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The i s o s p i n  p r o p e r t i e s  o f  th e  / a s s u m e d /  m i l l i s t r o n g  C v i o l a t i o n  h a v e  been  
i n v e s t i g a t e d .  The co n se q u e n c e s  o f  а  Д1 = 0 and Д1 = 2 s e l e c t i o n  r u l e
a r e  d i s c u s s e d  f o r  th e  n-*"n+n°'n“ and  г)-+тг°е e d e c a y s .  I f  t h e  o b s e rv e d  ch a rg e  
asym m etry  o f  th e  п-*-я+тт0 тт-  i s  r e a l i s t i c ,  t h e  C v i o l a t i n g  Зтг f i n a l  s t a t e  i s  
m a in ly  an 1 = 2  e i g e n s t a t e ,  p ro d u ced  by а  Д1 = О c o u p l in g  w i th  a  c o n s t a n t  
g 2 -  10“ ,  S in c e  th e  1 = 0 e i g e n s t a t e  i s  h e r e  v e r y  much s u p p r e s s e d  b y  th e  
c e n t r i f u g a l  b a r r i e r ,  t h e  Д1 = 0 c o u p l in g  may be  much s t r o n g e r ,  e . g .  
g0 > l o "1  » l i m i t e d  o n ly  by th e  n e g a t i v e  r e s u l t s  o f  th e  тг*тт°е+е-  e x p e r i m e n t s .  

So th e  Д1 = 0 dom inance o f  th e  m i l l i s t r o n g  C v i o l a t i o n ,  s u g g e s te d  by 
th e  i n d i c a t i o n  | e |  >> | e ' ] i n  th e  k£ d e c a y s ,  i ^  by_no means i n  c o n t r a d i c t i o n  
w i t h  th e  o b s e rv e d  Д1 = 2 c h a r a c t e r  o f  th e  n-*"ir тт̂ тг asym m etry . The 
im p o r ta n c e  o f  more a c c u r a t e  e x p e r im e n ts  i s  em p h a s iz e d .

1 .  P o s s i b l e  Models o f  CP V i o l a t i o n

The CP v i o l a t i o n  h a s  been  d i s c o v e r e d  i n  th e  d eca y s  o f  th e  K° meson 
/  K°-*-Tr+TT~,Tr0 ir0 / eTrv,yTiv / .  Assuming a  CPT sym m etry , i n  t h e  c a s e  of a  co m p le te  
p h e n o m e n o lo g ic a l  a n a l y s i s  o f  th e  K° system  two p i e c e s  o f  i n f o r m a t io n  may be 
e x t r a c t e d  c o n c e rn in g  th e  n a t u r e  o f  th e  CP v i o l a t i o n :  t h e  complex p a r a m e te r s  

e and e ' w These a r e  d e f in e d  a s  f o l l o w s :

e = <K°|h ' + . . . | k°> <K °|h ' + . . . | k°> / 1/

/ ?  I e ' I <тпт, 1=2 1H' + .  . . |K°> 
<7ит, 1 = 0  I К ' +  . . . | к ° > / 2 /

Н еге H* i s  t h e  sum o f  t h e  weak and o f  th e  CP v i o l a t i n g  H a m i l to n ia n s ,  m
JLj f  о

and tt „ a r e  th e  m asses  and l i f e  t im e s  o f  t h e  n e u t r a l  K° „ m esons. ь I ö L , S
*  To be p u b l i s h e d  i n  A cta  P h y s ic a  H u n g a r ic a .  IT P -R e p o r t  № 2 5 0 ,B u d a p e s t .
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The a c t u a l  v a l u e s  o f  e and e '  a r e  s t i l l  u n c e r t a i n ,  b u t  a c c o r d in g  to  th e  
m ost p o p u la r  g u e s s  [1 ]

M  = 2 .1 0 -3  »  | e f I / 3 /

/T h e  p u b l i s h e d  e x p e r i m e n t a l  d a t a  [1] seem to  be  s t i l l  i n  c o n f l i c t  w i t h  
e a c h  o t h e r ,  so  th e  p o s s i b i l i t y  | e | = | e ' |  i s  n o t  y e t  c o m p le te ly  e x c l u d e d . /  
From th e  e q u .  / 1 /  we can  deduce t h e  f o l l o w i n g  a l t e r n a t i v e  c o n c l u s i o n s :

I .  I f  t h e  CP v i o l a t i n g  H a m i l to n ia n  i s  c h a r a c t e r i z e d  by th e  
s t r a n g e n e s s  s e l e c t i o n  r u l e  AS = 2 , t h e n  th e  r i g h t  hand s i d e  o f  eq u .  / 1 /  
may be i n t e r p r e t e d  as  a  f i r s t  o r d e r  e x p r e s s i o n ,  c o n s e q u e n t ly  £ fw s i n 0 ) 2 e = g* 
/Н е г е  g i s  t h e  c o u p l in g  c o n s t a n t  i n  th e  CP v i o l a t i n g  H a m i l to n ia n ,  f  i s  
t h e  weak c o u p l in g  c o n s t a n t  and 0 i s  th e  Cabibbo a n g l e . /  I n  t h i s  c a s e  th e

Zi
CP v i o l a t i o n  i s  ab o u t 10 t im es  w e a k e r  th a n  a  second  o r d e r  weak i n t e r a c t i o n .  
/S u p e rw eak  CP v i o l a t i o n . /

I I .  I f  AS = 1 , one g e t s  A S = 2 on th e  r i g h t  h an d  s id e  o f  e q u .
/ 1 /  a s  th e  r e s u l t  o f  an  i n t e r p l a y  be tw een  weak and CP v i o l a t i n g ■i n t e r a c ­
t i o n s ,  c o n s e q u e n t ly  ( f ws i n 0 ) 2e=g f ws in © .In  t h i s  c a s e  th e  CP v i o l a t i n g  
c o u p l in g  may be ab o u t 1000 t im es  w e a k e r  th a n  th e  weak i n t e r a c t i o n .  /M i l l iw e a k  
CP v i o l a t i o n ,  a c c o rd in g  to  th e  n o m e n c la tu re  o f  L .B . O k u n . /

I I I .  I f  AS = 0 f o r  th e  C v i o l a t i n g  H a m i l to n ia n ,  one r e a d s  from  
e q u .  / 1 /  t h a t  ( fws i n 0) 2e~g ( fws i n 0 )2 .The C v i o l a t i n g  c o u p l i n g  i s  now o f  th e  
o r d e r  o f  | e |  = 2 . l c T .^ M i l l i s t r o n g  C v i o l a t i o n . /

IV. I f  AS = 0 b u t  th e  e m is s i o n  of one p h o to n  i s  a s s o c i a t e d  to  th e  
C v i o l a t i n g  v e r t e x ,  t h i s  p ho ton  m ust be r e a b s o r b e d  by a  c o n v e n t io n a l  
e l e c t r o m a g n e t i c  i n t e r a c t i o n ,  so f ro m  equ . / 1/  one a r r i v e s  a t  th e  e s t i m a t i o n
( fws i n 0 ) 2e=e g ( f ws i n 0 )2 , w hich  may b e  s o lv e d  by  w r i t i n g  g=e beca u se  e 2 =

= 4 it . 137- 1 . / E l e c t r o m a g n e t i c  C v i o l a t i o n . /

V. I f  AS = 1, b u t  th e  CP v i o l a t i o n  i s  a s s o c i a t e d  t o  th e  e m is s io n  
o f  one p h o to n ,  equ . / 1/  g iv e s  ( fws i n 0 ) 2e = e g^'f s i n e ) , w h ich  may be s o lv e d  
by  w r i t i n g  g = e f wsin(^/Weak e l e c t r o m a g n e t i c  CP v i o l a t i o n . /

The e s t i m a t i o n  o f  g i s  e v i d e n t l y  o n ly  a  v e r y  ro u g h  o n e .  The v a l u e s  
o f  e and e '  a r e  s e n s i t i v e  no t o n ly  to  th e  S c h a r a c t e r  b u t  a l s o  to  th e  I  
c h a r a c t e r  o f  th e  CP v i o l a t i n g  H a m i l to n ia n .  The most i n t e r e s t i n g  p o s s i b i l i ­
t i e s  a r e  l i s t e d  on th e  T a b le  I .  I n  e a c h  columne we have i n d i c a t e d  th e  most 
c r u c i a l  t e s t s  o f  type  o f  CP v i o l a t i o n  un d er  c o n s i d e r a t i o n .  The most 
im p o r t a n t  i m p l i c a t i o n s  a r e  th e  f o l l o w i n g :

a /  V ery  s t r i c t  r e s t r i c t i o n s  a r e  o f f e r e d  by the  e l e c t r i c  d i p o l e  moment 
o f  th e  n e u t r o n .  By d im e n s io n a l  a rg u m e n ts  th e  e l e c t r o m a g n e t i c  model o f  C
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v i o l a t i o n  p r e d i c t s  d = f  M 1 = 10 ^ c m .  A more d e t a i l e d  c a l c u l a t i o nn w n
s u g g e s t  10“ 21 cm i n  the  same model [ 1 1 ] .  The m i l l i s t r o n g  p r e d i c t i o n  i s  
so m e th in g  l i k e  dn ~ l El f w Mn = 10 cm.The most r e c e n t  e x p e r im e n ta l  v a l u e  
i s  dn = ( 2- 2 ) 10” cm [1 ] .  T h is  a p p a r e n t l y  r u l e s  o u t  t h e  p o s s i b i l i t y  o f  an 
e l e c t r o m a g n e t i c  C v i o l a t i o n  w i th  g = e .

Ъ / The e x p e r im e n ta l  u p p e r  l i m i t  on th e  C v i o l a t i n g  d e c a y  
n-*-TT°e+e i s  [ Í J ]

В ( ir*'TT0 e +e _ ) = Г ( гг>-тт0е+е-  ) : Г (п ) '<  10  ̂ . / 4 /

T h is  i s  i n  c o n f l i c t  w i th  th e  p r e d i c t i o n  o f  e l e c t r o m a g n e t i c  C v i o l a t i o n  
w i th  AI = 1.

