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I I. I n t r o d u c t i o n  

The quark model c a l c u l a t i o n s  of  magnetic moments and r a d i a t i v e  
decays of hadrons a r e  known t o  p rov ide  a simple and c l e a r  under- 
s t a n d i n g  of  t h e  sU(3) - and sD(6)-symmetry p r e d i c t i o ~ s  /I-3/ , t o  
l o c a t e  a number of  t h e  u n i t a r y  symmetry break ing  e f f e c t s  i n  t h e  
hadron e lec t romagnet ic  p r o p e r t i e s ,  and t o  enab le  a n  e s t i m a t i o n  of 
t h e  e f f e c t i v e  (i.e.dynamica1) masses o f  c o n s t i t u e n t  quarks /4-6/ 

This  paper  i s  devoted t o  t h e  o o n s i d e r a t i o n  of hadron magnetic moments. 
A s t a r t i n g  p o i n t  i s  t h e  phenomenological sum r u l e s  f o l l o w i n g  from 
t h e  genera l  groundwork of many quark models i n c l u d i n g  r e l a t i v i s t i o  
e f f e o t s  and nonaddi t ive  c o r r e o t i o n s  due t o  t h e  p i o n  o u r r e n t s  
expected t o  be an impor tan t  i n g r e d i e n t  of  t h e  hadron p e r i p h e r a l  
s t r u c t u r e .  I n c l u s i o n  of  t h e  mesonic (mainly, p ion io)  degrees  of  
freedom i n t o  c o n s i d e r a t i o n  i s  a common f e a t u r e  of t h e  hybrid o h i r a l  
models /7-10/ , where b o t h  t h e  quark and meson10 f i e l d  v a r i a b l e s  
e n t e r  i n t o  t h e  e f f e o t i v e  i n t e r a o t i o n  L8gra-an. 

we apply t o  t h e  sum r u l e  t e o M q u e s  t o  o b t a i n ,  a t  t h e  p r i o e  o f  
a minimal number of t h e  model-dependent assumptions, a  more r e l i a b l e ,  
though n o t  as muoh d e t a i l e d  I n f o r m a t i o n  about  t h e  hadron p r o p e r t i e s  
i n  quest ion.  

2. Ylagnetio moments of baryons and quarks i n  broken ~ ~ ( 3 1  

we f o r n u l a t e  a n  approaoh based b o t h  on1 t h e  t h e o r y  of  broken 
u n i t a r y  symmetries and composite quark models. F i r s t ,  t h e  e l e o t r o -  
magnet ic  o u r r e n t  o p e r a t o r  of a quark system i s  assumed t o  be a  sum 
of t h e  r e l a t i v i s t i o  c o v a r i a n t  o p e r a t o r s  r e f e r r i n g  t o  s i n g l e  
c o n s t i t u e n t  quarks. The form of  t h e s e  c u r r e n t s  i n  a c o n f i g u r a t i o n  
space i s  n o t  spec i f ied .  The magnet ic  moment o p e r a t o r  l a  d e f i n e d  

I 
by t h e  well-known moment of  t h e  t o t a l  c u r r e n t ,  and we i n t r o d u o e  the  

! following n o t a t i o n  f o r  baryon lncrgnetic moments th rough  en a d d i t i v e  
1 sum of  s i n g l e  quark opera tors :  

pcs> = ZZ <B\;;%;I~> = ~ c r t ~ ~ - r \ d ) ) ~ ~ \  $,\ 6, + 
"+ (1) 



where 

Eqs.(l) and (2)  d e f i n e  on ly  t h e  s t r u c t u r e  of  t h e  corresponding 
o p e r a t o r s  i n  t h e  SU(3) i n t e r n a l  v a r i a b l e  space. No assumption about  
t h e  n o n r e l a t i v i s t i c  quark dynamics i s  made. Also, no c o n s t r a i n t s  
a r e  made on magnitudes of /A(%) ( = u, d, s ) absorb ing  t h e  hadronic  
m a t r i x  element v a l u e s  of  t h e  v e o t o r  c u r r e n t s ,  d e f i n e d  i n  terms of  
t h e  quark dynamical c o n f i g u r a t i o n  v a r i a b l e s  (momenta, s p i n s ,  etc.).  

n 
But t h e  m a t r i x  elements  over  t h e  o c t e t  baryon s t a t e  of  t h e  Qs , GB 

