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The Princeton group has recently obtained an Wdioation of a possible existence of the 

K~ • • + •- decay ill which is forbidden by CP -invariance. This attracted a great deal 

of attention. 

The fundamental importance of this experimental fact requires a careful verification 
0 • 

and an analysis of all the processes which could simulate the K,• • decay. 

In this connection it should be noted that in the experimentlll neither decaying 

particle nor its decay products were identified. It is therefore not ruled out (although 

it seems rather unlikely) that here we are faced with the decay of another unknown par~le. 

As was shown inl 2 1, under certain conditions suoh a process could be the electromagnetic 

decay 0 • -x .. e e where 
0 

X is the hypothetical long-lived particle, the properties of 

which (M-412 MeV, s-o, { c. o•-) are in agreement with the phenomenologice,l classification 

of Sternheimer I J I • 

0 • -
Thus, in order to prove the existence of the K, • • • decay it seems necessary to 

identify the secondary pions what is a very complicated experimental problem. However, 

even if this problem is solved, there remains a possibility which will require additional 

experiments. We mean the K0
,• .• .-y deca,.llwhich could also simulate the K; •• •. - dec"11 

at small energies of quanta. Ey ·S 1 MeV). · The authors of paperlll rule out this pos~ 

sibility because no processes which could give the corresponding form of the 

are at present known. 

spectrum 

We think that the question about the 
0 + -

K2 -+, , y decay as a simulating process deserves 

a more serious consideration in view of a possible resonance interaction between two pion~. 

As far as in the final state any other strongly interacting particles are absent ihis •-• 

interaction can manifest itself in the CO!)Sidered deca;r process more ·distinctly than in 

the processes of strong interaction. At the same time (if we take into account the estima~ 

of the relative probability of the K; • . • .- y decay! 51) it suffices to assume a 10\f. 

contribution of the resonantl;r interacting pions to explain the effect observed inlll. 

It is evident that to identify the pions in the K: • • + •- y decay and to detect sim11-

taneousl;r the low-energ;r quantum as well as to measure its energy is extremely diff1~ 

cult. This becomes practicall;r impossible when the quantum energies are very low. 

It is clear that any experiment in this direction is not a solution of the · problem about 

the existence of the K,'. • • •- decay. There ilj however an experimental possibility which 

1/ In particular, the deca;r K 0 
• .+ + • + is possible where is an unknown particle 

with m, - m. wh1CII ·aecays Y 1 .. the mode • • • + y • It also may b1! tllJl"t ilistelld o! a; y 

quantum any other unknown particle with a very small mass1 4 1 is emitted. 

J 



allows a fina l solution of this pr ob l em not in some approximation, but as a whole. 

The point i s that if t~e decay of the long-lived component of the neutral K -meson 

into two pions does occur, then differ ent interfer ence phenomena are possible under certain 

conditi ons . If the effect observed inlll iS a result of a simulati on , these i nterference 

phenomena must, in principle, be absent. (see papersi 6-BI). 

In particular, Sachsl?l noticed r ecent ly that the existence of the K: • .• .- decay 

( regardl ess of its cause) leads to a slight deviation from the exponential form of the 
0 

decay curve K 
1 

because of the additional inter ference term. So, at >.. t • 4 this 

deviation is only 5~, according tol 71. There fore, i t is very difficult to observe it expe

rimentally. 

As we will show below, however, at large when the amplitudes of the < 
and K", • "+ .- decays be come comparable by magnitude, tb.e interference effec t i s very 

prominent what provides very favourable conditions for its experimental observation. 

These conditions could be made even more favourable if one observes the interfere nc e 

of the K:." ··.- wa ve with that of K1° • "-" + which is regenerated from the plate (s ee Sec

tion 4). 

Thus , an observation of the the above-mentioned interference phenomena opens up at 

present a real possibility for a final solution of the problem concerning the existence of 

the 0 + -
K2 ... " " de cay . Further on, we will show that in such experiments some more ess e n-

tial information about the properties of neutra l K mes ons could be obtained. 

2. At the present time in numerous theoretical papers different hypotheses are 
0 

discussed according to which t he existence of the K, •2rr decay could be accunted for. 

In spite of the seeming variaty of approac hes , all these hypotheses may be divided 

into three basic gr oups in accordance with three possible assumptions about the character 

of CP -violation. 

