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The pure leptonic and semileptonic weak interactions, together with the possible violation
of CPT invariance, are studied by explicitly constructing a model of weak interactions. At
low energies, we have the Fermi effective Lagrangian. The divergences in the model are
no worse than those in the well-known renormalizable theories. The model suggests that if
CPT invariance is violated in the weak interactions, so is Lorentz invariance. Further-
more, CPT violation cannot be detected by measuring the difference of lifetime, mass, or
magnetic moment between the usually observed particle and antiparticle. It should be tested
by measuring the deviation of the particle lifetime at high energies. Experimentally, the
lifetimes of the charged kaon and the muon appear to be shorter at higher energies, as pre-
dicted by the model. The model is in agreement with the known experiments and gives many
specific predictions.

I. INTRODUCTION

Since the discovery of CP noninvariance, it has
become clear that the experimental foundation for
CPT and T invariances in weak interactions should
be reexamined. Should weak interactions violate
CPT invariance, probably they will also violate
Lorentz invariance in some way, for these two in-
variance principles are intimately related. %e
note that CPT invariance is a sufficient but not nec-
essary condition for the equality of the total life-
time and mass of particle and antiparticle. As we
shall see later, the extremely small mass or life-
time difference between the usually observed par-
ticle and its antiparticle does not necessarily ex-
clude a maximum CPT violation in weak interac-
tions.

So far, the experimental tests of the possible
CPT noninvariance by measuring the mass, the
magnetic moment, or the total lifetime difference
between particle and its antiparticle have failed;
and there is no direct evidence for T noninvariance
although CP violation has been established. On
the other hand, some experimental evidences in-
dicate a small decrease of the charged-kaon and
the muon lifetimes at high energy. %hat do they
mean'P To inquire into the matter, we shall con-
struct a model of weak interactions which violates
CPT invariance without contradicting experiments
and see what are the results. %e take the view-
point that the result indicated by a model is a pos-
sible one and might be suggestive. One of the in-.

teresting suggestions of the model is that CPT
should be tested by measuring the lifetime of the
particle at high energies.

It is desirable to have a model of weak interac-
tions whose divergences are no worse than those

of quantum electrodynamics, ' so that we can "un-
derstand" the experimental absence of the higher-
order weak processes such as the weakness of neu-
tral 1eptonic decays, the smallness of the K's-EJ
mass difference, etc. Furthermore, the univer-
sality of weak interactions is most naturally mani-
fested by using the usual weak vector and axial-
vector currents. Therefore, we would like to con-
struct, based on the usual weak currents, a model
of weak interactions by introducing a charged inter-
mediate scalar boson S and a 4-vector operator to
reduce the singular behavior of the weak propaga-
tion function at infinite momentum. If the 4-vector
operator appears only in the interacti, on Lagran-
gian, it will not have the usual equation of motion,
and therefore no usual dynamical manifestation of
particles at aH. . The 4-vector operator is then
interpreted physically as the operator of an entity
with zero 4-momentum and spin one. This entity
enables us to construct a "pseudorenormalizable"
and "local interaction"' theory which does not have
observable violation of causality and unitarity, and
at the same time has no other choice but maxi-
mum C, CP, CPT noninvariances. In this paper,
we shall only show that the theory is "pseudore-
normalizable" in the sense that the divergences
are no worse than those in the wel1-known renor-
malizable theory. Presumably, a finite number of
counterterms in the Hamiltonian are sufficient to
renormalize the theory. This will not be discussed
here.

In the model, the amplitude for the first-order
weak interactions is Lorentz-invariant even though
CPT is violated. The usual observed second-or-
der weak interactions apparently conserve CP and
CPT invariances, and their 8 matrices look like
the effective current-current Lagrangian in the
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Fermi theory, so that the weak self-mass and the
weak decay rate (due to the second-order weak in-
teractions) of a particle and its antiparticle are the
same. Thus, a careful measurement of the mass
and lifetime differences between p, (w ) and p.