n 
and W, which have e x p l i c i t  SU(3)-transformation p r o p e r t t e a  nil1 
now be paramet r ized  accord ing  t o  t h e  unbroken ~ ~ ( 3 1 .  The inaocuracy  
t h u s  i n t r o d u c e d  i s  expected t o  be of t h e  same o r d e r  as that d t h e  
sU(3)-parametr izat ion f o r  t h e  a x i a l  o u r r e n t  matrix elements  i n  t h e  
Cabibbo theory.  The above-mentioned approaoh, i n  t u r n ,  i s  k n o m  
f o r  a l o n g  t ime t o  be a ood b a s i s  f o r  t h e  d e s c r i p t i o n  o f  l e p t o n i c  
decays  of  o c t e t  baryons . We a l s o  t a k e  a simple p a r a m e t e r i a a t i o n  
scheme of  t h e  p i o n  c u r r e n t  c o n t r i b u t i o n a  t o  baryon magnet ic  moments 
which i s  suggested by t h e  s imples t  Feynman diagrams wi th  t h e  two-pion 
i n t e r m e d i a t e  s t a t e s  i n  t h e  c u r r e n t  channel.  Those diagrams, where t h e  
p i o n  propaga tor  l i n e  beg ins  and ends o n  t h e  same quark, a r e  assumed 
t o  be  absorbed i n  t h e  q u a n t i t i e s  p(9) . The p i o n  exchange c u r r e n t  
c o n t r i b u t i o n s  a r e  d e f i n e d  by t h e  diagrams w i t h  t h e  p ion  propaga tor  
connec t ing  d i f f e r e n t  quark l i n e s .  It i s  easy  t o  v i s u a l i z e  t h a t  
t h e  charged p i o n  exchange c u r r e n t s  c o n t r i b u t e  t o  magnet ic  moments 
o f  t h e  proton,  n e u t r o n  and t o  t h e  t r a n s i t i o n  magnet ic  moment p(zaA) 
and rill n o t  c o n t r i b u t e  t o  /4( Y )  , where Y = A , C ; z .  w i t h  t h e  i s o t o p i c  
siun r u l e  l ( Z O )  = t F ( X + )  +p(5-) ) /2  we have 7 measured v a l u e s  
of p): B =  P ,  N , A ,  r2, Zo>- and 7 f r e e  parameters:  p ( 9 )  , 
0; u,d, s )  , 46 1 f, (&) / a> - two c o n s t a n t s  of I- and type,  

A l -  
A K :&B\ pd\P> = -<dl rU w >  and <b\ G,  Is). c z  - 

Ana.lysis of  t h e  ob ta ined  system of e q u a t i o n s  shows t h a t  i t  i s  a 
d e g e n e r a t e  one. Due t o  t h i s  f a c t  t h e  fo l lowing  two sum r u l e s  t u r n  
o u t  t o  be v a l i d  at any v a l u e s  of f r e e  cons tan ts :  

A l l  p a r t i c l e  symbols i n  Bqs. (3) and (4) and f u r t h e r  on denote 
t h e  corresponding magnetic moments i n  nuc lear  magnetons. Note that 
sum r u l e s  (3) and (4), t aken  s e p a r a t e l y ,  have been considered,  
correspondingly,  i n  Refs. /12/ and /13/ , though from p o i n t s  of view 
completely d i f f e r e n t  from ours .  

The fo l lowing  f e a t u r e s  o f  t h e  p r e s e n t  experimental  s i t u a t i o n  
a r e  most impor tan t  f o r  us. we u s e  f o r  numerical e s t i m a t e s  t h e  v a l u e  
't- = -1.164 + 0.014 which i s  t h e  weighted average  of  t h e  last  

t h r e e  most a c c u r a t e  measurements /14/ . %o measurements of t h e  r+ - 
hyperon magnetic moment i n  similar experiments  gave t h e  f o l l o  
va lues :  zC ~2.379  + 0.02 /15/ and C+ = 2.479 + 0.025 /I6 Tg (we 
expose h e r e  t h e  mean-square r o o t  of  t h e  sum of s t a t i s t i c a l  end 
sys temat ic  u n c e r t a i n t i e s ) .  We s i n g l e  o u t  Z +  and 3- as l e s s  
r e l i a b l y  measured q u a n t i t i e s  and d e f i n e  them as s o l u t i o n s  of Eqs.(3) 
and (4) i n  terms of o t h e r  magnet ic  moments. For  f' , bJ and z0 
we t a k e  t h e  PDG-tabulated v a l u e s  /I7/: p ~2.793;  d -1.913, z0 = 
= -1.250 + 0.014. For  t h e  A -hyperon we examine two p o s s i b i l i t i e s  - 
(a): A m  -0.613 0.005 - t h e  t a b u l a t e d  va lue ,  and (b): A =-0.58 t 
k 0.a - f o l l o n i n g  from t h e  experimental  v a l u e  w i t h  a n  a d d i t i o n a l  
o o n t r l b u t i o n  due t o  t h e  isospin-breaking xOA m i f i n g  be ing  eubtrao-  

t e d / l e / ( i t  i rr  j u a t  t h i ~  q u a n t i t y  whioh ehould,by i t e  p h y e i o a l  meaning, 
' e n t e r  i n t o  t h e  sum r u l e  (3) 1. A s  a r e s u l t ,  we g e t  

~ ' ~ 2 . 3 7 ~ 0 . 0 4  1 r3- = -0.87 i 0.04 (5a) 
z+ 2.46 f 0.04 , s- = -0.72 k 0.04, (5b) 

Taking i n t o  aocount t h e  experimental  v a l u e  /I7/ E- -0.69 k 0.04, 
we oonclude that t h e  sum r u l e s  (3)  and (4) a r e  i n  a much b e t t e r  
agreement w i t h  t h e  r e c e n t  measurement /16/ - t h e  c a s e  (5b). Within 
t h e  formulated assumptions we a l s o  have 

C- = $ (p -  + zO- z--z++ Z-') = 0.25 2 0.02, (6) 

u-d ( =+-L-- y o +  3 - ) / (  z*-S0) = 4.427 t 0.042,, - =  ,A (8) 
u- 5 

where , A a r e  t h e  quark magnetic moments i n  n u c l e a r  
magnetons. 



