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X HE operations of charge conjugation C, space r e -
flection P, and time reversal T have been under in-
vestigation by physicists for about forty years. The
interest in these operations has become particularly
strong when a violation of CP invariance was discov-
ered four years ago.

Why is it that the violation of CP invariance has pro-
voked so much interest?

Maybe because this is one of the most fundamental
problems of contemporary physics, in connection with
which have anew arisen the problems of relation be-
tween particles and antiparticles, of the mirror sym-
metry of the world and of the arrow of time.

Maybe because in discovering the violation of CP in-
variance physicists have encountered a new type of in-
teraction. To the four known interactions—the strong,
the electromagnetic, the weak, and the gravitational—
a fifth interaction has been added, which violates CP
invariance.

It is hard to indicate another fundamental problem
which is being as actively pursued from the experimen-
tal point of view. Such investigations are now carried
out intensively in tens of laboratories all around the
world and have gone far beyond the physics of K me-
sons. In searching for CP violations the decays of 77
mesons have been subjected to a scrupulous investiga-
tion, as well as nuclear reactions, the electromagnetic
properties of the neutron and electron, and the decays
of hyperons and nuclei. Such investigations have
achieved record levels of accuracy, and experiments
have been performed which only a few years ago were
considered impossible. Unfortunately, the violation of
CP invariance was not observed in any other phenom-
enon but the decay of the neutral K mesons. In this r e -
spect what is happening now differs radically from the
events of eleven years ago. Then the violation of parity,
the discovery of which was prompted by the decays of
K+ mesons into two and three pions, was detected si-
multaneously practically in all weak decays. Now, al-
ready four years have passed since the violation of CP
invariance was discovered in the decay of the long-lived
neutral K meson: K^ — TT*T!~, but still no CP noninvari-
ant effects could be found for particles other than the
K° mesons.*

On the other hand, considerable progress has been
achieved in the investigation of the properties of the K°
mesons themselves. First of all, the decay mode K<L
— ir+7r~ has been studied most carefully. Whereas the

* We remind the reader that nonconservation of parity was a con-
sequence of the fact that the K+ meson could decay both into 7r+ir° and
27r+7T~, and the pions have negative P-parity, so that the system 2ir is
even and 3ir is odd. Similarly from the fact that the K^meson can decay
into a 3ir system having negative CP-parity and into a system of 2TT
having positive CP-parity, one can infer that CP-parity is not conserved.

first paper describing the decay was based on tens of
such decays, nowadays the numbers are in the thou-
sands.

It has been established that this decay is indeed
caused by a violation of CP invariance, and is not a con-
sequence of some long-range forces, the source of which
might be the Earth, the Sun, or the Galaxy. This was
established on the basis of the fact that under the ac-
tion of such forces the ratio of the width of the decay
K^ —* 7T+7r" to the total width of the K ,̂ meson would
increase as the square of the energy of the K L meson.
But the experiment shows that this ratio does not de-
pend on the energy.

A series of experiments were realized with the pur-
pose of determining not only the absolute value of the
amplitude for the decay K L —* TJ*TI~, but also of its
phase, or more precisely of the phase of this amplitude
relative to the amplitude of the CP permitted decay Kg
— 7r+7T~. It is obvious that this phase can be measured
only if one observes phenomena caused by the interfer-
ence of these two amplitudes. Such phenomena have
been observed, but their interpretation still involves
large errors .

Extremely difficult experiments on the detection of
the decay KL — 2TT° and its rate have been realized. It
is easy to grasp the degree of difficulty of these experi-
ments, if one considers that the products of this decay
(four photons) are neutral, and the detection of this de-
cay must be done on the background of the CP permit-
ted mode KL —• 3TT°, which is by two orders of magni-
tude more probable. It is therefore not astonishing that
the experimental values of the rate of this decay have
been subject to perpetual change in the past year.

Finally, the phenomenon of charge asymmetry was
observed in leptonic decays of the KL meson. The ex-
istence of this asymmetry clearly demonstrates the fact
that in nature positive and negative charges do not have
the same rights, a fact which is an unavoidable conse-
quence of CP violation. It turned out that in vacuum the
neutral KL meson yields more decays into n'e^v than
into n+e~v. The same was also observed for decays
into n'^v and ii* \fv. In the same manner as other
effects which are odd under CP (henceforth—CP-odd)
this charge asymmetry is extremely small (~10~3),
and the latest experiment required the registration of
17 million decays in order to measure the effect.

The main purpose of numerous experiments is to
find a mechanism for the violation of CP invariance,
i.e., to determine the properties of the interaction
which is responsible for this violation.

If one uses nuclear units, with K = c = m = 1, where
m is the pion mass, then the strong interaction coupling
constant will be of order unity, the electromagnetic
coupling constant is ~ 10"1, the weak coupling constant
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is ~ 10~5 and the gravitational constant is ~ 1O"40.
What is the order of magnitude of the new, CP-violating,
interaction ? So far we still have no answer to this
question. The possible values of this constant are
spread from a magnitude of the order of 10"2 to 10~16.

The problem whether the violation of CP-invariance
is a manifestation of a "new" interaction or the mani-
festation of as yet unknown properties of one of the
"o ld" interactions is in a certain sense a semantic
one. Thus it might happen that the coupling constant and
the particles participating in that coupling are the same
for the "new" CP-violating interaction as for one of
the "o ld" interactions. In particular, the hypothesis
that CP-invariance is violated in the electromagnetic
interaction has been discussed in detail in the litera-
ture. Specially designed experiments have not con-
firmed this hypothesis.

It is obvious that the smaller the coupling constant,
the less accessible will the corresponding interaction
be to experimental investigation. The least favorable
from the point of view of possible experimental conse-
quences is the so-called superweak interaction, with a
coupling constant of the order 10"15-10"16. This inter-
action is capable of yielding observable effects only in
K°-meson decays and nowhere else.

It is natural to ask the question: if the coupling con-
stant is so small, how come the interaction is still ob-
servable, and manifests itself in the decays of K°-
mesons ? It would seem that such an interaction would
yield rates by twenty orders of magnitude smaller than
those produced by the weak interaction. The answer to
this question resides in the fact that in the case of neu-
tral K mesons we deal with two closely spaced states
with opposite CP: K? = (K° +K° )/21 / 2 , K? = (K° - K°)/
2 1 / 2 . The mass difference of these two states is of the
order 10~5 eV. As a result of this even the superweak
interaction is capable of mixing these states somewhat
and to lead to observable effects of violation of CP-
parity. This phenomenon is completely unique: we do
not know of another example of such a degeneracy.

