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R e c e n t l y ,  m e a s u r e m e n t s  h a v e  b e e n  p e r f o r m e d  
on t he  d e c a y  of KL ~ 2n ° [1], and  i t  h a s  b e e n  
found  t h a t  in  a l l  c a s e s  the  f i n a l  2n s t a t e  in  K L 

2n c o n t a i n s  a r a t h e r  l a r g e  I = 2 a d m i x t u r e .  
E f f e c t i v e l y  t h e r e  a r e  two s o l u t i o n s  [2], n a m e l y  

1) T h e  f i n a l  s t a t e  of two p i o n s  i s  d o m i n a n t l y  
I = 0 w i th  a 25% I = 2 a d m i x t u r e .  

2) T h e  f i n a l  s t a t e  of two p i o n s  i s  p r a c t i c a l l y  a 
p u r e  I = 2 s t a t e .  

W h e r e  p o s s i b i l i t y  1) i s  c o m p a t i b l e  w i th  a good 
m a n y  p r o p o s e d  t h e o r i e s ,  n o t a b l y  w i th  a t h e o r y  of 
C - v i o l a t i n g  s e m i - s t r o n g  i n t e r a c t i o n s  o b e y i n g  AI= 
= 0 [3], o r  w i t h  a t h e o r y  of C - v i o l a t i n g  e . m .  i n -  
t e r a c t i o n s  wi th  AI  = 0 o r  1 [4], t he  p o s s i b i l i t y  
2) d o e s  no t  s e e m  to c o r r e s p o n d  c l e a r l y  to  any  
p r o p o s e d  m o d e l .  L o g i c a l l y ,  in  a n  a n a l y s i s  of the  
p r o p e r t i e s  of C P - v i o l a t i n g  i n t e r a c t i o n s  one  m u s t  
f a c e  p o s s i b i l i t y  2) a l s o ;  i t  i s  t he  p u r p o s e  of t h i s  
p a p e r  to i n v e s t i g a t e  in  s o m e  d e t a i l  t he  c o n s e q u e n -  
c e s  of 2) [5].  B e f o r e  d o i n g  so ,  h o w e v e r ,  we f ee l  
o b l i g e d  to p o i n t  ou t  t h a t  in  any  c a s e  W e i n b e r g ' s  
c a n c e l l a t i o n  e f f e c t  [6] wi l l  t end  to s u p p r e s s  (how 
m u c h  i s  a n y b o d y ' s  g u e s s )  a n  e v e n t u a l  K L ---, 2~ 
(I= 0) t r a n s i t i o n  w i th  r e s p e c t  to K L  ~ 2~ (I = 2). 
F o r  t h i s  r e a s o n ,  e v e n  if  t he  s o l u t i o n  2) i s  e x p e r i -  
m e n t a l l y  e s t a b l i s h e d  w i th  s o m e  a c c u r a c y ,  one  
c m m o t  t a k e  up a s s u m p t i o n  b) of the  n e x t  s e c t i o n  
too  c o n f i d e n t l y ,  bu t  m u s t  r a t h e r  s e e  i t  a s  a p o s -  
s i b i l i t y  to  be  t e s t e d  e x p e r i m e n t a l l y .  

In o r d e r  to  d e r i v e  s o m e  p r o p e r t i e s  c o n c e r n i n g  
t h e / - s p i n  b e h a v i o u r  of t he  C P - v i o l a t i n g  i n t e r a c -  
t i o n s  we m a k e  the  f o l l o w i n g  a s s u m p t i o n s ,  c o n s i s -  
t e n t  wi th  e x p e r i m e n t :  

a) T h e  f i n a l  2n s t a t e  in  K L  ~ 2n i s  p u r e  I =  2 " .  
b) T h e  a b s e n c e  of K L ~ 2n (I=O) i s  no t  an  a c -  

c i d e n t  bu t  K L ~ 2n ( /=  0) i s  f o r b i d d e n  * 
c) T h e  C P - c o n s e r v i n g  n o n - l e p t o n i c  s t r a n g e n e s s  

c h a n g i n g  i n t e r a c t i o n s  obey  t he  r u l e  AI= ½"*. 