For fu r the r  convenience we introduce a new quanti ty 

and express dB\ 2, I 0 )  through 4 ~ 1 4  \N> v i a  

We remind here t h a t  the b i l i n e a r  quark f i e l d  combinations i n  (9) 
denote, i n  f a c t ,  the  corresponding moments of the  veotor current. The 
parameter h ,  can therefore  be viewed a s  a cha rac te r i s t io s  of 
the  quark content of nucleons t e s t ed  by the veotor probe. %e 1-1 
may, i n  pr inciple ,  d i f f e r  i n  magnitude from a s i m i l a r  parameter A S  
perinent to the  soa la r  probe. By t h i s  note we reserve a possible 
d i f ference  of X, from an unexpectedly l a rge  value of A s  , which 
has  recent ly  a t t r ac ted  much a t t en t ion  i n  connection with problem of 
the  -tern i n  JE El - sca t t e r ing  /19/ 

I f  we take A,= 0 according to a model of the  valenoe quarks, 
then instead of (8) we get  two more i n t e r e s t i n g  r e l a t i o n s  

The dependence of Eqs. (11) and (12) on 3 ,  i s  depicted i n  Fig.1. 

0. 
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Fig. 1 

It i s  seen from t h e r e  t h a t  */a and ~ / a  a r e  weakly changed under 
va r i a t ion  of >, even wi th in  wide l i m i t s  t h a t  have t o  be much 
l a r g e r  than expected values  of t h i s  quanti ty (it i s  re levant  t o  remind - 
a s t rong suppression of the  9 aeson(predominant1y SS - configura- 
t i on )coup l ing  t o  the  nonstrange hadrons /20/ ). 

The value (11) f o r  a/& i s  i n  accord with e a r l i e r  est imates 
/21-25/ The value (12) f o r  ~ l d  i s ,  however, markedly higher than 
in Ref. and, a t  the  same t M e ,  lower a s  compared to124925/ . !he 
agreement of both (11) and (12) with the corresponding values of 
Ref. 12'/ appears to  be a coincidence, because our approach i s  
very d i f f e ren t  from that  of ref./23/ (e.g. no exchange current 
contribution i s  taken i n t o  account i n  

A% 
12' ). To ge t  ~ ( z ~ A ) .  ( I o n )  

one should r e l a t e  C,& with c . It seems su f f i c i en t  t o  
r e s o r t  t o  a simplified consideration a s  f a r  a s  the  exchange contribu- 
t i o n  i s  not dominant. Therefore we represent the is$vector operator 

c * put, of the  exchange magnetic moment a s  a sum )cL= FMJ+~I~-@ 
of two operators with the  oc te t  and decuplet transformation proper- 

Y t i e s .  Using, fu r the r ,  C-6 = 0 , Y = S ,  X and Eq. (6) we f i x  
r e l a t i o n s  betwee? 3 unknown constants  parametrizing all matrix 
elements 40 /L=,,, I B> . I n  t h i s  way we get  

which i s  a lso  equivalent to  the Okubo sum ru le  12/: 

S ~ b s t i t u t i n g  -0.584J.OL and other  magnetio moments i n t o  (14) 
we obtain: <s*A)n 1.51 2 0.02 t h a t  l i e s  wi th in  two standard 
devihtions from the  recent ly  measured value: \(zDA)\ = 1.60 20.07 /26/. 
Assuming the un ive r sa l i ty  hypothesis '/ of r a t i o s  (11) and (12) we 
get  few experimentally t e s t a b l e  r e l a t i o n s  f o r  magnetio moments of 
the  3P= 34'/2+-decuplet baryons and t r a n s i t i o n  magnetic moments 

~CB:O" 68-6) : 



m e  q u a n t i t i e s  l l~++ P x )  = p ( h o +  P J T )  and p(z*O+A'6) 
c o n t a i n  t h e  p i o n  exchange c o n t r i b u t i o n  and a d d i t i o n a l  (model-dependent) 
a s s m p t i o n s  a r e  r e q u i r e d  f o r  t h e i r  de te rmina t ion .  To c a l c u l a t e  (15) 
and (16) we have adopted /27/: P(A")= 5.7 L 1.0. 

3. Q i a t i v e  meson decays 

I n  t r e a t i n g  t h e  V-- P.6 and P+v$- decays t h e  problem i s  t o  
t a k e  p r o p e r l y  i n t o  account  t h e  r e l a t i v i s t i c  n o n s t a t i c  r e t a r d a t i o n  
e f f e c t s  (1. e. t h e  photon wave f u n c t i o n  v a r i a t i o n  over  a d i s t a n c e  
of  an o r d e r  of  t h e  meson r a d i i )  and r e c o i l  e f f e c t s  (dependenoe of t h e  
r a d i a l  o v e r l a p  i n t e g r a l s  on meson momenta). To minimize t h e  dependence 
of final r e s u l t s  on t h e s e  e f f e c t s ,  we conf ine  o u r s e l v e s  t o  t h e  com- 

p a r i s o n  of t h e  ampl i tude  r a t i o s  f o r  t h o s e  p m c e s s e s  which have c l o s e  
e n e r g i e s  of f i n a l  photons,  e.g. U+ T o y  and p +  K$ , o r  p - 7 ~  
and ) I ' - ,Y~ , e tc .  But even t h e r e  one may hope t o  g e t  on ly  approximate 
c a n c e l l a t i o n  of  unknown dynamical f a c t o r s .  For  a more a c c u r a t e  
account  of t h e  momentum dependepce of m a t r i x  elements, we propose 

