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The decay widths of rLand yo are calculated using two intermediate baryons and SU(3) coupling constants. 
Within reasonable limits one gets agreement with the latest experimental value for the fro decay width. 
The r~tall ?/width is predicted to be 1.09 keV. 

The 2T-decay of the pseudoscalar mesons is 
usually calculated using vector meson interme- 
diate states [1], e.g. by use of diagrams of the 
type shown in fig. 2(e). Such a calculation re- 
quires that the P-~-]/coupling constant is of the 
order e. However, recently Donnachie and Shaw 
[2] have shown that the p-lr-T coupling constant 
comes out consistent with zero (from an analysis 
of photo-production). R therefore appears to be 
impossible to assume that the vector meson inter- 
mediate states give rise to the leading contribu- 
tions to the 2T-decay. 

We therefore propose that the 2),-decays of ~o 
and 7/are dominated by two-baryon intermediate 
states. The diagram for this process is shown in 
fig. 1, where the neutral meson decays into two 
photons via an intermediate baryon-antibaryon 
state. The invariant amplitude corresponding to 
fig. 1 is given by the expression 

( k l k 2 1 T  i [P) = 2ig i e 2 f dq/(2~) 4 × (1) 

1 1 

where Mi is  the m a s s  of the baryon  Bi, gi is  the 
m e s o n - b a r y o n  coupling constant  and the meaning 
of the other symbols  can be in fe r r ed  f rom fig. 1. 
The fac tor  of 2 comes  in because  there  a re  ac tu-  
al ly two d iag rams  with the same ampli tude.  It 
has been known for a long t ime that this  exp res -  
s ion comes  out f inite [3]. Using s tandard  tech-  
niques  one obtains 

(klk21Til p) = - S i M i g i e 2 [ e l e 2 k l k 2 ] l  i , (2) 

where 

[ abca~ = e gvp a a~ bvc Pd cs , (3) 

and 

ti= f dq 1 
(2~) 4 [ (q-  kl)2 - M/2l[q 2 - M2][(q + k2)2-  M 2] 

1 1-c~ 1 / 

0 0 

_ 1 (2 a r c s i n ( ~ i )  2 

321r2iM/2 ~i ) 

Here 

~i = ~ /Mi  

(4) 

and m is  the m a s s  of the neut ra l  meson.  In order  
to use SU(3) we take for  M i the mean mass  M = 
= 1154 MeV of the baryon  octet and the SU(3) 
coupling constants  gi" Summing (2) over 311 
charged baryons  and using s tandard  techniques,  
we find the following express ion  for  

(Sa) 
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Fig. 1. 

The sum over the va r ious  coupling cons tants  in 
eq. (5) can be pe r fo rmed  us ing SU(3) coupling 
constants .  One finds for 

and for ~o 

~ g ~  = (2/~3) % g ,  (6) 
i 

~. gi = 2° t sg"  (7) 
z 

Here g is  the s t rong in te rac t ion  coupling constant  
(g2/4~ = 14.8) and a s  is  the s t rong in te rac t ion  
SU(3) mixing p a r a m e t e r ,  defined by 

(8) 
where Jk(X) is  the c u r r e n t  of the meson  octet. 
The s t rong mixing p a r a m e t e r  ~ s  has been de te r -  
mined f rom semiphenomenologica i  f i ts  [4] and 
f rom PCAC [5]. The r e su l t  i s  

~s  = 0.73 + 0.03. (9) 

,Insert ing eqs. (6), (7) and (9) into eq. (5) one ob- 
ta ins  

F(~ ~ 2 7 )  = 447 eV , (10) 

F(~r ° ~ 27) = 19.8 eV . (11) 

F r o m  the exper imenta l  b ranching  ra t ios  the life 
t imes  a re  found to be 

~-~ = (1.47 ± 0.05) × 10 -18 sec , (12) 

~ o  = (0.34 ± 0.03) × 10 -16 sec . (13) 

The la tes t  exper imenta l  value for  rTr o is  [6] 

~ o  (exp) = (0.74 ± 0.11) × 10 -16 sec . (14) 

It is  seen that eq. (13) is  not in  per fec t  ag ree -  
ment  with the exper imenta l  life t ime.  The d i s -  
crepancy is at l eas t  a factor  1.6. Thus, in the 
invar ian t  ampli tude (klk21T Ip} there  lacks  a 
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Fig. 2. 

factor  1/41,6 ~ 0.8. Therefore ,  the two-baryon  
approximat ion  to the inva r i an t  ampli tude 
(klk21TIp} is  not the only contr i tmtion to the 
27-decay.  On the other  hand~ the two-baryon  ap-  
p rox imat ion  accounts  for  the ~ f - d e c a y  within 20%, 
and we can therefore  conclude that it  is  ve ry  
l ikely that the diagram in fig. 1 gives the main 
contribution to the 27-decay. 