'
(x') does not necessarily provide a definite proof
for the extremely small CPT violation or CPT in-
variance in the weak interactions. However, the
CPT noninvariance in the basic weak interactions
will, roughly speaking, give rise to a non-Lorentz-
invariant amplitude in the second-order weak inter-
actions. The violation of Lorentz invariance in the
second-order weak interactions, of course, does
not imply that the speed of light is not constant
nor m&m, /(1 —v'/c')'", and so on. Rather, it im-
plies that an unstable particle '(due to second-order
weak interactions) at higher energy would have a
shorter lifetime after the time dilatation of rela-
tivity theory has been taken into account. The life-
time of the kaon at different energies has been
measured with great accuracy, ' and shows some
favor for our prediction. The relativistic time-
dilatation effect has been carefully tested only at
relatively low energies because the cosmic-ray
data is not very accurate. Since it is the only kind
of experiment which tests Lorentz invariance in
the domain of weak interactions and things in the
high-energy region should not be taken for granted,
we must test it thoroughly.

The model agrees with all known experiments
and gives many specific predictions as we shall
see later. In the following, we shall discuss main-
ly the pure leptonic and semileptonic weak interac-
tions. We shall call the zero 4-momentum quantum
an "aoraton" from the Greek word meaning "invis-

ible. "

II. THE ZERO-MOMENTUM AORATON

We shall introduce a 4-vector operator h, to-
gether with a charged scalar intermediate boson
S, to reduce the singular behavior of the weak
propagation function at infinite momentum and, at
the same time, to have the vector nature of the
weak interactions. This is possible if and only if
the "h operator" is interpreted physically as a
"zero 4-momentum vector operator. " More ex- .

actly, this new physical entity h (the aoraton) does
not carry electric charge, energy, momentum, or
mass; however, it, does carry one unit of spin an-
gular momentum. According to the uncertainty
principle, the space-time position of the aoraton
is completely unknown, so that the aoraton itself
is not directly observable.

The-aoraton should appear only in the interaction
Lagrangian, and it must not have a "free Lagran-
gian" because of the zero-4-momentum character.

Thus, a free aoraton does not have the usual equa-
tion of motion. The very fact that the aoraton
does not obey the usual equation of motion means
that one should not interpret the corresponding
field variables in a mechanical language of conju-
gate coordinates and momenta. Obviously, since
there is no corresponding classical field for the
aoraton, the conventional quantization of field can
not be applied to this h of zero 4-momentum.
However, we may still assume that there is zero-
momentum and spin-1 quantum h associated with
the vector operator h„.

We shall apply the Gupta-Bleuler formalism' for
the aoraton h. Suppose the "field operator" k and
its Hermitian conjugate h could be written in
terms of the annihilation operator a and the cre-
ation operator a of the h quanta as follows:

(a +)(a )e

ht P (
1'

+ )e(m)+

at = (ia,)t = -iaot,

where an, asterisk denotes the complex conjugate
and e 'forms a set of four mutually orthogonal
unit vectors (m = 1, 2, 3, 4 labels the vectors). The
deviation of the real parameter y (0 & y & 1) from
unity characterizes the amount of C, CP, and

CPT violations of the weak interactions due to the
zero-momentum aoraton. Since the aoraton is not
observable because of its zero-momentum charac-
ter, y &1 may occur without obviously contradict-
ing the known experimental facts as we shall see
later.

If X is equal to unity, then the model will satisfy
CPT invariance and Lorentz invariance (cf. Sec.
III). Thus we see that the existence of such a non-

local object, the aoraton, does not necessarily
lead to the violation of Lorentz invariance. How-

ever, since the aoraton is practically not observ-
able, we have to interpret, for example, the ob-
served p, - ev, v„decay as a mixture of p.--e-P,v

and p, - e v, v„hh in our model. This will obvious-
ly contradict the experimental data of the muon

decay. Nevertheless, if X=0, then the amplitude
of the decay p, —e-v, vugh vanishes and everything
will be consistent with experiment (cf. Sec. III).
Thus, there is no choice; we must have the maxi-
mum (or nearly maximum) C, CP, and CPT non-
invariances in the weak interactions due to the
aoraton. Therefore, we shall assume X= 0 through-
out the paper.

The aoraton has zero momentum, so that the
choice of the unit vectors e is arbitrary and it
is impossible to define the longitudinal and the
transverse polarizations. Yet, the timelike polar-
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ization can still be defined in the usual way. The
spin-one part of the aoraton has three stationary
states, which can be transformed into each other
by rotations of the coordinate system. %'e choose
e,"'~to be imaginary and e,'~real, so that we
have

P e„e+8 ——5~~ (n, P =1, 2, 3, 4).
m= j.

