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It has been shownl that, if parity and time reversal are conserved
in the décay of the S  particles, the observed lifetime ratio
Y - (mean life of ZZ;*')/(mean life of > ) and the observed branching
ratio X = (frequency of < +..,; p + %) /(frequency of }fJf s 4 W)
cannot be accounted'for with a decay interaction tranéforming as a

2,3,k,5,6
component of a spherical tensor of rank 3 @T = % rule . »35ks55 Y.

7

Present experimental evidence of parity nonconservation in the & decay,

in the ;}"——-)/.L ~+ % decay and in the /u,,? e + V + ¥

decay,8 and the
less direct evidence from the T and 8 decays,9 encourages tﬁe
hypothesis that also in the weak -decay interactions of hynperons and

K mesons parity is not conserved., It was shown that, if the decay
interaction satisfies AT = %' and no other assumptions are made, the
point P 2 (Y, X) 4n the Y-X vlane is limited to a "permitted region
of the plane,2 as reported in Fig., 1, It is ssen from Pig. 1 that the
exverimental point lies inside the permitted région. It i; well known
that, if time reversal is satisfied, the ensuing symmetry condition on
the 35 matrix limits the form of the decay matrix element by a theorem

0
first used by Watson - in the interpretation of photomeson production.l

This limitation, in the case of parity conservation, strongly restricts

This work was performed under the ausnices of the U.S. Atomic inergy
Commission. '
s On leave of absence from Istituto di Fisico dell' Universita di Roma,
 Italy.
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the "permitted region” in the Y¥-X nlane, which is reduced to a line,

»' depending on the assumed spin and parity of the > . We shall show
that in the case under discussio.n of parity nonconservation the “permitted
region" in Fig. 1 is not essentialiy reduced by the further requirement of
time-reversal invariance.

Consider first the decay of a >~ with spin 4. The possible
states for the final nion-nucleon system afe s} with T = 3/2 and 1/2,
and Py with T = 3/2 and 1/2. If time reversal is 'sa;isfied the
AT =% rule leads to the following expressions for the total decay

probabilities of the >  particles:

2 2 2 2
+ Y 4+ 1 +
ABl ) t B(Al All )

’
(]

o

= ‘ '
- 2;2 [ABAI COS((’-’fB '-""fl)"f' A31A11 COS(OQ 31 7 °$11)] 3

(1)
w(s Tl Ta 20 a3 20 20 . 2y
(" [ ad) = L+ a0+ '-3-(A1_+ Ay

+ _2__3}’____2_1 [ABAl cos(O{B'-‘_'oﬂl)-# Ayyiyy cos(u_(sl -.q'll)] ,
1)
2 2

WOZT] n) =307+ a) L ()

The gquantities A are real mambers and the ¢ are the avnpropriate
pion-nucleon vhase shifts at the 2  decay energy. The indices refer
to the final pilomn-nucleon states according to the usual convention.

From Eqs. (1) we can write for the measurable cuantities Y and X
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Y = 3 , (2)
| p)
Lt ¢
ﬂ2 @ . .
¥ = 2+ }F -242" ¢ , (21)
2 o AP
1+2 g: t2y2" f ’<
where
2 2
f” - {f/dl + Au (3)
2 2
C AB + ABl /
and
n o= Bghy cos(y g - 97y T Ayhyy cos(X gy - A yy) (3"
R /o2 2
‘/AB oy Ta Ay

From Eg. (3') it can be shown that for any value of the real quantities

Ay AB, All and ABI we have

?2 4 max [cos('é{ 3= Y l)’ cos (< 31 - y ll)_-_ s
where max LF a, b;{ - means the larger of the two values a and b. At
the energy corresponding to the . decay energy, cas(?{3 - 9,) = 0.95
and cos{ 3 - q(n) <’ 0,99, However, as evident from £q. ’(2)7, I} 2 is
always less than unity. Therefore the permitted region of Fig. 1 is not
essentially restricted. The saze conclusion is found to hold also for the
bmigher spin values. ¥We therefore conclude that, if rarity is not conserved

in the . decays, the experimental values of X and Y are not in
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disagreement‘ with the AT = fl rule. However it nust be remarked that the
conditions imposed in sich case from the AT - 3 rule are not very
stringent, so that the nondisagresement does not provide any conclusive
evidence.

