
VOLUME 15, NUMBER 23 PHYSICAL RK VIEW LKTTKRS 6 DECEMBER 1965

Table I. Upper limits on the experimental cross section for the production of a heavy electron with mass ~ *.
The theoretical cross section and lower limits on A, are also shown.
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between 0.2 and 1 GeV does not exist. The lim-
its on ~ also imply that the pair production re-
sults must be explained in a different way. vy
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%'e report in this note calculations of the re-
normalization of the semileptonic weak coupling
constants by the U(3) symmetry-breaking in-
teractions. Our consideration is based on a
phenomenological field-theoretical model of
U(3) symmetry breakdown, which is an exten-
sion of the idea that the symmetry breakdown
is dominated by the nonvanishing expectation
value of the scalar field S„.'&2 The conclusions
of this paper depend essentially on meson-pole
dominance approximations. Details and other
related results will be submitted for publica-

tion elsewhere
In this model, we assume that the phenome-

nological Lagrange function for the 0 meson
fields 4~y, 1 meson fields V~y, and ~+ bary-
on fields 4'~~ is of the form

+Z.
ant

where Z, is the free-field Lagrange function,
Pint represents the U(3)-symmetric strong in-
teractions, and Z» effectively represents the
symmetry-breaking effects resulting from the
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nonvanishing scalar vacuon, (S») t 0. g„is
of the form

(4, U, %)

p 2=n (4 4 ) -pm (Ce)@33 4 0

+ ~a (U U ) -P~ (U U )U p. v 33 1 p, 33

-P M(4'4) -P M(4%)
1

33'

K —(1++ ) K
p. 4 p.

'

K *-(1+a ) 'i'K
pv U pv '

(3)

(4)

where m„rn„andM are the masses of the
pseudoscalar octuplet, vector nonuplet, and
the baryon octuplet, respectively, in the U(3)-
symmetry limit. In (2), we have assumed that
the nine vector mesons are degenerate in the
U(3)-symmetry limit. This has been justified
by Schwinger from U(6) SU(6) considerations.

The o.' terms in (2) can be absorbed into the
structure of Z, by appropriately redefining
the field variables and thus introducing renor-
malization constants for these fields. For ex-
ample, (2) contains terms for K and K*, but
not for m and p. As a result, the field variables
associated with K and E are renormalized by
cC33 whi le those as sociated with n' and p are not.
Thus, we redefine the field variables K& and
K»* according to

The proof is based on the effective meson-pole
model of Schwinger. ' Essentially, the reason
for (7) is that the effects arising from mass
renormalization and field renormalization of
U», due to 2», must cancel with each other
while the vector field U»~ serves as the inter-
mediary for interactions with Q».

The result (7) has the following consequences:
(i) To the first order of the symmetry break-

ing, the l4Fl =1 vector coupling constants are
not renormalized. This is the Ademollo-Gat-
to theorem. Our consideration is again based
on the meson-pole model. The reason for the
absence of a first-order renormalization effect
is not only that the transmitting vector field
U»~ introduces no such effect, because of (7),
but also that the 14~I =1 vector current itself
(at zero momentum transfer) undergoes no re-
normalization to the first order of the symme-
try breaking. Typically, as a result of the trans-
formations (3) and (5),

2+ CY

2(1 n )»~

x (K v-Kw )- (K w+Kw ) .
p. p, 2+ Q' p. p,

The combination (2+n@,)2 (1+a@) " is of
second order in the symmetry-breaking param-
eter o@.

(ii) With pU=O, Z» implies the following mass-
es for the 1 mesons:

and similarly for other fields that appear in
Z». In order to preserve the kinematical struc-
ture of the phenomenological Lagrange function,
the structure that characterizes the propaga-
tion of physical excitations, we simultaneous-
ly make transformations on the field variables
K and K&* according to

m m m
ce p 1'

m ~'=(I+a )m ',
U p'

m = (1+2a )m

and consequently the mass relations

(6)

(10)

K- (1+a )~'K

K *-(I+a )"'K

(5)

(6)

m P2 j
(d p

m +rn =2m
p

(12)

and similarly for others. There are no n-type
terms for baryons in (2). These terms are ex-
cluded by charge conservation. The baryon
fields are therefore not renormalized by the
symmetry-breaking interactions.

On the basis of the conservation of a gener-
alized charge Q» (Q» being electrical charge),
we can prove that

P 0. (7)

These formulas are very well satisfied exper-
imentally. They were first conjectured by Oku-
bo and later derived by Kuo and Yao on the
basis of SU(6).