Group A 

CP -invariance is Violated directly in the 
oo 

K (K )•2rr decay. The quasi-stationary 

states having definite values of mass and lifetime are the s t ates with a definite CP 

parity 

Group B 

0 
Kt • 

0 ----. 
K +K 

~ 
and 

0 
K , • 

Ko - t("'O 

,rr (1) 

cP -parity is conserved in the K
0 (~0 }o2rrde cay. The11e are, however, factors ( internal 

or external) which lead to a mixing of the 

4 

K~ and k.' ' • states. As a result, the 



quasi-stationary states a re no longer and determi ned by ( 1), but new s tates 

K'- and K •. 
1 ' 

which have no definite parity. Let 
0 0 

K 1 - · r K 2 

(2) 

( J ) 

It should be emphasized that the complex parameter in (2) and (J) i s chosen so that 

1•1' is the ratio of the probabilities of the decays into two charged pions for long

lived and short-lived components)/, <I • I. 1. 3- : 1~ '1 11 )
3 

.::G....::.r__,o'--"u'-'p'---"-C ( i ntermediate ) . The quasistationary states d_o not possess a definite 

CP -par ity . Besides , CP - i nva r iance is Violated directly in the decay. As far as all 

t he effects for t his goup may be red uced t o t he effects characteristic of the groups A 

and B , in what follows we restrict ourselves to an analysis of the interference pheno-

mena in the framework of t he assumptions A and B . 

. 
J. Consider now the "beating• in the K • 2• and 7 -+217 decays . Let us analyse the 

structure of the amplitude of this · "beating• from the standpoint of the hypotheses -A and
1
$ 

We assume t ha t the amplitudes of the 0 + -x, .. , 0 + 
and K, -+" decays are related 

by 
A( K: -+ rr + , - · ) .. r A ( K: + -. ) . 

(4) 

Then as suming ev erywhere that - " • I , we obtain 
A..t. -( lm 111.+ ~2 ' t > 

0 .. . - · 0 + - · -~l.,t.+ +-t) 
A ( K-+rr 'rr )• A( K

1
-+ , rr)( e + t e 

A(K 0 
.... . + II'+) .. 

(6 ) 

21 The K~- and K' • states thus determined are in accord with the modeliS, 9 1. In t he 
general ca se, another independent c omple~ parameter e should be introduced into the 
formula (2) . As a detailed analysis shows, however, at small I ' I and 1<1 , if we 
restrict ourselves to the terms of the second order in , and e , all further c onclu-
s ions will remain unaltered. Note, that the K'1 and K'• states are orthogonal only if e- r• . 

J/It is easy t o see that for the variant B the r a tio of the probabilities of the 
x-;. .. rr• · .,-• and X'; ... 2 r 0 deoa.r .. . J.s the same as for the x , mes on. On the other hand, 

for the variant A it may, in principle, take any value. 



where m1 

0 0 
m2 are mass o! the K , and K 2 mesons, respectively, A 1 and A, are 

their decay rates, is the proper time of the K 
L - -meson which is equal to - o/ 1- v' 
v 

where is the 

Represent now 

meson velocity, L 

in the form 
o5 

1•1• 

is the distance from the source. 

(7) 

Then, for the probabilities of the decays into • + .- we get the followi ng express ions 

0 
P( K 

+- _ -A
1

t -~' ~ -A , 
.. , " ) • P

0
(e + 2\ r \ c:os (limt+ S)e +- Jr \ e 2 ) 

- At+A2 t 
0 ~ - A ~ 2 -A,t 

P(K • • . - ) • P
0 

(e - 21•1 coo(.'.m t + 5 )e •· 1•1 e ) 

( 8) 

(9) 

It should be stressed that the interference term for the K
0 and K' decays a re equal 

in magnitude, but have opposite signs. Therefore, in order to obtain the effect i n a pure 

form it is reas onable to make use of t he r eactions in which single K0 and ~ 

are produced4/. 

mesons 

At Slll&ll , the relative contribution of the interference terms Will be insign1-

ficant (Fig. 1). At large , the role of these terms is becoming mor, important, and 

at A,.t - 10 ~ · 14 they turn out to be comparable with the main ~xponential terms what l~ads 

to a very pronounced interference effect (Fig . 2) . 

Evidently, this effect will depend es sential l y on t he differ enc e in t he phases (see 

Fig. J). Thus, by observing the interference at different distances from the point at 

which the neutral K -mesons are produced we are able not only to establis h the very exis-

tence of the K:••+ . - decay but also to determine the phase difference between the 

amplitudes o! K: .... • •· • _, and x: .. ,•:,-, 
0 + 

tion about the mechanism of the K 1 • • 

Thereby, we can obtain some important informa

deoay. 

B. Since the quasi-stationary states are the K' · 
I and K'· 

I then, as it is easy to 

show, the wave function of the produced meson changes in ti•e according to the law 

0 
It • 
~ -(1-,+~) \ 

v t+ 1•:1 IO- <l K',·• • 
-fl• + .!..a_ ,t 

+ (l+r ) K~-e I ( 10) v2 · O • ,-> 

As far as the K' meson is concerned, it is 

4/ If ~ and K0 mesons are produc ed in pairs , a s pecial analysis i s r equired whic h 
is not, by the way, difficult t o make. 

