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Abstract T h i s  work presents a systemat ic  s tudy o f  E2 and M1 t r a n s i t i o n s  
and e l e c t r i c  quadrupole and magnetic d i p o l e  moments o f  odd t i n  isotopes 
i n  t h e  c o n t e x t  o f  a  q u a s i p a r t i c l e - v i b r a t i o n  model. 

1. INTRODUCTION 

The t i n  i so tope  r e g i o n  i s  perhaps the  bes t  s t u d i e d  o f  the  mass 

tab le ,  f rom b o t h  and t h e ~ r e t i c a l ' - ~  p o i n t s  o f  v i e w .  

Never the less,  p rev ious  c a l c u l a t i o n s  have n o t  analysed s y s t e m a t i c a l l y t h e  

d e t a i l e d  phonon c o n t r i b u t i o n s  t o  the  e lec t romagnet i c  moments. 

I n  the  present  work t h e  t r a n s i t i o n  p r o b a b i l i t i e s  between the  

lowest 1/2+, 3/2+, 5/2+, 71'2' and 11/2- l e v e l s  i n  the  odd t i n  isotopes 

from A = 115 t o  A = 123 a r e  ob ta ined  i n  a modela i n  which t h e  s t a t e s  o f  

the  odd nucleus a r e  represented by a q u a s i p a r t i c l e  (QP) coupled t o  com- 
+ 

ponents o f  zero, one and two v i b r a t i o n a l  2  phonons. A l though th ismodel  

i s  a b l e  t o  descr ibe  o t ; i e r  p r o p e r t i e s  o f  these n u c l e i  as enerqy l e v e l s  

and spec t roscop ic  f a c t c r  systemat ics,  the  focus o f  the  p@sent work i s  

t h e  tes.t o f  the  wave f u r c t i o n s  f rom a e lec t romagnet i c  p b i n t o f v l e w . A l s o  

presented a r e  t h e  s t a t i c  r n u l t i p o l e  moments o f  these l e v e l s .  

2. ELECTROMAGNETIC MOMENT OPERATORS 

The wavefunct ions o f  odd t i n  nucle,i were assumed8 as: 

w i t h  t h e  usual meaning a t tached  t o  the  quas 

c r e a t i o n  opera to rs .  

i p a r t i c l e  and one phonon 

Work p a r t i a 1  l y  s u p p o r t e d  b y  CNPq a n d  CAPES ( ~ r a z i l i a n  Govern- 
ment ~ ~ e n c i e s ) .  

30 
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The ma t r i x  elements o f  the e l e c t r i c  t r a n s i t i o n  operator  can be 

expressed, i n  a  compact way tha t  puts i n  evidence the cont r ibu t ions  o f  

processes invo lv ing  the emission and absorpt ion o f  phonons, as 

where N i  and N z  represent, respect ive l  y, the number o f  phonons coupled 

t o  the quas ipa r t i c l e  i n  the f i n a l  and the i n i t i a l  s tate,  so tha t  

since the operator M(FXO) i s  no t  able t o  c r e a t e  o r  a n n i h i l a t e  two 

phonons ,  

where 

P(aBFh) = C' e 2 i, 
e f f  a O mb ('aUb - 'avb) 
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The one phonon reduced transition probability from the first 

exci ted state to the ground state was, for the even ti n isotopes, 

obtained as : 

where 

V is the usual occupation probability, for each single particle leve1 
a 
and XabX and YabX are, respectively, quasi particle pair creation and 

pair annihilation amplitudes, with values fixed by the Random Phase Ap- 

proximation (RPA) , 

The occupation probabilities v and the RPA amplitudes were a 
calculated exactly as in reference 8, using the same model space (cor- 

responding to the major shell 50-82) and the same schematic interactions 

(de1 ta + quadrupole-quadrupole). 
The RPA amplitudes Xab2 and Y for a typical nucleus, l15~n, ab2 

are presented in table 1. 

The effective charge was taken as eeff = 1 for the neutron. 
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Table 1 - RPA a n p l i t u d e s  Xab2 
" 5 ~ n  nucleus,  r e l a t e d  t o  t h e  
and b  i n  the s p e c i f i e d  o r b i t a  

and Yab2 f o r  the 
q u a s i - p a r t i c l e s  a  

The a n a l y s i s  rnade on t h e  e l e c t r i c  r n a t r i x  elements a p p l i e s  a l s o  

t o  t h e  magnetic r n a t r i x  elernents 

I n  t l i i s  case 
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T h e . e l e c t r i c  quadrupole moment i s ,  i n  the  n o t a t i o n  adopted, 

g iven  as 

Q. J-n 1 (a, a, E!; Nl, NJ 
5 

NI lN2 

w h i l e  the  magnetic d i p o l e  moment i s  c a l c u l a t e d  by 

= f l  1 (a, a. Ml ;  Nl, N21 

3. RESULTS AND DISCUSSIONS 

I n  t a b l e  2 the  reduced t r a n s i t i o n  p r o b a b i l  i t i e s  b e t w e e n  t h e  

