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The energy spec t ra ,  the  t r a n s i  t i o n  probabi  1 i t y  (ÈEz) and the  spect rosco-  

p i c  f a c t o r s  a r e  analysed by means o f  the  semimicroscopicmodelappl ied t o  
+ 

t h e  t i n  isotopes.  I n  t h i s  model the  2 v i b r a t i o n s  energy o f  even n u c l e i  

a r e  t r e a t e d  by the  BCS and RPA method, and t h e  odd t i n  spec t ra  a r e  ob- 
+ 

t a i n e d  by coup l ing  a quasi p a r t i c l e  t o  t h e  2 v i b r a t i o n .  A schematic i n -  

t e r a c t i o n  i s  used: D i r a c ' s  d e l t a  + quadrupole-quadrupole. 

Ana1 i sa-se um modelo semi -mi croscópi  co a p l  i cado aos i sótopos de estanho 

estudando o espectro, a p r o b a b i l i d a d e  de t r a n s i ç ã o  BE2 e os f a t o r e s  es- 
+ 

p e c t r o s c ~ p i c o s .  Nesse modelo a e x c i t a ç ã o  c o l e t i v a  2 dos núcleos pares 

& t r a t a d a  p e l o  método BCS e RPA e o espec t ro  dos núcleos impares é o b t i -  
+ 

do acoplando-se uma quase p a r t í c u l a  a essa v ib ração  ' 2  . usa-Se uma i n t e -  

ração esquemática: d e l t a  de D i r a c  + quadrupolo-quadrupolo. 

1. INTRODUCTION 

The odd t i n  isotopes were f i r s t l y  c a l c u l a t e d  i n  a systemat ic  way by 

Ki s s l  i nger and sorensenl. They employed a pai  r i  ng p l u s  quadrupole - qua- 

d rupo le  f o r c e  as the e f f e c t i v e  i n t e r a c t i o n  hetween the  nucleons. 

* Work supported i n  p a r t  by Fundação de Amparo ã Pesquisa do Estado de 

São Paulo - (FAPESP) and Financiadora de Estudos e Pro je tos  - (FINEP).  
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For the odd t i n  isotopes there  a r e  many c a l ~ u l ~ t i o n s ~ - ~  a l s o  t h a t  i n c l u -  

de r e a l i s t i c  f o r c e s .  I n  t h i s  r e g i o n  we have a l ready  s u f f i c i e n t l y  e x p e r i -  

mental data which enable us t o  apprec ia te  b e t t e r  the  q u a s i - p a r t i c l e  v i -  

- b ~ a t i o n  coup l ing  scheme as t h a t  used by K i s s l i n g e r  and Sorensen. 

I n  o rder  t o  s tudy the  exper imenta l  t i n  isotopes ~ ~ s t e m a t i c s ~ - ~ ~  and mi- 

c roscop ic  models o f  i n te rmed ia te  coup l ing  we make a s imple m ic roscop ic  

c a l c u l a t i o n  us ing  as the  e f f e c t i v e  i n t e r a c t i o n  t h e  d e l t a  p l u s  ,quadrupo- 

le-quad&pole f o r c e  because i t i s  founded t h a t  i t s  reduced, m a t r i x  e l e -  

ments a r e  s i m i l a r  i n  the  genera l  t r e n d  t o ' t h e  r e a l  i s t i c m a t r i x  elements17. 

Such model c a l c u l a t i o n  i s  e f f e c t e d  i n  the  usual scheme18 o f  BCS (Bardeen 

Cooper ancl ~ c h r  i e f  f e r )  and RPA (Randon Phase Approximat ion)  t o  t r e a t  t h e  
+ 

v i b r a t i o n a l  2 mode o f  correspbnding even t i n  i so topes .A f te r  t h i s  a  qua- 
+ 

s i - p a r t i c l e  i s  coupled t o  one and t o  two 2 phonon state:. 

I n  t h i s  paper the  n o t a t i o n  i s  e s s e n t i a l l y  t h a t  o f  ~ a r a n ~ e r l ~ .  

