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INTRODUCTION AND SUMMARY

T h e  n u c l e u s  r ó K ,  h a v í n g  o n e  n e u t r o n  a n d  o n e  p r o t o n  h o l e

e o r r n l  e d  t o  t h e  t t i - n e r t "  4  0 C "  . . , . " -  h a s  b e e n  t h e  s u b  i e e f  o f  r e e  e n fu ,  r r s o  o u u J s L L  v r  ! c L c l l L

i n t e r e s t ,  b o t h  e x p e r i m e n t a l  a n d  t h e o r e t i c a l .  T h e  r e s u l t s  o f

seve ra l  t heo re t i ca l  ca l cu la t i ons  have  emphas i zed  the  i nadequacy

o f  t he  she l l  mode l  t o  exp la in  t he  s t ruc tu re  o f  t h i s  nuc leus  i f

t h e  c o n f i g u r a t i o n  i s  l i m i t e d  t o  t h e  s - d  s h e l 1 .  T h e  p r o b l e m  h a s

b e e n  L r e a t e d  f o r  t w o  d i f f e r e n t  t y p e s  o f  i n t e r a c t i o n s ,  i . . .  t h e

phenomeno log i ca l  mod i f i ed  su r face -de l t a  i n te rac t i on ,  and  the

r e a l i s t i c  T a b a k i n  i n t e r a c t i o n .

A t  t h e  s t a r t  o f  t h i s  i n v e s t i g a t i o n ,  o n l y  t h e  s p i n - p a r i t y

a s s i g n m e n t s  o f  t h e  g r o u n d  s t a t e  ( 3 - )  a n d  t h e  f i r s t  a n d  t h i r d

e v c i  f  e á  q i -  á i -  ê s  1 O *  , . . 1  I  
t ' \  

, ^ r o t o  l r n ^ . , -  a n Á  t a n t o t i .\ v  , , - - - . . . r u w r r ,  a l l u  L e r r L a L r v e  a s s r g n m e n t s

h a d  b e e n  m a d e  f o r  t h e  s e c o n d  a n d  f o u r t h  e x c i t e d  s t a t e s  ( l +  a n d

z  ) ,

C h a p L e r  I  o f  t h i s  d i s s e r t a t i o n  ( p u b l i s h e d  e a r l i e r  i n  t h e

P h y s i c a l  R e v i e w  ( H a  7 2 ) )  d e s c r i b e s  a  s t u d y  o f  l 4  L e v e l s  o f  3 B K

u p  t o  3 . 7  M e V  b y  m e a n s  o f  ( o - y )  a n g u l a r  c o r r e l a t i o n s  f o l l o w i n g

t h e  e x c i t a t i o n  o f  t h e  l e v e l s  b y  t h e ' 0 C a ( d , o ) 3 8 K ,  w i t h  t h e

a L p h a  p a r t i c l e  d e t e c t e d  b y  a n  a n n u l a r  d e t e c t o r  c l o s e  t o  1 8 0 o .

A  s e L e c t i o n  r u l e  p r o h i b i t s  t h e  p o p u l a t i o n  o f  t h e  m  =  0  m a g n e t i c

s u b s t a t e s  f o r  f i n a l  s t a t e s  w i t h  n a t u r a l  p a r i t v .  T h i s  r u l e  i s

- * - l  . :  ̂ i  - - . :  ! L  ^  1  1dppr ! cu ,  w tL r r  a r roT ,Jê f ICê  fo r  t he  so l i d  
" r ' r r t "  

r l - rU t " r ra "a  by  t he

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

o f  s e v e r a l  s t a t e s .

C h a p t e r  2  ( a l s o  p u b l r s h e d  p r e v r o u s l y  i n  t h e  P h y s i c a l
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Rev iew  (Ha  73 ) )  desc r i bes  the  de te rm ina t . i on  o f  exc i t a t i on

ene rg ies  and  mean  l i ves  o f  l eve l s  i n  3BK up  to  3 .85  MeV.

