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Recent e:;1:periments 1 bave sl"!own the existence of ~eak interactions 
which violate parity \:P) and charge conjugation {C} conservation. It is not 
known so fa!' whether time reversal ~T} is also violated in weak interactions. 
We_ shaH assume that C, P. and T are conserved in strong and electroxnag­
netic interactions and we shall derive some physical consequences ···- to be 
compared with experiment.,._ of the assumption that weak interactions are 
invariant under time reversaL 

From Luders-Pauli theo1·em
2 if Tis conserved the produc:t CP 

(which we shall denote by L} is also conserved. and the reverse also hold<>. 
Let us assume that Lis conserved in strOI'lg, electromagnetic, and alsoin 
weak iteractions. The operator L must satisfy the equations 

LL + ~ 1 • 

N 

L+ ' ,N-;;;l-, J_, 

LP - l-) PL :.:: 0 , 

[L S] :=: 0 
' -{1.. 

where Q, N, S are the operators for the ch~rge. for the heavy particle 
nun'l.ber, and for the strangeness respe-ctively.. We may expect selection 

0 
rules dtte to consc::rvation of L for systen'ls with Q:.~o. N::;:O. and s~~o. f."' K , 
and a RO. will n.ot b!l?; eigenstates of L, but the superpositions 

K O "" 1 /r_r; ,uO .n. r.rO~ l J_ -v" Vj;"" , JJ:'- ·" 

wHl be eigenstate s of L with different eigenvalue. «From Eq. (1)it follows 
that for systems (f'ith N~o0the eigenvalues of L are ±n. Frorn. the. assurned 
L conservation K

1 
and K2 wiH decay i_~to states with different Land exhibit 

ciifferent ~ifetimes, Ther~foxe KO an.d K0 shaH be regarded as mi.;;:tures of 
'f:C~ and K~ with coefficients. obtained f:r.om Eq, (4}~ which are stiH the same 

.-:---==~===-:-===·.,.,.-,=~~~~~.~~-= 

"'' ¥ . 

This. work war3 perfoFn'led u.nde1· the auspices of the U, S. Atom.ic En~n·gy 
Co.rnrnis sion. 

On leave of absence from !atituto d:i Fisica deU uuniversita di. Roma. 
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as for the ca~se of absolute 1servation, discuased by GeU-l~ann and Pais, 
3 tt 

(!;~1 J iljAO 

. A sys~em of t;,...o pi U have ~""'L !T~is can be seen as follows. 
In the limit Hweak ::; Op C~n~ P are separately .conserved. and. for a system 
of two.pions. L ~ CP :"!! i-91~-)l :;-: l for every value 1 of the relative a•1gular 
momentum. However.v if Hweak is assumed to conserve L~ the ~onclusion 
hwds a~f)ny orde1.· in Hweak;. Therefore only the component with L "" 1 of the 
K {or K } mixture will be able to decay into two pions. It is known experi­
mentally that the short-lived compon:ent decays into two pions. Therefore. i£ 
L i~ c;m.rerved. ""th_e long-lived component cannot decay into two.pions. Decay 
into e 1T 'Y and e ''IT V will not be forbidden for any of the two components on. 

~ 
the basis of L conservation alone. The branching ratio for the decay of the · 
long lived component into e -'IT+ 'I and into e +1T- y must be equal to unity if L 

. conservation holds. {However. e- /e + ::.: does not necessarily mean that T 
is conserved since it ahJo follows in the ·case that the mass diffe:r,nce be 0 
tween the long-lived and the short-Hved co:rnponent is negligible.» A 3TI 
system with total angular momentum zero {for simplicity we confine the dis­
cussion to the case of spin :Zero fo:r the K and. we assume angular momentum 
c.onser~Jation in·we.ak interactionsy wil~ have J'O = -L Thl.r~fod'El only the long.­
hved component wtll be able to decay toto 3rr • For a rr 11 rr system we 

. denote by O. 1 u j the state for whic\} 1 is the relative rr \; -~ a~1.gular momentUJ."'!l 
and 1° the angular m.omentu:m of 1T with respect to the ll'·'u ceutex of mass. 
The states of total angular momentum zero are: 10. 0)~ 112. 2~ ••. for which 
L 8 -1. and 0. 0, 13. 3~. , " for which L;:;: "11"-1. ·Decay into states of the 
first group will be forbidden fGr the slwrt-li ved component,. decay into states 
of the second group 'NiH be forbidden for the long-lived one. Therefore. de­
cay int~~ would be very it!_fr 0gu~nt fo!' the abort-lived compo.!lin~. t5or 
which 21T decay is allowed. 3n decay would be forbidden. and rr 'or 'IT decay 
wbth,out 5ari.tr.ifug_~l __ }:>an~.M:r_;ou_l4 al~J?-~-J.~en. The de.cay curve :ter . 
K 0 vor K } would be the sum of two exponentlala correspond1.ng to the K 1 and 
K lifetimes, However an inte:de1·ence term may occur in the decay rate 
in~o. a eu.r stat.e wit~ spedfied charges. in a similar way .as diecus~ed by 
Tretman and Sachs for·the case of absolute C conservatlon. Partlctnla.r 
effects which only de~nd on the existence of the mixtuxe. as those discussed 
by Pais and Picdon~ ~ win occur in a similar way. , .· 

The foregoing conclusions follow from the assumption that Lis 
conserved in w~ak interactions. which is eif1uivalent to the assumption that 
weak intel"actions aYe invariant under tj.me L"E:Vel·saL We have shown. in 
particult;r• that it follows fr.on"l such assumption that the long-"lived coniponent 
of the K mixture must ..peveF decay into two pions. and that its branching · 
1·atio for decay into e- u 'y and into e + 1f -V mu~t be,,~nity. · - . 
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