One can show that one of the consequences of the su-
perweak interaction is the branching ratio:

w (*•», W(K%-

W (K\ • 2 n » )

T h e r i g h t - h a n d s i d e o f t h i s i s m o r e o r l e s s w e l l k n o w n

f r o m e x p e r i m e n t s a n d i s c l o s e t o 2 . T h e l e f t - h a n d s i d e

i s k n o w n o n l y w i t h l a r g e u n c e r t a i n t y . T h u s n e w a n d

m o r e p r e c i s e d a t a o n K ° - d e c a y s a r e e x t r e m e l y i m -

p o r t a n t .

I f C P - i n v a r i a n c e i s v i o l a t e d , i t i s o b v i o u s t h a t t i m e -

r e v e r s a l i n v a r i a n c e s h o u l d a l s o b e v i o l a t e d . H o w e v e r ,

t h e r e i s n o d i r e c t e x p e r i m e n t a l c o n f i r m a t i o n o f v i o l a t i o n

o f T - i n v a r i a n c e .

A s w e k n o w , t h e e l e c t r i c d i p o l e m o m e n t s o f p a r t i c l e s

v a n i s h a s a c o n s e q u e n c e o f T - i n v a r i a n c e . T h i s a s s e r -

t i o n i s e a s y t o u n d e r s t a n d i f o n e t a k e s i n t o a c c o u n t t h e

f a c t t h a t t h e o n l y d i s t i n g u i s h e d d i r e c t i o n i n s p a c e f o r a

p a r t i c l e a t r e s t i s t h e d i r e c t i o n o f i t s i n t r i n s i c a n g u l a r

m o m e n t u m , s p i n . T h e r e f o r e t h e d i p o l e m o m e n t o f a

p a r t i c l e ( i f t h e p a r t i c l e h a s o n e ) m u s t b e d i r e c t e d a l o n g

i t s s p i n . B u t t h e d i p o l e m o m e n t d i s a p o l a r v e c t o r

( d ~ e r ) w h i c h d o e s n o t c h a n g e s i g n u n d e r t i m e - r e v e r -

s a l , w h e r e a s t h e a n g u l a r m o m e n t u m J i s a n a x i a l v e c -

t o r ( J ~ r x p ) w h i c h c h a n g e s s i g n u n d e r t h e s u b s t i t u -

t i o n t — - t . T h e r e f o r e t h e v e c t o r d c a n b e d i r e c t e d

a l o n g J o n l y i f b o t h s p a c e i n v e r s i o n ( P ) a n d t i m e r e -

v e r s a l ( T ) a r e v i o l a t e d .

L a r g e e f f o r t s h a v e b e e n d e v o t e d r e c e n t l y t o w a r d s a

d e t e c t i o n o f a n e l e c t r i c d i p o l e m o m e n t o f t h e n e u t r o n .

S u c h a q u a n t i t y w a s n o t o b s e r v e d , b u t t h e a c c u r a c y a t -

t a i n e d a l l o w s u s t o a s s e r t t h a t t h e e l e c t r i c d i p o l e m o -

m e n t o f t h e n e u t r o n i s a t l e a s t b y e i g h t o r d e r s s m a l l e r

t h a n t h e m a g n e t i c m o m e n t .

N o t e t h a t a v i o l a t i o n o f T - i n v a r i a n c e m u s t l e a d t o a

v i o l a t i o n o f t h e p r i n c i p a l o f d e t a i l e d b a l a n c e : t h e m a -

t r i x e l e m e n t s o f a d i r e c t a n d i n v e r s e r e a c t i o n n e e d n o t

i n g e n e r a l b e e q u a l t o e a c h o t h e r . I n p r i n c i p l e t h i s

s h o u l d m a n i f e s t i t s e l f o n t h e k i n e t i c s o f m a c r o s c o p i c

p r o c e s s e s , b u t i t s h o u l d n o t o f c o u r s e m o d i f y t h e f o r m

o f s t a t i c d i s t r i b u t i o n s .

A p p r o x i m a t e l y f o r t y y e a r s a g o t h e i d e a o f c h a r g e

s y m m e t r y o f p h y s i c a l e q u a t i o n s s e e m e d s t r a n g e e v e n t o

t h e f o u n d e r s o f r e l a t i v i s t i c q u a n t u m m e c h a n i c s ( c f . ,

e . g . , t h e 1 9 3 2 v e r s i o n o f P a u l i ' s " H a n d b u c h " a r t i c l e ) .

H o w e v e r t h e e n t i r e s t r u c t u r e o f t h e f u n d a m e n t a l e q u a -

t i o n s o f p h y s i c s r e q u i r e d s u c h a s y m m e t r y , a n d t h e s u b -

s e q u e n t d i s c o v e r y o f a n t i p a r t i c l e s w a s a b r i l l i a n t c o n -

f i r m a t i o n o f t h i s f a c t . D o e s t h e b r e a k d o w n o f P , C , a n d

C P s i g n i f y t h a t t h e c o n c e p t o f s u c h a s y m m e t r y w a s

c o m p l e t e l y f a l s e ? N o , i t d o e s n o t , a s l o n g a s C P T - i n -

v a r i a n c e r e m a i n s i n v i o l a t e .

C o n s i d e r a p r o c e s s , e . g . , t h e d e c a y ir~ti+v a n d

l e t u s t a k e i t s m i r r o r i m a g e . O w i n g t o v i o l a t i o n o f P -

i n v a r i a n c e w e s e e i n t h e m i r r o r a p r o c e s s w h i c h d o e s

n o t e x i s t i n N a t u r e . L e t u s e x c h a n g e i n t h e i n i t i a l p r o c -

e s s a l l p a r t i c l e s b y t h e i r a n t i p a r t i c l e s ; o w i n g t o C -

v i o l a t i o n t h i s p r o c e s s d o e s a l s o n o t e x i s t i n N a t u r e .

F i n a l l y , l e t u s r e v e r s e t h e s i g n s o f a l l m o m e n t a a n d

s p i n s i n t h e i n i t i a l p r o c e s s ; i f T - i n v a r i a n c e i s v i o l a t e d

w e s h o u l d a g a i n o b t a i n a p h y s i c a l l y u n r e a l i z a b l e p r o c -

e s s . U n p h y s i c a l p r o c e s s e s w i l l a l s o b e o b t a i n e d b y t a k -

i n g t h e p a i r p r o d u c t s C P , P T a n d T C . I f h o w e v e r o n e

e f f e c t s t h e t r a n s f o r m a t i o n s P , C , a n d T t o g e t h e r a n y

p h y s i c a l p r o c e s s i s a g a i n t a k e n i n t o a p r o c e s s w h i c h

c a n b e r e a l i z e d i n N a t u r e . T h i s i s w h a t i s m e a n t b y

C P T - i n v a r i a n c e .