с /  A l l  th e  d e c a y s  п^Зтг ( l^ = 0 ,2 )»  ш-*-Зтг ( l^ = l ,  3^), р-*-Зтг (1 ^= 1 ,3  jf 
do v i o l a t e  th e  C symmetry. An i n t e r f e r e n c e  be tw een  t h e  C c o n s e r v in g  and 
C v i o l a t i n g  a m p l i tu d e s  can p ro d u c e  a  c h a r g e  asym m etry

N ( E . > E ) - N (E >Е^)
A -------- ------------ zL---------L z -------± L  / 5 /

N (E+ > + N (E_ > E+ )

w hich i s  o f  th e  f i r s t  o r d e r  i n  t h e  r a t i o  o f  th e  C v i o l a t i n g  and C c o n s e r v ­
in g  c o u p l i n g  c o n s t a n t s  g/G . The most a p p r o p r i a t e  s i t u a t i o n  i s  o f f e r e d  b y  
th e  г)-*тг+тт°тт“ d e c a y ,  where t h e  backg ro u n d  may be /m o re  o r  l e s s /  e l i m i n a t e d  
b y  m aking u se  o f  t h e  s m a l l  n w i d t h ,  and w here th e  C v i o l a t i o n  i s  com pet­
in g  w i th  a  C -sy m m etr ic ,  b u t  I - a s y m m e tr ic  t r a n s i t i o n .  As a  m a t t e r  o f  f a c t ,  
from th e  a n a l y s i s  o f  36800 п-*тт+тт°1т-  d e c a y s  an asym m etry

A = ( 1 ,5 2  Í  0 , 5  )%  /61

h as  been  fo u n d  [1 4 ] ,  w hich d i f f e r s  from z e r o  by t h r e e  s t a n d a r d  d e v i a t i o n s .

d /  The d i f f e r e n t  I  and  S s e l e c t i o n  r u l e s  p r e d i c t  d i f f e r e n t  
i n e q u a l i t i e s  / o r  a p p ro x im a te  e q u a l i t i e s /  f o r  e and e ' .  I f  we a c c e p t  th e  
r e s u l t  / 3 /  a s  a  r e a l i s t i c  one ,  o n ly  t h r e e  p o s s i b i l i t i e s  o f  th e  T a b le  I  
must be k e p t  i n  m ind:

1 /  Superweak CP v i o l a t i o n  (  AS = 2 )  ,
2 /  M il l iw e a k  CP v i o l a t i o n  (AS = 1 , A l  = l / 2 ) ,

_______3 /  M i l l i s t r o n g  C v i o l a t i o n  ( AS = О , AI = о ) .
*  R e c e n t ly  i t  h as  b e e n  p o in te d  o u t  b y H .Y u ta  and S.Okubo [15]» t h a t  i n  th e  

e x p e r im e n t  [14] th e  asymmetry may be c a u s e d  by a  10 % b ack g ro u n d  e f f e c t .
T h is  w o rn in g  must be  ta k e n  i n t o  a c c o u n t  i n  f u r t h e r  e x p e r i m e n t a l  w ork .  I n  
o u r  p a p e r  we a r b i t r a r i l y  s u p p o se  t h a t  t h e  b u lk  o f  t h e  asym m etry i s  due to  
th e  C v i o l a t i o n  [ 1 ] .
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I f  we c o n s i d e r  th e  e l e c t r o m a g n e t i c  model o f  C v i o l a t i o n  a s  e x c lu d e d  
by th e  e x p e r im e n t s ,  an  п-*""+тт0 тт-  c h a rg e  asymm etry o f  th e  o r d e r  o f  % o r  %o 
may be g iv e n  o n ly  by  th e  m i l l i s t r o n g  m ode ls  Д1 = 0 o r 1 Д1 = 2 .  The 
sym m etry p r o p e r t i e s  o f  th e  тт+тг°тт“ f i n a l  s t a t e  may b e  v i s u a l i z e d  on th e  
D a l i t z  p l o t  / F i g . l . / .  The d e n o te  t h e  number o f  п-*-"+тт0т“ e v e n t s  i n  
th e  i - t h  s e x t a n t  o f  th e  D a l i t z  dom ain . The m e asu re d  v a lu e s  a r e  [14]:

Nx = 1850 N4 = 12419
N2 = 4 9 3 I N. = 4723 I V
Nj = I2 7 7 I 11125° 1824

The asym m etry  д i s  d e f in e d  a c c o r d in g  to  eq u .  / 5 /  a s

N1 + N2 + N3 -  N4 -  NS -  N6
Ni + N2 + N3 + N4 + N5 + N6

/ 8 /

and t h e  numbers / 7 /  g iv e  t h e  asym m etry v a l u e  q u o te d  u n d e r  / 6 / .  I t  has  b e e n  
em p h as ized  by M .N auenberg, t h a t  i n  th e  c a s e  o f  a  p u r e  1 = 0  f i n a l  s t a t e  
t h e  o d d -e v e n  " s e x t a n t  asym m etry"

Д N1 -  N2 + N3 

N1 + N2 + N3

-  N4 + N5 -  N6 
+ N4 + N5 + N6

/9 /

i s  t h r e e  t im e s  b i g g e r ,  th a n  t h e  s im p le  " r i g h t - l e f t "  asymmetry / F i g . 2 . / .  
The e x p e r i m e n t a l  v a l u e s  / 7 /  g i v e ,  h o w ev er ,

Д = ( 0 , 4 4  ± 0 , 5  )) % / Ю /

which, seems to  be  s m a l l e r  t h a n  A g iv e n  i n  /6 /  and  i s  c o n s i s t e n t  w i th  z e r o  
w i t h i n  one s t a n d a r d  d e v i a t i o n .  The e x p e r im e n ta l  i n d i c a t i o n  A>A / i n s t e a d  
o f  A=A/ 3 /  s u g g e s t s  t h a t  n o t  th e  1 = 0 ,  b u t  th e  1 = 2 f i n a l  s t a t e  g o v e rn e s  
t h e  C v i o l a t i n g  t r a n s i t i o n .

о
An a p p a r e n t  c o n t r a d i c t i o n  a r i s e s  s b o th  th e  Kt. -*• тиг d e c a y  and th e  

п->-гс+7гс>тт~ c h a r t s  asym m etry  can  be e x p l a in e d  by t h e  m i l l i s t r o n g  model o f  
C v i o l a t i o n ,  b u t  th e  e x p e r i m e n t a l  i n d i c a t i o n  | e | > > [ e f l s u g g e s t s  th e  Ai = Q 
v e r s i o n ,  th e  r e s u l t  A > A  s u g g e s t s  th e  AI = 2 v e r s i o n  o f  t h i s  m o d e l.  The aim  
o f  t h e  p r e s e n t  p a p e r  i s  to  g i v e  a  more d e t a i l e d  d i s c u s s i o n  o f  t h e  ch arge  
asym m etry  i n  t h e  г)-*-тг+тг°тг“ d e c a y ,  i n  o r d e r  to  c l a r i f y  t h i s  d i s c r e p a n c y .



2. The n-»TT~l~TT°TT~ Decay.

I n  a n a l y z in g  th e  т)-*-1г+тг0 тг- d e c a y  we s h a l l  w r i t e  T+ ,To ,T_ f o r  th e  
p io n  k i n e t i c  e n e r g i e s ,  p+»pq ,p_ f o r  th e  p io n  f o u r  momenta. I n  t h e  r e s t  
system  o f  th e  n meson we e v i d e n t l y  haves

T+ + Tq + T_ = m -  3p = Q

/  We s h a l l  d e n o te  t h e  m asses o f  th e  it, л and  p mesons by  pymand M . For 
s i m p l i c i t y  we s h a l l  ta k e  p:ms M = 1 s 4 : 5 ,5 5  and we s h a l l  f o r g e t  ab o u t  
e l e c t r o m a g n e t i c  mass s p l i t t i n g s . /  We s h a l l  make use  a l s o  o f  th e  M andelstam  
v a r i a b l e s  s ,  t ,  u  w hich may be  e x p r e s s e d  i n  th e  r e s t  sy s tem  o f  t h e  n 
meson a s  f o l lo w s :

s = (P+ + P _ )2 " ( m -  wf -  2mTQ ,

t  = ( p _  + p o ) 2 -  (m -  v ?  -  2mT+ , / 1 1 /

u = (P +  + P0 )2 “ (m “ p f  -  2mT_ .

The d e c a y  may be a n a ly z e d  c o n v e n i e n t l y  on t h e  D a l i t z  d ia g ra m  / F i g . l . / .  L e t  
us i n t r o d u c e  th e  D a l i t z  v a r i a b l e s  p and 0 a c c o r d i n g  t o  th e  fo rm u la s

T+ = 3 ( l  '  1  P cosG -  —  p s i n 0 )  ,

To = 3 C1 + p cosQ )  ' / 1 2 /

T_ = 2  | i  .  I  p c o s0 + ^  p s i n 0 )  .

In  te rm s  o f  D a l i t z ‘v a r i a b l e s  th e  decay  p r o b a b i l i t y  can  be  w r i t t e n  a s  
f o l l o w s :

2 2ir R (0)
Г ( n  T- 1г+тг°7г-) = ( 4 ti) — 3 — 2 -----  Г d0 Г dp p |A p , 0  I2 . / 1 3 /

6 / T  m J Jо о
The 50% -  100% e x p e r i m e n t a l  e r r o r s  o f  th e  m easu red  a sy m m e tr ie s  / 6 /  and 
/ 10/  make a  v e r y  a c c u r a t e  c a l c u l a t i o n  u n n e c e s s a r y .  We p u t  s im p ly  r (0 ) = 1 , 

a l lo w in g  an i n a c c u r a c y  o f  20% on th e  b o u n d a ry  o f  th e  D a l i t z  p l o t .

The d o m in a t in g  d ecay  mode i s  th e  Д1 = 1 c h a n n e l ,  w hich c a n  be 
d e s c r i b e d  by th e  C c o n s e rv in g  v e r t e x

= -| G1nTT°(TT TT) = n '(тг+тт°тт + тт°тг0 7г0 ) . /1 4 /

See the footnote on page 6.



I f  we h a d  o n ly  t h i s  c o u p l in g  among n and  3ir » t h e  p e r t u r b a t i o n  th e o r y  
would g iv e  A ^(p ,0 )= G 1= c o n s t  f o r  th e  i n v a r i a n t  a m p l i t u d e .  The o b s e rv e d  
rr*-ff+ir°iT-  w id th  [1 3 ]

Г (  n-тт+тгОтг-)) = ( о , 2 37  ± 0 , 0 1 7 ) r ( n ) )  = ( o , 2 3 7 ± 0 , 0 1 7 ) ( 2 , 3 ± 0 , 5 ) k e v  / 1 5 /

may be o b ta in e d  i f  we pu t

IGx I -  0 , 3 2  ± 0 , 0 4  . / 1 6 /

The o b s e rv e d  v a lu e  o f  г(п-*-тт0тг0 тг0 )  i n d i c a t e s  a  s m a l l  - 1  = 3 
im p u r i t y  i n  th e  f i n a l  s t a t e ,  b u t  th e  c o r r e s p o n d in g  c o u p l in g  c o n s t a n t  i s  
v e ry  s m a l l  and may be  ta k e n  t o  ze ro  w i t h i n  t h r e e  s t a n d a r d  d e v i a t i o n s .  So 
in  o u r  a n a l y s i s  we s h a l l  f o r g e t  ab o u t t h e  Д1 = 3 p o s s i b i l i t y .

