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tail, a calculation of the S and P wave production of an
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tion of D waves does not appear to alter these conclu-
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It is well known' that the spectrum of the unlike
pion in the ~+-decay mode of K+ mesons deviates
noticeably from the pure statistical distribution.
Many people' have tried to explain this deviation
as due to pion-pion "final state" interaction. On
the basis of their analysis of the T -decay spec-
trum, these people, ' however, obtained pion-pion
8-wave scattering lengths which do not agree with
those obtained' on the basis of the crossing rela-
tions developed by Chew and Mandelstam. ' In this
note we wish to show that the observed deviation
of the spectrum of the unlike pion in 7+ decay
from the statistical distribution can be simply

explained if T+ decay proceeds via K* (see Fig. 1)
provided that K has spin unity, in favor of which
there is some slight evidence. ' On this model the
spectrum of the unlike pion in w+' decay comes
out to be the same as given by Weinberg' on the
basis of [b,I) = a rule and is consistent with ex-
periment. 7 Below we give the details of the cal-
cula, tion.

Denote the 4-momenta of the three emerging
pions from K-meson decay by k» A» and k„where
k3 wil l always refer to the unl ike pion in the T

or T' decay mode. Let K denote the 4-momentum
of the K-meson (K'= -mK'). We introduce the
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variables

x=v3 (T, -T,)/Q,

y =(3T. -Q)/Q, (3)

where Q = T, + T2+ T3. Then, aside from a con-
stant factor, the decay spectrum is given by

dze(x, y) = IM I'dxdy, (4)

FIG. I. Feynman diagram for the v decay mode of the
K meson via K*.

three scalar variables,

where M is the matrix element for-K -3m decay
and x +p ~~ 1.

Gell-Mann and Rosenfeld' showed that a good
empirical fit to the 7+-decay data, obtained from
a plot compiled by Dalitz, ' is obtained with

where

s, = -(K - k, )',

s, = -(K - k,)',

s, = -(K -k,)',

s +s +s =m '+3m '.
7l

(2)

M -1+—'y.10 (5)

We now show that the Feynman diagram shown in
Fig. 1 leads to a matrix element of the form (5)
for T+ decay provided that K has spin unity. If
K has spin unity, Fig. 1 gives, for 7+ decay, a
matrix element of the form

Let T„T„and T, denote the kinetic energies of
the three pions in the rest system of the K meson.
In a nonrelativistic treatment of the decay spec-
trum, it is convenient to introduce the Dalitz'

Ko* Ko* 2 3 1 ™K~
where gKo* is the strong coupling constant for
the reaction K* «K+ rand fKO'* is the weak coup-
ling constant for the decay K'*~m++m . Hence
the matrix element for 7+ decay is given by

M (s, s, s3) =X+g o~f 0~(s -s )/(-s +m ~ )+same expression with s and s interchanged1' 2' 3 K K 2 3 1 K* 1

'2 '3 '1 '3

1 K* 2 K*
(6)

which, on using (2) and (3), becomes

gK..f ..(2

I,
- *'3' (7)

where A. is a constant which represents the con-
tribution from intermediate states of higher ener-
gy (and corresponds to the subtraction constant
in dispersion relations). If we consider the ma-
trix element MT at the symmetric point s1 = s2

s3 sp 3mK'+m~', we find X =M (sp sp sp).
Now the maximum value of s, or s, in v decay is
(mK-m ) =6.25m, while mK~2=40m 2. There-
fore we can neglect s, and s, as compared with

m&+ in the denominators of the above expres-
sion, so that (6) becomes

M =A. +g,~f,~(s +s -2s )/m

Now putting in the experimental values of mK,
mK+, and Q (= 75 Mev), we get 2mKQ/mK+'= ~o.
Hence if we take X =gKo*fKO~ (or, what is the
same thing, X=fKo~ since gKo+ has been shown

to be of the order of unity by Chan' ), Eq. (7) re-
duces to (5) which has been shown to fit the a+-
decay data by Gell-Mann and Rosenfeld and Wein-
berg. '

Note that if K* has spin zero, then in Eq. (6),
(s, —s3) and (s, -s,) do not appear and if we ne-
glect s, and s, as compared with mK+', the ma-
trix element is constant and the spectrum will not
deviate from the statistical distribution.

For r+' decay, we get the matrix element (cor-
responding to the diagram in Fig. 1)

M, = Z'+g f (2m Q/m ')y,
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where A.
' =MY, (so, so, so). It is well known that the

IXI) ~ 3 rule2~6~8 gives X' =A/2. It can be shown

that

+4 g~ok/

and, if we a,ssume the ~ b,I I
= -', rule,
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so that

(8)

Note that the factors multiplying y in Eqs. (7)
and (8) are in the ratio I:-2 which is the same
result as obtained by Weinberg' on the basis of the

[ b,l )
= ~2 rule. Now taking as before g&o~ f&pg - A. ,

Eq. (8) becomes

which is consistent with the experiment. '~'

Note that for v+' decay another diagram, which

is obtained from Fig. I by replacing k, (m ) with

ks(n+), is also possible. But it is ea,sy to see
that on symmetrization between k, and k, this
gives zero.
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VECTOR MESONS AND POSSIBLE VIOLATIONS OF CHARGE SYMMETRY
IN STRONG INTERACTIONS

The observed widths, -10 Mev, coincide with the
experimental resolution.

The equality, within experimental errors, of
m, and m, is quite intriguing since both par-
ticles have the same quantum numbers except
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The two vector bosons, p ~ 2m ' and (d ~ 3m, tive attribution of quantum numbers identifies the
needed to understand the main features of the vector boson with the higher level p, '.
electromagnetic form factors of the nucleon, So the present very preliminary values of the

have been recently observed in several experi- masses of p' and &' are the following:
ments, the masses of the p and u being very
close but the observed width of the p being much m O=787+10 Mev, m 0=775+10 Mev.

larger than that of w.
A very important result has recently been ob-

tained by the Berkeley group3 which found that
the wide p resonance is split into two levels p, ,

p,
' whose experimental widths are of the same

order of magnitude as that of w'. The first tenta-
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