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LETTER TO THE EDITOR 

On the relatiOn between the transit ion probabil i t ies  
f o r / f - c a p t u r e  and p o s i t o n - e m i s s i o n  

Measu remen t s  of t he  ra t io  Q = PK/P+ of t he  probabi l i t i es  of K - c a p t u r e  
and  pos i ton  emission p rov ide  an  in te res t ing  and accu ra t e  t e s t  of t he  
F e r m i t h e o r y  of f l - rad ioac t iv i ty ,  because  two  quan t i t i e s ,  which  c a n n o t  
be de t e rmined  precisely  viz. t he  F e r m i c o n s t a n t  G and the  nuc lea r  
m a t r i x  e l emen t  d i sappear  f rom the  theore t i ca l  resul t  for  0, if t he  fol lowing 
cond i t ions  are  fulf i l led:  

a) an  a l lowed t r ans i t ion  m u s t  be s tudied,  b) bo th  the  K - c a p t u r e  and  
the  pos i ton  emiss ion m u s t  be s imple  t r ans i t i ons  (or if t h e y  are  c o m p l e x  t h e  
c o m p l e x i t y  m u s t  be ana lysed  in a q u a n t i t a t i v e  and  accu ra t e  manner ,  
which  is in genera l  v e r y  diff icult) .  

T h e  f irs t  m e a s u r e m e n t s  t h a t  m a d e  this  check  possible were  pe r fo rmed  
on 1°TCd by  B r a d t et  ai. 1), who  found  for th is  nucleus  : 0,x# = 320 + 30, 
whi le  accord ing  to  t he  F e r m i t h e o r y  t h e y  ca l cu l a t ed :  0 t ~ r  = 342, 
hence  an  exce l len t  ag reemen t .  Howeve r ,  o the r  m e a s u r e m e n t s  by  B r a d t 
e t  al. ~) on 64Cu and  61Cu revea led  a d i sc repancy  w i t h  t h e  t h e o r y :  t he  ra t io  
of 064 (PK/P+ for 64Cu) and 061(PK/P+ for 61Cu) was m e a s u r e d ;  t h e  resu l t  
was  Aex # = 064/061 = 5,5 4- 0,3, whi le  accord ing  to  the  t h e o r y  Argo, ----- 8,1 
was ca lcula ted .  

I n  o rder  to  s t u d y  this  d i s c repancy  more  accu ra t e ly  a s epa ra t e  d e t e r m i n -  
a t ion  of 064 and  061 was u n d e r t a k e n  by  B o u c h e z  and K a y a s 3 ) ,  
wh ich  g a v e  064 ----- 2,65 + 0,4 and  061 = 0,55 + 0,06 whi le  t he  theore t i ca l  
va lues  are  064 = 2,4 and  061 ---- 0,3. F r o m  these  resul ts  i t  seems t h a t  
a g r e e m e n t  exis ts  be tween  t h e o r y  and  e x p e r i m e n t  for 64Cu, while  t he  dis- 
c r e p a n c y  is loca ted  on 61Cu; i t  m u s t  be r e m a r k e d  t h a t  t he  m e a s u r e m e n t  of 
t h e  q u a n t i t y  061 is diff icul t ,  because  of t h e  smal l  i n t e n s i t y  of t he  K - r a -  
d ia t ion.  

A fu r the r  s t u d y  of this  d i sc repancy  was made,  b o t h  theo re t i ca l ly  and  
e x p e r i m e n t a l l y  (cf. for  deta i ls  a pape r  which  is soon to  appea r  4)). I t  was 
checked  t h a t  t he  nuc lea r  m a t r i x  e l e m e n t  d i sappears  f rom the  theore t i ca l  
resu l t  for  0 for each  of t he  f ive  i n v a r i a n t s  of t he  Di rac  t h e o r y  which  can  be 
chosen  for t he  nuc leon- l ep ton  in te rac t ion .  

This  is t rue  pa r t i cu l a r l y  for t he  t ensor  and  axia l  vec to r  in te rac t ion ,  
t h o u g h  i t  s eemed  f rom a pape r  f rom M a r s.h a k 5) t h a t  d i f fe ren t  sums  
of nuc lea r  m a t r i x  e l emen t s  m i g h t  occur  in t h e  fo rmulae  for K - c a p t u r e  and 
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pos i t on  emiss ion.  H o w e v e r ,  t h e  fo rmu lae  of M a r s h a k have  n o t  t h e  
r e q u i r e d  r o t a t i o n a l  i n v a r i a n c e  because  of omiss ion  of c e r t a i n  t e r m s  (cf. 4) 
a n d  s)). Cons ide ra t i ons  4) for t h e  five i n v a r i a n t s ,  s impl i f ied  by  t h e  use of 
g r o u p - t h e o r e t i c a l  m e t h o d s ,  give t h e  resu l t  t h a t  t he  s u m  of nuc l ea r  m a t r i x  
e l e m e n t s  can  be w r i t t e n  in a fo rm w h i c h  has  on ly  one  or  t w o  t e rms .  (This 
r e su l t  is, by  t h e  way,  va l id  as well for  a l lowed as for  f o r b i d d e n  t r ans i t i ons ) .  

As a r e su l t  i t  t u r n e d  ou t  t h a t  t h e  d i s c r e p a n c y  could  no t  be e x p l a i n e d  on 
t h e  t heo re t i c a l  side. A t h o r o u g h  r e - e x a m i n a t i o n  of t h e  e x p e r i m e n t s  of 
B o u c h e z 3) was  u n d e r t a k e n ;  it  was  found  t h a t  t w o  ef fec ts  were  of 
g r e a t e r  i m p o r t a n c e  t h a n  had  been  t h o u g h t :  a) t he  a n n i h i l a t i o n  r a d i a t i o n  
o r ig ina t i ng  in t h e  d i a p h r a g m s  to  def ine  t h e  b e a m  h a d  been  neg lec ted ,  
b) t he  61Cu wh ich  h a d  b e e n  o b t a i n e d  by  i r r a d i a t i o n  in t he  c y c l o t r o n  m a y  
h a v e  been  c o n t a m i n a t e d  w i t h  64Cu b y  c o n t a c t  w i th  brass .  

The  new d e t e r m i n a t i o n  g a v e :  Q61 = 0,38 ± 0,08 while t he  va lue  of 
Q64 is una f f ec t ed .  H e n c e  we  can  conc lude  t h a t  t he  t h e o r y  is also ver i f ied  
for  61Cu, t h o u g h  n o t  w i t h  t h e  s a m e  prec is ion  as for 1°7Cd and  64Cu. 
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