The  l i f e t imes  ! í e re  measu red  us ing  the  Dopp le r - sh i f t  aL tenu -

a t i on  me thod .  L i f e t imes  o r  l i f e t ime  l im i t s  o f  l 3  l eve l s  we re

measu red .  Seve ra l  sp in -pa r i t y  res t r i c t i ons  de r i ved  i n  chap -

te r  I  we re  made  s t r i c te r  on  the  bas i s  o f  t hese  resu l t s .

I n  chap te r  3  t he  resu l t s  a re  p resen ted  o f  a  compar i son

be tween  ave rage  y ie lds  t o  l eve l s  i n  3BK popu la ted  i n  t he
a 0 C . ( a , o )  r e a c t í o n ,  a n d  H a u s e r - F e s h b a c h  c a l c u l a t i o n s .  F l u c -

tua t i on  ana l ys i s  was  a l so  ca r r i ed  ou t  on  the  y ie ld  cu rves .

Th i s  p rov ided  an  ob jec t i ve  bas i s  f o r  t he  ass ignmen t  o f

e r ro rs  t o  t he  ave rage  y ie lds .  The  conc lus ion  i s  reached  gSag

th i s  t ype  o f  compar i son  can  be  a  use fu l  supp lemen ta ry  t oo l

i n  sp in -pa r i t y  ass ignmen t .

The  resu l t s  o f  she l l -mode l  ca l cu la t i ons  f o r  even -pa r i t y

s ta tes  i n  nuc le i  w i t h  mass  number  A  =  35  th rough  39  and  fo r

odd -pa r i t y  s ta tes  i n  nuc le i  w i t h  mass  number  A  =  36  th rough

39  a re  p resen ted  i n  chap te r  4 .  Fo r  t he  pos i t i ve -pa r iÈy

s t a t e s  t w o  d i f f e r e n t  r e s i d u a l  i n t e r a c t i o n s  w e r e  u s e d :  t h e

MSDI  and  the  MSDI  +  TENSOR in te rac t i on .  Fo r  pos í t i ve -pa r i t y

s t a t e s  l h r e e  m o d e l  s p a c e s  w e r e  t r i e d :  t h e  ( l d s / z , Z s t / 2 , 1 d 3 1 2 )

c o n f i g u r a t i o n ,  t h e  ( 2 s 1  l z , l d r / z r l f 7 1 z )  e o n f i g u r a t i o n  a n d  a

t r u n c a t e d  ( Z s t  
/ z , l d z / z , l f t  / 2 , 2 p 2 1 2 )  c o n f í g u r a t i o n .  O n l y  r h i s

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

pa r i t y  s ta tes .  Ca l cu la ted  and  expe r imen ta l  l eve l  schemes  a re

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

l aLed  and  compared  w i th  expe r imen ta l  da ta  f o r  some  pos i t i ve -

p a r i t y  s r a t e s  i n  l B K .

T h e  c o n c l u s i o n  i s  j u s t i f i e d  t h a t  t h e  a d d i t i o n  o f  a

tenso r  f o r ce  b r i ngs  abou t  a  s i gn i f i can t  improvemen t  i n  t he

c a l c u l a È i

conf  igura

s t a t e s  f o

n a  t L

L i A  / J

H
I
I



i on  o f  exc i t a t i on

u p  t o  3 . 8 5  M e V .

pp le r - sh i f t  a t t enu -

Es  o f  13  l eve l s  we re

rs derived in ehap-

these  resu l t s .

:ed of  a compar ison

ropulated in  the

a l cu1aË ions .  F luc -

the  y ie ld  cu rves .

assignment  of

ion is  reached g6ag

upplementary tool

cns for  even-par i ty

Ehrough 39 and for

) e r A = 3 6 È h r o u g h

l i t i ve -pa r i t y

i  l^ lere uSed:  the

r r  pos i t i ve -pa r i t y

( l d s / z , 2 s t / z , t d s 1 2 )

r f igurat ion and a

u raË ion .  On ly  t h i s

of  negat ive-

level  schemes are

va lues  a re  ca l cu -

for  some posi t ive-

rdd i t i on  o f  a

)rovement in the

; i s { " : g . _ , , - - , . Á é _

3

calculat , ions.  Fur ther  i t  is  c lear  that  the extension of  the

conf igurat ion to the fp shel l  expla ins a number of  " in t ruder"

staLes f  or  A as 1o\^7 as 36.
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