* We neglect  effects of second or  h igher  o rde r  in the 
CP-viol  ating in terac t ion .  

** The conclusions of this  paper  a re  s table against  a 
smal l  A I  = ~2 o r ~  admixture .  

A s s u m p t i o n s  a) ,  b) and  c) i m p l y  t ha t  ~ =0  [2]. 
T h i s  in t u r n  i m p l i e s  t h a t  the  C P - v i o l a t i n g  i n t e r -  
a c t i o n  m u s t  be  s u c h  t ha t  the  m a s s - m a t r i x  g o v e r n -  
ing  the  c o m p o s i t i o n  of K L and  K S in t e r m s  of K o 
a n d  Ko i s  no t  a f f e c t e d * .  T h u s  K S = K1,  K L = K 2 ,  
a s  if t h e r e  w e r e  no C P - v i o l a t i o n .  We  m u s t  now 
d i s t i n g u i s h  the  v a r i o u s  p o s s i b i l i t i e s  f o r  the  CP-  
v i o l a t i n g  i n t e r a c t i o n .  

The CP-violat ing interaction obeys AS = 0 
( i .e .  i t  b e l o n g s  to the  c l a s s  of C - v i o l a t i n g  s t r o n g  
i n t e r a c t i o n s ) .  T h e  m a s s - m a t r i x  i s  d e t e r m i n e d  
by s e c o n d  o r d e r  w e a k  t r a n s i t i o n s  f r o m  a K - m e s o n  
o r  a n t i - m e s o n  to a K - m e s o n  o r  a n t i - m e s o n .  
F r o m  a s s u m p t i o n  c) ,  and  the  f ac t  t h a t  t he  K - m e -  
s o n  b e l o n g s  to an  I= ½ m u l t i p l e t  we c o n c l u d e  t ha t  
t he  r e q u i r e m e n t  of no  C - v i o l a t i n g  e f f e c t s  in  the  
m a s s - m a t r i x  l e a d s  to  the  r u l e  AI ~ 3 fo r  the  C -  
v i o l a t i n g  i n t e r a c t i o n .  A l l o w i n g  K ~ 2n (I= 2) to 
f i r s t  o r d e r  in w e a k  and  C - v i o l a t i n g  i n t e r a c t i o n s  
l e a d s  to  the  c o n c l u s i o n  t h a t  a t  l e a s t  p a r t  of the  
C - v i o l a t i n g  i n t e r a c t i o n  m u s t  obey  AI < 3. T h u s  we 
c o n c l u d e  f o r  the  C - v i o l a t i n g  i n t e r a c t i o n :  

No AI = 0 , 1 , 2 ;  

T h e r e  m u s t  be  a p a r t  w i th  AI  = 3 t=. 

T h e  i m m e d i a t e  c o n s e q u e n c e  of t h e s e  s e l e c t i o n  
r u l e s  i s  t h a t  no  C - v i o l a t i n g  e f f e c t s  s h o u l d  e x i s t  in  
t he  d e c a y  ~7 ~ 3n, a s  on ly  AI = 0 o r  2 C - v i o l a t i n g  
i n t e r a c t i o n s  can  c o n t r i b u t e  to s u c h  e f f e c t s  [3]. 

The C-violating interaction is o f  e .rn. origin 
[4]. We  now add  the  c u s t o m a r y  a s s u m p t i o n :  

d) T h e  C - c o n s e r v i n g  e . m .  i n t e r a c t i o n s  obey  
the  r u l e  A I  = 0 o r  1. 
T h e  s a m e  r e a s o n i n g  a s  g i v e n  a b o v e  l e a d s  to t he  
c o n c l u s i o n  t h a t  C - v i o l a t i n g  e f f e c t s  due to v i r t u a l  
p h o t o n s  m u s t  obey  AI --< 3, AI = 3 b e i n g  p r e s e n t .  
Now in p r o c e s s e s  of t h i s  k i n d  we f ind  two p h o t o n  
v e r t i c e s  p r e s e n t ,  one  C - c o n s e r v i n g  o b e y i n g  AI = 
= 0 o r  1, and  a C - v i o l a t i n g  v e r t e x .  T h e  a b s e n c e  
of AI = 0, 1, 2 n e c e s s i t a t e s  t he  r u l e :  

The author feels  humble in the face of this high num-  
ber .  
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T h e  C - v i o l a t i n g  e . m .  i n t e r a c t i o n  o b e y s  

A I  ~ 4, A I  = 4 b e i n g  p r e s e n t .  