2. FORMAL.ISM 

For the system o f  a c t i v e  nuc leons we can w r i t e  t h e  f o l l o w i n g  h a m i l t o n i a n  

I n t r o d u c i n g  the  Lagrange m u l t i p l i e r  X t h a t  depends o n l y o n t h e  th i rdcom-  
a  

ponent o f  i s o s p i n  and per fo rming  the  Bogo l iubov- Va la t in  t rans fo rmat ion ,  

+ + 
a a = U  C + V  s C- 

u a  a a a  

we o b t a i n :  
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a  0  6  y '  
(2) 

where: : : indicaies the Wickls Normal Product. 

Imposing the BCS condi t ion  on the th i rd  term o f  expression (2), that  i s ,  

from i t s  el iminat ion,  we obtain the following gap equation: 

and 



W i  t h  the condi t i o n  o f  conservation on the average o f  the neutron number 

we obta in  the fo l lowing equation: 

e -1 E - y] = number of neutrons 
a  

Where the summation i s  e f f ec ted  by maintain ing the z component o f  isos- 

p in .  

Discarding the f i  r s t  term o f  ( 2 ) ,  the Hami 1 tonian can be w r i  t t e n  i n  the 

fo l l ow ing  form: 

H = H  + H  + H  
1 2 3  

+ 
H = Z E  C C 

1 a a a  

H1 represents the s i  ngle qua,s i -part ic le energy; 

A 

H2 contr ibutes t o  pa r t i c l e -ho le  exc i t a t i on .  I t  i s ,  then, important t o  

produce f luc tuat ions  i n  the nucleon dens i ty  and there fore  c o l l e c t i v e  

v ib ra t i ona l  states o f  even-even nuclei'; 

A 

H3 
describes the quas i - pa r t i c l e  coupl ing t o  pa r t i c l e- ho le  s ta tes ,  being 

therefore more important t o  the odd systems o f  nucleons. 

2.1. The Even-Even Number of Nucleous (RPA) 

4 
Representing by BhJM an operator tha t  creates an e x c i t a t i o n  w i t h  energy 

w and angular momentum (SM) XJ 



I n  o rder  t o  s o l v e t h e  above equat ion,  we takc  f o r  B X J M  the  f o l l o w i n g  form: 

A J-M X A+ 
C {'abJ A a b ~ ~  

- (-) 'abJ abJM 3 (9) 
' X J M  = a >b 

+ .  
I n t r o d u c i n g  (9) i n  (8) and d i s c a r d i n g  terms l i k e  c c o r  terms c o n t a i n i n g  

f o u r  c opera to rs  we o b t a i n  a l i near  equa t ion  on (X 
A A 

abJ' 'abJ)  : 

where: 



whi ch F arid G a r e  de f  i ned as 
J J 

The RPA i s  e q u i v a l e n t  t o  

and AOJM. Th is  approxima 

+ + 
neg lec t  terms coun ta in ing  c c i n  comutator o f A  

PJM 
i - par-  

i - par-  

t i o n  i s  v a l i d ,  when the  t o t a l  number o f  quas 

t i c l e ;  i n  t:he ground s t a t e  i s  smal l e r  than the  t o t a l  number o f  quas 

t i c l e  s t a t e s .  

Then: 

Therefore we have a system o f  independent bosons. For h i g h  e x c i t a t i o n  w i t h  

many bosons we cannot o b t a i n  r e l i a b l e  r e s u l t s  because i n  these c a l c u l a t i -  

ons we have neg lec ted  some c o n f i g u r a t i o n  m i x i n g  t h a t  must be inc luded  f o r  

h i g h  e x c i t a t i o n s .  

Using the comutat ion r e l a t i o n ( l 2 )  



2.2. Odd System of Nucleons 

The c a l c u l a t i o n  f o r  the  odd system w i l l  be made a p p l y i n g  the in te rmed ia te  

coupl ing,  i . e . ,  the  l a s t  p a r t i c l e  i s  taken independent ly  o f  p a r t i c l e - h o l e  

m d e .  