Let us define

W =-re,"q, a+, =qa~q (/=1, 2, 3},
a+=-ga, q, a+=gagg (A, =1, 2, 3),

(3)

where the metric operator q is chosen to satisfy
= 1~ and

[q, a,],=0, [q, o,]=0 (i=1, 2, 3). (4)

Assume that a+ and a satisfy the commutation re-
lations

[a„,a„]= [a+, a+] = 0,

[a„,a+] = 5 „(m, n = 1, 2, 3, 4),

(5)

(6)

sot at wehave

[a„,a$] = o„,.

The relations in (4) are satisfied if q is the diago-
nal operator given by

&
~ ~ ~ .. ~ ~ Inl ~ ~ ~ .' ~ ) =(-1)"~ ~. . .

(3)
where n, = a, ao is the total number of timelike aora-
tons in the state

~

~ ~ ~ n„~ .) .
We have seen that a free aoraton is, by defini-

tion, independent of space-time, so that it satis-
fies

[Pg, a„]=[Pg, a+) =0 (X=1, 2, 3),

[H, a~] =[H, a+„]=0 (H=P~ ji),
(10)

(11)

which are consistent with (9). Moreover, we can
define the spin angular momentum operator of the
aoraton directly in analogy with the usual vector

In the c-number theory we use, as usual, Noether's
theorem to find the conserved energy-momentum
4-vectox. The total energy and the total momen-
tum of the system do not involve h if the aoraton is
not coupled with other particles. In the q-number
theory, if we identify I'„ in the unitary operator
U(x) = exp( ix„P„), which g-enerates the coordinate
displacement, with the conserved energy-momen-
tum 4-vector of the system, we would have

meson at rest.
The aoraton of physical interest is that coupled

with ordinary particles at a certain space-time
point x in the interaction Lagrangian density. That
is, an aoraton must be created or annihilated at a
certain point together with the creation or annihi-
lation of ordinary particles. Therefore, a coupled
aoraton may be denoted symbolically by a„(x) and
considered as localized at (x, x,}.' Aoratons be-
longing to the same point x cannot be distinguished.
Thus, the Bose statistics should be applied to the
aoraton connected with one or several field opera-
tors at the same point.

Since the aoraton and its interaction are different
from an ordinary particle in several respects, one
should not take for granted that the properties of
conventional fields still hold for the aoraton. Take
causality, for example. Prom causality arguments
one might expect that the aolaton a (x), which cou-
ples with another particle at x, and the aoraton
as(y) commute when x —y is spaceiike and believe
that the aoraton cannot propagate faster than the
speed of light. A similar argument has been ap-
plied to the "spurion". ' However, this is not reli-
able because the aoraton (or the spurion) does not
have the usual wave equation and therefore no 1o-
cal propagation properties. The requirement

[a„(x},a+, (y)] = o (12)

when x —y is spacelike, is incompatible with ('I}.
Thus, we see that microscopic causality is in prin-
ciple violated by the aoraton in our framework.
Nevertheless, this is not disturbing. It is "practi-
cally impossible" to have observable violation of
causality due to the aoraton, since the aoraton in-
teracts only weakly and it is not measurable in the
same sense as the electric and magnetic fields are
measurable. Moreover, it is clear that one can
never use the aoraton to carry a signal to show the
violation of the "classical causality principle, " so
that there will be no observable violation of causal-
ity in the theox'y. We also note that the usual con-
nection between spin and statistics for an ordinary
particle no longer holds for the aoraton. Thus,
the aoraton obeying the Bose statistics is an inde-
pendent assumption. Furthermore, the usual par-
ticles with zero rest mass travel with the velocity
of light and have only two directions of polax'iza-
tion no matter what their spin is. These axe ob-
viously no longer true for the aoraton.

One might think that an "empty" space without
aoratons cannot be distinguished from a space in
which there are aoratons with zero 4-momentum,
and that any number of aox'atons can be added to a
physical state without changing anything. This

is not true in our framework because the aoraton
is assumed to be coupled with the ordinary parti-
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cle in a definite way (cf. Sec. III). For example,
the positive intermediate boson S will never de-
cay in an empty space; however, if one adds an
aoraton into the state

~
S'), then the S' boson will

decay:

(s', h& - ~p', v„) . (13)

In this sense, one can distinguish an "empty"
space and a space with aoratons. Therefore, it
would be reasonable to define the vacuum

~
0) in

our framework as a state without energy, momen-
tum, angular momentum and without any aoraton
in it.