The more stringent condition imposed by the AT = % rule on the

N branchiﬁg ratio,
o - )
w(h —o77) = 20 —n?°)

seems to be satisfied by the recen® data of Steinberger, who finds a value

. - 11
of 66 * 5% for the fraction of A° decaying tinto p# 7 . Moreover,
+ 1 - +
the latest datal® for the T -7 + ¥ + 7 ratio, giving a value
TY—wt+ g+ w°
~ 0.39 * 0.09, do not contradict the value vredicted for such ratio

for a spin-zero T meson from the AT - & rule, namely a value 2 ¢.
This conclusion, however, is not stringent since it also follows if a

2
)3 the AT = ¢ ruls

AT = % contribution is present. As is well known,
forbids the K 7+ 77° decay mode for ko evén svin in the absence
- of electromagnetic interactions. The transition probability for such
process is known experimentally to be much lower than that of
Ko——-‘é 77’~++ 77~ . Tt has been pointed out by Gell-Yann that the electro-
magnetic corresctions may be t;oa small to account for the observed
K+—-~-> 77;’71"/7'° rate.n These small AT :% and AT = -25w arplitudes

are related to the obssrved ratios

f - ~.w(K19-¢ 27/’0)/'w (Kl°~r-> 77++ 7
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and
_ + ., 0
g= w(k—7 + 7°) /&y —27)
by
£ =31+ 372" (xq - %) cos{of, ~ A)) (L)
== 3 5 Y2 0
3 2 2)° |
- £ 1
g = -L:(XB ~+ 3 X5) o (14' )
i(':rz - 0{0)

Here .we denote by x3 e the retic of the reduced matrix element
of the AT = % trangition to the reduced matrix element of the AT = %
.. o, = dg) : 5
transition, and by X e the similar ratio of AT - %, to

AT = 4. The value of g can be determined from the data if we assume

that only one K meson exists. In this case g 1is found to be

S | o +
~ : Be atl al K fetis
430 + 100 from the observed ratio of the K and K lifetimes
: \ o 14 _ 15
(Tgo = laO_{g‘g x 1079 sec, 'tx* = 1.24 % 0,02 x 10 8 sec Vs

P(K” ~—other final states) - 2.5+ 0.4. The
3 = o/ L edte d

and from the measuredlz

most recent experimental value of £ is f = 1/16 , due to Sieinberger.
Assuning again the symmetry of the S—mat?ix, o 5 and c{o are the phase
shifts of the final pion-nion systex in AL =0, T=2 and in A =0,
T = 0 resrectively. The final pion energies are near the resonance
_proposed Lo explain the second plon-proton maximum.l6 fccording to Dyson
such_resqmance could occour in the T - 0 state. If %0 is near 900
and % , small, so that we have cos(<>§2 -%g) = 0, it is clearly
impossible to exrlain the observed f ratio with small AT z 3 and

AT = % contributions, If we tentatively assume that the two phase
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shifts are sufficiently small, so that we have cos(Y 5~ o) = 1,

we find from Eq. (10) the two sets of solutions x3 ¥ -0.05, x5 & 0.16,
and xg = -0.12, x5 < 0.09. Such values may be too large to be
accounted for as electromaznetic corrections (amnlitudes of the order 0‘2
according to perturbation theory). Another difficulty, also mentioned by
Geil-¥ann, is that whereas the probability for KT+ #° would be
exnected in this model to be proportional to el"’, that for K—'————-ﬂ]’*{’iro-f-—fh/
should turn out rroportional to 82. It must be remarked, however, that

the phase space available to the 27 -+ Y final state is exvected to he
much smaller than that for 277 (the phase space for 27 -+ ¥ is about 5
times that for 37). Moreover, for a zero spin K* the two final mesons .are
left inthe X =1, P= -1 state by an EL {(and also pocsibly by M)

gamma transition, and thus they have to overcome a centrifugal barrier.

However, no cases at all of If+—-) 2% + ¥  have been reported so far.
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FIGURE CAPTION

Figure 1: The permitted region in the Y-X plane.
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