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is negative and is almost the same in both cases.
The first radial integral I~ is attractive while
the other three radial integrals are repulsive.
Figure 1 gives the entire spectrum for both
the first case and the second case. One imme-
diately notices in Fig. 1 that in Ca~ and Ca '
there are predicted low-lying ~ states that
have not been observed experimentally. ' This
region of the spectrum is obscured by strong
C" and 0" contaminant in the reaction Ca~'(P,
P')Ca4'*. It would be very interesting to reex-
amine this region of the experimental spectrum
to see whether these levels do indeed exist.
The general features are predicted very well,
especially the positions of the 2, 2, -', states
in Ca4~ and Ca~'. 9

The over-all agreement is very gratifying
and we are now in the process of examining
the details of the wave functions and intend
to calculate predictions of reduced widths,
gamma-ray transitional probabilities, and mo-
ments. From a preliminary examination of
the wave functions produced for Ca" and Ca",
we see that (a) in Ca" the two spin-2 states
are mixed very strongly, which agrees with
the observed results from Ca"(d, t)Ca exper-
iment, '0 and (b) in Ca4' the 595-keV 2 level
would be very weakly excited in the Ca4'(d,
P)Ca~~ experiment, in agreement with the ob-
served results. 4 Future results will be pub-
lished along with the predictions for the spec-
trum of Ca46-Ca~' for these parameters.
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%ithin the framework of Cabibbo's theory'
of leptonic decays, the bare coupling constant
for beta decay is Gcos8 and that for Ib,St=1
decays is G sin8, where G is the coupling con-
stant for muon decay. Cabibbo determined sin8
from the ratio of the rates for %~3 and me3 de-
cay, getting 8=0.26, which implies cos8 =0.966,
whereas the value of cos8 determined from
beta decay after inclusion of radiative correc-
tions is cos8=0.978+0.0015.' This discrepan-
cy was discussed by Sakurai, s who pointed out

that in the computation of the Ke3 decay rate,
G sin8 should be replaced by (G sin8)C. Here
C =Z, ~(Kw)Z, ~ '(K)Z, "'(w) is a renormaliza-
tion factor which can be expected to differ from
unity because the b 8= 1 current, j&' '+ij

&
",

is not conserved in the presence of an SU(3)-
symmetry-br caking interaction Kms'. Sakurai
estimated C from the departure of the ratio
I"(K~-K+ w)/I'(p-w+w) from the SU(3) sym-
metry prediction, obtaining C = (0.81), and
cos8 =0.979, in agreement with the value de-
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=(I/&2)[(pK+p ) f (q )+(pK-p„) f (q )~

where q =pK-p and the f(+)(q ) are form fac-r
lylytors. A phenomenological form for f' '(q ),

used in recent analyses of Ke3 decay, is

f (q )=CM /(M -q ),

where C =f(+ (0) and M is a parameter. If the
electron mass is neglected the decay rate is
given by

(2)

I'(K- v+ e + v) = (const)G' sin'8C I(M),

where

Emax
I(M ) [M2/(M2 q 2) j2(Z 2 ~ 2)SI 2'

mr m m 7r'

with q'=mK +m '-2m'„.
In the absence of symmetry breaking we have

C=1, since then j& '+ij& ' is conserved. Let
8, denote the value of 8 determined by Eq. (3)
with f(+)(q ) -=1, i.e. , with C = 1 and M = ~. The
"true" value of (9 is then given by

sin (9 = C x san'6),

where x =I(~)/I(M) is the correction factor re-
sulting from the variation of f(+)(q ) with q'.
From Table I, x is seen to vary from 0.93 to
0.71 for 1000 MeV ~I~ 500 MeV, which cor-
responds to a 10 to 30% effect on sin'8 and which

928

termined from P decay. However, it was sub-
sequently shown by Ademollo and Gatto that
the correction to G sin8 is only of second ord-
er in Hms', which suggests that C' is unity to
within (0.1)', i.e. ,

I C2-I I (1-5%.

if the estimate (1) is accepted, the value of
cos8 as determined by Cabibbo is hardly af-
fected and the discrepancy appears to be rein-
stated.