The C c o n s e r v in g  Д1 = 1 t r a n s i t i o n  a m p l i tu d e  A1 ^p ,© ) i s
i n f l u e n c e d  by t h e  f i n a l  s t a t e  i n t e r a c t i o n s  o f  t h e  p i o n s .  The in c o m p le te  
know ledge o f  t h i s  m o d i f i c a t i o n  i s  p e r h a p s  th e  w e a k e s t  p o i n t  i n  th e  a n a l y s i s  
o f  t h e  ir*-3n d e c a y .  The o b s e rv e d  enhancem ent i n  t h e  lo w e r  p a r t s  o f  th e  D a l i t z  
d ia g ra m  may be s im p ly  d e s c r i b e d  by a  f o r m u la  l i n e a r  i n  Tq [1 7 ] t

I*! ( P . e ) |  -  l o p  1 + 8 P

(1  * * B2 )
/1 7 /

w ith

ß «  -  0 , 5 5  ± 0 , 0 2  . / 1 8 /

The im a g in a r y  p a r t  o f  A1(p ,G )  may be  o b t a i n e d  o n ly  fro m  s p e c i f i c  
a s s u m p t io n s  c o n c e r n in g  th e  f i n a l  s t a t e  i n t e r a c t i o n .  B .B a r r e t  e t  a l .  [18] 
have s u g g e s te d  t h e  f o l lo w in g  fo rm u la :

A ^ P . e )  = ---------- 2------------  + b Г 1  # / 3.9 /
1 -  i a Q q ( s )  L D t  D u - 1

T his  t a k e s  i n t o  a c c o u n t  a tt tt i n t e r a c t i o n  i n  t h e  I  = 0 ,  L= 0 s t a t e ,  
d e s c r i b e d  by th e  s c a t t e r i n g  l e n g t h  aQ and  a  n n i n t e r a c t i o n  i n  th e

We h av e  checked  t h a t  th e  c o n c l u s i o n s  o f  th e  p r e s e n t  p a p e r  r e m a in  unchanged 
i f  t h e  e l e c t r o m a g n e t i c  mass d i f f e r e n c e s  and th e  e x a c t  b o u n d a ry  o f  th e  
D a l i t z  domain a r e  ta k e n  i n t o  a c c o u n t .  Some n u m e r ic a l  v a lu e s  a r e  o f  c o u r s e  
c h an g e d ,  som etim es  by a f a c t o r  o f  2 .



1=1 , L=1 s t a t e ,  d e s c r i b e d  by  th e  p meson p o l e .  Here q (s)=i/s-4p2
and D(s)comes from the p propagator, being d (s)=M -s-iM r(p)qJ(s) s ' .
The e m p i r i c a l  c o n s t a n t s  a and b a re  r e a l  i f  th e  CPT symmetry h o l d s .

The r e c e n t  a n a l y s i s  [19] s u g g e s t s  a  v a lu e

paQ = 0 ,2  ,  / 20/

I t  i s  shown in  th e  A ppendix  I ,  t h a t  the  f o r m u la  [19] may be w e l l  a p p ro x im a te d  
w i th  a  l i n e a r  e x p r e s s i o n ,  i f  we make u se  o f  th e  n u m e r i c a l  v a lu e s  / 1 8 /  and 
/ 2 0 / .  So we s h a l l  u s e  th e  f o l l o w i n g  e x p r e s s i o n  f o r  t h e  C c o n s e r v in g  
a m p l i t u d e :

A 1 (p»0) 1 + ß p c o s Q

( l  + ) ß ^ ) 1/2
/ 2 1 /

w ith

a  =  a r c  t g  j a Q m2 -  |  mQ -  |  y 2 ) 1 / 2 J = 8° 40 '  / 2 2 /

coming f ro m  th e  f i t  o f  / 2 1 /  t o  /1 9 /* T h e  p o s s i b l e  c o n se a u e n c e s  o f  t h e  n o n ­
l i n e a r  te rm s  in  / 2 1 / a n d  o f  t h e  v a r i a t i o n  o f  th e  s c a t t e r i n g  l e n g t h  a Q a r e  
d i s c u s s e d  i n  th e  A ppendix  I I .

L e t  us now t u r n  to  th e  C v i o l a t i n g  p a r t  o f  t h e  i n v a r i a n t  a m p l i tu d e  
A(p,0)) coming from t h e  1 = 0 and  1 = 2 f i n a l  s t a t e s .  B. B a r r e t  e t  a l  [18] 

have u s e d  th e  f o l l o w i n g  e x p r e s s io n s

Ao ( p ' 0 ^ + A2 ( p ' 0 ) i c t - u  u - s  s - t
D s  D , t  D u + i d t - u  

D S / 2 3 /

In  th e  p r e s e n t  work we assume t h a t  th e  C v i o l a t i n g  t r a n s i t i o n s  тг n 
/1 = 0 ,2 / a r e  d o m in a ted  by  th e  p meson / F i g . 3 /  and th e  C v i o l a t i o n  i s  due to
th e  при v e r t e x [4] :

Ho ■ 9=1 -  пЭИ - ) + p°  ( 7T° 3yri " n 3y110) + Py ( 1Г+Э„Ч " пЭутг+} ] , /2 4 /

H2 -  s 2 | -  " V " ' )+ 2p°  (тг°Эуп -  пЭутт°) -  p- (тг+ Эуп -  пЭутт+) ' 1 - /2 5 /

The C sym m etric  ртгтг v e r t e x  i s  t h e  known s t r o n g  i n t e r a c t i o n
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Hp = Gp Е% ((7Т° ЭРТГ " п Эу7Г° )  + Р° С77 *yw+ ■ 7T+9w7T )  + Ру ( ^ Э у 770 -
. . / 2 6 /  

The o b s e rv e d  р w id th  г(р)= 13>0 + 20 MeV [13] g iv e s

|Gp| = 5 , 6  -  0 , 4  / 2 7 /

The i n t e r p l a y  o f  th e  c o u p l in g s  / 2 4 /  an d  / 2 5 /  w i t h  / 2 6 /  r e s u l t s  in

Ao ( p , 0 )  + A ^ p , © )  = i  ( g 0 - g 2 )i G t - u
M2- S

u - s
M2- t

s - t
M2- u

+ i  3g 2 GP
t - u

M2- s

/ 2 8 /

/T he  r e a l  p a r t  coming from  th e  p w id th  may be n e g l e c t e d  com pared  to  th e  
im a g in a ry  c o n t r i b u t i o n  o f  A^(p,©)com ing from  th e  f i n a l  s t a t e  i n t e r a c t i o n s . /  
Comparing th e  e x p r e s s io n  / 2 8 / w i t h  th e  fo rm u la  / 2 3 / o n e  can  s e e  t h a t  th e  
p a r a m e te r s  c and d do n o t  s im p ly  d e s c r i b e  t h e  AI = 0 and  AI = 2 
t r a n s i t i o n s ,  b u t  th e y  a r e  c o m b in a t io n s  o f  gQ and g 2 - In  o r d e r  to  avoi-de 
any m is u n d e r s t a n d in g  we s h a l l  a n a ly z e  th e  n asym m etry  i n  t e rm s  o f  th e  
p u re  i s o s p i n  c o n s t a n t s  gQ and g 2 i n s t e a d  of t h e  u s u a l  c an d  d .

By p e r fo rm in g  a pow er e x p a n s io n  a c c o r d in g  t o  th e  new v a r i a b l e s  
Y = 3Q- 3’T, -  1 / s e e  Appendix I /  and by i n t r o d u c i n g  t h e  sm  11
c e n t r i f u g a l  b a r r i e r  p a r a m e te r

к = mQ /3
M2 -  ( m - p ) 2 ♦ ÍS 2

= 0 , 0 5 4 / 2 9 /

one a r r i v e s  a t  th e  fo rm u la

Ao ( p , 0 )  + A2 ( p , 6 )  -  i  6 / T  Gp k P ■ + ( s „  -  9 j )  A3 P3 S i n 3 0 + .
l + 2 k p  c o s 0

w hich  may be w r i t t e n  a l s o  i n  th e  more c o n v e n ie n t  fo rm

Ao ( p , 0 )  + A2 ( p , 0 )  = i  Gp [  g 2 (k p  + k 3 p3 ) s in ©  -  g 2 k2 p2 s i n 2 0  +

+ g Q k 3 p3 s i n 3 0  + 0 ( k 4 ) ] .  / 3 0 /
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We have  now e v e r y t h i n g  r e a d y  to  c o n s t r u c t  th e  t h e o r e t i c a l  d i s t r i b u t i o n  on 
th e  D a l i t z  c i r c l e . L  e t  us c a l c u l a t e  t h e  0 d i s t r i b u t i o n  f  (0) up to  f i r s t  
pow ers o f  g0 /G1 , g 2 / Gi  and UP t o  k 3 .E v id e n t ly ,

1
f ( 0 )  = - j -  f  |A1 ( p , 0 ;  + Ao ( p , 0 )  + A2 ( p , 0 > | 2 p dp .

