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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 B“ to the hadrons ?
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Within the framework of vector-meson dominance, the current-mixing model is shown
to be the only theory of w-¢ mixing consistent with Weinberg’s first sum rule as applied
to the vector-current spectral functions. Relations among the leptonic decay rates of p?,
w, and ¢ are derived, and other related processes are discussed.

We begin by considering Weinberg’s first sum rule! extended to the (1+8) vector currents of the

eightfold way?:
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where S and S’ are constants independent of o and 8 (=0, 1
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Assuming that the vector spectral functions are dominated by the known vector mesons,® Eq. (1) yields
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where the coupling constants and mixing angles
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4 are defined by the following covariant matrix ele-

ments of the usual octet currents [isopin (I), strangeness-changing (AS), and hypercharge (Y)] and

singlet current [baryon (B)]:
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We note that Eq. (4) is precisely the relation
between 6y and 6 g expected on the basis of
current-mixing model*® and is inconsistent
with the mass-mixing model® (that requires
by = GB). It is easy to show that the converse
statement is also true: In the vector-meson—
dominance approximation, the current-mixing
model (as defined by Kroll, Lee, and Zumino,*
and Coleman and Schnitzer®) is the only theory
of w—¢ mixing compatible with the generalized
first sum rule of Weinberg. Note that Eq. (4)
implies that the transformation that relates
w(Y) (pure octet) and w(B) (pure singlet), with
w and ¢ is not orthogonal.”

To estimate 0y and 6 g we must introduce
SU(3) violations of the octet type. But let us
first observe that when the spin-zero excita-
tions are ignored (0,g‘” =0), the first sum
rule states that SU(3) becomes exact at g=0
(as well as at g - «®) as far as A“V"‘B is con-
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r cerned. This means that when we write the
propagator matrix A “VaB (suppressing the
matrix indices) as
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the matrix A~?! (which can be shown to be lin-
ear in ¢ whenever the pole approximation holds

for A®) must have the form

AT =M 2 +q*1, + 470, (M)
where M2 and II, are SU(3) symmetric. It

is now natural to introduce first-order octet
symmetry breaking in the matrix 6 as follows:
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Here the rows and columns are labeled I, AS,

Y, and B, in that order. From (7) and (8) we

not only recover the first sum rule (3) and (4),
as we must, but also obtain one additional re-
lation,?

%(%K*"z—mp“‘z) =m(p‘2 cos? +mw‘2 sin?g, (9)

where, for convenience, we have introduced
a “third” mixing angle 6 such that*

tané = (m w/m(p) tanGY = (m(p/mw) taneB. (10)

It is amusing that our proposal amounts to the
requirement that [dm®m ~pyg‘" (m®) satisfy

the Gell-Mann-Okubo formula, which, when
combined with the first sum rule, allows one
to derive the formula (9) for the inverse square
of the mass in the meson-dominance approxi-
mation. This is perhaps reasonable because
the first sum rule (with PaB(O) =0) demands
exact symmetry at ¢ =0, but, when we consid-
er the next order terms in ¢?, first-order sym-
metry breakings must be taken into account.
Numerically, Egs. (9) and (10) givel®

6=28.2%, 0 =35.0°, 6,=22.5". (11)

Next we comment on the recent work of Das,
Mathur, and Okubo? (hereafter referred to as
DMO) which treats the same problem. Like
us, they assume the first sum rule (1), but,
in addition, they propose that J'dmzpaﬁm(mz)
satisfy the Gell-Mann-Okubo formula. This
suggestion, when combined with the first sum
rule, leads to

1 2_ 2)_. 2.0c2 2 i
3(4mK* mp) m(p cos 9+mw sin?6 (12)

in our notation. This mass-squared relation,
which corresponds to a very complicated non-
octet symmetry-breaking matrix 6§ in Eq. (7),
gives

6=39.8° Gy=4’7.2°, GB=32.7° (13)

in contrast to our result (11).

Recall that these angles are directly measur-
able from the lepton-pair decays of w and ¢,
since™!
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In addition, we have
%mpr(p»m“)
_ - -
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which follows from the first sum rule alone.
Equations (14) and (15) can be conveniently
summarized by constructing a graphical repre-
sentation, as shown in Fig. 1. The predictions
of our model and the DMO model are compared
in Table 1.»®* Unfortunately, data are not avail-
able for comparison; however, the experiments
are currently in progress.!*

Finally, we wish to discuss briefly three
other related problems:

(i) Using vector-meson dominance and requir-
ing the vanishing of the ¢my coupling constant
(which may be justified, since experimentally
the @mp coupling is anomalously weak), we can
deduce (fy?/47)sin26y from*®

T(w - 7° 2 2_,, 2\38 2
L e 7y
o =
T'@°-2y) 3 m m e Y
_ 57 MeV
Tlw=~ 1), (16)

This gives (fy?/47)sin™26y, =10+ 2. Iffpz/471
is 2.6 (corresponding to I', =128 MeV in the
p-dominance limit), we get, from (3), 6
=33°+5° (9 =27°+5°) in remarkable agreement

2 2
Sp .2 mp
47 3L (p—tl)
=2.2%+06

i Estimate from #° decay
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FIG. 1. Graphical representation of w-¢ mixing and
the lepton-pair decays of pO, w, and ¢. The p~meson
coupling constant used here is consistent with most ex-
perimental data on p—~1%~ [see, e.g., S. C. C. Ting,
in Proceedings of the 1967 International Symposium on
Electrons and Photons at High Energies, Stanford, Cal-
ifornia, September, 1967 (to be published)] and also
with the p dominance of the pion form factor.
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Table I. w-¢ mixing angles and lepton-pair decays of p’, w, and ¢. Note that both models satisfy sum rule (15).

+ - + -

6 GY GB F(w—“l 1) Le—=11)

(deg) (deg) (deg) Llo—~177) T —1%")
Present model 28.2 35.0 22.5 0.074 0.195
DMO model 39.8 47.2 32.7 0.134 0.149

with our estimates (11). (See also Fig. 1.)
(ii) If we assume that the electromagnetic form factors of K and 7 are dominated by p, w, and ¢,
we obtain with the aid of (3) and the formalism of Ref. 41¢

~ KR 2 aoq? 2 Gin2 2 \3 \3
I'(p -~ KK) 3(m¢ cos 9Y+mw sin 9y) I: cos@B <pKK> 3<pKK> sto
b

= 2 — =5 (17)
T'—-mm) 2m<p cos(BY GB) b 2 b
which leads to I'(¢ -~ KK)=5.4 MeV for I'(p -~ 77) =128 MeV. This value appears somewhat larger
than the currently accepted value!® I'(p -~KK)=3.6+1 MeV.
(iii) The diffraction model for the photoproduction of p°, w, and ¢ leads to!”
olyp = p°p)iolyp ~ wp)iolyp — @p)
—f —2 200 Yolf =2 ;5.2 2 g2 2 2
fp Tot () P)"‘fY sin’ GYUtot (wp):% y o cos Bthot (pp). (18)

According to our theory, the famous 9:1:2 ratio for the dimensionless photon-vector-meson coupling
constants must be modified as follows:

-2,1 -2 i o1 -2 2
fp wafy s1n6Y.4fY cos GY

=9.00:0.65:1.33. (19)

It therefore appears that the suppression of the photoproduction of the ¢ meson® is no longer a mys-
tery provided that oyot(@p)/040t(0°)=~1/2.7, as suggested by the simple-minded quark model.*®
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