I n the  case o f  odd number o f  neutrons (odd t i n  isotopes)  we i n c l u d e  H 

i n t e r a c t i o n  rewr i  t i n g  i t  i n  the  form 

where: 

and 

where 

Then t h e  Hami l ton ianl  

term i n  t h e  f o l l o w i n g  

can be w r i t t e n  approx imate l l y ,  w i t h o u t  a cons tan t  

form: 

The q u a s i - p a r t i c l e  couples more s t r o n g l y  t o  c o l l e c t i v e  modes, i . e . ,  LabJ 

i s  s t r o n g  f o r  c o l  l e c t i v e  mode, and we can neg lec t  Jhe o t h e r  L which a r e  
abJ 



not c o l l e c t i v e ,  The so lu t i on  o f  the hami l tonian tak ing  on ly  one c o l l e c t i -  

ve LabJ can be diagonalized i n  the space generated by the fo l lowing states: 

where: 

Then the energy matr 

<$a l H 1 

i x  elements i n  the two phonon approximat 

A11 the other mat r ix  elements are zero. 

ion, are: 

F i n a l l y  t l ie eigenvalue eguation H I $ ~ >  = w I$"> can be solved assurning the 
a a 

fo l lowing expansion 



I +  = A + z A I +  - i +:I> 
b c1 

and the  m a t r i x  elements g i v e n  i n  (19). 

3. A MODEL CALCULATION 

I n  t h i s  s e c t i o n  we present  a  s imple i n t e r a c t i o n  model, f o r  the  a c t i v e  neu- 

t rons o u t s i d e  a  double magic n u c l e i .  

I n  the Ki s s l  i nger and Sorensen's i n t e r a c t i o n  model t h e  reduced m a t r i x  e l e -  

ments f o r  p a r t i c l e - h o l e  and p a r t i c l e - p a r t i c l e  i n t e r a c t i o n  a re :  

where , 

Qab = (a11 r 2 y  1 1  b ) / A  
2 

I n  the present  work we take: 

6 6 Where F and C a r e  reduced m a t r i x  elements c a l c u l a t e d  by the  D i r a c ' s  d e l -  
o O 

t a  i n t e r a c t i o n .  

The present  model atempts t o  s imu la te  the p a i r i n g  and the c o r r e c t i o n 1 3  on 

the s i n g l e  p a r t i c l e  energy through the D i r a ç ' s  d e l t a  in te rac t . i on .  

I n c l u d i n g  the  model m a t r i x  elements ( 2 3 )  i n  the  RPA equat ions (11) we have: 

642 



and the  reduced t r a n s i  t i o n  probabi l i t y  

B2-*J(~2)  = I c v + e  Q (X +YP2) l2  
P P  e f f  P  p 2  

I n  t h i s  rnodel 

For the p a r t i c l e - v i b r a t i o n  coup l ing  m a t r i x  elements (16) we o b t a i n  

As expected, when 2' i s  c01 

t i c l e - v i b r e t i o n  coup l ing  i s  

d e r i v a t i v e  i s  smal l j u s t  f o  

l e c t i v e ,  from (25) aS/au i s  srnal l ,  and the par-  

s t r o n g  as can be seen i n  the  formula (26) . Th? 

r RPA c01 l e c t i v e  s o l u t i o n  (24) .  

4. PARAME'TERS FOR EVEN T IN ISOTOPES 

.The BCS and RPA equat ions were so lved  mak 

t i c l e  s t a t e s  f o r  one major s h e l l ,  t h a t  i s  

responding t o  the  s i n g l e  p a r t i c l e  l e v e l s :  

i n g  a  r e s t r i c t i o n  o f  s i n g l e p a r -  

, consi d e r i  ng o n l y  s t a t e s  c o r -  

The coup l ing  constant  o f  the quadrupole-puadrupole i n t e r a c t i o n  was f i x e d  

by the va l i ie  o f  the K i s s l i n g e r  and Sorensen so t h a t  i n  our  n o t a t i o n  i t  is: 

' 643 



where 

PIwosc 
= 41. A - ~ ' ~  MeV 

+ 
The s i n g l e  p a r t i c l e  energy taken f rom t h e  leve1 5/2 and the  coup l ing  

constant  V. o f  D i r a c ' s  d e l t a ,  were determined by a d j u s t i n g  t h e  e x c i t a t i -  
+ 

on  energy o f  t h e  f i r s t  t h e o r e t i c a l  c o l l e c t i v e  s t a t e  2 t o  the  experimen- 

t a l  one f o r  the  even isotopes f rom sn108 t o  ~ n ~ ~ ~ ,  through the  X2search.  