%e adopt the Cabibbo scheme' of the semi-
leptonic weak interactions and assume a sin-
gle "bare" Cabibbo angle 8, in the U(3) limit,
for both the vector and axial-vector currents
of the strongly interacting particles. Because
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of the renormalization of K&, in accordance
with (3), the apparent Cabibbo angle 8g deter-
mined from K —p, + v and n' —g + v is given
by

tally, 9

I'(K*) = 50 a 2 Me V,

I'(p) =112+4 MeV,

tan8& = (1+n )
"'tan8.

Based on the Goldberger- Treiman type rela-
tions, (3) implies the replacement

sin8- (1+o. )
' sin8,

(i3)

(14)

from which we obtain

1+o. = 0.76+'"

Experimentally, "
8 = 0.264 + 0.004.

(20)

(21)

tan8&' = (1+n )
' tan8. (15)

From (13) and (15), we further obtain

tan8&' ——(1+a )
'~' tan8 (16)

To determine the parameter ac„wemake
use of the decay' K -K+ n. Since eU is already
known from (9), the decay rate ratio I"(K*-K
+w)/I'(p-2w) can determine the parameter a@.
We shall adopt the following U(3) symmetry
interactions3 that are relevant for the decays
K*-K+@ and p-2m':

ig Tr@ [U, 4] i(g/2m -)TrU [C', 4 ]. (17)
1 V

for I b, FI =1 axial-vector transitions of the lep-
tonic decays of the baryons. The syrpmetry-
breaking effects thus appear as a universal
multiplicative factor for all I 4~I = I axial-vec-
tor weak vertices of the baryons. This factor
can be absorbed as a renor malization of the
Cabibbo angle, allowing the "apparent" axial-
vector vertex functions to be expressed in terms
of two reduced matrix elements as in the U(3)-
symmetry limit. The corresponding ayparent
Cabibbo angle OA' is given by

Using (20) and (21), we obtain from (13) and
(16) that

8 0 238+0.on
-Oo028P

and

g g p 302+0.030
0

(22)

(23)

)A p+e +v

=F+D/3 =0.68.
G

V Willis et al.
(24)

Willis et al. ' have carried out an analysis of
existing experimental data concerning the branch-
ing ratios of baryon leptonic decays. They found

that the best values of 8 and eA' are equal with-
in a few percent to 0.26.'~ Our results (22) and

(23) are not consistent with their finding. How-

ever, the experimental errors on the rates of
the leptonic decays of hyperons are rather large;
their conclusions may not be reliable. One such
indication comes from the experimental Gg/GV
ratio of lambda beta decays. Solution A of Willis
et al."gives rise to the ratio

With the renormalization of the K and K* field
variables as given by (3), (4), (5), and (6), the
decay widths are calculated to be

g' IpI' m ~ 3+a
4w m, ' m 21+&K - p

However, there is evidence from polarized
lambda beta decays' that

~A-P+e + v

A

&GV i
(25)

4g' lpls(3&'I'(p-») =——
3 4w m 'l2&

P
(19)

where IpI is the center-of-mass momentum
of the daughter particles in each reaction, and
use has been made of (8) and (9). Experimen-

is most consistent with the experimental data.
The type of analysis carried out by Willis et al.
should be repeated when more accurate exper-
imantal data become available.

In our model, the Gg/GV ratio for all I b Yl
= 1 baryon leptonic decays is uniformly "renor-
malized" by the U(3) symmetry-breaking inter-
actions with a single renormalization constant
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(1+n @) '. Thus,

~A-p+e + v

A
~

EG~]

= (1+a ) '(F+D/3), etc. ,4 (26)

where I" and D are the usual reduced matrix
elements. %ith"

~n-p+e + v

A
G

=I: +D =1.18~0.02
exp.

and the experimental branching ratio"

B(Z -A+e+ + v) =(0.75+0.28)x10

as input, + and D are determined to be"

F =0.38+0.17, D =0.80+ 0.15.

It follows from (20), (26), and (29) that

(27)

(28)

(29)

0 86+0.48

V theoretical
(3o)

which is consistent with (25). More accurate
experimental data, of course, are required
to make a definite test of our model. A reli-
able determination of the D/+ ratio from &y'

=0 baryon Ieptonic decays" and the G~/GI
ratios of I ~~I = 1 hyperon leptonic decays can
best serve the purpose.

With the "bare" Cabibbo angle e given by (22),
the vector coupling constant of nuclear beta
decay is related to that of the muon decay by

G = coseG = (0.972 a 0.006)G (31)
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