-2 - 2 t o  i n t r o d u c e  t h e  form f a c t o r s  F [ k W) , where \ k W \  = (.mqp, - a - m ,,M) / (2mvCp, ) . %ese form f a c t o r s  a r e  assumed t o  e n t e r  
i n t o  a n  a d d i t i v e  (as t o  t h e  quark counting)  p a r t  of t h e  considered-  
(e.g. \l+ Px ) m a t r i x  elements  

z L P C ~ ) I ) ~ \ V ~ ~ ) ~  = F  F; \;')<?(;)I Fi IV~;I> (18) 
i c 

and have been chosen o f  t h e  f o l l o w i n g  form, 

To somehow j u s t i f y  t h e  f u n c t i o n a l  form of  %. (191, we r e s o r t  t o  t h e  
quark-hadron d u a l i t y  arguments. The r a d i i  of pseudosca la r  mesons 
c a l c u l a t e d  in a model of t h e  quark l o o p s  w i t h  c o n s i t u e n t  masses of 
quarka t u r n  o u t  t o  be c l o s e  t o  t h e  v a l u e s  /28/ f o l l o w i n g  a l s o  from 
t h e  v e c t o r  dominance model (MM) . We have a l s o  d e r i v e d  t h e  r e l a t i o n  

f o r  t h e  charge r a d i i  o f  R and K-mesons, e a s i l y  v e r i f i e d  w l t h  t h e  
s t a n d a r d  VDM v a l u e s  

w i t h  t h e  h e l p  of t h e  well-known quantum-mechanical s c a l e  r e l a t i o n s  
(e*g*  12'/ ) f o r  <yL> i n  a n o n r e l a t i v i s t i c  two-par t i c le  system w i t h  

t h e  power p o t e n t i a l  +V(z) t' where I) = -1. 'Phe 'dipole' 
dependence of F = F  ckZ)  i n  Eq. (19) corresponds j u s t  to  t h e  case of 

3 = -1 t h a t  i s  t o  the  behaviour  of t h e  form f a c t o r  of a two-partic- 
l e  system wi th  t h e  e f f e c t i v e  Coulomb i n t e r a c t i o n  at s h o r t  d i s t a n c e s .  
For  numerical  c a l c u l a t i o n s  of t h e  V + P y  t r a n s i t i o n s  accord ing  

t o  Eq. (18) we s h e l l ,  f o l l o w i n g  t h e  u n i v e r s a l i t y  hypothes i s  /4/,  make 
use  of t h e  quark moment r e l a t i o n s  gound i n  t h e  preced ing  sec t ion .  Note 
t h a t  t h e  exchange p i o n  c u r r e n t  c o n t r i b u t e s  on ly  t o  t h e  i s o v e c t o r  
t r a n s i t i o n s :  ~ ( 9 )  -v R e v ,  y-> 9 Y , '1'-> P x. The i s o s c a l a r  t r a n s i -  

t i o n s  ( p->Tx , w-?.y , e t c )  and those  between s t r a n g e  mesons 
( K'd ) a r e  independent  of t h e  exchange c o n t r i b u t i o n  and t h e r e  
t h e  V-r p m a t r i x  elements  have t h e  fo l lowing  s t ruc ture :  

where q =  K ~ A )  f o r  K*'+ Kt% ( K ' O ~ ~ O X )  , Ivp 18 a s t a t i c  
r a d i a l  o v e r l a p  i n t e g r a l .  Two te rms  i n  Eq. (22) r e f l e c t  a p o s s i b i l i t y  
of  mixing i n  t h e  i s o s c a l a r  mesons of d i f f e r e n t  (nonstrange and 
s t r a n g e )  quark conf igura t ions .  

The i s o v e c t o r  m a t r i x  elements  w i l l  be parametr ized s imply 

by 

\~>=c~~uI-~~)+c,*II~~F,(C~), (24) 

where C,& l a  a  unique cons tan t  f o r  a l l  t r a n s i t i o n s  approximately 
r e p r e s e n t i n g  t h e  exchange p i o n  c o n t r i b u t i o n s .  It should be noted 
t h a t  even f o r  meson8 w i t h  t h e  same quark c o n t e n t s  ( f o r  example, K 

and K* , o r  7C and 9 ) Iyp .C 1 due t o  t h e  spin-dependent  %+ - 
i n t e r a c t i o n s  t h a t  a r e  d i f f e r e n t  i n  V and P -mesons. 