A s  an  i m m e d i a t e  c o n s e q u e n c e  we f ind:  
No C - v i o l a t i n g  e f f e c t s  in  ~ ~ 3v; 
P o s s i b l y  l a r g e  A I  > 2 e f f e c t s  in  p r o c e s s e s  i n -  

v o l v i n g  v i r t u a l  p h o t o n s  ( a r i s i n g  f r o m  the  o c c u r -  
e n c e  of two C - v i o l a t i n g  e . m .  v e r t i c e s  w i t h A I =  4). 
In p a r t i c u l a r  p o s s i b l y  a l a r g e  A I =  3 c o n t r i b u t i o n  
to 7/ -~ 3n; 

No C P - v i o l a t i n g  e f f e c t s  in  K ~ ~ 7 .  
The CP-vioIating interaction is weak and al- 

lows AS = 1. T h e  m a s s - m a t r i x  cou ld  now  r e c e i v e  
c o n t r i b u t i o n s  of a C P - v i o l a t i n g  n a t u r e  i f  t he  t r a n -  
s i t i o n  f r o m  a K o r  K to a K o r  K can  p r o c e e d  v i a  
one C P - v i o l a t i n g  w e a k  i n t e r a c t i o n  a n d  one C P - c o n -  
s e r v i n g  w e a k  i n t e r a c t i o n .  To a v o i d  t h i s  we m u s t  
i m p o s e  AI ~ ~. A g a i n ,  the  n e c e s s i t y  of h a v i n g  C -  
v i o l a t i n g  c o n t r i b u t i o n s  to  KL ~ 2n (I= 2) n e c e s s i -  
t a t e s  AI  = 5 to be  p r e s e n t .  T h u s :  

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

AI  >/ ~, AI  = ~ b e i n g  p r e s e n t .  

F o r  c l a r i t y  i t  m u s t  be  r e m a r k e d  t h a t  t h i s  C P - v i o -  
l a t i n g  w e a k  i n t e r a c t i o n  i s  w e a k e r  by a f a c t o r  of 
a b o u t  10 -2  c o m p a r e d  to t he  o r d i n a r y  C P - c o n s e r v -  
ing  w e a k  i n t e r a c t i o n s .  T h e r e f o r e  we m u s t  in  t h i s  
c a s e  no t  e x p e c t  l a r g e  e f f e c t s  in f o r  i n s t a n c e  K 
--~ ~7~/. 

F o r  n o n - l e p t o n i c ,  n o n - r a d i a t i v e  w e a k  p r o c e s -  
s e s  a l l  t h r e e  c a s e s  p r o d u c e  e q u a l  p r e d i c t i o n s .  In 
p a r t i c u l a r ,  no  C P - v i o l a t i n g  e f f e c t s  in A ~ Nn, 
p o s s i b l y  s m a l l  e f f e c t s  in  Z ~ Nn,  p o s s i b l y  s u b -  
s t a n t i a l  e f f e c t s  in  K ~ 3u, a s  to be  d i s c u s s e d  b e -  
low.  