Gl 7r о

By s u b s t i t u t i n g  t h e  f o r m u l a s / 2 1 /  a n d / 3 0 /  one g e t s  th e  f o l l o w i n g  e x p r e s s io n s

2тг f  (0) = 1 -  ^1 + i  ß2)  1 ^  -  I  ß c o s 0  -  i  ß2 cos20 j  +

2 4 /T  s i n a  Gp f _  f  к  ßk2 , k 3 ^ _ , _ „

( x  + i  , ’ ) 1 /2  « Л 9 2 ' ' 5 ' ^

- ’» * ( - ! * ♦ £ - & ) - ■ « , & ]  —  *

2 3*1 3
+ - g 2 JcT + go t “ Sin30 + g o  J2^ s in 4 0  + o ( k 4 ) ' =

. -J -

= 2ir I x n co sn ® + I Уп s i n  nO . / 3 1 /
n n

The c h a rg e  asym m etry i s  g iv e n  by  th e  s i n n 0  te rm s .  The asymm etry 
p a r a m e te r s ,  d e f i n e d  i n  / 8 /  a n d / 9 /  may be o b ta in e d  from f ( 0 ) :

71

A = -  I  [ f  (0) -  f  ( - 0 ) ]  d0 = - 4 ( Yl + §  y 3)  ,
о
TT / 3 2 tt / 3 Ti

s  -  -  J [ f ( 0 ) -  f ( - e ) ] d 0  + j  [ f  Co) -  f ( - 0 ) ] d 0  -  I  [ f ( 0 ) ~  f ( - 0 ) ] d 0  = - 4 y 3 ,
О тг/З 2 тт / 3

i . e .

a _ 16/3" s i n a  , 3 Gp . Í S  2ß .Л

5; 1 + i ^ i / 2  * +

г  — /6 / т  * з § !  I  • / з з /
5 " ( l  * J S ! ) G1 L J



10

S u b s t i t u t i n g  t h e  n u m e r ic a l  v a lu e s  q u o te d  in  th e  e q u a t io n s  / 1 6 / , / 1 8 / »  
/ 2 2 / ,  / 27/  and / 2 9 /  we have f i n a l l y

A = 7 .1 0 -4  ( g  + 1740 g 2 ) , / 34/

A = 7 . 10 4 (3go + 15 g 2 ) ; /3 5 /

f o r  s i m p l i c i t y  we t a k e  th e  s ig n  o f  th e  p r o d u c t  ( -  Gp s i n a )  a s  p o s i t i v e .  
I f  i t  t u r n s  o u t  to  be  n e g a t i v e ,  we have to  ch an g e  th e  s i g n  o f  gQ and  of g2 -

Remembering t h a t  th e  c e n t r i f u g a l  b a r r i e r  p a r a m e te r  k , i n t r o d u c e d  in  
e q u .  / 29/  i s  s m a l l ,  we a r r i v e  a t  t h e  f o l l o w i n g  c o n c l u s i o n s :

' a /  I n  c a se  o f  a  p u re  AI = 0 ch a rg e  asym m etry / i . e .  w i th  g 2 = 0/  
one would have  A=3A. The s e x t a n t  asymm etry A h a s  been  o r i g i n a l l y  
i n t r o d u c e d  by M. N auenberg  [16] j u s t  a s  a good t o o l  to  d e m o n s t r a te  t h e  
p r e s e n c e  o f  a  p u re  AI = 0 asym m etry i n  th e  п-»-1т+тт07г“ d e c a y .  However, one 
c a n n o t  l i v e  w i th  a  p u r e  AI = 0 C v i o l a t i o n  : r a d i a t i v e  c o r r e c t i o n s  
i n t r o d u c e  a  AI =• 1 and  a  AI = 2 i m p u r i ty  n e c e s s a r i l y ,  and from  eq u .
/ 3 4 /  we s e e  t h a t  i n  A th e  c o n t r i b u t i o n  o f  t h e  Л1 = 2 c h a n e l l  w i l l  

d o m in a te  even  i f  д2~д0 /137 • The e x p e r im e n ta l  i n d i c a t i o n  A>A th e n  becomes 
u n d e r s t a n d a b l e .  L e t  u s  a l s o  rem ark  t h a t  to  r e p r o d u c e  th e  o b s e rv e d  o r d e r  o f  
m a g n itu d e  f o r  th e  A asym m etry  w i t h  д2 = 0 , one  has  to  t a k e  9o ~20 . S uch  a 
s t r o n g  C v i o l a t i n g  npir c o u p l in g  would l e a d  t o  v e ry  l a r g e  ch a rg e  
a sy m m e tr ie s  i n  many s t r o n g  and e l e c t r o m a g n e t i c  t r a n s i t i o n s ,  where t h e  
c e n t r i f u g a l  b a r r i e r  e f f e c t ,  s p e c i f i c  f o r  th e  п^тг+тг0тт~ d e c a y ,  i s  a b s e n t .
Thus we c o n c lu d e  t h a t  we a r e  f o r c e d  to  r e j e c t  t h e  g2=o s o l u t i o n .

b /  I f  g_ ф o ,  t h e  s i t u a t i o n  becomes m ore in v o lv e d .  The f i r s t  t h i n g
z  - 2  - 2  t o  n o te  i s  t h a t  th e  e x p e r i m e n t a l  v a l u e  Д-10 c a n  be r e p ro d u c e d  i f  g 9 = 10 ,

ii *
w hich  i s  a  r e a s o n a b l e  m i l l i s t r o n g "  v a l u e .  At t h e  same t im e  gQ may b e  z e ro ,
b u t  t h i s  i s  by no means a  n e c e s s i t y .  Equ. / 3 4 /  c l e a r l y  shows t h a t  ev en  i f
gQ = 100 g 2 , th e  c o n t r i b u t i o n  o f  gQ w i l l  be  p r a c t i c a l l y  u n d e t e c t a b l e  in

A . L e t  u s  a l s o  lo o k  a t  th e  s e x t a n t  asym m etry  Ä . I t  - is  im p o r ta n t  to
rem a rk  t h a t  w h i le  i n  A th e  c o e f f i c i e n t  o f  g_ i s  a lm o s t  e n t i r e l y  g i v e n

-2 -  ^by th e  c o n s t a n t  5k ^ 1 7 0 0 , in  A t h i s  c o e f f i c i e n t  d ep en d s  a l s o  on  ß i . e .  
i t  i s  s e n s i t i v e  to  th e  e n e rg y  d ep en d en ce  o f  t h e  C c o n s e r v in g  m a t r i x  e le m e n t .  
I n  A ppendix  I I  we show t h a t  th e  v a l u e  of t h i s  c o e f f i c i e n t  i s  i n f l u e n c e d  
a l s o  by th e  s m a l l  q u a d r a t i c  te rm  o f  th e  C c o n s e r v in g  m a t r i x  e l e m e n t ,  
n e g l e c t e d  i n  o u r  f o rm u la e  g iv e n  i n  th e  t e x t .  Thus the  c o n t r i b u t i o n  o f
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g2 to  Д c a n n o t  be f i r m l y  e s t a b l i s h e d . ,  and th e  c a l c u l a t e d  v a l u e  "15" i n  
equ . /3 5 /  can  be u s e d  o n ly  f o r  o r i e n t a t i o n .  I t  j u s t  shows t h a t  w i t h  g2 = lO- 2 , 
gQ < 100 g 2 , Д i s  e x p e c te d  to  be much s m a l l e r  t h a n  Д, a  r e s u l t  w hich 
i s  f u l l y  c o n s i s t e n t  w h ith  t h e  m easured  v a l u e  A = 0 , 4 4 - 0 ,5  %

The b a s i c  e x p e r i m e n t a l  in f o r m a t io n s  A=lo- 2 and A>A g iv e n  i n  equ .
/ 6 / and  / 10/ a r e  j u s t  a t  t h e  l i m i t  o f  th e  s t a t i s t i c a l  s i g n i f i c a n c e .  I t  

would be o f  g r e a t  im p o r ta n c e  t o  a s c e r t a i n  th e s e  e x p e r i m e n t a l  r e s u l t s .
In d e e d ,  l e t  us ru p p o s e  t h a t  t h e  s o l u t i o n  | e |  >> | e ' |  h o ld s  f o r  th e  K° 
d e c a y s .  Then th e  CP v i o l a t i o n  may be superw eak  /As = 2/ o r  m i l l i s t r o n g  
/As = 0 / , b u t  i n  th e  KL d e c a y s  t h i s  c a n n o t  be d e c i d e d  anym ore. The 
e x p e r im e n t  c r u c i s  may th e n  b e  th e  п-*'тг"ьтт0 тт— d e c a y .  I f  th e  v a l u e  A = 10 2 
t u r n s  o u t  to  be r e a l i s t i c 34, th e n  th e  CP v i o l a t i o n  i s  m i l l i s t r o n g .  We h av e  
j u s t  s e e n  t h a t  th e  r e s u l t s  A=10 , A>A a r e  f u l l y  c o m p a t ib le  w i t h  | e |  >> | e ' |
s i n c e  t h e  dom inance o f  th e  AI = 2 c h a n e l l  i n  t h e  п-*тт+тт°тт- d e c a y  does  
no t  n e c e s s a r i l y  mean t h a t  g 2>>gQ. Tiie P o s s i b i l i t y  90 >>g2 3-3 a -*-s0  °Pe n »
due t o  th e  s t r o n g  damping o f  th e  AI = 0 c h a n n e l  b y  th e  c e n t r i f u g a l  b a r r i e r  
e f f e c t .

L e t  us p o i n t  o u t  t h a t  u s e f u l  s u p p le m e n ta ry  i n f o r m a t i o n  on th e  
mechanism of  th e  C v i o l a t i o n  i n  th e  п-*-гг+тг0 тт“ d e c a y  can be e x t r a c t e d  f ro m  
th e  s t u d y  o f  th e  p a r t i a l  asym m etry  p a r a m e te r s  Д^, Д2 , A3 . T hese  p a r a m e te r s  
have a l s o  been c o n s id e r e d  by  M. N auenberg  f o r  th e  p u r e  AI = 0 c a s e .  They
a r e  d e f i n e d  as  f o l l o w s  /  s e e  F i g . l / :

A1 =
N1 -  N6 

N1 + N6
A2 -

N2 -  N5 

N2 + N5
A3 =

N3 -  N4 
N3 + N4

/3 6 /

S t a r t i n g  from  ou r  d i s t r i b u t i o n  f u n c t i o n  f (0 ) g iv e n  i n  e q u . / 5 1 /  
th e  t h e o r e t i c a l  e x p r e s s io n s  f o r  th e s e  asym m etry p a r a m e te r s  can  be  e a s i l y  
c a l c u l a t e d .  The com parison  w i t h  th e  e x p e r im e n ta l  v a l u e s ,  ta k e n  from  / 7 /  a r e  
p r e s e n t e d  in  t a b l e  I I .  We s e e  t h a t  th e  a v a i l a b l e  e x p e r i m e n t a l  d a t a  on th e  
p a r t i a l  a sy m m etr ie s  s u p p o r t  o u r  c o n c l u s i o n s ,  b a s e d  on th e  s tu d y  o f  th e  A 
and A p a ra m e te r s  a lo n e .  The i n f l u e n c e  o f  th e  q u a d r a t i c  e n e rg y  te rm s i n  
th e  C c o n s e rv in g  m a t r ix  e l e m e n t  on t h e  p a r t i a l  a sy m m e tr ie s  i s  d i s c u s s e d  
in  A ppendix  I I .

L e t  us end t h i s  d i s c u s s i o n  w i th  t h e  rem ark  t h a t  th e  a v a i l a b l e  d a t a
on th e  п-*7г+тг°7т-  ch arge  asym m etry  do n o t  g iv e  an  e f f e c t i v e  u p p e r  l i m i t
f o r  t h e  c o u p l in g  c o n s t a n t  gQ . As n o te d  above, s u c h  a  l i m i t  may come f ro m
C v i o l a t i n g  e f f e c t s  i n  s t r o n g  o r  e l e c t r o m a g n e t i c  p r o c e s s e s .  I t  t u r n s  o u t
t h a t  t h e  w orking l i m i t  i s  g iv e n  by th e  тг>”'г0 е+е d e c a y ,  which we s h a l l  d i s c u s s
p r e s e n t l y . _________
* s e e  f o o t n o t e  on page 5 *



5 . The г)-*"гг°е+е~ D ecay .

