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Chapter 9

SUMMARY AND CONCLUSIONS

The propert ies of  mediurn and heavy mass odd-even nucle i  have been

studied in the f ramer^rork of  the interact ing boson-fermion mode1. Thls rnodel

introduces several  ner{  aspects in the descr ipt ion of  odd-A nucle i .

F l r s t  t he  s t r uc tu re  o f  t he  i n t e rac t i on  be tween  t he  odd  nuc leon  and  t he

even-even core nucleus can be der ived using a semi-mlcroscopic theory.  For

the f i rs t  t ime the neutron-proton degree of  f reedom has been taken into

accoun t  exp l i c i t l y .  I n  t h i s  ex tended  ve rs i on  o f  t he  node l  i t  i s  t hen

assumed that  an odd neutron (proton) only interacts wi th the protons

(neutrons) in the even-even core nucleus.  The neutron-proton IBFM has

several  advantages over the s inpler  vers lon of  the nodel  wl th only one k ind

o f  b o s o n s .

( i )  S i nce  t he  neu t ron -p ro ton  IBFM i s  r e l a ted  more  c l ose l y  t o  t he  unde r l y l ng

shel1 nodel ,  the var lous terms in the coupl lng hami l tonian have a more

d i r ec t  phys i ca l  i n t e rp re ta t i on .  I n  add i t i on  t he  dependence  o f  t he

i n te rac t i on  s t r eng ths  on  mass  number  can  be  p red i c t ed .  Th i s  l as t  aspec t

enab les  one  t o  p red i c t  p rope r t i es  o f  nuc le i  h i t he r t o  unknown  by

ex t rapo la t i ng  t he  se t  o f  pa rane te r s  wh i ch  have  been  ob ta i ned  by  f i t r l ng  t o

the  ava i l ab l e  expe r imen ta l  da ta ,  t o  r eg ions  f a r  f r om  s tab i l i t y .

( i i )  The  neu t ron -p ro ton  deg ree  o f  f r eedom i n t r oduces  nove l  f ea tu res  i n  t he

desc r i p t  i on  o f  t he  even -even  co re  nuc le i ,  such  as  t he  occu r rence  o f
? T +

co l l ec t i ve  K  =1  bands  i n  de fo rmed  nuc le i  and  t r i ax i a l  shapes ,  wh i ch  a re

not  present in the rnodel  wi th only one type of  boson. I t  would be

in te res t i ng  t o  see  whe the r  t hese  exp l l c l t  neu t ron -p ro ton  e f f ec t s  a re  a l so

present in the neighbour ing odd-even nucle i .

( i i i )  I n  add i t i on  t o  t he  exp l l c l t  neu t ron -p ro ton  e f f ec t s  nen t i oned  i n  ( i t )

o t he r  e f f ec t s  o f  r h i s  deg ree  o f  f r eedoa  i n  odd -even  nuc le i  can  be  s tud ied

by apply ing the model  s inul taneously to a chain of  odd-neutron and odd-

p ro ton  nuc le i ,  wh i ch  have  t he  same  even -even  co re  nuc le i .

As  an  i l l u s t r a t i on  we  have  p resen ted  a  se t  o f  ca l cu l a t i ons  f o r  t he
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negat ive and posi t ive par i ty  states in the odd-neutron Xenon and the odd-

proton Cesiurn isotopes.  I t  was shown that  the main di f ferences in the

ene rgy  spec t ra  be tween  t he  two  cha ins  o f  nuc le i ,  Xe  and  Cs ,  can  t hen  be

asc r i bed  t o  t he  d i f f e rence  i n  coup l i ng  be tween  an  odd  neu t ron  and  an  odd

p ro ton  t o  t he  co re  nuc leus .  I n  t hese  schema t i c  ca l cu l a t i ons  t he  va lues  o f

t he  i n t e rac t i on  pa rame te rs  we re  kep t  cons tan t  f o r  t he  who le  cha in .  I n  o rde r

t o  l nves t i ga te  t he  scope  and  l im i t a t i ons  o f  t he  p resen t  f o r r nu la t i on  o f  t he

n e u t r o n - p r o t o n  I B F M  f u r t h e r ,  a l s o  o t h e r  n u c l e a r  p r o p e r t l e s ,  s u c h  a s

e lec t r omagne t i c  t r ans i t i on  r a tes  and  spec t roscop i c  f ac to r s  f o r  one -nuc leon

t rans fe r  r eac t i ons  have  t o  be  s tud ied  i n  mo re  de ta i l  bo th  t heo re t i ca l l y  and

exper i rnent  a11y.