S t r i c t l y s p e a k i n g , C P T - i n v a r i a n c e h a s n o t y e t b e e n

t e s t e d d i r e c t l y . H o w e v e r f e w , i f a n y , a m o n g t h e t h e o -

r e t i c a l p h y s i c i s t s d o u b t t h e s u r v i v a l o f C P T - i n v a r i a n c e .

T h e r e a s o n f o r t h i s i s t h a t i t i s e a s y t o c o n c e i v e m o d e l s

o f v i o l a t i o n o f C P - a n d T - i n v a r i a n c e . F o r t h i s i t s u f -

f i c e s t o r e p l a c e s o m e r e a l c o n s t a n t i n t h e i n t e r a c t i o n

L a g r a n g i a n b y a c o m p l e x o n e . T h e w h o l e f o r m a l i s m o f

t h e t h e o r y r e m a i n s u n c h a n g e d . B u t n o o n e h a s s u c -

c e e d e d i n w r i t i n g a r e a s o n a b l e C P T - n o n i n v a r i a n t L a -

g r a n g i a n . S h o u l d i t t u r n o u t t h a t C P T - i n v a r i a n c e i s v i o -

l a t e d t h i s w o u l d s h a k e t h e v e r y f o u n d a t i o n s o n w h i c h

p r e s e n t - d a y p h y s i c s i s b u i l t .

I t s h o u l d b e c l e a r f r o m t h e a b o v e t h a t t h e o r e t i c a l

p h y s i c i s t s h a v e a c c e p t e d C P - v i o l a t i o n a n d d o n o t c o n -

s i d e r C P - v i o l a t i o n a n d d o n o t c o n s i d e r C P - v i o l a t i n g

L a g r a n g i a n s a s h a v i n g v i c e s . T h e n w h y d i d t h e m a j o r -

i t y o f p h y s i c i s t s c o n s i d e r C P - i n v a r i a n c e i m m o v a b l e u n -

t i l 1 9 6 4 ? W h a t m a d e i t d i f f i c u l t t o a b a n d o n t h i s p r i n c i -

p l e e a r l i e r ? S o m e t i m e s t h i s d i f f i c u l t y i s f o r m u l a t e d a s

a p r o b l e m o f c h o i c e . R o u g h l y s p e a k i n g , t h e r e i s t h e

f o l l o w i n g q u e s t i o n : h o w d o e s N a t u r e c h o o s e a m o n g t h e
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phases + icp and — \<p in the complex constant of an in-
teraction Lagrangian ? And since no one knew an answer
to this query, one drew the conclusion that the interac-
tion constant must be real, i.e., cp = 0, and that conse-
quently, CP-invariance could not be violated.

Essentially the same objection was raised at its
time against violation of P-invariance: how can Nature
choose among the two possible signs in a pseudoscalar
term in the interaction Lagrangian ? The answer to this
latter problem, proposed at the end of 1956 was that
Nature does not have to make that choice. According to
the hypothesis advanced by L. D. Landau "combined
parity" (i.e., CP-parity) of a particle is conserved, and
hence if a particle exhibits a left-hand screw (helicity)
its antiparticle will be right-handed. Thus the right-
left symmetry and particle-antiparticle symmetry are
saved, although for particles alone (without antiparti-
cles) there is no longer any mirror symmetry.

Let us imagine for a moment that in 1956 in place of
the effects of P - and C-violation which were actually
discovered, one had discovered some effects of T- and
C-violation, e.g., the charge asymmetry in K^3 decays
of the long-lived neutral kaon, which we mentioned
above. The existence of such an effect means that
somewhere in the total Lagrangian there is a term with
a complex constant. However in this case the problem
of choosing the phase of this constant would not have
arisen, since this choice is purely a matter of conven-
tion, and depends on what one chooses to call particle
and what antiparticle. Changing the direction of the a r -
row of time (or interchanging the initial and final
states of some reaction) and replacing all particles by
their antiparticles, one is led to a process which has an
amplitude exactly equal to the amplitude of the initial
process.

Thus one might say that in a CT-invariant, but C-
and T-noninvariant microcosm, both directions of time
would be equivalent, in the same sense in which a CP-
invariant, but P - and C-noninvariant world the right-
handed and left-handed triples of cartesian coordinate
unit vectors are equivalent. In both examples we could
conserve the geometric symmetries by enlarging their
content and interpretation, utilizing for this purpose an
additional symmetry which is known to exist in Nature..

But one is not allowed to use C twice, in order to
"mend" both P and T. As a result of this, if CP in-
variance is violated, the particle-antiparticle degen-
eracy does not suffice to save both T- and P-symme-
try. Using a particle-antiparticle transformation we
are able to conserve only PT-symmetry. Thus in place
of two geometrical symmetries we are left with only
one, namely CPT. We were forced to combine two geo-
metric operations into one, renouncing the separate va-
lidity of each of them. This was the circumstance
which made it hard for theoretical physicists to find
their peace with the loss,of CP-invariance.

The inequivalence of the direct and inverse flows of
time (the "arrow of time"), the inequivalence of right
and left, particles and antiparticles, all discovered in
the past few years in the microcosm are long and well
known in the macrocosm: we consist of nucleons and
electrons, our heart is on the left, and we do all grow
older. What is the relation between the violation of C,
P, T in micro- and macrocosm? Does the CPT-invar-

iance of the microcosm correspond to CPT-invar iance
of the macrocosm ? These questions come to the mind
of everyone who is dealing with the problem of discrete
symmetries. Both these questions lead the one who
asks them deeply into cosmology. Because it is well
known that both the charge- and time-asymmetries of
the Universe which surrounds us are consequences of
particular "initial conditions" which have existed in
the Universe approximately 1010 years ago.

The remaining chapters of this review are designed
for readers-physicists who are familiar with the prob-
lem of CP-violation and would like to have a report on
the latest events in this area. We shall discuss the fun-
damental facts and the fundamental theoretical models.

The experimental data in our possession can be di-
vided into two groups: the first contains numbers char-
acterizing the observed CP-noninvariant effects, and
the second consists of upper bounds on unobserved ef-
fects. We shall enumerate the fundamental facts in the
form in which they were known at the time of the Hei-
delberg conference (September, 1967) and then we point
out the new data which have appeared in the most r e -
cent months.