Experimental  verification. If i t  t u r n s  out  t h a t  
a s s u m p t i o n s  a) a n d  c) ho ld ,  i . e .  if  t h e  p h a s e  b e -  
t w e e n  K L -~ 2~ o a n d  KS ~ 2n ° d i f f e r s  by  180 ° 
f r o m  the  p h a s e  b e t w e e n  KS ~ ~+n-  a n d  K L ~ ~+Tr- 
t h e n  i t  i s  v e r y  d e s i r a b l e ,  e s p e c i a l l y  in v i e w  of 
the  r e m a r k s  in the  b e g i n n i n g ,  to m a k e  a f u r t h e r  
t e s t  s u c h  a s  to be  a s s u r e d  t h a t  a s s u m p t i o n  b) 
h o l d s .  To  t h i s  p u r p o s e  the  d e c a y  K ~ 3n, and  e s -  
p e c i a l l y  i n t e r f e r e n c e  e x p e r i m e n t s  b e t w e e n  K L 

3~ a n d  KS ~ 3n m i g h t  be  h e l p f u l .  
T h e  e v e n t u a l  e f f e c t s  of C P - v i o l a t i o n  in K --* 3n 

d e c a y s  h a v e  b e e n  s t u d i e d  e x t e n s i v e l y  by G a i l l a r d  
[7]. W e  j u s t  quo te  h e r e  the  e s s e n t i a l  f e a t u r e s .  
F o r  d e f i n i t e n e s s  we a s s u m e  a C - v i o l a t i n g  s e m i -  
s t r o n g  i n t e r a c t i o n  o b e y i n g  A I =  3, AS = 0, w i th  a 
c o u p l i n g  s t r e n g t h  of a b o u t  10 -2 .  T h e  t h r e e  p i o n s  
m a y  be  in a s t a t e  o f / - s p i n  0, 1, 2 o r  3. T h e  
( to ta l ly  a n t i - s y m m e t r i c )  I= 0 s t a t e  i s  s e v e r e l y  i n -  
h i b i t e d  by  a n g u l a r  m o m e n t u m  b a r r i e r s  a n d  we 

wi l l  i g n o r e  i t .  T h e  C P - c o n s e r v i n g  weak  i n t e r a c -  
t i o n s  o b e y i n g  AI = ½ wi l l  t h e n  a l l o w  only  K L ~ 3~ 
(I= 1) ( r e m e m b e r  K L = K2, K S = K1).  The  CP- 
v i o l a t i n g  t r a n s i t i o n s  t ha t  m a y  be  o b t a i n e d  a r e  
K S ~ 37: (I= 3) a n d  K L ~ 3n (I= 2). I n t e r f e r e n c e  
m a y  t h e n  be  o b s e r v e d  b e t w e e n  K S ~ 3n (I= 3) and  
K L  ~ 3v (I= 1, t o t a l l y  s y m m e t r i c a l ) .  T h e  r a t i o  
R i of i n t e r f e r e n c e  KS ~ 3~ ° ,  K L  ~ 3n ° v e r s u s  
KS ~ n + v - v  °,  KL --* v+~-~o  i s  t h e n  f ixed :  

I @°~°~°IKs)<~°n°n°!KL)l= (2)(-3)I=i, 

IRi!:  [ 6 E 
where the factor 6 arises from Bose statistics, 
the 37: ° phase space being 3'. times smaller than 
the v+Tr-~ ° phase space. 

If the C-violating interaction allows AI < 3 
also we can have KS -~ 3v(l= 1) interfering with 
K L --* 3~ (I= i). This would in general give rise to 
an  i R i [  d i f f e r e n t  f r o m  1. 