We have mentioned t h a t  t h e  quark s t r u c t u r e  of  i s o s o a l a r  mesons 
m a y  be a complex mix ture  of t h e  7% - p a i r s  of  d i f f e r e n t  f l a v o u r s ,  1.e. - 
t h e  C SU + a d )  and SS - conf igura t ions .  'Phis mixlng i s  
e s s e n t i a l l y  d i f f e r e n t  i n  pseudosca l s r  ( , ) and v e c t o r  (a. ) 
mesons. It i s  wel l  known that almost  i d e a l  s e p a r a t i o n  of t h e  s t r a n g e  
and nonstrange quark c o n f i g u r a t i o n s  i s  r e a l i z e d  i n  v e o t o r  mesons. 
Phys ioa l  s t a t e  v e c t o r s  of t h e  w and 9 -mesons t a k e  t h e r e f o r e  
t h e  form 

w = N + S.s;Hs 
(25) 

q =-Sws + l d .%S,  

where N = ( &  + a d ) / &  , S = ~ S  , ~ = ~ 0 - 0 ~ f i ~ 8 1 < ~ { )  
ey i s  a n g l e  of  s i n g l e t - o c t e t  mixlng i n  a v e o t o r  nonet ,  0, ~35.26' 

i s  t h e  idea l -mix ing  angle. The r a d i a l  p a r t s  of t h e  ( o r  S 
quark c o n f i g u r a t i o n s  a r e  assumed t o  be def ined  wi thout  t a k i n g  i n t o  
account  t h e  a n n i h i l a t i o n  i n t  e r a c t i o n  t h a t  mixes t h e  Su, , xd 
and 3 s  - p a i r s .  T h i s  way of d e s c r i p t i o n  of t h e  quark a n n i h i l a t i o n  
and mixLng e f f e c t  can be  j u s t i f i e d  o n l y  by t h e  a n n i h i l a t i o n  mixing 
b e i n g  s m a l l  i n  v e c t o r  mesons. F o r  pseudosca la r  mesons, t h e  spin- 
-spin and a n n i h i l a t i o n  i n t e r a c t i o n s  a r e  e q u a l l y  e s s e n t i a l  and the  
mass o p e r a t o r  should, t h e r e f o r e ,  be d iagona l ieed  wi th  b o t h  t h e  above 
mentioned i n t  e r a c t i o n s  being s imul taneous ly  included.  A c l e w ,  
though s i m p l i f i e d  r e p r e s e n t a t i o n  of t h e  wave f u n c t i o n  s t r u c t u r e  
i s  achieved by t h e  r a d i a l  c o n f i g u r a t i o n  mixing (see e..g./30p31/ 1. 
For i l l u s t r a t i o n ,  t h e  form i s  g iven  below of t h e  and 7'  - s t a t e  
v e o t o r s  ob ta ined  v i a  one of t h e  s imples t  methods o f  t h e  l i n e a r  mass 
o p e r a t o r  d i a g o n a l i z a t i o n  over  (maximally) cons t ra ined  s e t s  of 
t h e  b a s i s  wave f u n c t i o n s  {N;) and 1s;) corresponding t o  t h e  
azero'  approximation (with bo th  t h e  spin-spin and a n n i h i l a t i o n  
i n t  e r a c t i o n  turned-of f )  : 

where d ( S ) O ; I  i s  t h e  ground ( o r  l e t  r a d i a l l y - e x c i t e d )  s t a t e  of t h e  
corresponding quark c o n f i g u r a t i o n  t a k e n  i n  the  'zero' approximation. 
The f and 9' wave f u n c t i o n s  i n  Bq. (26) cannot o l e a r l y  be 
presen ted  i n  a form i n c l u d i n g  t h e  or thogonal  2x2 m a t r i x  of mixing, 

analogous t o  gq. (25). 

The e x p l i c i t  form of (26) i s  a l s o  d i f f e r e n t  f r o m  a n o t h e r  popu- 
lar r e p r e s e n t a t i o n  of t h e  1 and 9 '  s t a t e  v e c t o r s  

I Z 
G being t h e  pseudosca la r  g l u e b a l l  s t a t e  v e c t o r ,  and X\Y'+%, = F. 

I The p a r a m e t r i z a t i o n  (27) has  r e c e n t l y  been used i n  t h e  Jh -P V P  
decay a n a l y s i s  w i t h  t h e  following r e s u l t s :  \ XZ \ =0.63&.06, 

\ Y 9 \ =  0.88 f0.14, Xv' I  ~ 0 . 3 6  t 0.05, \YI,~! =0.72 + 0.12. 
Let u s  o u t l i n e  main or igLnal  r e s u l t s  o f  t h i s  s e c t i o n .  The most 

r e l i a b l e  conf i rmat ion  o f  u n i v e r s a l  r a t i o s  of  t h e  quark magnet ic  
moments i n  mesons and baryons 14/ fo l low from t h e  c a l c u l a t e d  r a t i o  of  
t h e  K* -meson r a d i a t i v e  widths: 

L 

-2  49. (S) 
where % = ~s ( kK*cc.)/ Fa, ( k ~ + K )  and v a l u e s  o f  (11) and (12) 
have been used i n  c a l c u l a t i o n .  As L-> .l i n  (28) t h e  t h e o r e t i c a l  
and experimental  r a t i o s  become s t i l l  c loser .  A s tandard  e s t i m a t e  
of t h e  nonstrange quark admixture i n  Q -meson r e s u l t s  from oompa- 
r i s o n  of t h e  w-+ To$ and q - * t D X  decay widths:  

