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Abstract Our purpose w i t h  t h i s  a r t i c l e  i s  t o  show how t o  c a l c u l a i c  ana- 
l i t i c a l l y  t h e  m a t r i x  elements o f  a  Harn i l ton ian o f  a  bosons system,using 
t h e  techn ique  o f  C o e f f i c i e n t s  o f  F r a c t i o n a l  Parentage (C .F .P . ) ( I ) .  The 
bosons system cons idered  i s  cons t  i tued by i s o v e c t o r  s-bosons (J=O, T = l )  
and i s o e s c a l a r  p-bosons ( ~ = 1 ,  T-O) . We a l s o  demonstrate how we  can, 
u s i n g  such,a technique,  r e p r o d u c e t h e  r e s u l t s  f o r  t h e  system o f  i n t e r a c -  
t i n g  p-bosons (21,  i n  t h e  t o t a l l y  symmetric case. 

I n t e r a c t i n g  s- p  boson model w i t h  i s o s p i n ,  which c o n s i d e r s  t h e  

nuc leus as be ing  formed by two types  o f  bosons, namely i s o v e c t o r  s-bo- 

sons (J=O, T=l)  and i s o s c a l a r  p-bosons ( ~ = l ,  T = O ) ,  where J = t o t a l  an-  

g u l a r  moment and T = i s o s p i n ,  may have t h e  m a t r i x  elements o f  i t s  Ha- 

m i l t o n i a n  reckoned i n  an a n a l y t i c a l  way, th rough  t h e  use o f  a  techn ique  

known by t h e  name o f  C o e f f i c i e n t s  o f  F r a c t i o n a l  Parentage (C.F.P.). A,. 

Arima and F. l a c h e l l o 3,  i n  t h e  model o f  i n t e r a c t i n g  s-d bosons, u t i l i z e  

such a technique;  y e t ,  t h e  r e s u l t s  o b t a i n e d  remain i n  t h e  dependence o f  

t h e  c a l c u l u s  o f  t h e  C.F.P. f o r  t h e  number o f  bosons t o  be used s i n c e t h e  

same a r e  n o t  ob ta ined  a n a l y t i c a l l y .  I n  o u r  case, we ge t  a n a l y t i c a l  f o r -  

mulae f o r  t h e  C.F.P. f rom symmetr ic  s t a t e s  of. p- she l  l and we use-  such 

fo rmu lae  i n  t h e  c a l c u l a t i o n  o f  reduced m a t r i x  e1ements; thef ina. l  r e s u l t s  

w i l l  be a t i i - d i a g o n a l  m a t r i x .  



S t i l l  as an a p p l i c a t i o n  o f  such a  method we l o o k  upon a  system 

o f  i n t e r a c t i n g  p-bosons and we secure, f o r  a  g i v e n  i n t e r a c t i o n ,  t h a t  

t h e  energ ies  agree w i t h  t h e  r e s u l t s  o f  Chen f o r  t h e  symmetr ic case. 

The group r e p r e s e n t i n g  o u r  model i s  group Uc(JT) ,  t h a t  may be 

decomposed as : 

us (JT) 3 u3 ( T I  x u3 (J) 

where t h e  group U, ( J )  rep resen ts  p-bosons system, w h i l e  t h e  group U 3 ( ~ )  

represen ts  s-bosons system. 

2. THE HAMILTONIAN OF THE MODEL 

L e t  t h e  Hami l ton ian  o f  one and two bodies be: 

Where: 

+ bi = c r e a t i o n  o p e r a t o r  f o r  bosons i n  e s t a t e  

"i = a n n i h i  l a t i o n  o p e r a t o r  f o r  bosons i n  i s t a t e  

I n  t h e  case o f  s- p bosons system, we w i l l  be a b l e  t o  w r i t e  t h e  

Hami 1 t o n i a n  as: 

where: 

N = number o f  s-bosons 
S 

Ilr = number o f  p-bosons 
P  
+ 

s  = c r e a t i o n  o p e r a t o r  o f  s-boson 



p' = c r e a t i o n  o p e r a t o r  o f  p-boson 

The symbols. ( t ,  x t21JT rep resen ted  t h e  t e n s o r i a l  p roduc t  o f  two t e n -  

s o r i a l  o p e r a t o r s .  The m a t r i x  paramet r i zed  elements <( j j ) ( t ,  t 2 )  , 
1 2  

JT I v121(j;j .:)  ( t i t i ) ,  JT> a r e  g i v e n  by: 

hfe wi  1 l use t h e  bas i  s  U, ( T )  U, ( J )  t o  represen t  t h e  s t a t e s  

o f  o u r  Hami l ton ian ;  i n  t h a t  b a s i s  t h e  number o f  s-bosons and t h e  number 

o f  p-bosons a r e  wel 1  d e f  ined. The n o t a t i o n  used wi 11 be: 