Given the total Hamiltonian whose interaction
part involves the aoraton, the state vector and the
operator of the Heisenberg representation and of
the interaction representation are obtained from
the corresponding quantities in the Schrodinger rep-
resentation in the usual way. Thus, when the aora-
ton couples with ordinary particles in a Hamilto-
nian, the coupled aoraton in the Heisenberg picture
is no longer independent of time but obeys, like an
ordinary field operator, the Heisenberg equation
of motion. In the calculation of the S matrix, we
shall use the interaction representation in which
the aoraton operator will be independent of space-
time.

III. LAGRANGIAN

Let us consider a charged boson S to interact
with the weak current J'„(x) in the following way:

&;„,(x}=gJ (x)S"(x)h+(x}+gh„(x)S(x)J+(x}, (14)

and the Lagrangian density of the system is

Z(x) = -a„s(x)a„s'(x) —m,2S(x)s'(x) + Z,„,(x),

(15)

S (x) is the Hermitian conjugate of S(x), and Jf is
defined as

Z+(x) =-qZ4t(x)q, Z+(x) =qZ'„(x)q (~= I, 2, 3).

(16)

The weak current J (x) is given by

J„(x)= J"'(x) +J'„"(x)

J'0 I(x) = i e(x)y (1 + y,)v, (x) + i g (x)y„(1+y, )v„(x),

where P(x) is the hadronic current and J'(x) is
the leptonic current. The y's are the Hermitian
Dirac matrices.

To quantize the S-boson field, one can follow the
canonical method of quantization with the Lagran-
gian density (15). We define the canonical momenta
conjugate to S(x) and St(x) as

[m(x}, S(x')]~,'= -i 8"(x—x'),

[v (x), S (x')], , =-i5~"(x-x'),

and let all other commutators vanish:

[S(x), S'(x')] „=[v(x), s'(x')], , =0,

[S(x), h (x')] q =[S(x), h+(x'}], , =0, etc.

(20)

(21)

IV. TRANSITION PROBABILITY

Since we have used the indefinite metric, the in-
teraction Hamiltonian is not Hermitian but pseudo-
Hermitian:

+
&Int = nIIIntn =Hint~

H;„, =
! dxx;„,(x, t).

(22)

The total transition probability for a state ~i) going
over into any state

~ff is 1:

g Wy; -=Q [ (f[ps[i}] N~ 'Nj ' —-1,
f

where S denotes the S matrix and q denotes the
metric operator; Nz=(f(q(f) and N, =(i)q(i) are,
respectively, the norms of the states [f} and ~i).'
We note that a process involving a "timelike aora-
ton" in ~f) or ~i) would have negative W~;, which
makes no sense. However, the present theory is
physically meaningful because the aoraton itself is
not directly observable and, moreover, any "phys-
ically observable process" has positive transition
probability. The reasons are that the polarization
of the aoraton can never be directly observed and
the timelike aoraton can never be separated ex-
perimentally from the spacelike aoraton. There-
fore, we must always sum over the spacelike and
the timelike aoraton states whenever an aoraton
is emitted in a process, e.g., S —p, ™v„h.' In this
way, we have a positive probability for the '-'phys-

ically observable processes. "
For clarity, let us consider a first-order weak

process S - p (P)+ v&(q)+h. Suppose a timelike
aoraton is emitted; according to (19), the transi-

as(x), ax(x}
a(as(x)/at) ' a(ast(x)/at) '

respectively. The total Hamiltonian density is

X(x) = v(x) st (x) + vS(x) vst(x) + m, 'S(x)St(x)

-ge.(x)S'(x)h+(x} —gh. (x)S(x)Zg (x).

(19)
Since the independent field variables are the same
as those in the free-field theories, we adopt the
same equal-time canonical commutation relations



And we have, among other things,

(P —q )(P8 —q8)4s-=l', (24)

when the weak current associated with aoraton
takes the form m'8 n'- m'8 w', where P and q
al'e the IIloIIleflta assocxated witll tile f1eids IT (x)
and II'(x), respectively. Both X and l' are positive
because the 4-momentum of the external particles
is either timelike or lightlike, so that the transi-
tion probability will be positive. [We have set
m(II'} =m(II') for simplicity. ]

In general, since the model does not have local
gauge invariance or a. conserved current, we are
unable to give a general proof of the non-negative
character of the transition probabilities. Yet we
obsexved that the possible negative transition prob-
abilities exist only in the processes in which the
initial state and/or final state involve the aoratons.
There is no problem when the aoratons appear in
the intexmediate steps of a higher-order process,
because we always sum over all polarization in-
dices. %e have examined several specific cases
and found that the negative norm of the timelike
aoraton does not give rise to any trouble because
it is not directly and separately observable. Pre-
sumably, this is true in all cases and therefore the
pseudo-Hermitian H;„t is effectively a Hermitian
interaction Hamiltonian.