I. OBSERVED CP-NONINVARIANT EFFECTS

Up to the present time the violation of CP-invariance
has been observed in four processes; all of them in-
volve decays of the long-lived neutral kaon Kjj

1.1. The decay mode K^ —• ir+v~ is characterized by
the complex number rj-t - , the ratio of the amplitude of
this decay to the amplitude of the short-lived kaon Kg

+ "

The absolute value of this number is: |TJ + _ | = (1.95
± 0.07) x 10"3, its phase is *+_ = 65 ± 20°. One may ex-
pect a further increase in accuracy after the present
experiments on precision measurement of 6m (the

mass difference) will be finished.*Kg -
1.2. The mode

number:
2n° is characterized by the

O \T\K\)
(nfnO \ T | K"s)

The results of papers published in 1967 give a 7700 of
the order of 4 x 10"3 and have rejected the possibility
that rjoo = V +_. However, during the last months there
have appeared unpublished communications about new
experiments indicating that ?700 is substantially smaller
than 4 x 10"3, and is possibly close to 2 x 10"3. The
measurement of ?)oo is the object of a series of new ex-
periments are being carried out currently. So far the
phase 4?oo has not been measured.

1.3. The probability of the decay K^ — ir~e+i> turned
out to be larger than the rate for the decay K^—• ir+e"F:
The magnitude of this charge asymmetry is measured
by

•According to UCRL-8030, Aug. 1968: |r;+ I = (1.89 ± 0.04) X 10-3,
>± = (49 ± 8)°
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1.4. The rate of the decay K^ — n~i±
t h a n the r a t e of t h e d e c a y K ^ —• TI* ii~ V:

is larger

For a detailed discussion of the experimental aspects
of K^-mesons cf. the report of C. Rubbia.

I I . U N O B S E R V E D E F F E C T S

T n e d i s c o v e r y of t he d e c a y K L — TT*TT~ h a s a c t i v a t e d
the s e a r c h for C P - , T - a n d C P T - v i o l a t i n g e f fec t s in
the d e c a y s of o t h e r p a r t i c l e s and o t h e r r e a c t i o n s . None
of t h e s e e f f ec t s h a s b e e n found, and the fo l lowing l i m i t s
have b e e n e s t a b l i s h e d (in p a r e n t h e s e s we i n d i c a t e wh ich
of the i n v a r i a n c e s w a s s u b j e c t e d t o t e s t : C, T , C P ,
C P T ; we i n d i c a t e t h e m o s t s e n s i t i v e e x p e r i m e n t s by u s -
ing bo ld face l e t t e r s .

a) In kaon d e c a y s :

2 . 1 . ( C P ) . T h e r a t e s of t he m o d e s K* — IT*ir* IT ~ and
K" -~ ;r~7T~7T+ a r e e q u a l to e a c h o t h e r wi th in 0.2%.

2 .2 . ( C P ) . T h e s p e c t r a of t he TT~ in the d e c a y K+

— 277+7r~ and of t h e TT+ in t h e m o d e K" — TT'TT'TT* a r e
e q u a l , w i t h an a c c u r a c y of a p p r o x i m a t e l y 20%.

2 . 3 . ( C P ) . T h e s p e c t r a of ti* and TT" in t he m o d e K
K? — 7i-+7T~7r0 c o i n c i d e w i t h an a c c u r a c y of t h e o r d e r of
50% ( m o r e p r e c i s e l y , t he s p e c t r a exh ib i t a d i f f e r e n c e ,
but it s e e m s to b e due to s o m e s y s t e m a t i c e r r o r s ) .

2 .4 . (CP) T h e d e c a y m o d e Kg — TT+TI~TI0 w a s not o b -
s e r v e d . H o w e v e r the a c c u r a c y of t h e s e e x p e r i m e n t s i s
v e r y low: one can only a s s e r t t h a t t h e r a t e for t h i s d e -
c a y i s not l a r g e r t h a n the r a t e for t h e m o d e K ^

— TT+TT~TT°. As w e know, the d e c a y Kg — TT*TT~TT° can p r o -

c e e d bo th w i t h a n d wi thou t C P - c o n s e r v a t i o n .
2 .5 . ( C P ) . No C P - v i o l a t i o n r e l a t e d to a v io l a t i on of

the A Q = AS r u l e h a s been o b s e r v e d in the d e c a y s K?3
a n d K?3. F o r t h e p a r a m e t e r I m x w h i c h c h a r a c t e r i z e s
the C P and A Q = AS v i o l a t i o n s one ob t a ined I m x

i 0 . 2 5 .
2 .6 . ( C P ) . T h e d e c a y s K ^ — r r V e " a n d Kg — î + /x"

(B < 7 x 1 0 " 5 ) * have not been o b s e r v e d .
2 . 7 . (T) . T h e r e i s no muon p o l a r i z a t i o n p e r p e n d i c u -

l a r to t he d e c a y p l ane of K° 3 , w i t h an a c c u r a c y of
1.5%.

2 . 8 . (CPT) . T h e l i f e t i m e s of t h e K+ a n d K~ m e s o n s
c o i n c i d e wi th in 0 . 1 % .

b) In s low d e c a y s of o t h e r p a r t i c l e s
3 . 1 . (T) . In t h e b e t a d e c a y of t h e f r e e n e u t r o n n o T -

odd c o r r e l a t i o n s i n ip£ n (p e x p ^ ) . T h e e x p e r i m e n t of
E r o z o l i m s k i i r e p o r t e d by h i m a t t h i s s e m i n a r i m p l i e s
t h a t t he r e l a t i v e p h a s e <p of t h e a x i a l v e c t o r and v e c t o r
c o n s t a n t s in n e u t r o n b e t a d e c a y i s s m a l l e r than 1.5°
(the p r e v i o u s l i m i t on <p w a s 6 ° ) .

3 .2 . (T) . In /3+ d e c a y of Ne 1 9 t he l i m i t on t he s a m e
p h a s e i s 2 ° .

3 . 3 . (T) . T h e s h a p e of t h e s p e c t r u m a n d t h e e l e c t r o n
p o l a r i z a t i o n in the b e t a d e c a y of R a E i m p l i e s tha t t h e
f u n d a m e n t a l m a t r i x e l e m e n t s c a n c e l one a n o t h e r to a
h igh d e g r e e of a c c u r a c y . T h i s i s only p o s s i b l e if cp < 5°.

3 .4 . (T) . T h e r e l a t i v e p h a s e of t h e s - and p - w a v e s

in t he d e c a y A — pw i s 7 ± 7° w h e r e a s pw - s c a t t e r i n g
y i e l d s 5 - 8 ° .