I t  was emphasized, a l r e a d y  i n  1965 [ 2 0 ] ,  t h a t  t h e  m i l l i s t r o n g  model 
o f  th e  C v i o l a t i o n  p r e d i c t e d  a  s t r i c t  c o r r e l a t i o n  b e tw ee n  th e  b ra n c h in g  
r a t i o  o f  t h e  n-*-ir0 e+e -  d ecay  and  th e  c h a r g e  asym m etry  i n  th e  т)-*ктг+7г0 тг“ 
d e c a y ,  i f  th e  p p o l e  dom inance was assum ed i n  b o th  r e a c t i o n s .  I n  t h e  l i g h t  o f  
th e  a c c u r a t e  u p p e r  l i m i t  / V  i t  lo o k s  t o  b e  w o r th w h i le  to  r e i n v e s t i g a t e  
t h i s  q u e s t i o n .

I n  th e  P dom inance m odel / P i g . 4 /  we c a n  e x p r e s s  th e  п-*"п°е+е~ 
d e c a y  p r o b a b i l i t y  i n  te rm s o f  t h e  c o u p l in g  c o n s t a n t s  gQ and g 2 I f  th e  p-y  
c o u p l in g  i s  g iv e n  b y  f  = e G^1 , we have [1 8 ] :

2
г (n TT°e+e“ )  = 42 eV Í - —— ] /37/

' P '
i . e .

_ / g + 2g0 Л 2
В ( n ^ ° e V )  = r(jv*-TT°e+e- )  : Г (n ) = 2.10-3 —g—  ̂J /38/

We can  e x p r e s s  gQ and g 2 th ro u g h  Л and Л u s i n g  th e  e q u a t io n s  
/ 32/  and / 3 3 / * I n t r o d u c i n g  t h e s e  e x p r e s s i o n s  i n t o  /3 9 ^  we see  t h a t  В i s  
in d e p e n d e n t  o f  G1 - U s in g  th e  known n u m e r i c a l  v a lu e s  o f  t h e  o t h e r  p a r a m e te r s ,  
we g e t

В ( n-TT°e+e "  ); = 142 (Ä - 0,00525д)2 /39/

The e x p e r i m e n t a l  l i m i t  q u o te d  i n  e q u .  /4 /  p u t s  th e  r e s t r i c t i o n

|Д -  0 ,00525Д| < IO-3 / 40 /

on th e  c h a rg e  a sy m m e tr ie s  Д an d  Д c o n s e q u e n t ly  / 4 /  and / 6 /  p r e d i c t  
Д to  be  s m a l l e r  t h a n  10- 3 .  T h is  i s  a  much more s t r i n g e n t  r e s t r i c t i o n  

th a n  t h e  e x p e r i m e n t a l  l i m i t  / Ю / I t  must be  em p h asized  t h a t  th e  u n c e r t a i n i t y  
o f  th e  " 1 5 "  v a lu e  o f  fo rm u la  / 3 5 /  i n f l u e n c e s  o n ly  t h e  " 0 ,0 0 5 2 5 "  on th e  l e f t  
hand s i d e  o f  equ . / 4 0 /  and t h i s  u n c e r t a i n i t y  does  n o t  a f f e c t  t h e  r e s t r i c t i o n  
on A s e r i o u s l y .

I f  we a re  r e a d y  to  u se  t h e  n w id th  q u o te d  i n  / 1 5 / ^ th e  f o r m u la  / 3 8 /
g iv e s

|go + 2g2 | = 40 [в ( nn O eV ) ] 1 /2  , /4 1 /

and u s in g  th e  l i m i t / 4 /  we g e t
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lgo + 2 9 2 ! < ° ' 4 * Z42/

I t  can be s e e n  now t h a t  g 2 i s  r e s t r i c t e d  by t h e  п_*"71+тт0тт— r e s u l t  
/ 6 /  due  to  t h e  fo rm u la  / 3 4 /  ; gQ on th e  o t h e r  h a n d ,  i s  r e s t r i c t e d  by 
th e  f o r m u l a / 4 2 /  much s t r o n g e r  th a n  by t h e  r e s u l t / Ю /  th ro u g h  t h e  fo rm u la  
/ 3 5 /  . A l l  t h e s e  r e l a t i o n s  a r e  v i s u a l i z e d  i n  th e  F i g .  5 ? i t  can  be s e e n
t h a t  t h e  e x p e r i m e n t a l  l i m i t s  1%< A <2% / o n e  s t a n d a r d  d e v i a t i o n / ,  о < A < l% /o n e  
s t a n d a r d  d e v i a t i o n / ,  and в < l o -4  a l lo w  e s s e n t i a l l y  th e  f o l l o w i n g  
p o s s i b i l i t i e s :

- 0 , 1  < g < + 0 , 4  ; 0 , 0 0 8  < g„ < 0 , 0 1 6  . / 4 3 /

I f  we u s e  the  more l i b e r a l  l i m i t s  0,5%<Д<2 , 5%/two s t a n d a r d  d e v i a t i o n / ,
B < 2 . 1 0 - 4  / t h e  v a l u e  g iv e n  b y  B az in  e t  a l  [21] w i t h  90 % c o n f i d e n c e /  th e  
p o s s i b i l i t i e s  a r e  w id e r* :

- 0 , 6  < g Q < + 0 , 6  ; 0 , 0 0 4  < g 2 < 0 , 0 2  ; / 4 4 /

th e  e x p e r im e n ta l  A v a lu e  d o e s  no t  g iv e  a n y  f u r t h e r  r e s t r i c t i o n  i f  t a k e n  
w i th  two s t a n d a r d  d e v i a t i o n .

L e t  us n o te  a t  t h i s  p o i n t  t h a t  i n  t h e  п-*тт°е+е -  d ecay  a  AI = 1 C 
v i o l a t i n g  moir c o u p l in g  may i n t e r f e r e  w i t h  th e  A l = 0 and Al = 2 
c o u p l i n g s .  The AI = 1 way o f  C v i o l a t i o n  i s  b r i e f l y  d i c u s s e d  i n  A ppendix  
I I I .

We t u r n  now t o  Tab le  I I ,  where t h e  e x p e r i m e n t a l  v a lu e s  o f  th e  A, A 
Al f  д2 and A2 asym m etry p a r a m e te r s  a r e  com pared w i th  th e  c a l c u l a t e d  
ones f o r  some s p e c i f i c  c h o ic e s  o f  th e  gQ, g 2 c o u p l in g  c o n s t a n t s .  F or  
s i m p l i c i t y  we h av e  alw ays c h o o sen  д and g 2 to  r e p r o d u c e  th e  o b s e rv e d  mean 
v a lu e  1 ,5 2  % o f  t h e  A asym m etry  p a r a m e te r .  I t  can b e  s e e n  from  T a b le  I I  
t h a t  t h e  c h o ic e  g 2=0 c o n t r a d i c t s  b o t h  th e  р-*-тт°е+е-  l i m i t  / g i v e n  i n  
p a r e n t h e s i s  a t  t h e  to p  o f  e a c h  co lum n/,  an d  th e  m e asu re d  v a lu e  o f  th e  o t h e r  
asym m etry  p a r a m e t e r s .  On th e  o t h e r  hand t h e  c a s e s  g 2#0 a re  s e e n  to  be i n  
a g re e m e n t  w i th  t h e  п^тг+тт0 тт_ r e s u l t s ,  and  up to  9o ~30g2 a l s o  w i th  th e  
n-*-TT°e+e -  l i m i t .  We have s e e n  from F i g . 5 . t h a t  i f  A i s  a l s o  a l lo w e d  t o  

ch an g e ,  th e n  g Q= 5 0 g 2 /o n e  s t a n d a r d  d e v i a t i o n  f o r  Д /  and even  g o = 1 0 0 g 2 
/ tw o  s t a n d a r d  d e v i a t i o n  f o r  A /  i s  p o s s i b l e .

T h is  means t h a t  th e  m easured  C v i o l a t i n g  e f f e c t s  i n  t h e  п-*-тг+тг°7г-  
d e c a y s  a l lo w  a p u r e  AI = 2 C v i o l a t i o n  w hich  i s  m i l l i s t r o n g  in d e e d ,  b e i n g

* L e t  us m en tio n  t h a t  i n  t h e  e l e c t r o m a g n e t i c  model o f  C v i o l a t i o n  [21] 
equ . / 4 /  g iv e s  t h e  r e s t r i c t i o n  д < 0 , l e , f rom w hich  A< 0 ,1 7  % f o l l o w s ,  i n  
c o n t r a d i c t i o n  w i t h  th e  e x p e r im e n ta l  r e s u l t  / 6 / .
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g 2 : Gp ~ * 5  * * * *• 10 . / 4 5 /

In  t h i s  c a s e  an  | e |  = | e ' |  s o l u t i o n  would be e x p e c te d  i n  th e  K° d e c a y s .Xj
A more i n t e r e s t i n g  p o s s i b i l i t y  i s  o f f e r e d  by th e  s o l u t i o n  gQ >> g 2 . In  
t h i s  c a s e  a  c o m p a r a t iv e ly  s t r o n g  i s o - s y m m e tr ic  C v i o l a t i o n ( g Q|  i s  
accom pan ied  by a  much w eaker i s o s p i n  a sy m m etr ic  C v i o l a t i o n  (g^-T he  
l a t t e r  may p e a r h a p s  be  i n t e r p r e t e d  a s  an  e l e c t r o m a g n e t i c  c o r r e c t i o n  to  th e  
is o s y m m e tr ic  C v i o l a t i o n .  I n  t h i s  c a s e  t h e  | e | > > | e ' |  p r o p e r t y  o f  th e  K° 
d eca y  can  be e x p l a i n e d  by th e  dom inance o f  th e  is o s y m m e tr ic  C v i o l a t i o n .  
In  th e  Г|->тг+тг°тт_ d e c a y  th e  AI = 0 t r a n s i t i o n  i s  v e r y  much s u p p r e s s e d  
by th e  c e n t r i f u g a l  b a r r i e r  /  A - 10"3 j_s p r e d i c t e d / ,  and as  a  r a d i a t i v e  
c o r r e c t i o n  th e  AI = 2 t r a n s i t i o n  comes t o  d a y l i g h t  i n  th e  r i g h t - l e f t

_ о
asym m etry  A * 10

An i n t e r e s t i n g  p o s s i b i l i t y  / n o t  y e t  u n d e r s t o o d /  i s  o f f e r e d  by th e  
f o l l o w i n g  c h o ic e :

2go ю д 0g = G. = e = 0 ,3  ; ----- 2 -  < g < -------
137 г  137

T his  r e p r o d u c e s  t h e  o b se rv ed  v a l u e s  o f  г(г)-*7т+и°тг- ^ and o f  t h e  f i v e  
asym m etry  p a r a m e t e r s ,  r e s p e c t s  th e  ir*Tr°e+e -  l i m i t  and  e x p l a i n s  | e | > > | e ' |  
a t  th e  same t im e .

