Y=Np
+3N, L.

Therefore, we shall construct our Lagrang-
ian out of L and R, plus gauge fields X# and
By, coupled to T and Y, plus a spin-zero dou-

blet
o)

whose vacuum expectation value will break T
and Y and give the electron its mass. The on-
ly renormalizable Lagrangian which is invar-
iant under T and ¥ gauge transformations is
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We have chosen the phase of the R field to make G, real, and can also adjust the phase of the L and
@ fields to make the vacuum expectation value A={¢° real. The “physical” ¢ fields are then ¢~
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and

@, = (<po +(p0T—2A)/\/7 Q= (¢0—<P0T)/i‘/§~ (5)

The condition that ¢, have zero vacuum expec-
tation value to all orders of perturbation the-
ory tells us that A*=M,2/2h, and therefore the
field ¢, has mass M, while ¢, and ¢~ have mass
zero. But we can easily see that the Goldstone
bosons represented by ¢, and ¢~ have no phys-
ical coupling. The Lagrangian is gauge invar-
iant, so we can perform a combined isospin

and hypercharge gauge transformation which

We see immediately that the electron mass
is AG,. The charged spin-1 field is

W =2"12(4 1,44 2 8
L ( ut u) (8)
and has mass

Ag. (9)

o=

MW=

The neutral spin-1 fields of definite mass are

eliminates ¢~ and ¢, everywhere® without chang- Z =(g2+g8")~W2(gA 34g'B ), (10)
ing anything else. We will see that G, is very K K K
small, and in any case M, might be very large,” 2\—1/2 s
so the @, couplings will also be disregarded Au =(&%+8") ("g'A” +gB/.L)' 1)
in the following.
The effect of all this is just to replace ¢ ev- Their masses are
erywhere by its vacuum expectation value
1
@ =2(y)- (6) M, =3(g +g™)", (12)
The first four terms in £ remain intact, while
the rest of the Lagrangian becomes MA =0, (13)
~tegla e @ Y]
K ® so A“ is to be identified as the photon field.
_;})@(gAu"’ +g’Bu)2-xGee'e, (8} The interaction between leptons and spin-1
mesons is
g L K igg’ p®
vz 27 (a +75)VW“ +H.c. + (g™ gy eAu
i(g®+g"%)'? [ 3g’2—g*‘) Iz I Iz J
+ 4 27 ig ey e-eYy vge +Ty (1 +75)V Zli (14)

We see that the rationalized electric charge ‘
is

e=gg"/(g%+g"*)"*

and, assuming that W“ couples as usual to had-
rons and muons, the usual coupling constant
of weak interactions is given by

GW/J? =g2/8MW2 =1/2»2.

(15)

(16)

Note that then the e-¢ coupling constant is
Ge Me/x 2 MeGW 2.07x1078.

The coupling of ¢, to muons is stronger by a
factor M#/Me, but still very weak. Note al-
so that (14) gives g and g’ larger than e, so
(16) tells us that My >40 BeV, while (12) gives
Mz >Mwy and Mz >80 BeV.

The only unequivocal new predictions made

by this model have to do with the couplings

of the neutral intermediate meson Z,, . If Z,
does not couple to hadrons then the best place
to look for effects of Z“ is in electron-neutron
scattering. Applying a Fierz transformation
to the W-exchange terms, the total effective

e-v interaction is
{ (3g°-¢") o
W?‘y e +38y ‘)'52

G
w
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|
("
If g>>e then g>g’, and this is just the usual

e-v scattering matrix element times an extra
factor 5. If g=~e then g <g’, and the vector

interaction is multiplied by a factor ~3 rath-
er than 3. Of course our model has too many
arbitrary features for these predictions to be
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taken very seriously, but it is worth keeping
in mind that the standard calculation® of the
electron-neutrino cross section may well be
wrong.

Is this model renormalizable? We usually
do not expect non-Abelian gauge theories to
be renormalizable if the vector-meson mass
is not zero, but our Z;; and W/, mesons get
their mass from the spontaneous breaking of
the symmetry, not from a mass term put in
at the beginning. Indeed, the model Lagrang-
ian we start from is probably renormalizable,
so the question is whether this renormalizabil-
ity is lost in the reordering of the perturbation
theory implied by our redefinition of the fields.
And if this model is renormalizable, then what
happens when we extend it to include the coup-
lings of K# and By to the hadrons?
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