V. SOME SIMPLE RESULTS

In the present framework, the weak processes
ean be classified into the following foux classes:

(A) The initial state ~I') and the final state ~f)

tion probability involves a factor (-p j—poq, ),
which is not Lorentz-invariant and will lead to a
negative probability. The corresponding factor for
the spacelike aoraton is (3P,q, —p j). When we
sum over the spacelike aoraton and timelike aora-
ton, we get (—2p„q ) for the corresponding factor
in the transition probability, which is positive and
Lorentz-invariant. In some higher-order pro-
cesses, a virtual 8 boson may be absorbed at a cer-
tain vertex and an aoraton and other particles (e.g. ,
p, v~ or II II') are emitted in the final state. The
matrix element will contain among other things a
factor Z e~ ~ where Z„consists of the momentum

q„or the y matrix contributed by the weak current
associated with the aoraton. After summing over
all polax'izations of the aoraton in the transition
probability, we have, among other things,

4(&+IIII*)(pnqII P 'q~as+qnPs)'@II=&~

when the weak current associated with the aoraton
takes the form

fu(p)y„(1+ ay, )u'(j) .

g&" =I ' g„,(x)d'x

1e

I'g' J+-(x)J'8(y)a ~(x —y) e(x, —y,)d'y d'x,

(25)

rs d'~.,(x- y)=, "',e"'-"'
q'+m ~' (2II}' ' (25}

The effective Lagrangian in (25) can also be writ-
'ten as

&.II(x)=-z' J"~(x)J (y),
q +ms

]~.(» y) d
2 2( '+m ')'" (2II)'

(2

For the low-energy processes with momentum
transfer very much smaller than m ~, i.e., -q'
«ms', we have effectively the Fermi interaction
with

g'/(2m, ') = 6/v 2.

(2) The high-momentum behavior of the "effec-

do not involve the aoraton, e.g. , n-Pe v.
(B) The final state involves the aoraton, e.g. ,

S. ~ Q vpk.
(C) The initial state involves the aoraton, e.g. ,

8 A~/ vp.
(D) Both ~i) and ~f) involve the aoraton, e.g. ,

8 jg ~pk8 v~, .
Since the aoraton is impossible to handle in the

laboratory, the processes in classes (C) and (D)
are practically impossible to detect. %e note that
the aoratons in the universe can only be created in
the process which creates the S boson and in the
decay process of an S boson. Thus, if the 8-boson
mass is very large, then the chance for the pxo-
cesses in classes (C) and (D) to occur and to be
detected in nature is very smaB. Therefore, only
those processes in (A) and (B) are of interest to
us, for they are observable. Here, we shall only
consider the observed processes in (A).

(1) Let us consider the usual weak-interaction
processes. They are all second-order weak inter-
actions in g. The aoraton and the 8 boson are
emitted from one vertex and absorbed into the oth-
er vertex. Thus, we have to calculate the 8 boson
and the aoraton exchange term to the lowest order.
Instead of two weak currents being coupled at a
point, we have the following second-order effec-
tive interaction:
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tive weak propagation function" 4"s(q) is less sin-
gular than that given by the intermediate 8' boson
or the Fe-rmi theory, to wit,

()(:5„sq '
(q -~). (29)

Thus, only logarithmically divergent integrals ap-
pear in the higher-order amplitudes, and the mod-
el is "pseudorenormalizable. "

(3) The aoraton must be emitted and reabsorbed
in the observable even-order processes, so that
the final state does not involve the aoraton and the
maximum OPT violation will not appear in the ob-
servable even-order processes. Therefore, the
effects of C, CP, and CPT violations due to the
aoraton cannot be detected by measuring the mass
or the total lifetime difference between the "usual-
ly observed" particle and its antiparticle.

(4) The CPT violation of the basic weak interac-
tions due to the aoraton will show up in the decay
rate and the angular distribution of the second-or-
der weak processes. For example, the decay rate
of v- pv (or K-(uv) will vary, besides the varia-
tion due to the relativistic time dilatation, with the
energy of the pion (or the kaon) in the laboratory.
From the effective Lagrangian (27), we have

r '(E,) 1+E,/(p, '+m ~')'"
r-'(E, ) 1+E,/(p, '+m, ')'" (30}

p =0.475 G V,
[Ref. 7(a)]

r(K'}= (12.443 a 0.036) x 10 9 see,

p~=1.6 and 2.0 Gev,

r(K') = (12.265 + 0.036) x 10 ' sec,
[Ref. 7(b)]

p~=3.0 GeV,

T(K') = (12.21+0.11)x10 ' sec .
[Ref. 7(c))

for w- (u v (or K- g v) due to the CPT violation of
the aoraton, where F. and p are, respectively, the
laboratory energy and momentum of the pion (or
the kaon).