lowest 1/2+, 3/2+, 5/2+, 71'2' and 11/2- l e v e l s  i n  odd t i n  i so topes  a r e  
1 - 3  presented i n  comparison w i t h  e x i s t i n g  exper imenta l  data , A lso  shown 

a r e  the d e t a i l e d  c o n t r i b u t i o n s  o f  the severa1 processes, as ob ta ined  i n  

the  p resen t  c a l  c u l a t i o n ,  represented by t h e  number o f  phonons ( N 1 ,  N*) 

i n  the  f i n a l  and i n i t i a l  s t a t e s .  Colums 4 presents t h e  s i n g l e  p a r t i c l e  

t r a n s i t i o n  p r o b a b i l i t y ,  c a l c u l a t e d  w i t h  o s c i l l a t o r  wave f u n c t i o n s  (Eu 
OSC 

= 41 . A - ' / ~  &V).  

The prominent d i f f e r e n c e  between t h e  s i n g l e  p a r t i c l e t r a n s i t i o n  

p r o b a b i l  i t y  ~ ( ~ 2 1  and the  (0,O) p a r t  o f  ~ ( 2 2 ) ~ ~ ~ ~ ~  i n d i c a t e s  a l a r g e  . SP 
influente o f  the  combined e f f e c t s  o f  p a i r i n g  and c o l l e c t i v e  mot ion,  as 

p u t  fo rward  by a cons iderab le  decrease i n  the  s i n g l e  p a r t i c l e  ampl i tudes 
+ + 

The t r a n s i  t i o n s  3/2 + 1/2+, 5/2+ + 1/2 , 5/2+ + 3/2+ and 5/2+ + 7/2+ 

show good agreement w i t h  the  exper imenta l  data,  f o r  a  1 1 i s o t o p e s  f o r  
+ 

which these a r e  a v a i l a b l e .  P a r t i c u l a r l ' y ,  f o r  the  3/2+ -+ 1/2 t r a n s i t i o n s ,  
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Table.2 - Reduced e l e c t r i c  quadrupole t r a n s i t i o n s .  Column 1 
g i ves  t h e  i n i t i a l  and f i n a l  s t a t e  s p i n - p a r i t y  o f  e a c h  t r a n-  
s i t i o n .  Columns 2 and 3 l i s t  t h e  mass number and theexperimen- 
t a l  t r a n s i t i o n  p r o b a b i l i t i e s .  Column 4 the  s i n g l e  p a r t i c l e  
t r a n s i t i o n  p r o b a b i l i t y  c a l c u l a t e d  w i t h  o s c i l l a t o r  wave func-  
t i o n s .  Columns 5 t o  9 l i s t  t h e  c o n t r i b u t i o n s  o f  t h e  severa1 
processes represented by the  number o f  phonons (NI,N~) i n  the  
f i n a l  and i n i t i a l  s t a t e .  Last  column q ives  t h e  t o t a l  theor-  
e t i c a l  t r a n s i t i o n  p r o b a b i l i t y .  

and 

A = 119 c o u l d  be reproduced. Th is  f a c t  can be understood by a n a l y s i n g  

t h e v a r i a t i o n o f  t h e c o e f f i c i e n t  (u u - v  v i n  t h e  (0,0) 
3 / 2  1 / 2  3 / 2  1 / 2  

component o f  B ( E ~ )  theor, AISO f o r  t h e  5/2+ -t 1/2+ and 5/2+ -t 3/2+ t r a n -  

s i t i o n  the  c a l c u l a t i o n s  p r e d i c t ,  i n  b o t h  cases, the  c o r r e c t  t rend ,  a l -  

though t h e  a b s o l u t e  va lues  o f  ~ ( ~ 2 1  a r e  n o t  t o t a l  1 y  reproduced. I t 
exp 

can be remarked t h a t  an a l t e r n a t i v e  procedure which avo ids  the  incon-  

v e n i e n t  problem o f  a t t r i b u t i n g  e f f e c t i v e  charges and s p i n  gypomagnetic 

f a c t o r s  i s  the  comparison between r a t i o s  o f  t heo re t i ca l andexpe r imen ta l  

r e s u l t s ,  t a k i n g  a nuc leus ( f o r  example l15sn)  as re fe rence  'O. 

t 
On the o t h e r  hand, the  data ob ta ined  f o r  t h e  7/2+ + 3/2 t r a n-  

s i t i o h s  by Foge lberg .e t  a l e 2  cou ld  n o t  be w e l l  reproduced by t h e  model. 

I n  a l l  these t r a n s i t i o n s  we can observe, as general t rend ,  t h e  

importance o f  c o n t r i b u t i o n s  t h a t  i n c l u d e  one phonon,in the  i n i t i a l  state 
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o r  one phonon i n  the f i n a l  s t a t e ,  i n d i c a t e d  i n  the  t a b l e  as (0,1)+(1,0). 