The vaiues so determined a r e  (see f ' ig.1) 

v 3 = 22.13 MeV fm3 

- 2.48 MeV 
5 1 / 2 -  - 

E ~ , ~ +  = 2.33 MeV 

E,/~+ = 0.48 MeV 

E ~ / ~ +  = 0.00 MeV 

E /2+ = 
1 .48 MeV 

The ad jus ted  va lue  o f  V. r e s u l t s  i n  D i r a c ' s  d e l t a  m a t r i x  elements t h a t  

a r e  approx imate ly  tw ice  the m a t r i x  elements corresponding t o  r e a l i s t i c  

p ó t e n t i a l  as presented i n  t h e  f i g u r e  2. Th is  f a c t  c'an be i n t e r p r e t e d  as 

a r e n o r m a l i z a t i o n  o f  i n t e r a c t i o n  o f  a c t i v e  neutrons.  

The above comparison o f  reduced m a t r i x  elements o f  d e l t a  i n t e r a c t i o n  

w i t h  r e a l i s t i c  ones presents a s i m i l a r  genera l  t rend .  On the  o t h e r  hand 

Kuo and ~ r o w n l ~  found t h a t  t h e  c a l c u l a t e d  e f f e c t i v e  f o r c e  inc ludes  i n  

a d d i t i o n  t o  t h e  p a i r i n g  m a t r i x  elenients a l s o  s t r o n g  quadrupole fo rce .  I t  

seems t o  us t h a t  the  e f f e c t i v e  f o r c e  can be s imulated by a de1 t a  p l u s  

lower o r d e r  o f  r n u l t i p o l e  i n t e r a c t i o n .  Fo l low ing  the above procedure t h e  

c a l c u l a t e d  BCS parameters a r e  presented i n  t h e  t a b l e s  (1-3).  



F1g.l - The lowest 2' exci tat io;  energy of even t i n  isotopes i n  funct ion 

o f  mass number A .  The calculated value 1s Indicated by 0 .  and the expe- 

rimental value by x ' ( r e f  .9-16). 

+ 
The maxima i n  the lowest 2 exci t a t i o n  energy i n  the isotopes Sn114 and 

+ 
sn116 ( F i g . 1 )  c o r r e s p o n d  t o  the f i l l i n g  o f  f i r s t  sub-shell  (5/2 and 

7/2+) and a f  second sub-shel 1 (1/2+) respec t i ve l y l g  (see Fig.3) which i n- 

creases tfie occupation probabi 1 i t y  f a s t  wi t h  the neutron number around 

sn116 (Fig. 4 ) .  This can be understood .by the reasonable con t r i bu t i on  

f rom 

for  a=b=1,12, t ha t  makes the co r rec t i on  t o  the 3s 1/2 s ing le  pa r t i c l eene r-  

gy very appreciable, as can be seen i n  the f i g u r e  2. 

The reductzd t rans i t i o n  probabi 1 i t y  B ( ~ 2 )  was ca l  culated, because 
+ o + 2+ 

on ly  the f i t  of. 2 leve1 i s  no t  a cond i t ion  t h a t . w d e l  works w e l l .  

The f igurs 5 presents the p l o t  o f  B ( E ~ ; A ) / B ( E ~ ; A = ~ ~ ~ )  i n  terms o f  mass 

number A .  This r a t i o  i s  taken i n  order t o  d iscard thè  e f f e c t i v e  charge 



Fo( 1/2 1/2,1/2 1/2) 

ir o -0.429 MeV 
X -0.598 

1 .o - a -0.80l(  with renormolizotionl 

X 

0.5 

o 

o -0.859 MeV 
X -0.797 
r - 1.602( with renorrnalizotion) 

F i g . 2  - The i n t e r a c t i o n  reduced m a t r i x  elements i n  the  t i n  isotopes re- 

g i o n  

Di r a c ' s  d e l t a  (rt:normal i zed)  

o Harnada Johnston 

x Tabakin 



T a b l e  I - A - BCS c o r r e l a t i o n  parameter c a l c u l a t e d  f o r  the odd t i n  isotopes wi thout  i n c l u s i o n  o f  b loc-  

k ing e f f e c t  ( E q .  4 a ) .  

Table  2 - (E,l-ua) Corrected s i n g l e  p a r t i c l e  energy f o r  the odd t i n  isotopes ( E q . 4 ~ ) .  

Table  3 - Aa - Fermi energy for the odd t i ?  isotopes wi thout  the blocking e f f e c t .  