Second  i n  add i t  i on  t o  p rov i d i ng  a  un i f i ed  f r anework  f o r  t he

desc r i p t i on  o f  odd -even  nuc le i  t he  g roup  s t r uc tu re  o f  t he  IBFM ham i l t on i an

nakes  i t  poss ib l e  t o  cons t ruc t  dynam ica l  ( boson - f e rn i on )  syame t r i es  i n  a

m ixed  sys tem o f  boson  ( co l l ec t i ve )  and  f e rm ion  ( s i ng le -pa r t i c l e )  deg rees  o f

f reedom. The concept of  dynarnical  symnet r ies is  an important  tool  for

spec t roscop i c  s t ud ies  bo th  i n  e l emen ta r y  pa r t i c l e ,  nuc lea r ,  a t om ic  and

rno lecu la r  phys i cs .  Examp les  a re  t he  SU(3 )  symne t r y  i n  e l emen ta r y  pa r t i c l e

p h y s i c s  p r o p o s e d  b y  G e l l - M a n n  a n d  N e ' e m a n  I G e 6 2 , N e 6 1 ]  ,  W i g n e r r s  S U ( 4 )

s u p e r m u l t i p l e t  t h e o r y  I W i 3 7 ]  a n d  t h e  E l l i o t t  S U ( 3 )  m o d e f  I E 1 5 8 ]  f o r  I i g h t

nuc le i ,  t he  i n t e rac t i ng  boson  mode l  IA r75 ]  f o r  r ned i ' j n  and  heavy  mass  even -

even  nuc le i ,  t he  SO(4 )  sy ' r nme t r y  [Ke7B ,He80 , I a81d ]  f o r  a toms  and  t he  v i b ron

m o d e l  I I a 8 1 c , 8 2 , R o 8 2 , 8 3 ]  f o r  p o l y a t o m i c  m o l e c u l e s .  A l 1  o f  t h e s e  c a s e s  r e f e r

t o  s y s t e m s  c o n s i s t i n g  o f  e i t h e r  b o s o n  o r  f e r m i o n  d e g r e e s  o f  f r e e d o m  a l o n e .

E s p e c i a l l y  i n  t h e  d e s c r i p t i o n  o f  o d d - A  n u c l e i  w h e r e  b o t h  b o s o n  a n d

I e r m i o n  d e g r e e s  o f  f r e e d c m  a r e  p r e s e n l ,  t h e  c o n c e p t  o f  d y n a m i c a l  ( b o s o n -

f e r m i o n )  s y m m e t  r i e s  b e c o m e s  a n  i m p o r r a n t  t  o o 1  t o  c l a s s i f y  a n d  i n f e r p r e t

expe r imen ta l  da ta  because  o f  t he  comp lex i t y  o f  r he  spec t ra .  A  co rnpa r i son  o f

t h e  p r e d i c t i o n s  o f  r h e  v a r i o u s  p o s s i b l e  b o s o n - f e r r n i o n  s l m m e t r i e s  d i s c u s s e d

i n  t h i s  t h e s i s  w i t h  k n o w n  p r o p e r t i e s  o f  o d d - e v e n  n u c l e i ,  s h o w s  t h a t  i n

seve ra l  cases  t hese  dynam ica l  s ) ' r [me t r i es  p rov i de  a  f i r s t  o rde r  desc r i p t i on

o f  t  h e  e n e r g y  s p e c t  r a  a n d  t  h e  c l e c t  r o m a g n e t  i c  t  r a n s  i t  i o n  r a t  e s .  I n

n a r t  i c r r ' l a r  f o r  t h e  c n c r c i c q  t  h e r e  i s  A  ^ n p  t n  ^ n c  c o r r c q n n n d e n c e  b e t w e c n

o b s e r v e d  a n d  p r e d i c t e d  s t a t e s ,  w h i l e  f o r  E 2  t r a n s i t i o n s  t h e  s e l e c t i o n  r u f e s

a r e  s a t i s f i e d :  r h e  a l l o w e d  t r a n s i t i o n s  a r e  i n d e e d  s t r o n g  a n d  t h e  f o r b i d d e n

ones  weak  o r  no t  seen .  Fo r  t he  spec t  r oscop i c  f ac to r s  f o r  one -nuc leon
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t r ans fe r  r eac t r i ons  \  r h i ch  we  have  d i scussed  i n  de ta i l  i n  t e rns  o f  t he
/ b F \  / D \

u \ D r l ( 6 )  ^  u : ' ' ( 2 )  I i m i t  o f  t h e  T B F | 4 ,  r h e  s i t u a t  i o n  i s  r e s s  c l e a r .  F o r  r h e