3 . 5 . (CPT). T h e l i f e t i m e s of p o s i t i v e a n d n e g a t i v e
p i o n s co inc ide to a n a c c u r a c y of 0.7%, t h o s e of t h e p o s -
i t ive and n e g a t i v e m u o n s co inc ide wi th in 0 . 1 % .

c) In s t r o n g a n d e l e c t r o m a g n e t i c p r o c e s s e s .
4 . 1 . ( C P ) . T h e C P - o d d d e c a y 770— 7r°e+e~ h a s not

been o b s e r v e d (B < 0.1%).
4 . 2 . ( C P ) . N o c h a r g e a s y m m e t r y A * h a s b e e n o b -

s e r v e d in t h e d e c a y 77 ° -— ii*ir~iT0 (A < 1%).
4 . 3 . ( C P ) . No c h a r g e a s y m m e t r y A w a s o b s e r v e d in

the d e c a y 77° — Tr*ir~y (A < 4%). T h e r e p o r t s of Bag l in
and F i n o c c h i a r o a t t h i s s e m i n a r a n a l y z e t h e s e e x p e r i -
m e n t s in d e t a i l a n d d i s c u s s new, m o r e a c c u r a t e e x p e r -
i m e n t s w h i c h a r e now in t h e c o u r s e of c o m p l e t i o n .

4 .4 . ( C P ) . T h e p o s i t i v e and n e g a t i v e pion s p e c t r a in
p r o t o n - a n t i p r o t o n a n n i h i l a t i o n s c o i n c i d e wi th in a few
p e r c e n t . T h e s a m e i s t r u e for t he K+ and K~ s p e c t r a .

4 .5 . (CP) . T h e r e i s no c h a r g e a s y m m e t r y A in t h e
d e c a y X° — ir+Tr'y (A < 15%).

4 .6 . (T) . No e l e c t r i c d ipo le m o m e n t h a s b e e n o b -
s e r v e d fo r t h e n e u t r o n . T h e l a t e s t r e s u l t s of M i l l e r ,
r e p o r t e d h e r e , g ive d n < e x 3 x 10~ 2 2 c m .

4 .7 . (T) . T h e u p p e r l i m i t for the d ipo le m o m e n t of
t h e c e s i u m a t o m i s e x (2.0 ± 0.6) x 10" 2 1 c m . F r o m
t h i s t h e a u t h o r s deduce an u p p e r l i m i t on the e l e c t r o n
d ipo le m o m e n t of d e = e X (1.7 ± 0.5) x 10" 2 3 c m . (This
p r o b l e m i s d i s c u s s e d in d e t a i l in t h e t a l k of F . L . S h a -
p i r o . )

4 . 8 . (T) . T h e a m p l i t u d e s of d i r e c t and i n v e r s e n u -
c l e a r r e a c t i o n s a r e e q u a l w i th in a few t e n t h s of a p e r -
cen t (Mg2 4 + d = Mg2%+ p , Mg2 4 + a ~ Al 2 7 + p ) .

4 . 9 . ( C P ) . T h e d e c a y 770— 3y h a s not b e e n o b s e r v e d
(B < 5 x 10" 6 ) .

4 .10 . (CP) . T h e d e c a y of p a r a p o s i t r o n i u m in to t h r e e
p h o t o n s h a s not b e e n o b s e r v e d (B < 2 .8 x 10" 6 ) .

4 . 1 1 . (T) . No T - o d d c o r r e l a t i o n h a s b e e n o b s e r v e d
in t he d e c a y 2 ° — A ° e + e " (with an a c c u r a c y of t h e o r -
d e r 10%).

4 .12 . (T). No T - v i o l a t i o n h a s b e e n o b s e r v e d in h igh
e n e r g y pp s c a t t e r i n g . T h e a c c u r a c y of t h e s e e x p e r i -
m e n t s i s d i s c u s s e d in d e t a i l in t h e r e p o r t by S. M. B i -
l e n ' k i i , L . I . L a p i d u s , a n d R. M. Rynd in .

4 . 1 3 . (T) . No T - o d d f3yy-correlations h a v e b e e n o b -
s e r v e d in n u c l e a r d e c a y s (77 < 4 x l O " 2 , w h e r e 77 is t he
r e l a t i v e p h a s e of t h e m a t r i x e l e m e n t s of t h e m i x e d
t r a n s i t i o n ) .

4 .14 . (T) . No T - o d d yy c o r r e l a t i o n s h a v e been o b -
s e r v e d a f t e r n u c l e a r c a p t u r e of a p o l a r i z e d n e u t r o n
(77 < 2 x l O " 2 ) .

4.15 . (T) . N o T - o d d yy c o r r e l a t i o n s have been o b -
s e r v e d by m e a n s of t he M o s s b a u e r effect (77 < 4 X 10" 3 ,
cf. t h e r e p o r t of N . A. B u r g o v ) .

4.16 . (CPT) . P a r t i c l e and a n t i p a r t i c l e m a s s e s a r e
e q u a l t o e a c h o t h e r w i th in an a c c u r a c y of t h e o r d e r 10" 2

for TT*, K* and of t he o r d e r 10" 4 for JLI*.

4.17. (CPT). T h e m a g n e t i c m o m e n t s of p a r t i c l e s and
a n t i p a r t i c l e s a r e e q u a l w i th in 2 x 1 0 " s (for JH* a n d e* ) .
A c c o r d i n g to an u n p u b l i s h e d r e s u l t of P i c a s s o (cf.

*Here and below B denotes the ratio of the width of the given
decay mode to the total width of the particle.

* Here and below A denotes the charge asymmetry:
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Finocchiaro's report) the equality of magnetic moments
for positive and negative muons has now been tested
with an accuracy of 10~6.

These are the facts in our possession. As a rule the
accuracy of the corresponding experiments is still too
small. However some of them (those which have been
emphasized by boldface print) allow one to draw import-
ant physical conclusions.

HI. MODELS FOR VIOLATION OF CP-INVARIANCE

Many hypothetical mechanisms for the violation of
CP have been proposed. We are not able to discuss
them all (cf. the reports of B. A. Arbuzov, M. Veltman
and A. T. Filippov). In first approximation the known
models can be divided into four groups, according to
the magnitude of the constant f which measures the
strength of the CP-violating interaction, and according
to the selection rules involving hyper charge Y and par-
ity P which are involved (cf. table).

In the absence of a whole series of experimental data,
a comparative evaluation of the different models can
only be subjective. Nevertheless, I shall attempt to
evaluate the status of each of the models, utilizing a
five-point grade system.

a) The electromagnetic interaction model is the
most optimistic, and has predicted a series of effects,
none of which has been found, despite the fact that the
accuracy of these experiments (17 -meson decays, neu-
tron dipole moment*) exceeds the accuracy required of
the experimentalists originally, on the basis of optimis-
tic estimates. Of course, if one makes use of additional
hypotheses (isospin selection rules, SU(3) etc.) each of
these estimates can be lowered considerably. In par-
ticular many of the effects appear to be suppressed, if
the CP-noninvariant photon vertices are isoscalar. For
a verification of this possibility it would be useful to
continue a high-accuracy search for charge asymmetry
in the decay X° — 11*71'y and a measurement of the
transverse polarization of recoil deuterons in ed-scat-
tering.