Fig.3  - The s ingle  p a r t i c l e  energy w i t h  s e i f  consistent c o r r e c t i o n s  and 

chemicai potent ia l  1 i n  function o f  nwss number A.  

F i g . 4  - The occupation p r o b a b i l i t i e s  v? i n  funct ion of mass number. 



Fig.5 - The reduced t rans i t ion  p robab i l i t i es  i n  un i ts  of  B;+*+(EZ, A-  112) 

i n  function o f  mass number A.  The experimental v a l u e ~ ~ ~ ' ~ ~  are indicated 

by A(ZZ' and the theoret ical  values: the present model by o and s 

f o r  K i  ss l i  nger and ~orensen'  . 

fac tor .  One can see tha t  the general t rend o f  the present work seems bet-- 

t e r  than o f  K i ss l  i nger and Sorensen. 

5. ODD TIN ISOTQPES ENERGY LEVELS AND SPECTROSCOPIC FACTOR 
SYSTEMATICS 

Conservi ng the sarne pararneters o f  even-even t i  n i sotopes , tha t  i s, the neu- 

t r on  s ing le  p a r t i c l e  energy and the i n te rac t i on  coupl ing constantVoandx,  

the energy leve ls  and spectroscopic f ac to rs  f o r  odd t i n  isotopes were de- 

termined i n  quas i - pa r t i c l e  p lus one and two phonon coupl ing scheme. 

The spectroscopic f ac to r  gives the informations about the s ing le  p a r t i -  

c l e  s t ruc tu re  o f  the nuclear wave func t ion .  The fo l lowing expressions 

were taken f o r  the theo re t i ca l  spectroscopic f ac to rZ0  

a) For s t r i p p i n g  react ions on the even ta rge t  nucleus. 



b) For p ick-up r e a c t i o n s  on t h e  even t a r g e t  nucleus. 

Where Va, and Uat are  occupat ion and non occupa t ion  probabi 1 i t i e s  o f  the 

t a r g e t  n u c l e i s  and A i s  the s i n g l e - q u a s i  p a r t i c l e  ampl i tude (see 20). 
a 

The above express ions r e f e r  t o  the  cases i n t h a t  one descr ibes the  'odd 

system i n  terms o f  one q u a s i - p a r t i c l e  coupled t o  c o l l e c t i v e  modes o f  the 

corresponding even system. 

Nevertheless, the re  a re  considerable i n c e r t a i n t y  i n t h e  exper imenta l  spec- 

t r o s c o p i c  f a c t o r  (about 30%) . These i n c e r t a i n t i e s  a r e  due t o  t h e  hypo- 

t h e s i s  invo lved  i n  the  r e a c t i o n  mechanism. 

Therefore we make a comparison, ma in ly  about t h e  sys temat i c  e v o l u t i o n  o f  

the spect roscopic  f a c t o r s  i n  f u n c t i o n  o f  t h e  atomic mass. 

The c a l c u l a t i o n  were r e s t r i c t e d  t o  f i v e  s i n g l e  p a r t i c l e  l e v e l s  correspon- 

d i  ng t o  t h e  major  shel 1 50-82 and the  hami 1 t o n i  an were d iagonal  i zed  i n a 
+ 

space t h a t  con ta ins  IQp, IQP + 1 phonon 2'; IQP + 2 phonon 2 . 

The exper imenta l  energy l e v e l s  o f  odd t i  n isotopes and the t h e o r e t i c a l  

ones a r e  presented i n  the  f i g u r e  6 and 7. The general agreement o f  the  

p resen t  c a l c u l a t i o n  wi t h  exper ience i s  very good i f  we take  i n  account 

t h a t  a1 1 the  parametevs a r e  f i xed  f o r  the  even t i n  isotopes and no para- 

meters were ad jus ted  f o r  t h e  odd isotopes.  

I n the  f i g u r e s  (8a-9e) a r e  presented the  spect roscopic  f a c t o r s  f o r  odd 

t i n  isotopes f rom (d,p) and (p,d) r e a c t i o n s  on t h e  even t i n  i so topes .  