The c o n t r i b u t i o n s  (1,2) + (2 , l )  a r e  small  i n  genera l  b u t  a r e  r e l e v a n t  
+ 

i n  t h e  case o f  the  5/2+ + 1/2 t r a n s i t i o n .  The c o n t r i b u t i o n  from (1 , I )  

and (2,2) a r e  always v e r y  sma l l .  

I n  t a b l e  3, o rgan ized  i n  a way s i m i l a r  t o  t a b l e  2 the  s t a t i c  
+ + 

quadrupole moments o f  the  3/2 , 1/2 and 11/2- l e v e l s  a r e  presented.Also 

here t h e  remarks made i n  t h e  case o f  t r a n s i t i o n  p r o b a b i l i t i e s  about t h e  

i n f l u e n c e  o f  p a i r i n g  and c o l l e c t i v e  e f f e c t s  a r e  p e r t i n e n t .  I t  i s  

i n t e r e s t i n g  to  n o t e  t h a t  the  p r e s e n t  c a l c u l a t i o n  c a n  r e p r o d u c e  the  , 
change o f  s i g n  t h a t  sccurs  f o r  the  3/2+ leve1 between A = 119 and A =121. 

Th is  can be understood by examining the  f a c t o r  (u 2 - t h a t  ap- 

pears i n  t h e  (0,O) c o n t r i b u t i o n s  t o  Qtheor. When t h e  occupa t ion  prob-  

a b i l i t y  i s  c l o s e  t o  0.5 i t s  s i g n  can change f rom o n e  n u c l e u s  f o r  the  

nex t  ne ighbor  i so tope .  

The magnetic d i p o l e  reduced t r a n s i  t i o n  probabi  l i t i e s  B(M1) a r e  
+ 

1 i s t e d  i n  t a b l e  4. For  3/2+ -+ 1/2+ and 5/2+ -+ 7/2 t r a n s i  t ions, t h e  con- 

t r i b u t i o n s  o f  B(M1) and (0,O) a r e  zero because o f  s e l e c t i o n  r u l e s  f o r  
SP 

magnetic t r a n s i t i o n s .  The c o n t r i b u t i o n s  (0.1) + (1,0) and (1.2) + (2, l )  

a r e  zero i n  a l l  t r a n s i t i o n s  because t h e  nuc lear  model used does n o t  i n -  
+ 

c lude  s t a t e s  o f  angu la r  momentum J* = 1 . The i n c l u s i o n  o f  these s t a t e s  

i n  the  c a l c u l a t i o n  would c e r t a i n l y  improve t h e  agreement w i t h  experimen- 

t a l  data.  

Table 3 - E l e c t r i c  quadrupole moments. S i m i l a r  t o  t a b l e  
2; exper imenta l  data compiled by Van Gunsteren e t  a l . ,  
r e f  .7.  
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Table 4 - Magnetic d i p o l e  t r a n s i t i o n s .  S i m i l a r  t o  t a b l e  2. 

I n  t a b l e  5 the  magnetic d i p o l e  moments a r e  presented, The i n -  
+ 

fluente o f  2 phonons on the  f i n a l  r e s u l t s  i n  t h e  present  c a l c u l a t i o n  i s  

g iven  o n l y  f o r  (1 , l )  and (2,2) c o n t r i b u t i o n s .  A l s o  here  t h e  absence o f  

J' = 1+ s t a t e s  i n  t h e  nuc lear  modei i s  f e l t .  As i s  w e l l  known t h i s  ab- 

sence i s  e q u i v a l e n t  t o  n e d l e c t i n g  impor tan t  co re  p o l a r i z a t i o n  e f f e c t s 9 .  

T a b l e  5 -Magnet i c  d i p o l e  rnoments. S i m i l a r  t o  t a b l e  
2:  exper imenta l  data compiled by Van Gunsteren e t  aZ., 
r e f  .7,  

I""1 

*o.., 

-0.91 

-1.00 

-1.05 

o., 

0.66 

i 10.70 

0.68 

-1.29 

-1.37 

-1.4 

.".I 

f* 

4' 

I' 
- 'i- 

A 

I13 

I15 

111 

1 1 9  

11,  

119 

I21 

1 1 5  

t ! 3  

115 

119 
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An enlargement o f  model space, tak ing  i n t o  account a l so  the 

neighboring major she l l s ,  i s  expected t o  be important e s s e n t i a l l y  fo r the  

magnetic moment and magnetic t r a n s i t i o n  p r o b a b i l i t i e s .  Ontheother  hand, 

a more r e a l i s t i c  treatment o f  the i n te rac t i on ,  inc lud ing n o n-  c e n t r a l  

terms, may have inf luence on both e l e c t r i c  and magnetic p roper t ies  and 

i s  a subject  under i nves t i ga t i on  by the authors. 

We thank t o  T. Borel lo-Lewin, L.B. Horodynski-Matsushique and 

A .  Mizukamí fo r  valuable comments. 
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Este t rabalho estuda sistematicamente as t ransições E2 e M1 e 
os momentos de quadrupolo e l é t r i c o  e de d ipo lo  magnéticos nos isótopos 
Ímpares de estanho usando um modelo do t i p o  quas ipar t ícu la  vibração. 