' l Q / ,  
1 Q A  r o q  I O R  1 0 / ,

r e a c t  i o n s  a n d  " ' P t  t l ) e  s p e c t r o s c o p i c  f a c t o r s  a r e

i n  good  ag reemen t  r { i t h  t he  t heo re t i ca l  va l ues :  t he  ones  a l l owed  by  t he

se lec t i on  ru l es  a re  s t r ong  and  t he  f o rb i dden  ones  e i t he r  weak  o r  no t  seen .

H o w e v e r ,  f o r  t h e  s t  r i  p p i n g  r e a c t  i o n  I  9 5 P t  t  1 9 6 P t  t  h e r e  i s  a  I a r g e r

b reak ing  o f  t he  se lec t i on  ru l es  due  ro  t he  popu la t i on  o f  t he  22 ,  02 ,  0 j  and

' - a l i o n  o F  o l h e r  s l a t e s .  s u c h  a s  t h e  1 . .  2 "  a n d  2 ,  s t a t n sz 5  s L  d r  E r .  d r  f v r r  u r  u r  l l s r  5 l  d r  c r  .  L .  )  
d r l u  e 4  b r  d l  u 5

wh ich  a re  a l so  f o rb i dden  have  i ndeed  no t  beeo  obse rved  expe r i nen ta l l y .  Th i s

s i t ua t i on  i s  ve r y  s im i l a r  t o  t ha t  encoun te red  p rev i ous l y  [ 8182 ]  i n  a

compar i son  o f  t he  spec t roscop i c  f ac to r s  f o r  one -p ro ton  t r ans fe r  r eac t i ons

i n v o l v i n g  I 9 3 r r  w i t h  t h e  p r e d i c t i o n s  o f  t h e  S p i n ( B F ) 1 0 ;  t i r i .  o f  r h e  r B F M .

T h e r e  c o u l d  b e  s e v e r a l  r e a s o n s  f o r  t h i s  d i s c r e p a n c y :  ( i )  I t  i s  n o t  c l e a r

whe the r  t he  gene ra l  f o rm  o f  t he  t r ans fe r  ope ra to r  wh i ch  was  de r i ved  sem i -

m i c r o s c o p i c a l l y  o n  t h e  b a s i s  o f  t h e  g e n e r a l i z e d  s e n i o r i t y  s c h e m e ,  i s  a l s o

c o r r e c t  f o r  n o n - s p h e r i c a l  n u c l e i .  A  d e r i v a t i o n  o f  t h i s  o p e r a t o r  f o r  t h e

d e f o r m e d  r e g i o n  u s i n g  i n t  r i n s i c  s t  a t  e s  m a y  c l a r i f y  t h i s  p o i n t  .  (  i i )  A

recen t  ana l ys i s  o f  t he  even -even  P t  nuc le i  i n  t e rms  o f  t he  neu t ron -p ro ton

I B M  s h o w s  I V i 8 2 ]  t h a t  t h e  i n c l u s i o n  o f  r h e  t r i a x i a l  d e g r e e  o f  f r e e d o m

improves  t he  ! / ave  f unc t i - ons  o f  t he  s ta res  be long ing  t o  t he  quas i - gamma

band ,  such  as  f o r  examp le  r he  2 ,  s t a te .  To  t es t  whe the r  t h i s  d i sc repancy  i s

due  t o  t he  s t r uc tu re  o f  t he  wave  f unc t i ons  t hemse l ves ,  a  f u t l  nune r i ca l

c a l c u l a t i o n  o f  t h e  s p e c t r o s c o p i c  f a c t o r s  i n  f e r m s  o f  t h e  n e u t r o n - p r o t o n

IB (F )M  i nc l ud ing  a l l  s i ng l e -pa r r i c l e  o rb i t s  i n  t he  va lence  she l l  and  t he

t r i a x i a l  d e g r e e  o f  f r e e d o m  h a s  t o  b e  p e r f o r m e d .

