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discussed.
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The recently observed violations of the principle of'symmetr& under
space and space-time inversions may be easily accommodated in the existing -
tﬁeofetioal fraﬁework by the readmission of various interaction terms or
by the suppression pf certaiﬁ sﬁates. Thé violationé of these symmetry
principleé may, however, signify a more fundamental défect in the current
form of physical ﬁhebry. In Viéw.of the conclusions of Lanaaﬁ and
Pomeranchukl and éf the prevaiiing gentiment that the renormélization
pfocedures'are fundamentally unsétisfactory, the failure of the spatial'
symmetries casts #n additidnal suspicion upoh the current treatment of
the space-time pqint.2 |

A recent'thedrem of Luders shows that for the usual types of‘.
‘field theory the'produci of time reversal (T), charge cdnjugation (¢),
and space inversion (P).must be a valid symmgtry opération; As the
validity of the usual treatment Qf the space-time point is assuﬁgd,in‘the
proof of this theorem, aﬁ inédequacy of the treatment maj be refleéted in
a failure of the theoiem. Regardless of the validity of the present
treatment of space and time, a demonstrated violation of the Luders théorem
would be of considerable theoretibal importance, as it would imply-the -
nonvalidity ofvat least one of the fundamental nrecepts of current phyéical "

theory.
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vDirect experimental tests of the Luders theorem are difficult because
the; ‘two processes directly related by the theorem are time inver.ses of each
other, and the time inverse of a weak (decay) proce'ss is not easily performed.
1f, however, the weak interaction is effective only in first order, the
.need for bbserying the tlme-inverse process may bs ci:cumﬁ'enﬁed by an
. appe’al to the principle .of detailed bala,nc’e.'3 The Luders theofer;rn in
conjunction with the princivle of detailed balance allows one to .equate
the transition rate for the process & —7 ﬁ tg the transitioh rate for
57...,,' ﬁ” , where 4 and p represent eigenstatés of '.t.he strong
interactions and c{’v and /3' re;ﬁresent. the corrgsppndingv CPT-;invérse |
. st,atés. If the final states may be chosen as plane-wave states (i.e., if
these aré elgenstates Qf the strong reactions) then thé CPT-ir;verse of a
state ié a state with the same momentum but with ovposite spin and charge
(more precisely a particle is changed to its antiparticle and its spin is
revérsed). A number of consequences of the Luderé theorem may be inmediately
deduced. Oné of these is the equality of the reaction rates of the processes
7f+—-p/1+ + VY and 7/—-—-?/,4.' +~ v . .Siﬁiiarﬂy the reaction rates of
the two procésses /ut_....y ot + .>/' must be equél,. These results have
' beén obtained somewhat less directly by Lse, Oehme, Emd Yang.h Additional
consequenceé are easily obtained. In particular the polarizations (spin
expectation yalue‘s) of the /f‘ and /u." produced in the decay at rest
of 77+ and J¥Y  must bé equal but opposite if t.he Luders theorem is
va.lid. This result may be distinguished from the consequences of
invariance under charge conjugation. If this latter invariance is
maintained, oné ax_ga:i.n finds :t,he equality of the reaction ratés for the twod

charge states, but the polarizations of the /A--r and /b‘t‘ must now be
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aqual both in magnitude and in direction. A measurement of the relative
polarizations of the /po and /pL. produced from the decay of 7?' and

7r~ would therefore permit a decision as to whether it is invariance
under € or under CPT that is preserved in the weak interactions5 or
whether both are violated.

Similar conclusions may be obtainea from the'measurement of the
anguiar distribuﬁions and polarizations of the .e:t produced from the
decay of polarized /ptt. If the spins 9f the '/uf' andl /;L' are
oppbsitely aligned and CPT-invariance is maintained then the angular
distributions of the é* and e~ will be the same but their polarizations
will be opposite. On the other hand if charge-conjugation invarlance is
maintained and'if the spins of the )U» ‘and /AL are aligned (as they
‘would be if charge conjugation invariance were maintained in the
“prbduction of the _/;f* and /LL_ in ZVzt decay), then the angular-
distribution of tha e+- and e would be identical, but their
polarizations-would be the same in both direction and magnitude.

The decay of 1ong-1ived néutral K particles (assumed uhpdlarized
ér of spin zero) can be anaiyzgd in a similar way. If charge—conjugaﬁion
invariahce were maintained'tha long-lived K, would be an eigeﬁstate of
chargé conjugation and would be its own charge-conjugate state. This
~ would imply the equality of the reaction rates into any two final states
that are charge conjugates of each other. (It is assumed that the
short-lived comﬁonent has Qecayed and therefore gives no intsrference
effects.) The polarization of the /LJP and ./LL- obtained from the

decay of the long-lived neutral X will therefore be the same in both sign
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and magnitude if charge conjugation is maintained. 1If, on the pther hand,
the reaction is invariant under the product of charge conjugation and space
inversion (i.e.; under CP), as has been frequently suggested, then the

components of - polarizations of the /Af* and /}A: that lie in the plane

of production must be equal but opposite; the components of polarization

perpehdicular to the production plane must be equal both in sign and in

" magnitude. If in addition to CP invariance there is also invariance under

CPT, .then time-reversal invariance is required and, to the extent that

‘final-state interactions are negligible, the components of volarization

oerpendicular to the plane of scattering must vaniuh

Invariance under CPT, together with the assumption that the short

"~ 1lifetime of the neutral K _ is very small in comparison with the long

lifetime, allows one to cohsider the long-lived K‘ particle to be its-

own CPT~inverse. The transition rates into any two final states that are

CPT-inverses of each othér:will then be equal and the polarizations of

+ - -
final /LA» and /AL must consequently be equal but opposite.
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It is frequently stated tﬁat the parity-violating expérimehts havé
also demonstrated that dharge-cénjugation invariance is violated.
Actually it ié P and the product PT that are violated. Therefore
either C or CPT is violated. It seems nremature to deqide in
faVor ofVCPT; particuiarly since CPT is more intimately associated

with the somewhat suspect vroperties of space-time than is C.