Owing to the unreliable character of the estimates
involving virtual hadrons, and to the fact that the initial
form of the CP-noninvariant electromagnetic interac-
tion is not fixed in the model, a final "closing" of the

Interaction table

Interaction

Electromagnetic
Millistrong
Milliweak
Nanoweak

(superweak)

/

—e

~№-»^W-3G

~10- 1 5 a! 10-9G

\AY\P

0+
0+

1-, 1+, 2", 3+

2+

* The model of electromagentic CP-violation predicts the existence
of a dipole m o m e n t of the n e u t r o n only in the case when there exists a
weak interaction which does not change strangeness and violates the
conservation of space pari ty. The existence of such an interaction pre-
dicted by the V-A theory has been recently confirmed by a series of
experiments (cf. the tables of V. M. Lobashov and the report of I. S.
Shapiro).

e l e c t r o m a g n e t i c m o d e l m a y b e a t a s k of t h e r e l a t i v e l y

r e m o t e f u t u r e . B u t t o d a y o n e i s v e r y t e m p t e d t o g i v e i t

a " f a i l i n g g r a d e . "

b ) T h e m o d e l o f a m i l l i s t r o n g i n t e r a c t i o n . S t r i c t l y

s p e a k i n g , n o n e of t h e ( s u f f i c i e n t l y p r u d e n t ) p r e d i c t i o n s

f o r t h e m i l l i s t r o n g m o d e l h a s s o f a r b e e n p r o v e d f a l s e .

T h e r e a r e h o w e v e r a f e w i n d i r e c t d o u b t s a b o u t t h i s

m o d e l . T h e a b s e n c e of a s y m m e t r y i n t h e d e c a y 77°

—• v+ir~Ti0 indicates that the mil l istrong interaction does
not seem to have a T = 2 component. On the other
hand if 7700 * 77+- then this interaction must have com-
ponents with T & 1 (the T = 0 component alone does not
suffice). Apparently the component with T = 0 should
manifest itself in experiments comparing the cross s e c -
tions of d irect and inverse react ions, whereas T = 3
should show up if one compares the widths of the decays
K%TI and K ^ , if one can ra i se the accuracy of these ex-
per iments by one order of magnitude. It seems to me
that the mill istrong model does not deserve more than
a " p a s s i n g g r a d e . "

c) The model of milliweak interaction. The p r e d i c -
tions of this model a r e even more conservative and
harder to verify. The experiments done so far a r e de-
ficient in accuracy, at least by one order of magnitude,
in o r d e r to tes t this model. (For a comparison of IC
— 27r+7T " and K" — 27T~7r+ cf. the report of V. V. Aniso-
vich; also the beta decay of the neutron.) We note that
a negative resul t , e.g., in the beta decay, would not d e -
stroy the model, since it is not c lear a p r i o r i whether
the leptons do part icipate in the milliweak interaction,
or only the hadrons.

Let us consider what advice other than " p a t e r n a l "
indications that higher accurac ies a r e needed in a l -
ready performed exper iments, theor i s t s could give to
experimental i s ts in order to test the milliweak model.

It is obvious that it is best to search for manifesta-
tions of a CP-noninvariant interaction in p r o c e s s e s
where the CP-invariant amplitudes a r e for some r e a -
sons smal l . F r o m this point of view the decay K+

— 7T+7r° is of interes t , since its amplitude is about 20
t i m e s smal ler than the amplitude of the decay Kg
— 7T+7r". If the CP-odd t rans i t ions of a kaon into a two-
pion state with T = 0 and T = 2 a r e comparable in mag-
nitude, then in the decay K+ — 7T+T7° the latter could
yield a nonconservation of CP of approximately 4%. Un-
fortunately, it i s impossible to detect the presence of a
CP-noninvariant phase in the decay K+ — 7r+7r° (the
probability is proportional to the absolute square of the
amplitude). It could be detected however in the decay

K+ — 77+ir°y. Owing to interference of the b r e m s s t r a h -
lung amplitude and the amplitude for contact emission
of a dipole photon, one might expect significant C P -
noninvariant effects. In par t icular , a difference of the
widths of the decays K+ — 7T+7r°y and K" could attain
one percent. If this effect is discovered, it would be in-
terest ing for the clarification of its nature to invest i-
gate experimentally the CP-violation in the decays
K L g — T!*v~y. The presence of interference phenom-
ena'in these decays could indicate directly that CP is
violated. Should it turn out that in the decay KT_, — ir
— 7r+7T~y CP is substantially less violated than in K+

— 7r+77°y this would mean that in the latter mode CP is
violated in the bremsst rahlung amplitude, r a t h e r than in
the contact amplitude. Should it happen that the effects
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are comparable in both decays, this would mean that
the CP-violation occurs in the contact amplitude and is
closely related to the photon emission.

A revision of the experimental data referring to the
weak interaction indicates that the theory of the univer-
sal V-A interaction is until now verified only with very
low accuracy. Thus, it is not excluded that the relative
phase of the axial vector and vector constants in muon
decay is of the order of 15°. In beta decay there are ex-
perimental results contradicting the theory, e.g., the
data on longitudinal polarization of the electron (cf. the
report and the table of V. G. Erozolimskii, and the r e -
view of I. I. Gurevich and B. A. Nikol'skii).

There are also serious inconsistencies in the K-me-
son decays. Thus the data on spectra and relative rates
for the decays Kg3 and K^3 do not agree with the data
on muon polarization in the K^3 decay within the frame-
work of the universal V-A interaction (cf. the talk by
Aubert).

Taking into account all this one may say that the hy-
pothesis of milliweak interaction does, maybe, deserve
a " B grade."

The electromagnetic and millistrong hypotheses
which were discussed above suffer from a common de-
fect: their predictions are not unconditional, and have
a rough estimate character. Therefore these hypoth-
eses are unable to provide a corresponding negative
experimentum crucis. The same objection can also be
raised against some of the versions of the milliweak
model.

d) The superweak interaction model. A remarkable
property of this model is the fact that it makes rigid
predictions:

1. |??+-| = |T700|.

2. * + - = *oo
3. * + - = arctan [2(mL - m s ) / r g - r L ] * 43°.
4. 6 e = 6 ^ = 2|?7+_| cos <S>+ -.
5. Other predictions, referring to the other decays,

KTT> K2 7ry etc-> w h i c n a r e rather difficult to verify,
since the magnitude of the predicted effects is very
small.