Th i r d ,  t he  a lmos t  equa l  va l ues  o f  t he  pa rane te r s  ex t r ac ted  f o rm  a  f i t

t o  t h e  e x c i t a f i o n  s p e c t  r t m  o f  a n  o d d - e v e n  n u c l e u s  i n  a  d y n a m i c a l  b o s o n -

f e rm ion  s )mmet r y  and  t hose  ex t rac ted  f r om f i t s  t o  t he  ad jacen t  even -even

n u c l e i  s u g g e s t  t  h e  p r e s e n c e  o I  e v e n  a  I a r g e r  c l a s s  o f  s ] m m e t  r l e s ,  i n  w h i c h

b o t  h  t  h e  o d d - e v e n  a n d  t  h e  e v e n - e v e n  n u c l e i  b e l o n g  t o  r  h e  s a m e  r n u l l  i p l e t  .

T h e s e  l a r g e r  s l m m e t r i e s  w h i c h  c o n t a i n  b o r h  b o s o n i c  s t a t e s  w i t h  i n t e g e r  s p i n

a n d  f e r m i o n i c  s t a t e s  w i t h  h a l , f - i n t e g e r  s p i n ,  a r e  c a l l e d  s u p e r s y m m e t r i e s .

A l t h o u g h  t h e  c o n c e p t  o f  s u p e r s y m m e L r i e s  h a s  b e e n  u s e d  i n  v a r i o u s  o t h e r

f i e l d s ,  s u c h  a s  e l e m e n t a r y  p a r i c l c  a n d  g r a v i t a t  i o n a l  p h y s i c s ,  t h c  f i r s r

( and  up  t o  no \ ^ r  t he  on l y )  expe r imen ta l  ev i dence  f o r  t he  occu r rence  o f  such
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symmetr ies in nature was found in nuclear physics.  We have shown that  in

va r i ous  reg ions  o f  t he  nuc lea r  mass  t ab1e ,  e .g .  Ru -Rh ,  Cu -Zn  and  I r -P t ,

t he re  ex i s t s  expe r imen ta l  ev i dence  f o r  t he  occu r t ence  o f  dynan i ca l

supers)nDrnetr ies.  The best  evidence for  such a coupl ing scheme is provided

by  t he  exc l t a t i on  ene rg ies  o f  bo th  even -even  and  odd -even  nuc le i ,  wh i ch  i n

a supers)rmnetr ic  schene are descr ibed by a s ingle energy formula wi th the

same  va lue  o f  t he  pa rame te rs  f o r  a l l  nuc l e i  be l ong ing  t o  t he  sane

s u p e r m u l t i p l e t .  I n  a d d i t i o n  a s  a  f u r t h e r  t e s t  i t  i s  i n t e r e s t i n g  t o  c o m p a r e

the  su [  o f  t he  B (E2 )  va l ues  l ead ing  t o  t he  g round  s taLes  o f  an  even -even

and  an  odd -even  nuc leus  be long ing  t o  t he  sane  supe r rnu l t i p l e t .  I n  a

supe rsymmet r i c  coup l i ng  schene  t he  ra t i o  o f  t hese  va lues  i s  pa rame te r  f r ee

and only depends on the number of  bosons in the even-even and the odd-even

nuc leus .  The  good  ag reemen t  (w i t h i n  t he  expe r imen ta l  e r ro r  ba rs )  be tween

the  t heo re t i ca l  and  t he  exDe r imen ta l  va l ues  o f  t h i s  r a t i o  can  be  cons ide red

- ^ - -  i  - l  i  ^ - +  i. . o n  o f  t h e  p r e s e n c e  o f  e f f e c t s  o f  t h e  f i n i t e  n u m b e r  o f

b o s o n s  a l r e a d y  i n  l o w  s p i n  s t a t e s .

F ina l l y ,  i t  has  been  shown  t ha t  t he re  ex i s t  expe r imen ta l  ev i dence  f o r

t he  occu r rence  o f  comp lex  s ) rmme t r i es  i n  even -even  and  odd -even  nuc le i .  I n

f i r s t  app rox ima t i on ,  t he  p rope r t i es  o f  t hese  nuc le i  can  be  desc r i bed  i n

t e rms  o f  such  a  symmet r y .  The  b reak ing  o f  t hese  symmet r i es  can  be  s tud ied

numer i ca l l y  by  add ing  success i ve l y  ex t r a  t e rns  t o  t he  ham i l t on i an .  The

symne t r y  han i l t on i an  can  t hen  be  used  as  a  s t a r t i ng  po in t  f o r  a  mo re

de ta i l ed  ana l ys i s  o f  t he  expe r i oen ta l  da ta .

\