The " b ig  g " p o s s i b i l i t y  im p l i e s  some p ro b le m s .  As f i r s t ,  one has  
to  f i n d  o u t  how gQ- 0 , 1 le a d s  t o  | e |=2 .10  . As se c o n d ,  one h a s  t o  check
w h e th e r  t h e  b ig  c o u p l in g  c o n s t a n t  g0 i s  c o m p a t ib le  w i t h  th e  r e s t r i c t i v e  
u p p e r  l i m i t  4 .1 0 -2 3  cm o f  th e  n e u t r o n  d i p o l e  moment o r  n o t .  As t h i r d , o n e  
has  to  lo o k  f o r  p r o c e s s e s  w here a  go > 0 , l  c o u p l in g  c a n  m a n i f e s t  i t s e l f  
d i r e c t l y .  E .g .  Г(р+-*-тг+п)| Г (p) >10_3i s  p r e d i c t e d ,  nn a n n i h i l a t i o n  m a y 'a ls o  
be s e n s i t i v e  to  a  b i g  gQ.Up t o  now th e  lo w e s t  l i m i t  f o r  gQ i s  g iv e n  by 
th e  n-*-Tf0 e+e“ e x p e r im e n t .  I t  w ould  be d e s i r a b l e  to  r a i s e  th e  a c c u r a c y  of 
t h i s  e x p e r im e n t  w h ich  o f f e r s  t h e  b e s t  way to  t e s t  t h e  AI = 0 m ode l.

F i n a l l y  l e t  u s  f o r m u la te  an  im p o r t a n t  n e g a t iv e  c o n c lu s io n s  th e  
a v a i l a b l e  e x p e r i m e n t a l  d a t a  on th e  п-»тт+тт°тт~ c h a rg e  asym m etry and on 
th e  ir»TT°e+e~ l i m i t  do n o t  c o n t a i n  any  s e r i o u s  r e s t r i c t i o n  f o r  th e
1 e I ; [ e ' ! r a t i o .

The p a r a m e te r  e can  be r e p r e s e n t e d  a l s o  b y  th e  fo rm u la
„ <2т г ,1 = 0 |н Л1=0|п> <n I H |K°>

e . <2 tt, i =o | hw| k > = J ------------------------------------- -— YL— í;—  .
S n mL "" En ~ l e

For th e  m ost d i r e c t  / o n  mass s h e l l /  s t a t e  |n> = |3 i r , i= l> t h e  r i g h t  hand s i d e
i s  v a n i s h i n g .  In  o r d e r  to  g e t  an  e w i th  th e  is o s y m m e tr ic  m i l l i s t r o n g  C 
v i o l a t i o n ,  one i s  f o r c e d  to  c h o o se  s t a t e s  f a r  away from  th e  mass s h e l l  E>>m .
T his  may be a p o s s i b l e  e x p l a n a t i o n  why e t u r n s  o u t  t o  be c o n s i d e r a b l y  n L
s m a l l e r  th a n  g0 . On th e  o t h e r  hand  i f  g Q >> e, th e n  th e  i n e q u a l i t y  | e | > > | e ' |
c a n n o t  be e x p e c te d  to  h o ld  v e r y  s t r o n g l y :  a  £  = 1 C v i o l a t i n g  v e r t e x  

/s e e  a p p e n d ix  I I I /  may g iv e  non n e g l i g i b l e  c o n t r i b u t i o n s  b o th  t o  e and to  e ' .
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Appendix I .  The C A llow ed л-*-тг+тг°тт~ D ecay .

We s h a l l  now e s t a b l i s h  t h e  n u m e r ic a l  v a lu e s  o f  th e  r e a l  c o j i s ta n s  
a and b i n  th e  C c o n s e r v in g  m a t r ix  e le m e n t  A p  w hich  we r e w r i t e  from  
equ . / 1 9 / :

A1 1
a_______

i a Q q ( s ) ( s -  u s -  t  
D f t )  D( u)

q ( s ) D(. )  -  M2 -  s  -  i  r fr> ^
M / s

/ 1 . 1 /

The r a t i o  b: a w i l l  be  d e te rm in e d  by th e  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  en e rg y  
d ependence  o f  th e  п->-7т+7т0 7г-  d e c a y  [17 ]» and th e n  | a |  w i l l  be fo u n d  from  
th e  known Г (гг*тт+тт°тг- ) w id th .  The im a g in a ry  p a r t  o f  th e  D ( s )  f u n c t i o n  i s  
l e s s  th e n  5 ° /o o  o f  t h e  r e a l  p a r t ,  and w i l l  b e  n e g l e c t e d .  F or  th e  it n 
s c a t t e r i n g  l e n g th  a Q we s h a l l  u se  th e  n u m e r i c a l  v a lu e  a Qp = 0 , 2  [ 1 9 ] .  The 
i n f l u e n c e  of th e  v a r i a t i o n  o f  a 0 on th e  asym m etry  fo rm u la e  w i l l  be  
d i s c u s s e d  i n  A ppendix I I .

I n  [17] 717O п-*-тт+7г°тг~ d ecays  h a s  b een  used  to  f i n d  th e  e n e rg y
d ep en d en ce  o f  a p u r e l y  p h en o m en o lo g ic a l  C c o n s e r v in g  п->-гг+тг0тг-  m a t r i x  
e le m e n t  M, d e f in e d  a s  f o l l o w s :

M = 1 + ßYo + + SY+ Y_ . / 1 . 2 /

The d im e n s io n le s s  e n e rg y  v a r i a b l e s  Y a r e  r e l a t e d  to  th e  k i n e t i c  e n e r g i e s  
o f  th e  p io n s  i n  th e  f o l l o w i n g  m anner:

+ fO,- = — T -  1Q + , o f- / 1 . 3 /

In  te rm s o f  t h e  p o l a r  c o o r d in a t e s  p ,0  o f  th e  D a l i t z  p l o t  t h e  Y-s
r e a d :

Y = p COS0 о COS0 + / I  s i n 0  )  . / 1 . 4 /

These v a r i a b l e s  a r e  commonly used, b e c a u se  i t  i s  e x p e c te d  t h a t  t h e  n o n -
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l i n e a r  te rm s  t u r n  th e n  up w i th  s m a l l  c o e f f i t i e n t s  i n  th e  a m p l i tu d e  M.

The m a t r i x  e le m e n t  M i s  i n t r o d u c e d  i n  [171 o n ly  f o r  th e  s tu d y  
o f  th e  en e rg y  d e p e n d e n c e ,  and i t s  n o r m a l i s a t i o n  and  o v e r a l l  p h a se  a r e  
a r b i t r a r y .  T h is  means t h a t  o u r  m a t r i x  e le m e n t  may be w r i t t e n  as  
f o l l o w s :

Ax = h M ,

w here  h i s  a  com plex number, in d e p e n d e n t  o f  th e  e n e r g i e s  o f - t h e  p io n s .  
Le t  us p u t  A-̂  i n t o  th e  form  / 1 , 5 / .  The second  te rm  i n  A1 i s  eas i ly -  
expanded  i n t o  pow er s e r i e s  o f  th e  Y - s :

S -  u + S -  t  = 2 /  Y~ -Y ° „ + Y+-Y°_„, \  m
M2- t  M2- u  V1 + kY+ i  + kY" )

= - 6 k  Y -  4 k 2 ( Y2 + 2Y Y )  + О k 3 ; / 1 . 6 /

/  к i s  th e  c e n t r i f u g a l  b a r r i e r  p a r a m e t e r ,  d e f i n e d  i n  / 29/  / •
I n  th e  f i r s t  te rm  o f  A-̂  th e  f u n c t i o n  q/ з /  c a n n o t  be c o n v e n i e n t l y  
ex p an d e d .  A f a i r l y  good a p p r o x im a t io n  to  i t  i s  p r o v id e d  by  a  p a r a b o l a ,  
f i t t e d  to  t h e  p o i n t s  qmgX = 9 0= 0 ,7 6 5 m and qm n = 0 .  These
v a l u e s  c o r r e s p o n d s  to  Yomin=-1 ,Y 0 = 0 andY0 max = 0 ,8 7 5  r e s p e c t i v e l y .
In  t h i s  a p p r o x im a t io n  we have

q ( s ) = q(Y0 ) = ( О, 7 6 5  -  0 , 6 2 9 Y o -  0 , 2 7 4 Y 2 ) y  . / 1 . 7 /

W r i t in g  now

1 -  i a0 q ( s ) l  + a o32 (s )
1 '+ i a Qq (s ) / 1 . 8 /

ex p a n d in g  th e  f i r s t  f a c t o r  i n t o  pow er s e r i e s  o f  YQ and u s i n g  / 1 , 7 /  i n  
t h e  seco n d ,  we f i n d  from / 1 , 6 /  and / 1 , 8 /  th e  d e s i r e d  e x p r e s s i o n  f o r  A- ŝ

A1 = 1 ^ 2 2 1 + a q oMo
( i i a  q o^o ) . (  1 + & 0  + yY2 + 6Y+Y_ )  , / 1 . 9 /

w here
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/ 1 . 10/

F

%о = О , 765p . / 1 . 11/

L et us now rem ind  t h e  r e a d e r  t h a t  i n  [17] t h e  a u t h o r s  used  s e v e r a l  w o rk in g  
a s s u m p tio n  to  f i n d  t h e  c o e f f i t i e n t s  ß , y ,6  i n  / 1 , 2 / .  Namely, t h e y  have 
t r i e d  t o  f i t  th e  e x p e r i m e n t a l  en e rg y  d i s t r i b u t i o n  w i th :  а /  у  = б = 0 ,  ß 
a r b i t r a r y  complex number b /  ß ,y  and <5 a r b i t r a r y  r e a l  num bers and с /  ß ,y  
and 6 a r b i t r a r y  com plex  num bers .  I t  t u r n e d  ou t  t h a t  o n ly  t h e  r e a l  p a r t  o f  
8 = 3^ + i ß 2 h a s  a  s t a b l e  v a l u e  i n  a l l  c a s e s :

th e  mean v a lu e s  o f  a l l  th e  o t h e r  c o e f f i t i e n t s  change  . v i o l e n t l y  from  c a s e  
to  c a s e ,  and due t o  t h e i r  v e r y  l a r g e  s t a t i s t i c a l  e r r o r s  a r e  a lw a y s  c o n s i s t e n t  
w i th  z e r o .