Taking r ( w + q )  a 853 49 keV P ~ - - K % )  a5.5f0.6 k e d 3 4 /  
and comparing our  r e s u l t  with t h e  e a r l i e r  e s t i m a t e  /34/, r e  f i n d  
t h a t  i n c l  s i o n  of  t h e  form f a c t o r  r a t i o  i n  (29) s h i f t s  g= Q ~ - Q ~ = - ~ ~  
c i t e d  i n  y34/, t o  t h e  v a l u e  b = -3.5' g l r l n g  By = 38.8' q u i t e  
c l o s e  t o  t h e  a n g l e  fo l lowing  from t h e  q u a d r a t i c  Gellddann-aubo mass 
formula f o r  v e c t o r  mesons ( f o r  r (o-TIOl )=731+41 k e d J 5 /  we f i n d  
6 =-3*8°+0. - 2')- With Eqs. (22), (24) and p e r t i n e n t  k i n e m a t i c a l  f a c t o r s  

we g e t  ('-",>&)L = 0.95 r(w+rol() 
r(s""r1 

with r ( w - ~ ~ x  2 from/17/or/35/, r (y--rl0=63+4 ke 4 3 6 '  a n d a l d  accord ing  - 
t o  (11) ) an e s t i m a t e  %%= aoZIo.04 (-0.0ft ~ . @ ) f o l l o w s .  %e 
v a l u e  of C ,& e n t e r i n g  i n t o  (24) does  no t  exceed t h e  e x i s t i n g  
experimental  u n c e r t a i n t i e s  and can, t h e r e f o r e ,  be neg lec ted  l a t e r  on. 



R e l a t i o n s  between t h e  Y C ' J )  \1 \6 and 7 '  -- p(w> f 
decays  a r e  der ived  by complete analogy w l t h  Eq. (30). Using t h e  
experimental  d a t a  /I7/: r ( 3 + ! ~ ) = 5 2  t 13 keV and r ( ? ' - + ~ l J )  = 
72 2 1 2  keV as w e l l  as *Id from (111, we have, as a consequence 

r ,&, (w- ,9~)  = 4.2 * 1.0 keV 

i'kA.(!'->wy\ = 6.4 + 1.1 keV (31) 

which i s  i n  good agreement w i t h  t h e  d a t a  /I7/,: f ( a - + r y ) =  ~,g+ ' .~k=v - 9 
and I-(?' -> W X )  = 6.5 * 1.5 kev. At last ,  from t h e  r a t i o s  04 

f ( t ' - . p $ )  and r(p-1f) , ~ ( Q - ' I U )  and ~ ( P + ! Y )  , w i t h  
no model-dependent assumption about  t h e  quark conten t  of t h e  
and 9' -mesons, we o b t a i n  

It i s  very  i n t e r e s t i n g  t o  compare (32) and (33) w i t h  what h a s  t o  
be  e s s e n t i a l l y  t h e  same parameters ,  i f  t h e  p a r a m e t r i z a t i o n  (27) 
would be v a l i d :  \Xql  I / 1 X7 1 = 0.57 f0.10 and I Y ~ ~ / \ X I  \ = 1 . 3 2 t  
* 0.24, fo l lowing  from t h e  J /q  - decays  /3u. ' ~ h q  c o n f r o n t a t i o n  of  
t h e s e  v a l u e s  d e s c r i b i n g  t h e  l a r g e  momentum t r a n s f e r  p r o c e s s e s ,  such 
as t h e  3/\l/-.V P decays,  and those  of Eq. (32) a* (33) i s  more 
i n  l i n e  w i t h  t h e  t h e o r e t i c a l l y  expected r e s u l t ,  namely, t h a t  t h e  
c o e f f i c i e n t s  X , Y , Z i n  (27) could n o t  be u n i v e r s a l  and 
independent  of t h e  p r o c e s s e s  i n c l u d i n g  )I and ' j u s t  because 
t h e  very  f u n c t i o n s  td and S a r e  n o t  u n i v e r s a l ,  that i s  M, Nllf 
and S, =+ S,I . The s a e  emerges a l s o  from t h e  s p e c i f i c  model con- 
s i d e r a t i o n  r e s u l t i n g  i n  (26). A s l i g h t  d i f f e r e n o e  between IY ,  \ / \  )(, \ 
and (33) g i v e s  some evidence f o r  t h e  sU(3) v i o l a t i o n  i n  t h e  J/+J*YP 

ampli tudes.  

4. Discuss ion  

Most c l o s e  t o  o u r s  a r e  t h e  so-o led"mode1-lndependentnapproaohes 
based on t h e  quark-model sum r u l e s  . A number of  difficulties 
noted  i n  Refs. / ' 3 * 3 /  have been r e s o l v e d  i n  our  approach as follOW@* 
The i s o v e c t o r  Coleman-Glashow sum r u l e  

cons idered  i n  ~ e f  ./I3/, i s  s t r o n g l y  v i o l a t e d  due t o  t h e  n o n a d d i t i v e  
exchange c o n t r i b u t i o n  C d  t o  P and rJ . The sum r u l e  
proposed by Sachs /37/ and disoussed  i n  Ref. /13/ 