It follows from (30) that if one measures the ka-
on lifetime at different momenta in the laboratory,
one should find that the higher-momentum kaon
has the shorter lifetime after the relativistic time-
dilatation effect has been taken into account. Ex-
perimentally, the charged-kaon lifetime has been
measured with great accuracy'.

These results are in agreement with our'predic-
tion. The energy dependence of the pion lifetime
is experimentally not yet clear. Therefore, in or-
der to test the prediction (30}the experiments of
kaon, pion, and muon lifetimes at higher energies
are needed.

(5) The S-boson mass can be roughly estimated
from the data in (31):

m -200 GeV. (32)

With such a large S-boson mass, the chance of de-
tecting the processes in classes (C) and (D) is in-
deed extremely small.

On the other hand, in a, precision measurement
of the anomalous magnetic moment of the muon' at
muon momentum 1.28 GeV, the lifetime of the
muon is found to be smaller' than that measured at
zero momentum by (1.1 +0.1)P(). This gives a more
reliable S-boson mass in our framework:

re, =144~14 GeV. (33}

(6) The interaction Hamiltonian densities R;„q(x)
and X;„((y) do not commute when (x -y}2 is space-
like. This noncommutativity comes from the non-
commutativity of the aoraton operator as shown in
(7). In a sense, such a Hamiltonian density is
"nonlocal. " It is known that such kinds of non-
locality will lead to a breakdown of Lorentz in-
variance in the standard perturbation theory.

(7) The anomalous magnetic moments g, for
both positively and negatively charged leptons, due
to the virtual S boson and aoraton, are the same.
We estimated l(, ,-10 '(e/2m„) for the muon; it is
too small to be detected.

VI. CONCLUDING REMARKS

Although the aoraton does not carry energy, mo-
mentum, etc. , it does carry one unit of spin angu-
lar momentum. Thus, even though it is not direct-
ly observable, it does have some observable ef-
fects in the weak processes whenever it is created
in the final state. In this sense, the aoraton is,
like the usual particle, a real physical entity; and
it is therefore basically different from the so-
called "spurion. "

We assume neither that the vacuum be a "sea"
of infinitely many aoratons nor the interaction of .

the particle with the aoraton sea as a whole. Thus,
our approach has little to do with that of the field
theories with an asymmetrical vacuum or the Gold-
stone theorem. " Yet the concept of vacuum expec-
tation value becomes somewhat problematic when
the vacuum is degenerate; the situation in a spur-
ion formalism has been discussed, for instance,
by DQrr and Heisenberg. ' The problem still re-
mains open.



CP T INVARIANC E AND WEAK INTERACTIONS

Within the present framework we must 'set g =0
in (1) in order to be consistent with experiment; it
follows that both the CPT and the Lorentz invari-
ances are violated. It is apparently not possible
to have CPT noninvariance and I orentz invariance
at the same time without losing some form of uni-
tarity or contradicting the known experiments.

Now, we have seen that a maximum CPT viola-
tion in the weak interactions is possible without
contradicting experiment, although a direct detec-
tion of such CPT violation by measuring the life-
time difference between particle and antiparticle
is impossible. However, the associated nonrela-
tivistic effect of the kaon, the pion, and the muon
lifetimes can certainly be detected with the present
experimental technique even if m ~= 200 GeV. We
feel that the possible small deviation of the kaon
and the muon lifetimes at relatively high energies
deserves to have further experimental study rather
than to be simply ignored. Fux'ther implications
of the model will be reported later.

Note added. Since the aoraton h is unobservable,
the observed p decay is in general a mixture of
p, - evv and p,h- evvh. It can be shown that the
spectrum of the electron coming from p.h- eve is
quite different from that of the electron coming
from p, - evv. The observed electron spectrum
from p decay provides a way to estimate the den-
sity of the aoraton in space. But it shows no evi-
dence for the presence of p.h- evvh. Therefore,
the processes of class (D) are practically negligi-
ble.
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