T ak ing  i n t o  a c c o u n t  t h i s  s t a t e  o f  a f f a i r s ,  we s h a l l  u s e  o n ly  th e  
v a lu e  o f ß1 in  o u r  c a l c u l a t i o n .  From / 1 , 1 0 /  and / 1 , 1 2 /  we have

0 , 5 5  -  0 , 0 2 / 1 . 1 2 /

E -  FaQy 0 , 4 8  -  6k ^  ^  = - 0 , 5 5 / 1 . 1 3 /

With a Qy = 0 ,2  we f i n d

b = 1 ,6 5 / 1 . 1 4 /a

I n t r o d u c i n g  th e s e  v a l u e s  o f  a and  o f  ^  i n t o  / 1 , 1 0 /  and  th e n  i n t oЭ.
/ 1 , 9 / ,  we a r r i v e  a t  th e  d e s i r e d  r e s u l t :

1 , 0 2 3
a ( ( l  + i 0 , 1 5 3 )  [ l  + ( - 0 , 5 5  -  i 0 , 0 3 ? )

+ ( - 0 , 0 2 8  -  1 0 , 0 5 3  ) У ^  + ( - 0 , 0 4 1 6  + i 0 , 0 0 6 3  )  Y+ Y_] / 1 . 1 5 /
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We s e e  t h a t  |ß jJ  i s  much b i g g e r  th a n  th e  o t h e r  c o e f f i t i e n t s .  T h is  r e s u l t  
i s  c o n s i s t e n t  w i th ,  b u t  does  n o t  fo l lo w  fro m  th e  e x p e r im e n ta l  a n a l y s i s  
[1 7 ] .  I f  we keep  o n ly  ß = = - 0 , 5 5  and i n t r o d u c e  th e  n o t a t i o n

i a

( i  * 4  *2)
1/2

1 + 2 2a q о

i a  q о о . / 1 . 1 6 /

we a r r i v e  a t  th e  m a t r i x  e le m e n t ,  g iv e n  i n  e q u .  / 2 1 / .  The value, o f  | a |  , 
i . e .  th e  v a l u e  o f  |G-  ̂| i s  t h e n  found  from  t h e  Г (  п-*-тт+тг°тг“ )  
w i d t h / s e e  eq u .  / 1 6 /  / :

I a  I = 0 ,3 1  ; IGjJ  = 0 ,3 2  . / 1 .1 7 /

A ppendix  I I .  The Asymmetry P a ra m e te r s  o f  t h e  1г»тг+тт°тт~ Decay i n  th e

Q u a d r a t i c  A p p ro x im a t io n .

I n  §2 we n e g l e c t e d  th e  im a g in a ry  p a r t  o f  th e  Y0 te rm  and a l l  th e  
q u a d r a t i c  e n e rg y  te rm s  o f  th e  C c o n s e r v in g  m a t r ix  e le m e n t  / 1 , 9 / .  We have 
a l s o  c h o o se n  a  v a lu e  f o r  th e  тгтт s c a t t e r i n g  l e n g t h  / a Q= 0 ,2  p“ 1 /w h i c h ,  even 
i f  i t  i s  c o r r e c t ,  may be to o  low to  d e s c r i b e  th e  1 = 0  f i n a l  s t a t e  i n t e r a c t i o n  
i n  th e  w hole  p h y s i c a l  domain 4P 2$ s$ (m -y )2=9p3)f th e  it it sys tem .

Below we s h a l l  i n v e s t i g a t e  th e  e f f e c t  of the  n e g l e c t e d  te rm s  and o f  
th e  v a r i a t i o n  o f  a Q on th e  c h a rg e  asym m etry p a r a m e te r s  o f  th e  n-*-v+TT0ir-  
d e c a y .  We s h a l l  s e e  t h a t  no d r a m a t i c  c h an g e s  a r e  p ro d u c e d  i f  t h o s e  te rm s 
a r e  t a k e n  i n t o  a c c o u n t  and i f  a Q goes up t o  l p _ 1 . T h is  j u s t i f i e s  a  
p o s t e r i o r i  th e  use  o f  th e  s i m p l i f i e d  m a t r ix  e lem en t / 2 1 / .  S u re ,  t h e s e  
r e s u l t s  a r e  model d e p e n d e n t .  N e v e r t h e l e s s ,  t h e y  i l l u s t r a t e  th e  i n f l u e n c e  
o f  a  p o s s i b l e  10% c o m p le x i ty  and  n o n l i n e a r i t y  o f  th e  C c o n s e r v in g  m a t r ix  
e le m e n t  on th e  c a l c u l a t e d  v a l u e s  o f  th e  c h a r g e  asymm etry p a r a m e te r s .

The f u l l  a m p l i tu d e  o f  t h e  п-*-тт+тт°тг-  d eca y  i s  g iv e n  by t h e  e x p r e s s i o n

+ A*Ai  + <Ao + Аг )  H Ac / 1 1 . 1 /
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г

w here А, = A i s  th e  С c o n s e r v in g  m a t r ix  e l e m e n t  / 1 , 1 /  o r  / 1 , 9 / »  and ■1 c
A0+Ao = A j i s  t h e  C v i o l a t i n g  m a t r i x  e lem en t g iv e n  i n  e q u .  /3 0 /«

^ ^ /-] /  , / 2 /  
L e t  u s  d e n o te  t h é  r e a l  and t h e  im a g in a r y  p a r t  o f  A by A and A'
r e s p e c t i v e l y .  We a l s o  i n t r o d u c e  th e  c u m u la t iv e  n o t a t i o n  6 f o r  th e  asym m etry
p a r a m e te r s  Л, Д, Д^, Д2 , Д^ d e f i n e d  in  eq u .  / 8/ ,  / 9 /  and / 3 6 / .  The
g e n e r a l  e x p r e s s i o n  f o r  6 i s  e a s i l y  s e e n  to  be

(0 )г P '
J a© j  dp p a£ 2 /  ( p , e )  a ^2 /  ( p , 0 )

6 =  - 2 6 о

f T ™  TJ de J dp p Í |a c p ,e Í 2 +  | A ^  p , 0  | 2
s 6 о

w here t h e  sym bols  1 and \ mean:\  and j

л  /• Ifi - i  -s
Д S A о

c tt/ 3  2 tt/ 3  itS- Í - s * s
Д о

7TJ r Í - }
2 TT / 3 St ОA

)

7T .
T 3

\  -  \  = j  , j  = 1 , 2 , 3

Aj  Sfij  f ( j - l )
L e t  u s  f i r s t  d i s c u s s  the  i n t e g r a l

R(0)

j  dp a £2 / ( p , 0) a £ 2 / ( p , 0) .
о

We a g a i n  n e g l e c t  th e  v e ry  s m a l l  c o n t r i b u t i o n  o f  t h e  P w id th .  
Then we f i n d :

/ И . 2 /

/ 1 1 . 3 /

» » '  -  -
a n g= a

i  -  i a o q 1 + q 2

-----  ( l  + C Y + C Y2 +)= a
-o <3o

/ И . 4 /
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where

с х = E -  0 ,8 2

c 2 = E2 -  О, 82E -  0 ,3 5 7  / 1 1 . 5 . /

For th e  d e f i n i t i o n  o f  E and q o see  equ . / 1 , 1 1 /

L e t  us  rem ark  t h a t  th e  d ependence  o f  c.^ and c 2 on a Q i s  
weak. I n d e e d ,

i f a Qy = 0 ,2 th e n c 1= - 0 ,7 9 4 , c 2 — “ 0 »377»
i f a n = 0 ,6  О th e n c-^= —0 , 6 2 3 1 Cg = - 0 ,4 6 ,
and i f а оП = 1 th e n c 1= - 0 , 4 , c2 = - 0 ,5 2 5 ,

Now th e  r a t i o  o f  th e  c o n t r i b u t i o n  o f  th e  C v i o l a t i n g  c o u p l in g  c o n s t a n t s  
g0 and g2 to  th e  asymm etry p a r a m e te r s  i s  d e te r m in e d  b y  th e  p r o d u c t

f l  + c l Yo + c 2Yo ) Аф2 ' '  / И - 6/

and we may e x p e c t  t h a t  th e  r a t i o  g2 : g0 i s  o n ly  w eak ly  in f l u e n c e d  b y  a 
500% ch an g e  i n  a Q.

The c o e f f i t i e n t s  c-  ̂ and C2 can a l s o  be w r i t t e n  i n  th e  fo rm

c 1
_ h _

ao^o
+

^2

ao*o
/ И . 7 /

w i th  8=8^+182 , у=уд+1у2 d e f i n e d  i n  A ppendix I .  The l i n e a r  a p p ro x im a t io n  
used  i n  §2 w i th  a Qp = 0 ,2  c o r r e s p o n d s  to  t h e  s u b s t i t u t i o n  o f  c^= - 0 ,5 5  
i n s t e a d  o f  c - ^ - 0 ,7 9 4  and o f  c 2 =0 i n s t e a d  o f  c 2 = -0 , 3 7 7 .

From / 1 1 , 4 /  and / 3 0 /  we f i n d  i n  th e  R(0) = 1 
a p p ro x im a t io n *

X

Í d P P A^2/ a ' 2/  = 6 / T  a Gp
a q 0^0

1 + a q 0^0

5
ln=l

un s i n  n© / 1 1 . 8 /

x see footnote on page 6
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w here

c 2k2 c ^ k 3
U4 = _ g 2 ~ 2 T  + g o  " l F  ' 

c 2k 3
u 5 = g o 28~ * / I I .  9 /

L e t  us  now look a t  t h e  d e n o m in a to r  i n  eq u .  / 1 1 , 2 / .  The c o n t r i b u t i o n  o f
0 2 I A. I i s  v e ry  s m a l l  i n  co m p ar iso n  w i th  |a | and can  be n e g l e c t e d .  T h is<p c

means t h a t  the  d e n o m in a to r  do n o t  i n f l u e n c e  th e  r a t i o  o f  th e  c o n t r i b u t i o n  
o f  g Q and g2 t o  t h e  asymmetry p a r a m e te r s ,  b u t  o n ly  m o d i f ie s  t h e i r  common 
m u l t i p l i c a t i v e  f a c t o r .  This a l l o w s  us to  u s e  th e  l i n e a r  a p p ro x im a t io n  f o r  
Ac i n  th e  i n t e g r a l  o f  th e  d e n o m in a to r .  A s t r a i g h t f o r w a r d  c a l c u l a t i o n  l e a d s  
to  t h e  fo rm ulae