Leptonic decays. In c a s e  t h a t  the  CP-violating 
i n t e r a c t i o n  i s  s e m i - s t r o n g  o r  e . m .  s t a t e m e n t s  
c an  be  m a d e  on CP-violation in l e p t o n i c  d e c a y s .  
F r o m  AI >/ 3 we c o n c l u d e  t h a t  no  e f f e c t s  can  s h o w  
up in K ~ ~ t~uor  veu  but  s o m e  e f f e c t s  m i g h t  be  e x -  
p e c t e d  in f o r  i n s t a n c e  ~ + N ~ N* + t~ ( a l though  
t h e y  m i g h t  be  h a r d  to d e t e c t ) .  A l s o  K ~ v~e~ 
m i g h t  be  i n t e r e s t i n g  in t h i s  r e s p e c t ,  e s p e c i a l l y  a s  
t he  CP-violating e f f e c t s  a r e  k i n e m a t i c a l l y  s l i g h t l y  
f a v o u r e d .  In t h i s  d e c a y  t he  2v s y s t e m  i s ,  a c c o r d -  
ing  to the  r u l e  AI = ½ fo r  l e p t o n i c  d e c a y s  t h r o u g h  
o r d i n a r y  w e a k  i n t e r a c t i o n s ,  in  a s t a t e  w i th  I= 0 o r  
1. T h e  C - v i o l a t i n g  i n t e r a c t i o n  m a y  g ive  r i s e  to  
the  2~ (I= 2, S - w a v e )  s t a t e ,  and  t h i s  cou ld  fo r  i n -  
s t a n c e  be  o b s e r v e d  by i n s p e c t i n g  t he  n + d i s t r i b u -  
t i o n s  in  K L -~ ~ + n ° e - ~  w i th  t h o s e  of t he  ~ -  in  K L ~  

F i n a l l y  i t  m u s t  be  r e m a r k e d  t h a t  no  C P - v i o l a t -  
ing  e f f e c t s  s h o u l d  o c c u r  in  KL,  KS ~ ne~.  T h e  
r e a s o n  i s  t h a t  f o r  t h i s  d e c a y  the  s i t u a t i o n  i s  e x a c t -  
ly a s  w i thou t  C P - v i o l a t i o n :  K L  = K2, KS = K1 and  
t h e r e  a r e  no  e f f e c t s  on the  a m p l i t u d e s  Ko, F~o --~ 

nep.  
Further  speculations. A v e r y  i m p o r t a n t  e x -  

p e r i m e n t  on t he  q u e s t i o n  of C P - v i o l a t i o n  i s  the  
m e a s u r e m e n t  of the  n e u t r o n  e l e c t r i c  d ipo le  m o -  
m e n t  ( see  the  r e v i e w  of P r e n t k i  [3], end  of s e c -  
t i on  on t h e o r i e s  of t ype  2). An e l e c t r i c  d i p o l e  m o -  
m e n t  v i o l a t e s  P a n d  CP, a n d  in c a s e  of C - v i o l a t -  
ing  s e m i - s t r o n g  o r  e . m .  i n t e r a c t i o n s  a p a r i t y  
v i o l a t i n g  bu t  CP c o n s e r v i n g  w e a k  i n t e r a c t i o n  w i t h  
AS = 0 m u s t  b e  p r e s e n t  a l s o  in o r d e r  to g e n e r a t e  
s u c h  a m o m e n t .  L a c k  of k n o w l e d g e  on the  / - s p i n  p r o  
p e r t i e s  of n o n - l e p t o n i c ,  AS = 0 w e a k  i n t e r a c t i o n s  
p r e v e n t s  u s  f r o m  m a k i n g  any  d e f i n i t i v e  s t a t e m e n t .  
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If, f o r  d e f i n i t e n e s s  we a s s u m e  AI = 0 fo r  t h i s  weak  
i n t e r a c t i o n  than ,  in t he  c a s e  of a C - v i o l a t i n g  AI = 
= 3 s e m i - s t r o n g ,  o r  an e . m .  C - v i o l a t i n g  AI = 4 
i n t e r a c t i o n  no m o m e n t  shou ld  a r i s e ,  to f i r s t  o r -  
d e r  in t h o s e  i n t e r a c t i o n s .  In t h i s  c a s e  we e x p e c t  
the  n e u t r o n  e l e c t r i c  d ipo le  m o m e n t  to be of o r d e r  
10 -24 . It m a y  be n o t e d  tha t  C - v i o l a t i n g  s e m i -  
s t r o n g  i n t e r a c t i o n s  c a u s i n g  the  s i t u a t i o n  1) of the  
f i r s t  s e c t i o n  would  be e f f e c t i v e  f o r  the  e l e c t r i c  
d ipo le  m o m e n t ,  a s s u m i n g  AI --< 2 fo r  the  weak  i n -  
t e r a c t i o n  (giving about  10-22) .  An e . m .  C - v i o l a t -  
ing i n t e r a c t i o n  wi th  AI  ~< 3 m a y  give  r i s e  to  a 
m o m e n t  of 10 -20 o r  10 -22,  d e p e n d i n g  on the I -  
sp in  s e l e c t i o n  r u l e s  fo r  the  e . m .  and weak  i n t e r -  
a c t i o n s .  