We wish to point out that the use of Eq. (1)
and the most recent "best value" of the Ke3
decay rate, together with the inclusion of hither-
to neglected form-factor effects in the deter-
mination of G sin8 from this rate, may yield
a value of cos8 which is in quite close agree-
ment with that determined from beta decay.

The hadronic part of the matrix element for
Eg3 decay may be written in the form

&
+l. ( ), ( )lK+&

Table I. x'=I(~)/I) for the decay K —x +e + ve.

(MeV)

500
600
700
800
900

1000
1500
2000

0,71
0.80
0.86
0.89
0.92
0.93
0.97
0.98

1

is therefore of the same order of magnitude
as that attributed in reference 3 to C'w 1, if
M is in the indicated range. (Electromagnetic
corrections to K&3 decay are not expected to
be larger than -1%.)

The most recent "best" value for I'(K -e
+ m + ve) is, according to Trilling, ' (3.61+ 0.20)
x 102 sec '. From Eq. (3), with C = 1 and M
= ~, we then get, using G = (1.4350+ 0.0011)
~10 9 erg cm as deduced from muon decay,
that sin80 =0.222+ 0.006. Equation (4) then im-
plies

cos8 =—1-C 'x(0.0246 + 0.001). (5)

The experimental situation regarding the val-
ue of I is still unclear at the present time.
Apparently a value of M-1000 MeV is consis-
tent with the K&3 data. ' On the other hand,
a value M = (480+'20) MeV obtained from K,'
decay has been reported, for instance, by Fish-
er et al. ' If we take, for the sake of definite-
ness a value I=MK*= 880 MeV, as suggested
by dispersion theory, we get x=0.90, so that
from Eq. (5), with C'=1,

cos0 = 0.978 + 0.001.

More generally, with C' = 1, cosa varies from
0.980 for hf = 500 MeV to 0.974 for M = 1000 MeV
to 0.972 for I= ~. These numbers should be
compared with the value of cos0 determined
from an unweighted average over a variety of
beta decays, cos8=0.978+0.0015, or that de--
termined from the 0'~ decay alone, cose =0.975
~ 0.003.

In conclusion, the present experimental sit-
uation seems to be quite compatible with Ca-
bibbo's version of universality and with C'=1
to within a few percent, as suggested by the
theorem of Ademollo and Gatto. A more defin-
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itive test of Cabibbo's type of universality from
this point of view will require further experi-
mental clarification of the values of the form
factors and branching ratios for Kes decay,
as well as a reliable determination of C on an
independent basis, perhaps via the leptonic
decays of the hyperons. ' These latter are, how-

ever, complicated by the presence of the axial
vector current.
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It is well known that M(12) invariance' relates
the cross sections for the scattering of mesons
on baryons by the Johnson-Treiman relation'

ot t(lf' P)-ot t(f~+P) =2[&t t(& P)-ot t(v P)] (1)

The same relation can be derived assuming
the odd charge-conjugation amplitude in the
crossed (t) channel to be dominated by F-type
coupled vector mesons as suggested by univer-
sality. '

Universality and M(12) invariance further
relate the zero momentum-transfer (q) cou-
pling of the nonet of vector mesons [I'= I'octet
+ (I/&3)Vsingietl] to the eight & baryons (B)
and eight 0 mesons (P). In particular, M(12)
tells us that at q =0 the VBB coupling is of
the form~

Assuming the odd charge-conjugation objects
exchanged at high energies between hadrons
(vector-meson Regge poles?) to have couplings
(residua) to mesons and baryons obeying the
same SU(3) relations (2)-(4), one readily finds
the relation

(A )-o (uP) = 5[o (v u)-o (v'P)]. (5)tot tot tot tot

This relation agrees with experiment to the
same accuracy as relation (1) (see Table I).
It thus substantiates the M(12) relation between
the F-type coupling of baryons to the vector-
meson octet and their coupling to the vector-
meson singlet, as well as the universality prin-
ciple (4).' We finally wish to observe that (1)
further implies

(PP)-o (PP) = (514)[o (Pn) ot(P~)], (6)-
fl((&r [I',&1)+(&r &)(~ )),

and the VI'P coupling is

f2(V [P, s F]).

In (2) and (3) ( ) stands for SU(3) trace. Uni-
versality further tells us

f1 f2 (Z .. ., -

(2)

(4)

which also agrees with the existing experimen-
tal data (see Table I).
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