6. No observable CP-noninvariant effects except for
those in K°-meson decays.

The prediction 1 contradicts experiment, but it is not
clear whether the corresponding experimental data are
final.

Prediction 2 has not yet been tested experimentally.
Within the experimental errors , predictions 3 and 4

do not conflict with the experiments.
Prediction 6 agrees brilliantly with a wealth of neg-

ative results, which were obtained in searches for CP-
and T-violations everywhere with the exception of K°-
mesons.

Thus, everything reduced to the experiment measur-
ing the decay K L — 2ir0. If it turns out that 1%,!* |7j+ _|,
we shall grade the superweak interaction model " z e r o "
and forget about it. Should it turn out that 177001 = |T?+-I,
the model will have to be given a higher grade, and the
chances that it is wrong will be small, but nonvanishing.

Why would then experimental confirmations of a
whole series of predictions of the superweak model not
mean that the model is completely vindicated ? There
are at least two reasons for this.

First, an increase of precision of the experimental
data might show some discrepancies with the model.
Second, and more important, there are a series of mod-
els for which the predictions coincide in many points
with those of the superweak interaction model.

For instance, milliweak models with the selection
rules |AY|P = 1+, 2", 3+ could lead to the observed KL
— 277 decays only in combination with the ordinary weak
interaction via the transitions K -— K with AY = 2.
The same is true for models in which the source of CP-
violation are leptonic decays with a milliweak violation
of the AQ = AS rule. One can distinguish each of these
models from the superweak interaction model only by
means of investigating CP violation in the decays K377,
K;3, and by searching for decays with AY a 2 (H—•NTT,
a'^Nv, etc.)

If the CP-violating superweak interaction is indeed
realized in Nature, the chances of observing it in the
decays of other particles are negligible. The probabil-
ities of processes due to this interaction are by 18(!)
orders of magnitude smaller than those of ordinary
weak processes. One should not despair, however. It
is not excluded that the superweak interaction could re -
alize what the ordinary weak interaction cannot. As
B. M. Pontecorvo has remarked in our seminar, the
experiments searching for double beta decay have now
attained a degree of accuracy such that, if the super-
weak interaction violates lepton number conservation
(AL = 2), such experiments could uncover this interac-
tion. It is also conceivable that as the energy of collid-
ing particles increases the superweak interaction be-
comes stronger. If it is related to some specific parti-
cles (e.g., to so-called a-particles) then beyond the pro-
duction threshold of these particles their production
cross section may turn out not to be "superweak"
(such a model has been discussed several years ago).

Finally, the superweak interaction of ordinary par-
ticles with the so-called mirror particles may turn out
to be observable. However the mirror particles already
belong to the domain of fantasy, and I shall touch upon
this question at the end of my review. And now let us
turn to a more prosaic and much more urgent question.

IV. WHAT COULD FURTHER EXPERIMENTS WITH
K° MESONS TEACH US ?

An answer to this question is provided by the phe-
nomenological analysis of K°-meson decays. Thus what
will we learn when reliable measurements of the pa-
rameters 77+-, r)00, 6e , 5 which characterize the CP-
violation in neutral kaon decays, become available ?
Knowing these parameters will give us the possibility
of determining the wave functions of the K^ and Kg
and to verify CPT-invariance with unique accuracy; to
verify the /i-e universality; to determine whether CP
is violated in other channels than the 27r-channel; to de-
termine the isospin amplitudes of the decays; to deter-
mine the charge-exchange amplitude 7r+77~ — 2TT° and,
finally, to judge on the validity of the various models.
Let us consider in detail some of these assertions.

a) Test of CPT-invariance. It is known that the
states I KL) and | Kg) with definite lifetimes and masses
are not orthogonal to one another. The measure of non-
orthogonality, (KjjKg) is related to the decay ampli-
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tudes of the K^ and Kg through conservation of total
probability (unitarity of the S-matrix), which leads to
the simple relation

(KS\KL) = 2 (F\T\KS)* (F\T\ KL).

Here the notations are almost self-explanatory:
( K S I K L ) is the inner product of the two states, F are
the states into which the K L and Kg mesons can de-
cay.

We separate explicitly the channels F = 7r*ir~, 2ir°
and write the unitarity condition neglecting the terms

(Ks | KL) (*)

Here
B%- = r s (ji

+n-)/rs, sg> = r s (n«n»)/rs,
yrs=J±(F'\T\Ks)*(F'\T\KL),

where F ' denotes all channels other than 7T+TT" and 2ir°
The relation (*) can be represented in the complex
plane by the polygon in Fig. 1.

If CPT-invariance is valid, the quantity ( K L I K S >
must be purely real, and can be determined from the
magnitude of the charge asymmetry in the decays of
KL-mesons:

1 — I a: I3
I 1 — JC l«

Here, as before

and x denotes the ratio of the amplitudes with A Q =
-AS and AQ = AS; if x = 0, 6e = (Kg |K L ) . If the de-
gree of CP-violation in the F ' channels does not ex-
ceed that in the 2-n channels (~10~3), the term y can be
neglected, since the widths of the F ' channels are by
two-three orders of magnitude smaller than that of the
2u channel. However, direct experimental tests leave
sufficiently wide margins for y: \y\ & 10"3. Should \y\
turn out to be of the same order as 177+ -1 and 177001, then
with an accuracy of approximately one percent the pa-
rameter y should be purely imaginary (this is the way
we represented it in Fig. 1). At present two sides of
the polygon (| 77001 and y) are sufficiently badly known,
and one angle $00 is completely unknown. When all
these elements are measured the quadrangle will be
doubly overdetermined. If one fails to make it close

this signifies that CPT-invariance is violated.
It should be noted that the accuracy to which CPT-

invariance is tested for the interactions responsible for
the decays is in the case of K ,̂ mesons of the same or-
der as the accuracy reached at present for the other
particles (K*, ir*, /i*). However the accuracy to which
one tests CPT-invariance of interactions with Y = 0, in
particular of the strong and electromagnetic interac-
tions which give the main contribution to the particle
masses in the K^-experiments is by ten orders of mag-
nitude better than in experiments involving other par-
ticles.

Should it happen that the phenomenological analysis
of the KL decays indicates a CPT-violation, it will be
interesting to check whether the analysis does not agree
with an assumed T-invariance. Until now we have not
one experimental fact indicating that T-invariance is
violated. It is essentially a profound belief in the valid-
ity if the CPT theorem that forces us to the conclusion
that the fact that the decay KL —* ir*ii~ is observed
means the fall of both CP and T.

