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l One of the interesting theoretical points con-

| nected with the decays of the strange particles
!is to determine whether there exists some kind
gof isotopic spin selection rule for these decays
;or not. Currently, there are two main view
'points on this issue. In the first point of view,
‘one chooses the interaction Hamiltonian respon-
jsible for the weak decays to obey the familiar

| aI=% selection rule.! Though that rule was
‘;originally intended to apply for the nonleptonic
‘modes, it may be extended to the leptonic modes
.also (if we assign zero isotopic spin for leptons).
In the second point of view,?
Hamiltonian is a current-current interaction and
the interacting nonleptonic currents are taken to

have definite transformation properties: the
! 'strangeness-conserving current transforms as

; an isovector and the strangeness-violating cur-

, rent transforms as an isospinor. For simplicity
“we call this the “T=% current” rule. Both the
- extended AI=} selection rule and the I=3 cur-

i rent rule predict the same results for leptonic

. decays. However, for the nonleptonic decays of

' the strange particles, the I=7 current rule gives
a Al'=$ component in the Hamiltonian as well as

i a Al=% component. Thus, generally, the two
rules will make different predictions for these
decays and there seems to be no way to make an

' experimental® choice between them at the present
-time. However, we note that if we believe in the
- present ansatz of charged current-current cou-
plings generating weak interaction, the second

" viewpoint will be theoretically favored, since
‘the over-all Al =1 rule requires neutral current-
‘current couplings also.

In the present note, we show that if the extended
=3 selection rule is true for both leptonic and

nonleptonic modes, then we can calculate aimost
uniquely the lifetime of K,° and the various
'branching ratios of K,° decay from the known de-
| cay rates of K* decay. Unfortunately, the pre-
sent experimental results are not sufficiently
accurate but we may hope to make this test more

the weak interaction’

lincisive in the near future. In what follows, we
-assume spin zero for the K meson and CP~in~
‘variance of the theory as well as the A=} rule.
.We can derive the following identity between the
h‘ansition probabilities without much difficulty:*,®

w(K,*~37) = w(K* =37). 1)

i Furthermore, in a previous note,? we proved the
]relations

w(K =t e’ 7 ) = 2wk =1 v e+ 1),

W(Kzo"ﬂi +ptFY) = 2w(K+-'1r° sty @
Since these are the major decay modes of K,°,
we can immediately calculate the lifetime of K,°

and various branching ratios from the known
data for K* decay.® The result is

Ttheoretical(Kzo) =5.16x10"%sec, (3)

which must be compared with the experimental
value’

Texperimental&z') = (9.0_5 5+%%)x10" "sec @
The ‘calculated branching ratios are

K =1+t v, 0.17

Kl~1t 4+ +7, 0.17

K~1" +et+v, 0.18

K '~1t+e” + 7, 0.18

K,°~3m, 0.30. - (5)

Furthermore, if we make the assumption that
the final state in 3-pion decay is completely sym-
metric with respect to the space wave functions
of the pions, which is approximately justified by
the experimental results, then®

w(K, =1 +7°+7°)
WK~ +1 +10)

Then, the branching ratios for K,°~3r is further
subdivided to give

(8)

KL=t v 410, 0.12

0.18. )

; Thus, there is some discrepancy between the
calculated and experimental lifetimes [Egs. (3)
‘and (4)]. If we take this seriously, then we must
~discredit Eq. (1) and/or Eq. (2), namely the ex-
“tended Al=3 selection rule for K,° decay.

K" +7° +0°,
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Suppose that for a moment we take the' first
point of view, so that we discard the J=3 cur-
rent rule for the leptonic modes and believe in
the restricted AI=% rule, (i.e., for nonleptonic
modes only). Then, Eq. (1) will still hold and
presumably Eq. (6), also. Then, we can still
‘calculate the absolute transition rate

WKL~ + 77 + 7% =2.4x10% sec ™",

On the other hand, the experimental upper limit®
to the charged three-pion mode is ~14% and
using the experimental lifetime [see Eq. (4)], we
get

2.1x10° sec " t>>w(K,~nt+ 77 + 710,

This is at variance with the calculated value
given above. This could be an argument against
the AI=% rule for nonleptonic modes.'® However,
the experimental values quoted above do not ap-
pear very reliable and it is desirable to have
more accurate measurements. Furthermore,
the calculated value, Eq. (3), may increase by as
much as 20%, if we use different data'} for the
‘relative abundance of the K ps and Kgq odes of
'the positive K meson. For these reasons, it
1seems too early to discredit the AI=% rule.

Next, we would like to comment on the I=%
,current rule. In this case, we have both AI =%
‘and A= for the nonleptonic modes, and as a
‘result, we no longer have relations like Eq. (1);
but we still have Eq. (2), Consequently, we can-
not calculate the absolute lifetime of K,° as Eq.
(3), but only an upper limit, which was the re-
‘sult of the previous paper.? In this case, how-
ever, instead of Eq. (6), we have!'?

w(K, =n° +1r +1r°) <3 (8)

0s 5
wK, =1t + 717+ 1°)

If the final 3-pion space wave function is com-
pletely symmetric, we will have Eq. (8) again.

Finally, it is worthwhile to observe that K,°
~31° (not K,°~317°) is absolutely forbidden, inde-
pendent of isotopic spin selection rules, if CP-
invariance holds.'*!* This could be checked ex-
perimentally. Furthermore, Kl=n*+71" +1°
(again not K,°) will be forbidden, provided the
final 3-pion space wave function is completely
symmetric. This conclusion is again independent
of the AI=% rule.!®* Thus, its presence will
give a proof of the existence of a nonsymmetrical
space wave function for the 3-pion final state in
the decay.

We wish to thank Professor R. H. Dalitz for an
“interesting discussion of some of these points.
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SM. Gell-Mann and A. H. Rosenfeld, Annual Review
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‘Rosenfeld (see reference 1.).

T™M. Bardon et al., Phys. Rev. 110, 780 (1958).

*This was also derived by Gell-Mann and Rosenfeld
{(see reference 5). ‘

L. M. Lederman: quoted by R. H. Dalitz, Reference
‘10.
- 104 gimilar argument was given by R. H. Dalitz at the
Conference on Weak Interactions, Gatlinburg, Tennes~
see, October; 1958 (unpublished).
YR, W. Birge et al., Nuovo cimento 4, 834 (1956).
. 1'We used the method of Dalitz: R. H, Dalitz, Proc.
Phys Soc. (London) A69, 527 (1958).
‘ 3The state of zero charge and total isotopic spin I of
N plons is identically an eigenstate of the charge con-
jugation operator with eigenvalue (-1M*N. So, if the
K meson has zero spin and CP-invariance holds, the
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Note added in proof: It has been called to our atten-
tion that these conclusions have been stated also by
A. Pais and 8. B. Treiman, Phys. Rev. 106, 1106
(1957).
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