3. THE ME'THOD OF COEFFICIENTS OF FRACTIONAL PORCENTAGE (C.F.P.) 

7'0 c a l c u l a t e  t h e  m a t r i x  elements o f  o u r  bosons system, w e ' l l  

use t h e  method o f  C.F.P.. I n  t h i s  method we c o n s i d e r  a p a r t i c l e  o f  t h e  

p a r t i c l e  system, separated o f  t h e  o t h e r s ,  and t h e  symmetry r e q u i r e d  i s  

s a t i s f i e d  hy t h e  c a l c u l a t i o n  o f  t h e  c o n f i g u r a t i o n  f u n c t i o n s ,  a s a  l i n e a r  

combinat ion o f  t h e  f u n c t i o n s  v e c t o r i a 1 , l y  coupled o f  t h a t  separate p a r -  

t i c l e  and t h e  p e r m i t t e d  s t a t e s  o f  t h e  o t h e r  p a r t i c l e s .  The c o e f f i c i e n t s  

which determine t h a t  p a r t i c u l a r  l i n e a r  comb ina t ion  a r e  c a l l e d  C.F.P.. 

where 

p - ' ( a , J , ) j J  I J a J  = C.F.P. ." I 
a and 5, a r e  a d d i t i o n a l  quantum numbers, which a r e  necessary i f  t h e r e  - 
a r e  severa1 s t a t e s  w i t h  t h e  same v a l u e  o f  J .  

I n  t h e  l i t e r a t u r e  we f i n d  r e l a t i o n s  o f  recur rency  f o r  c a l c u -  

l a t i o n  o f  t h e  C.F.P.; ye t ,  we a r e  i n t e r e s t e d  i n  an a n a l y t i c  fo rmu la  f o r  

t h e  C.F.P. o f  t h e  s t a t e s :  



where (1) l a b e l s  an e n t i r e l y  symmetr ic s t a t e  i n  t h e  N p a r t i c l e  (bosons) 

composing i t .  For p r o c u r i n g  t h e  d e s i r e d  a n a l y t i c a l  formulae, we use 

t h e  r e c u r r e n c y  r e l a t i o n s  d e r i v e d  by S h a l i t  and ~ a l m i ~  i n  t h e  s e n i o r i t y  

scheme, making s e n i o r i t y  equal t o  t h e  angu la r  moment, a f t e r  c o n v e r t i n g  

t h e  r e s u l t  f o r  t h e  t o t a l l y  symmetric case. A t  t h a t  r a t e  we o b t a i n :  

From t h e  formulae (5) and (6) and u s i n g  t h e  r e c u r r e n c y  r e l a -  

t i o n 5,  

where 

wi t h :  

we secure t h e  C.F.P. f o r  t h e  s imul taneous s e p a r a t i o n  o f  two s y m m e t r i c  

p a r t i c l e s ,  as f o l l o w s :  



Using t h e  C.F.P. we can c a l c u l a t e  m a t r i x  reduced elements i n  

a  compact form, f o r :  

N  +I 
' I 2  [a (N )J  l p  p (N + 1)Jr <N +1 ,J'[/ p + [ [  N  ,J> = ( ( N  + I )  (2J r+1) )  p p p P P P I 

I n  t h e  case o f  s-bosons t h e  ca 

( 2 J  '+i ) ) 'I2 

(14) 

c u l a t i o n  i s  i d e n t i c a l ,  be ing  

enough t o  change N  by Ns, J by T and p(p+) by s (s+) .  
p 

4. THE MATRIX ELEMENTS 

With  t h e  C.F.P.  ob ta ined ,  we can show t h a t :  

5. INTERACTING P-BOSON SYSTEM 

L e t ' s  cons ider  a  system formed e x c l u s i v e l y  by i n t e r a c t i n g  p -  
-bosons. L e t ' s  c a l c u l a t e  t h e  energy o f  t h a t  system f o r  an i n t e r a c t i o n  

o f  t h e  t ype :  



I n  t h e  r e p r e s e n t a t i o n  o f  t h e  occupa t ion  number, t h a t  i n t e r a c t i o n  i s  

w r i t t e n  as:  

I n  t h e  case o f  a  P-bosons system, we have: 

By u s i n g  the  p rev ious  r e l a t i o n  and t h e  formulae o b t a i n e d  f o r  t h e  C.F.P., 

we can show t h a t :  
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RESUMO 

Nosso o b j e t i v o  com e s t e  a r t i g o ,  é mos t ra r  como se c a l c u l a  ana- 
l i t i c a m e n t e  os  elementos de m a t r i z  de uma h a m i l t o n i a n a  de um sistema de 
bósons, usando a  t é c n i c a  dos Coef f i c i e n t s  o f  F r a c t  i o n a l  Parentage (c.F.P.) 
( I ) .  O s is tema de bósons considerado,  é c o n s t i t u i d o  por  bõsons i s o v e t o-  
r i a i s  (J=O, T= l )  e  bõsons i soesca la res  p ( ~ = l ,  T=O). Mostramos tam- 
bém, como podemos, usando t a l  t é c n i c a ,  r e p r o d u z i r  os  r e s u l t a d o s  para o 
sistema de bõsons p i n t e r a t u a n t e s  (2 ) ,  no caso t o t a l m e n t e  s i m é t r i c o .  - 