In the case of T-invariance the quantity (Kg|KL)
would be purely imaginary, and the quantity y, if it is
large, would be practically real. A diagram correspond-
ing to the case when Re (Kg|KL> = 0 is illustrated in
Fig. 2.

We note that should it turn out that *+ - <* 40-60°
and 177001 =4177+- I one would not be able to close the pol-
ygon in Fig. 2, owing to the smallness of y, and one
could consider T-violation as proved. A more detailed
analysis of the question of testing CPT and T in KL de-
cays can be found in the report by L. I. Lapidus.

The professional cold-bloodedness with which the
possible modes of violation of CPT-invariance was dis-
cussed above, certainly does not imply that those who
discuss this question do not grasp the fundamental im-
portance of this invariance for contemporary elemen-
tary particle theory. On the contrary, just because of
the fact that this invariance is related to the most pro-
found concepts of the theory (the existence of particles
and antiparticles, connection of spin and statistics; cf.
the report of V. Ya. Fainberg), the experimental test-
ing of this invariance is of fundamental interest.

b) The determination of isospin amplitudes is also
one of the most important purposes of a phenomenologi-
cal analysis of K^ decays. The advantage of isospin
amplitudes is the fact that their phases can be theoreti-
cally predicted.

If one accepts as the zero-order approximation the
fact that the AT = % rule is well satisfied in the Kg
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— 2TT decays (these experiments are not yet accurate),
then using known Clebsch-Gordan coefficients it is not
difficult to show that

'l+---E0-re2. loo = <=<> — 2e2,
where

A-« \ T I KL) 1 (if2 1 T | KQ
'2 <'l'o I T I As)

and \ipo\ and \ipz\ denote 277 states with T = 0 and T = 2,
T = 2, respectively.

Figure 3 illustrates the vectors £0 and %zz. The
value of £2 also yields interesting information on the
pion-pion phaseshifts: e2 must equal 62 — 50 + (TT/2)
where 62 and 60 are the pion-pion phaseshifts in states
with T = 2 and T = 0, respectively, at total c m . energy
equal to the kaon mass. The data on 62 — 60 which can
be derived from other processes are discussed in detail
by G. A. Leksin. It seems that they yield sufficiently
reliable information on the absolute value (|62 — 50 |
as 50°), but data on the sign of 62 — 60 obtained by means
of different methods contradict each other.

We note that in the superweak interaction model
e2 = 0, and the pion-pion phaseshift cannot be deter-
mined from KL decays.

In conclusion of this section it should be noted that a
sufficiently exact measurement of the parameters of K°
K^ decays could "c lose" the superweak model and
similar related milliweak models. However, as was
stressed in particular by Wolfenstein in his report,
this does not refer to the majority of other models,
which give no clear-cut predictions for the parameters
77+_, ?7oo and 6 and for which it would be necessary to
measure effects outside the domain of K^-mesons.

V. MIRROR SYMMETRY AND MIRROR PARTICLES

The already investigated CP-noninvariant effects
alone make it possible for an isolated observer to de-
termine uniquely what should be called a particle and
what an antiparticle, what is left and what is right. In-
deed, a beam of K ,̂ now defines uniquely what we ought
to call a positron: the positron is that particle into
which a KL decays more often in its Ke3 mode. In
terms of this it is easy to determine what is contained
in the atoms surrounding the observer: electrons or
positrons. And since the positrons resulting from Kg3
decays are polarized in a right-hand manner, there ap-
pears an absolute definition of right-handedness and
left-handedness.

The concepts of right-handedness and left-handedness
would be restored to their relative character, if it
should turn out that in addition to ordinary particles
there also exist mirror particles, such that for any nat-
ural process there is also possible its "mirror- image"
process. It follows from the available experimental
data that the interaction of mirror-particles with " o u r "
particles can be neither strong, electromagnetic nor
even weak. However the existing experimental data do
not exclude the existence of a milliweak and superweak
interaction which could lead to interesting observable
effects. These effects would manifest themselves best
in the case of neutral K mesons. According to the hy-
pothesis under discussion, there exist four neutral K
mesons: two long-lived and two short-lived ones, such

that the masses and lifetimes of all four are different.
The total Lagrangian must be invariant under a CPA-
transformation, where A replaces particles by their
mirror-images and vice versa. Thus one of the long-
lived K mesons must be even under CPA (K^) and the
other—odd (KL the same being true for the short-
lived ones (Kg and K°). In the strong interactions oc-
curring in " o u r " accelerators only " o u r " K mesons
are produced. However in vacuo, owing to oscillations
analogous to the ones well known for ordinary K° me-
sons there will occur a slow transition of " o u r " K me-
sons into mirror K mesons. Intercepting a beam of
such mesons by a thick wall which would absorb all our
particles one could end up behind the wall with a pure
beam of mirror particles. Owing to the same oscilla-
tions, the latter should slowly transform into " o u r " K
mesons which decay into " o u r " pions, muons, elec-
trons, etc., and can thus be detected. These were the
conditions realized in the neutrino experiment, where
the detectors were shielded from the primary beam by
a steel wall of 25 m thickness. Analyzing this experi-
ment one can conclude that the transition time of " o u r "
mesons into mirror K° mesons is at least by two or-
ders of magnitude larger than the lifetime of the KL

meson. It would be interesting to consider special ex-
periments in which the detector behind the shield would
be situated away at a distance of the order of the decay
length of the K L meson, since the number of three-
particle K L decays should increase proportionally to
the square of the distance up to distances I = 27TLC.

Insofar as a direct clarification of the one- or two-
exponential decay character of the KL meson is con-
cerned, these experiments are less sensitive in the
framework of the model of mirror particles than the
"experiments behind the wall" described above. How-
ever, experiments verifying the exponentiality of de-
cays may present interest even outside the model of
mirror particles. The assertion that the observation of
the effects 1.1-1.4 in K ,̂ decays proves a violation of
CP-invariance is based on the assumption that in a K^-
beam there do not exist two coherent components, but
only one, decaying both into two and three pions. It is
without doubt that this assumption is more than likely
to be true, since up to now no satisfactory CP-invariant
model with two coherent long-lived K-beams has been
proposed. (We recall that the so-called "shadow Uni-
verse" model was in contradiction with the data of the
neutrino experiment.

However, the experimental data strengthening the
assertion that the K ,̂ meson is indeed one, are still
sufficiently scant. Thus the exponentiality of K^-decays
is still verified with low accuracy, and the constancy of
the relative widths of the decay mode KL —- 2TT has been
tested only in the interval 0.15 < t/TL < 0.80 with an ac-
curacy of the order of 10%. (Cf. the table of N. N. Niko-
laev.) It would be desirable to increase the accuracy of
these measurements and to extend them to larger val-
ues of t.


