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ON THE QUF.STIOt·l OF POS-SIBLE CHARGE PROPERTIES OF WEAK INTERACTIONS* 

R. Gatto~ and R. D. Tripp 

Radiation Laboratory 
University of California 

Berkeley, CAlifornia 

March 28, 1957 

1 It has been shown that, if ~3rity and time reversal are'conserved 

in the decay of the 2,' particles, the observed lifetime ratio 

-t- --y = (mean life of ::> )/(mean life of 2.. ) and the observed branching . . 

. ( --- + 0)/( . ~ + +) ratio X = frequency of .,?:. -----1 p "t- rr frequency of ~- -·-? n -1 1T 

cannot be accounted for with a decay interaction transforming as a 

cornponent of a spherical tensor of rank~ ~T = ~ rule 
2

'
3' 4

.,
5, 6 

) • 

Present experimental evidence of parity nonconservation in the )5 decay, 7 
I 

8 
in the f( -7 /)... + ·,) decay and in the / ... -7 e + v + 1J decay~ a,nd the 

9 
less direct evidence from the. 'l and e decays, encourage1'1 the 

hypothesis· that also in the ... Jeak· -decay interactions of hyperons and 

K mesons parity is not conserved. It was shown that~ if the decay 

interllction satisfies L\.T = ~ and no other assumptions are made, the 

point Pi {Y, X) in the Y-X Plane is limited to a 11 permitted.regionrr 

2 of the plane, as reported in Fi,~~. 1. It is seen from Fig. 1 that the 

experi.'ll.ental point lies inside the permitted region. ·It is well knmm 

that, if time reversal is satisfied, the ensuing symmetry con1ition on 

the S matrix limits the form of the decay matrix element by a theorem 

first used by Watson in the interpretation of photomeson nroduction.
10 

This limitation, in the case of parity conservation, strongly rc8tricts 

* This work was performed under the ausoicas of the Ll.S. Atomic Energy 
Commission. 

-r On leave of absence from Ietituto di Fisico dell' Universita di Roma, 

Italy. 
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the 11 permitted region" in the Y:-X plane, which is reduced to a line, 

· depending on the assumed spin and parity of the T . vle shall show 

that in the case under discussion of parity nonconservation the 11 permittsd 

region1! in l!~ig. 1 is not essentially reduced by the further requirement of 

t~ne-reversal invariance. 

Consider first the decay o.f a ;>" 1~ith spin ~. The pos~lble -
states for the final pion-nucleon system are SJ, with T = 3/2 and 1/2, 

"" 
and p~ with T : 3/2 and 1/2. If time reversal is satisfied the 

1l T = ·~ rule l~~s to the following expressions for the total decay 

probabilities of the 2_ particles: 

- 2·;z [A~;Al cos('13 - '11)-r A31A.ll cos(o( 31 - OS u>] , 
(1) 

+ 2,f.2' [ A3A1 cos( c{ 3 - c1 1) + A31A11 cos( c~· 31 - ·<fu)J 

(1 I) 

n-) (111) 

The quantities A are real numbers and the S( are the anpropriate 

pion-nucleon phase shifts at the ;-_ decay ener&Y. The indices refer 

to the final pion--nucleon states according to the usual convention. 

From Eqs •. (1) we can write for the :neasurable qua.ntit.ies Y and X 



UCRL-3726 

-3-

y = 3 (2) 

, (2') 

where 

J (3) 

and 

(3') 

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

( 2 "-- """' [cos('{ 3- '{ 1), cos(9' 31- '1ul J ' 
r "~ where. max L a, b j means the larger of the two values a and b. At 

the energy corresponding to the }_ decay energy, cos('"-'(
3

- ·=1· 1) '~ 0.95 

and cos('1 
31

- ~ 
11

) ,-·.J 0.99. However, as evident from Eq. (2), )- 2 -} is 
\ 

always less than unity. Therefore the nerrJitted region of Fig. 1 is not 

essentially restricted. The same conclusion ie found to hold also for the 

higher spin values. ile therefore conclude that, if parity is not conserved 

in the "'>, -~- decays, the experimental values of X and Y are not in 
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disagreement with the . L\ T : b rule. However it must be remarked that, the 

conditions imposed in S\ich case :from the ..6 T - ~ rule a.re not very 

stringent, so that the nondisagreement does not provide any conclusive 

evidence. 

The more strin__~ent condition i."npoaed by the ...6. T = :~ rule on the 

1\0 branching ratio, 

= 
0 0 

2w(/\. --1 n W ) , 

seems to be satisfied by the recent data of Stelnberger, liiho finds a value 

of 66 ± 5% for the fraction of 1\0 
decaying tinto p + 71-.