i s  a l s o  at v a r i a n c e  w i t h  d a t a .  Eq. (35) was p r e v i o u s l y  d e r i v e d  w i t h i n  
t h e  n o n r e l a t i v i s t i c  quark model wi th  t h e  assumed 's tandardn 
r e l a t i o n  a/d. = -2. I n  our  approach, as a m a t t e r  of f a c t ,  E q .  (35) 
t a k e n  w i t h  t h e  replacement  Q(P+bJ) ( P + ~ ) ( u - d ) / ( ~ + d )  

i s  a source  f o r  d e r i v i n g  t h e  &/d - ra t io .  A marked d i f f e r e n c e  of  t h e  
magnet ic  moment f o r  t h e  g iven  qu r k  f l a v o u r ,  bu t  r e s i d i n g  I n  

d i f f e r e n t  baryons noted i n  Ref. '38/, i s  expla ined  by t h e  a c t i o n  of 
a l l  o r  one of  t h e  followFng f a c t o r s :  CGA f 0 , ~ / d .  *-  2 
and t h e  sV(6)-breaking e f f e c t  : d -+ dB CSU(G>) = 0.6. 

The p r i n c i p a l  r e s u l t s  of our  approach c o n s i e t  i n  f i x i n g  f r e e  
P 

parameter* : u /d - Eq. (ll), 9 / d - Eq. (121, Cp*d. - (6) , 
4% - (7) and two sum r u l e s  (3) a @  (4) which enable  u s  t o  express  

any two of t h e  baryon magnetic moments th roughc thers  . We n o t i c e  
a g a i n  that t h e  v a l u e  (5b) f o r  4' i s  i b e t t e r  agreement w i t h  
t h e  l a t e s t  of two a v a i l a b l e  exp r imqnts  /16'. The v a l u e  (11) f o r  kid 
confirms a n  e a r l i e r  conclusion j2'/ t h a t  t h e r e  i s  a b a g n e t i c  anomalym 

i n  l i g h t  quarks. 'Phe nonaddi t ive  c o q t r i b u t i o n  of p i o n  c u r r e n t s  t o  
nuoleon magnetic moments i s  s i g n i f i g a n t .  Th is  i s  i n  a q u a l i t a t i v e  
agreement w i t h  r e s u l t s  o f  o t h e r  a u t h o r s  /10,25/ , though, quant i-  

P 
t a t i v e l y ,  our  Cmc.4 i s  twice  as l e s s  as t h a t ,  f o r  example, i n  . 'Ihe d i r e c t i o n  o f  a mall  d e v i a t i o n  of dB from dB(su(61) 
i s  oppos i te  t o  that found from t h e  semi lep ton ic  hyperon decays/''/. 
Th is  f i n d i n g  r e q u i r e s  an independent  check and i n t e r p r e t a t i o n .  'lhe 
s t u d y  of  asymmetries i n  deep i n e l a s t i c  s c a t t e r i n g  of p o l a r i z e d  
l e p t o n s  on p o l a r i z e d  nuc leons  cou ld ,  probably,  be a source of a 
r e l e v a n t  information.  U n i v e r s a l i t y  o f  t h e  quark magnet ic  p r o p e r t i e s  
i n c l u d i n g  t h e  s t r e n g t h  of t h e  ~ ~ ( 3 1  break ing  i n  baryons and mesons 
14/ i s  confirmed by agreement of t h e  computed and measured r a t i o s  of 

t h e  K*-bKX r a d i a t i v e  decays /17933/ . ! h e  r e l a t i o n  between t h e  
w--TOY and 9'1'1 width  i s  a l s o  i n  accord  wi th  Bq. (11) f o r  t h e  
&/a - r a t i o  and  at t h e  syne t ime p u t s  a n  upper  l i m i t  on t h e  p ion  

exohange c o n t r i b u t i o n  t o  t h e  i s o v e c t o r  t r a n s i t i o n s  between meson 
s t a t e s .  To improve r e l i a b i l i t y  of t h e  r e s u l t s  e x t r a c t e d  fran d a t a ,  
we have chosen t o  compare on ly  t h e  t r a n s i t i o n s  w i t h  t h e  same 
p a r t i c l e  e i t h e r  i n  an initial o r  i n  a f i n a l  s t a t e  and w i t h  gppro- 



ximate ly  t h e  same photon energy r e l e a s e  I n  t h i s  way we have ob ta ined  
t h e  C J 4  7 and ' l ' - * ~ g  widths from those  wi th  9 -meson and 

'% r a t i o s  of t h e  o v e r l a p  i n t e g r a l s  I pl( ,u)  
and I :, which c h a r a c t e r i z e  

t h e  nonstrange and s t r a n g e  quark conten t  of  7 and ?' - mesons. 
The r a t i o s  found from t h e  r a d i a t i v e  decays seem t o  be d i f f e r e n t  
from parameters  of t h e  same p h y s i c a l  meaning which have been ex t rac-  
t e d  from t h e  ~/ . c /+vP d e c a y s  /32/ . These a r e  s t i l l  no t  f i r m l y  
e s t a b l i s h e d  d i s c r e p a n c i e s  due t o  e x l s t i n g  l a r g e  u n c e r t a l n t i h s .  ht, 
n e v e r t h e l e s s ,  t h e y  deserrre a t t e n t i o n  as t h e  evidence f o r  a more 

complex, multi-component composition of t h e  '1 - and ?' - mesons as 
I w e l l  as t h e  ~ ~ ( 3 1 - b r e a k i n g  i n  ampl i tudes  of t h e  + V+P decays. 
I 