6 



(11) 

Us ing (2) a nd (J) for the a mplutude of the 1<
0 

• 2• and ? 4 2" decay it is not diffi-

cult to write down the f oll owing expressions 

A(K
0 

.. 211'} • A(K~ .. 2rr ) x 

,\ -{i'\+ ~)t 
<I _I_-_•_ ~-{imt + ~)t + ~ e 

,.i"i(l+ ,') .['[( I + <
2

) 

(12 ) 

A(i{o .. 2") • A ( K~ .. 2") x 

A -<tm2 +~2 '' 
1 + f -(im i+'T)t f ( l-f ~ 

<1---- e - ~e 
{T( l .. 'l ,[2{ 1 .. ) 

(lJ) 

Comparing (12) and ( lJ) with(') and (6), we see that they depend on the parameter • in 

a different fashion. This parameter is equal, in both variants A and B, to the ratio of 

decay amplitudes for the long-lived and short-lived c om ponents. If the parameter 

were large, this difference would be esse ntial. But, in fact I• I « I , and we 

can write with an acc uracy up to the terms of the second order in 

_A
1 

+A, 

P(K
0 

.. 2•)•I t;-A 1\2Jt J(1+2coa8Jfi)ma{6mt+8)e -,- t+ 1, !2 e-A2 tl 

( 14~ 

When comparing the expressions (1') and ( 16) we obtained with the formulae (8) and (9) 

for the variant A , we see that there appear the additional terms proportional to 
0 

It is interesting to note that the interference terms for the K • 2. and 

decays ( in the variant B ) have the amplitudes which are slightly different, 

while in the ~ramework of hypotheses o~ the group A these amplitudes must be equal. 

As far as the sign of the interference terms are concerned, there is no difference between 

the variants A and B Thus, the variants A and B may in principle, be distin-

guished experimentally, though it is not an easy matter because the effect is too 3mall. 

Under certain conditions, however, (in the region of the interference minimum) the diffe-

renee in the decay curves may amount to 20-Jo%. 

57 Strictly speaking, instead of under the Cos in ( 14 ) there must be 

8'-8 • .. ,: ~: and in (')6" -6 - · ar& ~ 
a~ cannot be "iUstinguished from 6 . ~ -' 

• It i s clear that if is small s· and 
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4. From the experimental point of view the observation of the effects we have consi-

dered is somewhat inconvenient. The point is that these interference phenomena occur 

practically in a narrow interval of the distances from the K
0

- meson source. Bes ides , the 

character of these phenomena is wholly determined by the parameters which cannot be 

changed. 

This difficulty may be, however, avoided if use is made of the coherent regeneration 

of K~ mesons when K~ mesons are passing through medium. 

Consider the interference phenomena in the decay into two pions which take place 

behind the plate through which a beam of long-lived neutral mesons is passing. It should 

ve placed at such a distance from the source of K
0 

mesons that the short-lived compontnt 

vanishes compJP.tely. Hence, the "beating" in the K
0

(K
0 

)• 2• decays considered in the pre-

vious section does not occur. 

A. Since in fact the regeneration coefficient is s mall, we can neglect the change in 

the intensity of the K- meson beam due to the regeneration. In this approximation the 

wave function of the neutral K,+RK,-meson, ( when it emerges from the plate, may be repre-

sen ted as K~ + RK 1 
where 

-Om + ~).!__ 
R. i•IA(O)- A(O)IN le ' • vy 

m(iL\m + (~ - 4->1 

- ·(lm + ~J_ ' (1m 2+~)_!___ 1 ~ v y ~ vy 
I x e (16) 

Here 6.m - m 1 - m2 , N is the number of nuclei per unit of the volume, A(O) and A(O ) 

0 

are the amplitudes of the elastlc scattering of K0 and K at zero angle, 

thickness of the plate, y- (1- v'i~ llO,lll 

It can be easily understood, that behind the plate, at a distanct of ' • vyt 

amplitude of the neutral meson decay into 

0 + - ~tr .. ,+ .~)t 
A • A (K 

1 
.. , tt ) I Re 2 

Represent R as ,,.. 
R • i1 R I e 

"' -(hap+-;) t 

+ 'e 

Then, for the decay probability we obtain 

and 

~ 
' -.A,t ' t 2 ->.,t 

P•IIR\e +2IRII•ISin(6mt-6+8)e +1•1• I 

8 

will have the form 

is the 

, the 

(17) 

(18) 

(19) 



For thin plates (I « vy/ A I) 

I Rl • •N lAID)- ACO) I 

.:\ • arct 
lm I A(O)- A(O) 