11 
1-!oreover, 

12 + ·t- - + 
the latest data for the 7:" ---'? 77' . + rr + 1( ratio J r,iving a value 

<: +- ---7 'ff t- + fY t> + yr<> 

::. 0.)9 + 0.09, do not contradict the value predicted for such ratio 

.for a spin-zero 't' meson from the Ll T = ~ rule, namely a value 

This conclusion, however, is not stringent since it also follows if a 

~ 2,3 l 
AT : ~ contribution is present. As is well known, the L\ 1' = ~ rule 

forbids the K+ ~ 71+-+ 1( 0 decay mode for K+ of' even scin in the absence 

of electromagnetic interactions. 'The transition probability for such 

process is known experimentally to be much lo,.,er than that of 

0 ·+- -
K ~ 1f + 7f • It has been painted out by Gell-:<Iann thflt the electro-

magnetic corrections may be too s!T'.all to account for the observed 

K+ -J. 7!+-fp·o rate.
13 

These srnall LlT - 2. and LlT - .2. amnlitudee / - 2 - 2 -

are related to the observed ratios 

f = 
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a.nd 

by 

(h) 

3 2 
2 

g - -<x3 + - x5) 
- 4 3 

( 4.' ) 

i( 1 2 - oj 0) 
Here.we denote by x

3 
e the ratio of the reduced matrix element 

of the ...1 T = ~ transition to the reduced matrix eleme!1t of t.he .1.T ::: ~ 
i( <1' - "'{ ) ~ 

transition, and by x 5 e 2 · 0 the similar ratio of .b'i' ::: ~ to 

~T : h. The value of g can be determ.ined :from the data if we assu.lTI.e 

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

1+30 + 100 
from the observed rat:i.o of the 

0 + 
K and K lifetimes 

1.0 0.3 -10 14 
( 't' KO = _ 0 • 

2 
x 10 sec, 

-8 15 
::: 1.24 ± 0.02 x 10 sec ), 

and from the measured12 P(K+ --·~other final states) 

P(K+ --1 rtt--+ ~J) :: 
2.5-±. 0.4. The 

most recent experimental value of f is f ~ 1/16 , due to ~:)teinberger. 

Assw:dn,g again the symmetr,r of the S-matri.X, and o{ 
0 

are the phase 

shifts of the final nion-nion syste:r. in J. ::: O, T = 2 and in <'f = 0 , 

T ::: 0 respectively. The final pion energies are ne:1r the resonance 

. 16 
proposed to explain the second pion-proton ma.x:J...mum. According to Dyson 

sueh resonance could occur in the T = 0 stnte. 
0 

If ~ is near 90 0 

and '4j 2 s!tJAll, so that we have cos(o< 2 -o{ 0 ) ~ 0, it is clearly 

impossible to exnlain the observed f ratio with small ...6. T = ~ and 

.6. T -- ~ contribut:.t' ons • If t ' t t · 1 t · t t' t ph ~ vte en '3. 1va .y assume ... n'"• · ne wo . ase 
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shifts are sufficiently small, so that we have cos(O( 2 - '-1 0 ) ::::: 1, 

we find from Eq. (10) the two sets of solutions x3 :..:: -0.05, x5 ~:: 0.16, 

and x3 ~ -0.12, x 5 ~ 0.09. Such values may be too large to be 

accounted for as electromagnetic correcti0ns (amnlitudes of the order 2 
El 

according to perturbation theor.v). -Another difficulty, also mentioned ~r 

fJ.eU-i{ann, is that whereas the probability for K-+ ~ rr-t -r 71 ° would be 

exnected in this model to be proportional to e4, that for K-+ --/f(-+-t ·rr 0 -t-·~t( 

should turn out proportional to e2 . It mu.st be rem,'lrked, hm·.rever, that 

the phase space available to the 2 11 -t- :J" .final state is exuected to be 

nruch mnaller than that .for 27( (the phase sua.ce for 2 7( -t-'~ is about 5 
;-f' 

times that for 31f). _Moreover, for a zero spin K the two fin:.'i!.l mesons are 

left in the .2 = 1, P = -1 state by an El (and <!.lso po:-;sibly by 1,11) 

gamma transition, And thus they have to overcome a centrlfugal·barrier. 

However, no cases at all of K+---> 2 'lf -t '( have been reported so far. 
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FIGUP.E CAPTION 

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