A f t e r  t h i s  work w a s  completed and going t o  p r e e s  we aware of 
~ e f . ' ~ ~ ~ ,  where t h e  r e l a t i o n s ,  i d e n t i c a l  t o  o u r  Eqs.( l l )  and (12), 

were der ived  f o r  t h e  quark magnetic moments and t h e  r o l e  of  t h e  

I anomalous magnet10 moments of quarks was a l s o  d i scussed  i n  t h e  
I r a d i a t i v e  meson decays. Our p a r a m e t r i z a t i o n  f o r  magnetic moments /LC&) ' o f  bzz-yons (8 = p,  bJ , x  , 2 ; 

= 1 %tike '+Gkr(CuLke> , %= K .  &, 3 ) I 

P bJ 
c o n s i s t s  i n  adopt ing  $*=9: , Y =5.s ; cu;* f 0 a d  

= w h i l e  t h a t  of i s  reduced ( i n  our  n o t a t i o n )  
6 e 6 %Y , = 0 , 8, + &  = 1. The last assumption 

enables  one t o  r e w r i t e  t h e  p a r a m e t r i z a t i o n  of  Ref. /39/ 

and ~ ( u )  i n  t h e  form of ~ ~ . ( 3 6 )  w i t h  9: = 9 and = 
= % (3: - %:'*)(u- d ) from which t h e  r e s u l t s  (11) and (12) 
f o r  u/d and s/d fol low.  Note a l s o  t h a t  combining t h e  a s s u , p t i o n s  
of t h i s  work w i t h  those  of Ref. /39/, namely, a l lowing  t h e  nonzero 
exchange o u r r e n t  c o n t r i b u t i o n s  t o  PCP) and r(FI) ( ~ 2 2  + 0) 
and keeping t h e  S u b ) - r e l a t i o n s  only f o r  t h e  t and E - hyperon 

wave f u n o t i o n s  ( OF*+ I): but  g:+ 9: = i 1, l e a v e s  Eqs.( i i )  
and (12) and sum r u l e  (4) unchanged. Then (6) w i l l  d e f i n e  o n l y  t h e  

r e l a t i o n  between C P'" d t h e  d i f f e r e n c e  %PIL'-%: . The 

numerical  v a l u e s  of  Ref. Ul"39$"9: 5 -0.181, 0:;  4-g' = 1.181, 
as w e l l  as pru) = 1.982, /t[d) = -1.103 ma p(S) = -0.753 a r e  
a l s o  l e f t  unohanged. However, t h e  e m p i r i c a l  v a l i d i t y  of t h e  sum 
r u l e s  (3) and (14) can then  be  i n t e r p r e t e d  on ly  a s  a r e s u l t  of 

unforeeeen compensation i n  t h e  corresponding r e l a t i o n s  of  t h e  
~ ~ ( 3 1 - b r e a k i n g  e f f e c t s  i n  t h e  baryon wave func t ions .  
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- 
r e p a c m o ~  C. B.  . E2-88-122 
MarHH~Hkde MOMeHTU 6apHOHOB H paJlHa~HOHHble 
PaCI'IWU Hu3mHX MeSOHHbIX pe30HaHCOB 

M ~ ~ H H T H ~ I C  MOMeHTU OKTeTa 6apnoHo~ paCCMOTpeHb1 B PaMK3X 
& e ~ o ~ e ~ o n o r w i e c ~ ~ x  npasnn CYMM,  BKmqamqkix penRTnBncTcKue 
~ W ~ K T N  H HeamHTHBHbIe A O ~ ~ B K H ,  06y~n0BJIeH~ble 06MeHHblMM 
nHOHHblMH TOKaMH. ~ o J I ~ ~ ~ H H U ~  OTHOlUeHHR MarHHTHblX MOMeHTOB 
U ,  d ,  9-KBapKOa ( @ ( u ) / p ( d )  = -1,80, p ( s ) / p ( d )  = 0,681 nc- 
nOnbSyloTCR SaTeM aHa.JlH3a PaAHaLWiOHHbIX PaCnaAOB BeKTOp- 
H a  H IlCeBAOCKanRPHbIX Me30HOB. napa~e~pbl ,  XapaKTepH3yloUHe 
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Magnetic Moments of Baryons 
and Radiative Decays of Lowest 
Meson Resonances 

Magnetic moments of the  oc t e t  baryons a re  considered 
i n  the  framework of phenomenological sum ru l e s  based on 
the  general groundwork of quark models t ha t  include re la-  
t i v i s t i c  e f f e c t s  and nonadditive correct ions  due t o  the 
pion exchange currents .  The re la t ions  between the  u,d,s- 
quark magnetic moments thus obtained a re  then used fo r  an 
ana lys i s  of the  vector and pseudoscalar meson rad ia t ive  
decays. The parameters re la ted  t o  the  quark content of 
the  q and n'-mesons a re  compared with the corresponding 
quan t i t i e s  extracted from the measured hadronic J/'Y-de- 
cays. 

The inves t iga t ion  has been performed a t  the Laboratory 
of Theoretical  Physics, JINR. 
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