ReI A(O)- A(O) 

In the case of thicker plates when 

lm I A(O) - A(O) I 
arctg ----~--

Rei A(O) - ·i\ (O) I 
- arctg 

2~m 

A, 

(20) 

(21) 

B. If the regeneration coefficient K'1 , when the ~::, passes through the plate, is 
equal to R' , then with account of (2) and (J), the amplitude of the decay into two 

pions takes the form 
A, 

0 + -(lml + T)t 

A • A(K 1 .. rr "- )1 R'~ 

-(hn + .!:»t 
' ' + ---· v17i7r 

Now we have to determine r Let 

where 
1-' 

Then 

I +' 
fJ • 

K
0 

• (aK ; . + tiK'i )--,---:..,_ 
a +· fJ 

K0 • {{JK',-- a K~·) ~ 
a + fJ 

(22) 

(2J) 

(24) 

The main equations for the r • meson regeneration are reduced to the following form 

~ ( A ·· l ~ 
d X • - im I + -?-) vy-C I + 2 C I 

dc 2 ~)~c2 
ik(n 1 + n 2 ) (25) • _ , (im 2 + + c, -~ vy 2 

- : ik ~ a2- /32 c + 2a{J 
~ C I 

2 a 2 + fi§ 2 7:7 2 

9 



where the notations of Good's paper were usedllOI. Solving a system of equations (25) and 

neglecting the decreese in the intensity of K~ mesons due to the K'; regeneration we 

can obtain the following expression for 

1,{> R 
R' ·-~ 

where R is the regeneration coefficient for the variant 

Substituting (26) into (22) and taking into account that 

we get 

A • 

0 + -
A(K 

1 
.. " rr ) 

---.vi • I• I 
I R• 

Ao 
-(lm + _), 

' 

' 2a{J 1- t 

~ .,~ 

t{l+r~) e 
+ .,-------,---

1 -' 

-( lrll +~)l 
' 

(2 6) 

(see (16), (20), (21)6/. 

(27) 

Comparing (27) with (17) and passing then to the expression for the decay probability P 

we find that the interference terms in the case of the variants and B differ by a 

magnitude of the order I• I' • To analyse, therefore, the interference effec ts behing the 

plate, we have to use the formula (19), regardless of the mechanism of CP breakdown, 

As is seen from the formulae derived above, the character of the interference pheno

mena depends on the material of which plate !s made, as well as on its thickness. 

Thus, the interference phenomena can be observed at any distance from the target by 

choosing the material and the thickness of the plate so that these effects would be the 

most prominent. (see Fig. 4). 

'· There remains only to consider the interference effects inside the material. 

(see also 181). The method of the analysis here is, evidently, not different from that de

veloped in the previous section. At a distance of from the front edge of the plate the 

amplitude of the neutral K meson decay is of the f\orm 

0 -(lm 2 + :2 ) -;-

A • A0 (K 1 .. 2rr) I R(x ) + t I e Y 

(28) 

where R( x) is determined by (16) where I should be replaced by 

Note, that at • » ~ , the interference term in the expression for the decay pro
' bability depe ns no longer on x , i.e., the "beating" disappears. In this case the ex-

pression for the decay probability is of the form 

6/By 
K;· and 

m and m 2 , At and 
r<-. meson respectively, 

A' we mean now the masses and the decay rates of the 

10 



P • <IR 1' + li 1' - · 2IRII<I•<~ - ·8)) 
(29) 

where IRI and A are determined !rom (21). 

6. It should be noted in conclusion that the interference pheno•ena treated in the 

paper turn out to be very sensitive to the magnitude o! the mass di!!arenca 

( Am ). To illustrate this, Fig. !i shows the interference curves in the Jl.0 meson beam 

which were calculated !or di!!erent values o! Am • The estimates indicate that in or-

der to determine with an accuracy o! some percent it su!!icies to detect some 100 decays 

in the region o! the minimum. The !ormula !or the inter!erenoe e!!ects in the case o! the 

regeneration (s ee (19)) contains the term o1a < llat + B - · ~) dependent upon the Sign o! 
Am This allows a determination o! the Sign !or the K~ K: mass di!!ereno/

71 

(see Fig. 6). 

The authors would like to thank V.G. Baryshevsky, V.G. Grishin, I.I. Gurevitch, 

D.M. Kotlyarevsky and G.G. Takhtamyshev !or the participation in the discussions and va

luable remarks, and L.S. ~ubimova !or the help in the calculations, 

?/ Here one can dra~ an analogy with the phenomena ooourri~ by the K: meson traver
sal of the two plates made o! di!!erent materials. (see, •·~/lJ/ ), The CP violation 
can be treated as a second plate, 
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