Fina l ly ,  we want to give a rgumen t s  why the 
two-baryon  approximat ion  in  fig. 1 gives the 
ma in  cont r ibut ion  to the decay of the neut ra l  
pseudosca la r  mesons .  The main  quest ion i s :  

Why do we only take into account the d iagram 
shown in fig. 1, and not graphs  of the types shown 
in fig. 2 ? D iag rams  of the types (a) and (b) in 
fig. 2 give co r rec t ions  to the var ious  ve r t i ce s  
involved in the p r i m a r y  graph of fig. 1. On ac-  
count of the convergence  of the p r i m a r y  graph, 
i t  may be expected that everything is  a lmos t  put 
on the m a s s  shell  by the propagator  s ingu la r i t i e s .  
The d i ag rams  of type (a) will most ly  contr ibute  
to the r eno rma l i za t ion  of the meson-nuc l eon  
coupling constant .  Diagrams  of type (b) give r i s e  
to form fac tors  of the baryons ,  but s ince the 
baryons  a re  a s sumed  to be approximate ly  on the 
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m a s s  shel l ,  the cha rge  d is t r ibu t ion  t e r m s  will  
mos t ly  contr ibute  to the r e n o r m a l i z a t i o n  of the 
cha rge  of the baryons ,  and the magnet ic  t e r m s  
wil l  p r e sumab ly  be v e r y  smal l .  P ropaga to r  c o r -  
r ec t i ons  may be t r e a t ed  in the same  way. 

The r e a s o n  why we have omit ted the d i ag ram 
(c) i s  (as ment ioned before)  that Donnachie and 
Shaw [2] have shown that the p -~-T  coupling con- 
s tant  c o m e s  out ( f rom photo-product ion)  c o n s i s -  
tent  with zero .  A quite s i m i l a r  r e m a r k  appl ies  
to the A2-7/-~ ve r t ex ,  s ince  the branching  ra t io  
Of A2 ~ +~  is  only 2%. 

D i a g r a m s  with K and K* a re  a l so  of type (c). 
But p r e sumab ly  the K-K*-T coupling is  of the 
s a m e  o r d e r  of magni tude as  the p -~-T  coupling. 
Hence,  such d i a g r a m s  may a lso  be omitted.  

D i a g r a m s  of type (f) a r e  too compl ica ted  to be 
evaluated.  F u r t h e r m o r e ,  the d i a g r a m  (f) i s  to  a 
l a r g e  extent  given by the d i ag ram (c), and s ince 
(c) was  negl igible  it  i s  tempt ing  to expect  that (f) 
i s  a l so  negl igible .  

We would l ike to thank Dr.  N. Brene ,  P r o f e s -  

s o r  J .  Hamil ton  and Dr.  B. R. C. Mar t in  fo r  s t imu-  
la t ing d i scuss ions .  
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S P I N  P A R T I C L E S *  

It is pointed out that, for particles of spin J or J +½ (J an integer), there are J + 1 independent Adler- 
Weiaberger stun rules. The case of ~p scattering is treated as an example to show that more useful in- 
formation can be obtained by considering all of them. 

The commuta t ion  re la t ions  of the ch i r a l  
SU(3) × SU(3) a lgeb ra  [1] w e r e  used by Adle r  and 
W e i s b e r g e r  [2] to d e r i v e  a sum ru le  exp re s s ing  
the axial  c u r r e n t  r e n o r m a l i z a t i o n  constant  in 
t e r m s  of the fo rward  s ca t t e r i ng  ampli tude for  
p ions  on nucleons.  The g rea t  s u c c e s s  of the sum 
ru le  has  encouraged  a t tempts  to apply the t ech-  
nique to p a r t i c l e s  o ther  than nucleons.  Since to-  
ta l  c r o s s  sec t ions  fo r  pious on p a r t i c l e s  o ther  

* Supported in part by AEC Contract No~T( l l -1 )  3171. 
** We restr ict  our attention to bosons since moat work 

in this area has been concentrated on meson couplings. 
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than nucleons a r e  not known, it has genera l ly  
been a s sum ed  that these  c r o s s  sec t ions  a r e  domi-  
nated by contr ibut ions  f r o m  a few resonant  s ta tes .  
The sum rule  then y ie lds  in format ion  about coup- 
l ing constants  [3]. 

It is  the purpose  of th is  note to point out that 
1. fo r  a pa r t i c l e  of spin J (or a f e rmion  of spin 
J + ½) ** t he r e  a r e  (J  + 1) sum ru le s  c o r r e s p o n d -  
ing to the (J+  1) independent fo rward  sca t t e r ing  
ampl i tudes  in a hel ic i ty  r ep resen ta t ion ;  2. these  
sum ru l e s  a r e  not equivalent  s ince  only i n t e r m e -  
diate  s t a tes  of total  angular  momentum ~ can con- 
t r ibu te  to the sum ru le  for  a p a r t i c u l a r  hel ic i ty  ~ ; 