There a r e  compared: 

1. The exper imenta l  spect roscopic  fac to rs ,  rnainly based i n  E.U. Baranger's 

r e v i  ew9 and on the recen t  exper iment:al da ta .  1°-16 

2. Two t h e o r e t i c a l  c a l c u l a t i o n :  the  f i r s t  i s  t h e  K i s s l i n g e r  and Sorensen 
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Figs.8a-8d - The theoretical and exper mental Sdp spectroscopic factors for 

the low-lying exci tation energy of 1/2.', 3/2+, 5/2+, 7/2+ and 1112- states 
in each odd tin isotopes (ref. 9-16). .c Experimental systematics (ref. 9 ) ;  

@ More recent data (ref. 10-16) ; o u?: ( ~ o n  occupation probabi l i  ties; 

Pairing pius guadrupole-quadrupole interaction; A Present work. 

model w i t h  p a i r i n g  p l u s  Q-Q 

c a l c u l a t i o n .  

3. The non occupa t ion  and oc 

i n t e r a c t i o n  model . 

n t e r a c t i o n  a n d  the  second i s  the p resen t  

u p a t i o n  p r o b a b i l i t i e s  a r e  f rom the present  

I n  the  K i s s l  i nger  and Sorensen's model here u t i  1  i zed  we c a l c u l a t e d  the  
+ c o u p l i n g  constants  by f i t t i n g  t o  exper imenta l  f i r s t  2 l e v e l .  The s i n g l e  

p a i t i c l e  energy and the  p a i r i n g  f o r c e  i n t e n s i t y  G a r e  f rom re fe rence  1 .  





Figs.9a-9d - The calculated and the experimental Spd spectroscopic factors 

for low ly ing exci t a t ion  energy of 1/2+, 3/2+, 5/2+, 7/2+ and 11/2- states 

i n  each odd t i n  isotopes ( r e f .  9-16); x Experimental systematics ( re f  .9) ; B 

More recent data ( ref .  10-16); o v? (occupation probabil i t i e s )  ; C] Pair ing 

plus quadrupole-quadrupole interact ion;  A Present work. 

The analysis of the spectroscopic factors and the amplitudes of quasi- 

-partic!e states (figures 8-9): 

1. The one quasi-particle approximation (BcS) is still suficient to give 
+ 

reasonable description for the low lying 1/2 energy level.Theinclusion 
+ 

in the calculatiop of only one 2 ptionon results in some small contribu- 
+ 

tion of 3/2+ 8 2 in the wave functíons. I t is not necessary the inclusion 

of two phonons. 



+ + + 
2. The low l y i n g  3/2 l e v e l  has some c o n t r i b u t i o n s  o f  1/2 61 2  , 3/2+ 61 
+ + 4- 

2  and 7/2 8 2  f o r  low t i n  mass number, and smal l e r  c o n t r i b u t i o n  f o r  

h igher  mass number. 

+ 
3. The low l y i n g  5/2 has c o n t r i b u t i o n s  ma in ly  o f  5/2+ 8 2' f o r  lower 

+ + 
mass number and b i g  c o n t r i b u t i o n  o f  5/2 O 2  and small  c o n t r i b u t i o n s  o f  

3/2+ 8 (2' 8 and 7/2+ 8 (2' 61 2+14+ f o r  h igher  mass. 

+ 
4. The low l y i n g  7/2 has some c o n t r i b u t i o n  o f  7/2+ d 2+ f o r  lower  t i n  

+ + 
mass number and b i g  c o n t r i b u t i o n  o f  3/2 O 2 and smal l  c o n t r i b u t i o n s  o f  

7/2+ 61 2' and 3/2+ @ (2' O 2+)4+ f o r  h igher  mass niimber. 

5.  F i n a l l y  the 11/2- low l y i n g  energy l e v e l  has apprec iab le  c o n t r i b u t i -  
+ 

ons o f  11/2- 63 2 f o r  low t i  n  mass number. 

6. CONCLUDING REMARKS 

From t h e  p resen t  work we conclude t h a t  i t  i s  p o s s i b l e  t o  g i v e  a  reasona- 

b l e  d e s c r i p t i o n  o f  n u c l e i  i n  t h e  2=50 r e g i o n  u s i n g  a  very 

t i c  f o r c e  and a  s e t  o f  s i n g l e  p a r t i c l e  energ ies t h a t  were 
+ 

k i n g  t h e o r e t i c a l  l e v e l s  2 t o  f i t  fhe exper imenta l  ones. 

emphasize t h a t  the u t i l i z e d  s i n g l e  p a r t i c l e  energ ies a r e  

bo th  even and odd t i n  i so topes  and t h a t  they a r e  k e p t  f o r  

pes . 

s imp le  schema- 

obta i ned by ma- 

t i s  b e t t e r  t o  

the same f o r  

a l l  t h e  i s o t o -  

The present  c a l c u l a t i o n  improves the  resu l  t s  o f  K i s s l  i nger  and Sorensen 

f o r  t h e  energy l e v e l s  and f o r  spec t roscop ic  f a c t o r s .  