Д

Д

- 1 2 / 3 ’ a a o^o

- 1 2 / 3 sl q o^o

/ 11. 10/
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■ 1 2 /?  a qo^o af ß " 3 U3 + 5 U5

i ( - W - e j/T
16

/ 1 1 . 10 /

L e t  u s  d e n o te  by  i 1 an asym m etry  p a r a m e te r  i n  t h e  l i n e a r 1 a p p ro x im a t io n  
/ с^ = -0 , 5 5 » С2 =0/  and by <5q th e  same p a r a m e te r  i n  th e  q u a d r a t i c  a p p ro x im a­
t i o n .  W ith  aQp = 0 , 2 .  We g e t  th e  f o l l o w i n g  n u m e r ic a l  r e s u l t s  / i f  aQ ■^■<0/

Д1 = 7 . Ю - 4  [  g  + 1740g~ ] , Aq = 7 . 1 0 - 4  [ 0 , 6 2 g  + 1 7 2 0 g 2 ]  ,

A1 7 . Ю  4 [3go + 1 5 , 3 g 2 ]  , Aq -  7 . 1 0 - 4  [  2 , 6 g Q -  4 7 , l g 2 ]  ,

aJ -  7 . 1 0 ~ 4 [4g0 + 1 7 6 0 g 2 ] , Aj -  7 . l o " 4 [  2 , 2 5 g Q + 1 1 8 0 g 2 ]  ,

A2 = 7 . 1 0 ~ 4 [ - 3 , 2 g o + 2 7 6 0 g 2]  , Aq = 7 . l o “ 4 [ - 3 , 2 g Q + 2 6 4 0 g 2 ] ,

Д* -  7 . 1 0 - 4  [ 2 , 6g + HOOg- ]  , Aq = 7 . 1 0 - 4  [ 2 , 1 6 g  + 1 1 6 0 g 2 ]  ;

7 . 10_ 4 = - 1 2 / ?  a q - i  0^0 a 15

We se e  from. / 1 1 , 1 1 / ’ and a l s o  from  th e  T a b le  I I  and f ro m  F ig u re  6 , 
t h a t  t h e  q u a d r a t i c  a p p ro x im a t io n  -  p e rh a p s  o n ly  f o r t i t i o u s l y  -  makes t h e  
a g re e m e n t  w i th  th e  e x p e r im e n t  b e t t e r  and f a v o u r s  th e  b ig  gQs g2 r a t i o ,  i f  
we r e s p e c t  th e  e x p e r im e n ta l  i n d i c a t i o n  s i g n  A = s i g h  A .

A ppendix  I I I .  The AI = 1  Way o f  C V i o l a t i o n .

In  c l a r i f y i n g  th e  i s o s p i n  p r o p e r t i e s  o f  t h e  C v i o l a t i n g  m i l l i s t r o n g
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H a m il to n ia n  u n d o u b te d ly  th e  п->тг+тт°1т“ asymmetry i s  t h e  m ost c o n v e n ie n t  
t o o l ,  b e c a u se  t h e  C v i o l a t i o n  i s  co m p e tin g  o n ly  w i t h  an I  f o r b id d e n  C 
c o n s e r v in g  t r a n s i t i o n .  The C v i o l a t i o n  i s ,  how ever,  r e s t r i c t e d  to  th e  

AI = 0 and A I  = 2 c h a n n e l s .  To l e a r n  so m eth in g  a b o u t  t h e  o t h e r  
i s o s p i n  p o s s i b i l i t i e s  AI = 1 and  3 i s  a  much more d i f f i c u l t  t a s k .  In  
p r i n c i p l e  any c h a r g e  asymmetry i n  th e  ш-*-тг+тг°тг-  d e c a y  would p ro v e  a  C 
v i o l a t i o n  w i th  I  = 1 o r  3» b u t  th e  C v i o l a t i o n  i s  c o m p e tin g  h e r e  w i th  
a  C c o n s e r v in g  s t r o n g  i n t e r a c t i o n  /  A I  = 0 / ,  so  t h e  p r e d i c t e d  v a lu e  o f  
t h e  asymmetry i s  r a t h e r  s m a l l .  The c e n t r i f u g a l  s i t u a t i o n  e f f e c t s  a r e  more 
f a v o u r a b l e ,  th a n  i n  th e  ir*-iT+,rr0Tr-  d e c a y ,  b u t  due t o  th e  h ig h  Q v a lu e  
t h i s  h e l p  i s  n o t  to o  e f f e c t i v e .  The l a r g e r  w w id th  makes t h e  e l i m i n a t i o n  
o f  t h e  b ack g ro u n d  more d i f f i c u l t .  So one c a n n o t  e x p e c t  any  i n f o r m a t io n  
f r o m шb e f o r e  we c o l l e c t  a  s t a t i s t i c s  a b o u t  100 o r  1000 t im e s  b i g g e r  th a n  
a v a i l a b l e  now.

The AI = 3 way o f  C v i o l a t i o n  h a s  been  a n a ly z e d  a l r e a d y  in  
d e t a i l s  [ 6 ] .  T h a t  p o s s i b i l i t y  d o e s  n o t  lo o k  v e ry  i n t e r e s t i n g  b e c a u s e  i t  
p r e d i c t s  | e |  << | e ' | ,  and t h i s  i s  c o n t r a d i c t e d  by th e  K° -*■ ir± v 
asym m etry  e x p e r i m e n t s .  Here we a r e  g o in g  t o  d i s c u s s  t h e  AI = 1 c a s e  a  b i t .

CP v i o l a t i o n  w i th  CPT symmetry means a  v i o l a t i o n  o f  th e  tim e r e v e r s a l  
i n v a r i a n c e .  The u p p e r  l i m i t  on th e  v i o l a t i o n  o f  th e  d e t a i l e d  b a l a n c e  i s  
4 . 1 0 “ ^ i n  th e  n u c l e a r  r e a c t i o n s  24M g (d ,p )25 Mg and 24М д (^ ,р )27 Al [22] .
T h is  i s  n o t  enough t o  p rove  o r  e x c lu d e  th e  m i l l i s t r o n g  C v i o l a t i o n  i n  t h e  
r e a c t i o n  c h a n n e l  AI = 0 , b e c a u s e  th e  C v i o l a t i o n  i e  c o m p e tin g  h e r e  w i th  
th e  is o s y m m e tr ic  s t r o n g  i n t e r a c t i o n .  A more f a v o u r a b l e  s i t u a t i o n  may be 
e x p e c te d  i n  s u c h  n u c l e a r  r e a c t i o n s ,  w h ich  a r e  p u re  AI = 1 t r a n s i t i o n s .
/T h e  C v i o l a t i o n  i s  com peting  h e r e  w i t h  a  c o u p l in g  z 2 / 1 3 7 . /  The main 
d i f f i c u l t y  i n  o b s e r v in g  th e  r e v e r s i b i l i t y  o f  AI = 1 t r a n s i t i o n s  i s  th e  
f o l l o w i n g :  th e  i s o s p l n  i n  th e  g round  s t a t e  o f  s t a b l e  1^=0 n u c l e i  i s  a lw ays 
1=0, so i t  lo o k s  d i f f i c u l t  t o  f i n d  a  о +■ 1 t r a n s i t i o n ,  w h ich  can  be 
o b s e rv e d  i n  b o t h  d i r e c t i o n s  w i th  s u f f i c i e n t  a c c u ra c y .  /  The n u c l e a r  r e a c t i o n  
e x p e r im e n ts  a r e ,  on th e  o t h e r  h an d ,  s e n s i t i v e  o n ly  to  lo n g  r a n g e  i n t e r a c t i o n s . /

May b e ,  t h e  b e s t  way to  p u t  an u p p e r  l i m i t  on th e  C v i o l a t i n g  
v e r t e x  w i th  AI = 1 i s  j u s t  t h e  п-‘-тг°е+е -  d eca y .  A p o s s i b l e  way o f  t h i s
t r a n s i t i o n  i s  t h r o u g h  th e  ш p o le  / F i g u r e  4 ,  w i th  u> i n s t e a d  o f  th e  p m e so n / .
By assum ing  a  C v i o l a t i o n  o f  th e  ty p e

H1 -  » „ (* °  » , 1 - 4 ,  » ° )  .

we a r r i v e  a t  t h e  f o l l o w i n g  fo rm  o f  th e  п-+тг°е+е-  w id th :
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Г (n  -*• 7т°е+е " }  = 0 , 4 7  kev ^(gQ + 2g2 ) f p + д А . / 5 0 /

H ere f p i s  th e  p- у  c o u p l in g  c o n s t a n t ,  w h ich  i s  t a k e n  u s u a l l y  f p = e Gp1 = 
= 0 , 0 5 . f u i s  th e  u -y  c o u p l in g ,  w hich i s  a b o u t  0 , 1  [2 0 ] .
The u p p e r  l i m i t  / 4 /  g iv e s  now th e  r e s t r i c t i o n

90 + 2g2 + ш < 0 , 4 / 5 1 /

We h av e  now two p o s s i b i l i t i e s  : I f  gQ= 0 ,  g2 and g-  ̂ may he e x p e c te d  i n  
t h e  " m i l l i s t r o n g "  r a n g e  10“ 2 -  iO“ 5 , c o n s e q u e n t ly  / 5 1 /  i s  f u l f i l l e d .  I f  
g0 i s  th e  d o m in a t in g  c o u p l in g  c o n s t a n t  o f  C v i o l a t i o n  and g -p  g2 a r e  
o n ly  " r a d i a t i v e  c o r r e c t i o n s " ,  / 51/  i s  e s s e n t i a l l y  a  l i m i t a t i o n  on g and 
th e  g2 t  g-j_ te rm s a r e  n e g l i g i b l e .

T ab le  and F ig u r e  c a p t i o n s .

T a b le  I  t The v a r i o u s  ty p e s  o f  CP v i o l a t i o n .
T a b le  I I :  E x p e r im e n ta l  and t h e o r e t i c a l  v a l u e s  o f  t h e  ch a rg e

asym m etry  p a r a m e te r s  i n  th e  п-*-тг+тг°тг- d eca y .
F ig u r e  1 :  The D a l i t z  p l o t .
F ig u r e  2 :  The A and th e  A asymm etry p a r a m e te r s .
F ig u r e  3 :  P meson dom inance i n  t h e  C ~ v i o l a t i n g  п-*-тт+тт0 1г~

a m p l i tu d e .
F ig u r e  4 :  p meson dom inance i n  t h e  т)-*-тт°е+е" d ecay .
F ig u r e  5 :  The dom ain  o f  t h e  a l lo w ed  g Q and g2 v a l u e s  / l i n e a r

a p p r o x i m a t i o n / .
F ig u r e  6 :  The dom ain o f  th e  a l lo w ed  g Q and g2 v a l u e s  / q u a d r a t i c

a p p r o x i m a t i o n / •
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