Wi th  r e s p e c t  to  a p o s s i b l e  AI = 4 C - v i o l a t i n g  
e . m .  i n t e r a c t i o n  i t  m a y  be n o t e d  tha t  s u c h  an 
i n t e r a c t i o n  would  u p s e t  the  C o l e m a n - G l a s h o w  e . m .  
m a s s  d i f f e r e n c e  f o r m u l a .  As  th i s  f o r m u l a  w o r k s  
v e r y  we l l  t h i s  m u s t  be c o n s i d e r e d  a s  an a r g u m e n t  
a g a i n s t  s u c h  an i n t e r a c t i o n .  

F i n a l l y  we w i s h  to s p e c u l a t e  f o r  a m o m e n t  on 
the p o s s i b i l i t y  of a C - v i o l a t i n g ,  AI  = 3 s e m i -  
s t r o n g  i n t e r a c t i o n .  As  i s  we l l  known s o m e  d i s c r e -  
p a n c i e s  e x i s t  in ~ ~ 3~ such  a s  tha t  p e r h a p s  a 
AI  = 3, C - c o n s e r v i n g  i n t e r a c t i o n  [8] * i s  n e c e s -  
s a r y  to exp la in  the  da t a .  The  coup l ing  c o n s t a n t  i n -  
v o l v e d  would  be of o r d e r  10 -2  , i . e .  c o m p a r a b l e  
to  the  coup l ing  c o n s t a n t  ~ e x p e c t e d  f o r  the e . m .  
t r a n s i t i o n  ~? ~ 3~ (I= 1) ( see  h o w e v e r  r e f .  7). If 
so  i t  i s  t e m p t i n g  to a r g u e  tha t  both  the  AI = 3 C-  

* We wish to point out that knowledge of the Dalitz plot 
of ?7 --~ 3~° may serve to strengthen (or weaken) the 
arguments concerning AI = 3 in ~ ~ 3~. Many of the 
final state interaction models proposed in the litera- 
ture to explain the low 77 --* 37r o rate produce quite 
amusing Dalitz plot distributions for ?7 --* 3 ~°, deviating 
substantially from the flat distribution expected if 
the final state interactions do not vary appreciably 
over the range of energy concerned. For an inter- 
esting attempt to explain a possible AI= 3 admixture 
with the help of C-violating e.m. currents see ref.9. 

v i o l a t i n g  and  C - c o n s e r v i n g  s e m i - s t r o n g  i n t e r a c -  
t i o n s  a r e  e s s e n t i a l l y  two m a n i f e s t a t i o n s  of s o m e  
n e w  f u n d a m e n t a l  i n t e r a c t i o n .  In v i ew of the  f ac t  
tha t  the  e x p e r i m e n t a l  s i t ua t i on  wi th  r e s p e c t  to 
U -~ 3~ i s  s t i l l  v e r y  f lu id ,  whi le  a l s o  a s s u m p t i o n s  
a) and b) a r e  not  ye t  e s t a b l i s h e d  we do not  go 
f u r t h e r  in to  t h i s .  

The  a u t h o r  i s  d eep l y  i n d e b t e d  to  D r s .  C. 
Bo u ch i a t  and  P h .  M e y e r  f o r  m a n y  i n t e r e s t i n g  and  
e n l i g h t e n i n g  d i s c u s s i o n s .  He is  a l s o  i n d e b t e d  to 
D r s .  J .  Be l l  and  J .  P r e n t k i  and  L. Van Hove f o r  
he lp fu l  s u g g e s t i o n s  and c r i t i c a l  c o m m e n t s .  
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