The de1 t a  i n t e r a c t i o n  m a t r i x  elements d i d  n o t  d i f f e r  qual  i t a t i  v e  

the  r e a l i s t i c  i n t e r a c t i o n .  The c a l c u l a t i o n  o f  F al lowed us t o  o 
d i scuss ion  about the  e f f e c t  due t o  a  f i l l e d  sub- she l l .  

The exper imenta l  energy l e v e l  s  sys temat i c s  o f  the  odd i sotopes ( 1  

y  from 

make a  

f i gu- 

r e  6) i s  reasonably w e l l  e s t a b l i s h e d  f o r  the  low l y i n g  l e v e l s  ( b e l l o w  1 

MeV o f  exc i  t a t i o n  energy) excep t i  ng the A=115 i sotope. We t h i n k  t h a t  a  

h i g h e r  r e s o l u t i o n  experiment must be made on t h i s  nucleus. 



+ 
The sequence o f  the low l y i n g  5/2 l e v e l  i s  n o t  y e t  w e l l  es tab l i shed .0ur  

c a l c u l a t i o n  does not  p r e d i c t  the abrupt  v a r i a t i o n  presented by i t  from 

A=113 t o  A=115 i so topes .  

The exper imenta l  ground s t a t e  from a A=123 t o  A=127 t i n  isotopes i s  11/2- 

b u t  the present c a l c u l a t i o n  does no t  reproduce i t  i n  a s a t i s f a c t o r y  way. 

Th is  cou ld  be a t t r i b u t e d  t o  the  f a c t  t h a t  we have n o t  inc luded  the  quasi 
+ 

- p a r t i c l e  coup l ing  t o  the  p a i r i n g  v i b r a t i o n s  ( O  ) .  

An e s t i m a t i o n  o f  the p a i r i n g  e f f e c t  based i n  t h e  work o f  ~ u s s o n a n d ~ a r a ~ l  

shows t h a t  i t  i s  n o t  a b l e  t o  produce s u f f i c i e n t  e f f e c t s  i n  so t h a t  the  

11/2- l e v e l  ge ts  as down as the ground s t a t e  i n  A=113 t o  A=127 isotopes.  

Never the less a more d e t a i  l e d  c a l c u l a t  ion,  t o  be' publ ished, had t o  be rea-  

l ized .  

The sys temat i c  c a l c u l a t i o n  o f  spec t roscop ic  f a c t o r s  showed t h a t  the  low- 

-1 y  i n g  1/2+, 3/2+, 11/2- energy l e v e l s  have c o n t r i  b u t i o n s  o f  IQP + I pho- 
+ + 

non 2' and the l o w - l y i n g  5/2 , 7/2 energy l e v e l s  have c o n t r i b u t i o n s  o f  
+ 

s t i l l  2  phonons 2 . T h i s  s tudy shows us t h a t  the  a n a l y s i s  o f  spect ros-  

cop ic  f a c t o r s  through the  occupa t ion  p r o b a b i l i t i e s  i s  n o t  always s o f f i -  

c i e n t ,  f o r  t h i s  may lead  t o  mistakes i n  the  a t r i b u t i o n s  o f  energy l e v e l s  

as,' f o r  example, i n - t h e  case o f  5/2+ and 7/2+ f o r  A - 123-127. 

I n  t h e  p resen t  work o n l y  the  odd t i n  isotopes were t r e a t e d .  The ant imo- 

nium and indium isotopes c a l c u l a t i o n s  w i l l  appear soon. 

We would l i k e  t o  thank Professors O .  Sala, A.F.R. d e  Toledo Piza,  O.  

D ietzsch,  E.W. Hamburger and T.  Bore l lo- Lewin f o r  t h e i r  cont inued i n t e -  

r e s t  i n  t h i s  program. 
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