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ABSTRACT: The lo8pd (n, y) 1°9pd r eac t ion  d isc loses  a family of low- 
&- 

sp in  odd p a r i t y  s t a t e s .  A Cor io l i s  ca lcu la t ion  revea ls  d i f f i c u l t i e s  
i n  rotation-aligned models f o r  low-spin unfavored s t a t e s ,  

Following neutron capture i n  l o e ~ d ,  t he  following measurements 
af t r a n s i t i o n s  on 109l?d were performed: 1)  Ge(LI) deteczor measure- 
ments of primary and secondary y rays a f t e r  thermal and resonance 
( k z 2 . 9 6  eV) capture (BhZ), 2)  Angular d i s t r i b u t i o n  measurements of 
primary y rays following p-wave capture at Gx2.96 eV (BNL) , 3) High 
prec is ion  bent c r y s t a l  spectrometer ( G W 1  and GAl-23) measurements 
of secondary y rays a t  thermal energy (ILL), 4) (n,e') measurements 
with the BILL spectrcmeter (ILL). Approximately 30 l eve l s  below 
1.36 MeV have been placed i n  a l e v e l  scheme f o r  1 0 9 ~ d .  

Among the  l e v e l s  is an i s o l a t e d  family .of odd parEty s t a t e s  
(Fig. 1) f o r  whi'ch ~ 1 %  of the  t o t a l  population e x i t s  t o  even p a r i t y  
exc i ted  s t a t e s .  Based on the E l  mu l t ipo la r i t y  of the ground s t a t e  
t r a n s i t i o n ,  the  245 keV s t a t e  can be 3/2', 5/2', 712'. From regional  
systematics  and p a r t i a l l y  model dependent arguments w e  consider t h a t  
t h i s  l e v e l  i s  very l i k e l y  712'. Given t h a t  choice, unique Jr va lue  
assignments then r e s u l t  f o r  a l l  exc i ted  s t a t e s  i n  Fig. 1 except t he  
1359 keV s t a t e  which can be 1/2',3/2'. Since t h i s  l e v e l  c l e a r l y  be- 
longs t o  t h i s  i s o l a t e d  family i t  is  almost c e r t a i n l y  of odd p a r i t y  
and is probably 1/2' based on the  sp in  set allowed by the  coupling of 
an'h1112 p a r t i c l e  t o  even-spin core exc i t a t i ons .  We note  t h a t  t h i s  
family provides a l l  but one (a 51512 s t a t e )  of the  low s p i n  ( 5 ~ 5 1 2 )  
s t a t e s  obtainable  from t h i s  coupling. 

Smith and ~ i c k e ~ l  have ~ e r f o r m e d  a Nilsson model Corio is calcu- 
l a t i o n  with va r i ab l e  moment of i n e r t i a  (m) f o r  101,103 , 1 0 3 ~ ~  in 
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which t h e  parameters  were chosen from s y s t e m a t i c s  of t h e  even-even 
'Pd  i s o t o p e s .  The r e s u l t s  (energy l e v e l s ,  B(E2) v a l u e s ,  ( d , t )  and 

(d ,p)  s p e c t r o s c o p i c  f a c t o r s  and y-ray t r a n s i t i o n  r a t e s  a r e  i n  good 
agreement w i t h  t h e  e x i s t i n g  d a t a ,  p a r t i c u l a r l y  f o r  t h e  hi112 r o t a -  
t i o n  a l i g n e d  band i n  each nucleus  and f o r  t h e  degradat ion wi th  in -  
c r e a s i n g  mass of t h e  degree of r o t a t i o n  alignment of t h e  d  and 
8712 bands.  Thus, i t  i s . p l a u s i b l e  t o  expect  a  s i m i l a r  c a l c u  51f a t i o n  
t o  reproduce t h e  g e n e r a l  f e a t u r e s  of the  odd p a r i t y  l e v e l s  in .109Pd.  

W e  have performed such a  c a l c u l a t i o n  f o r  odd p a r i t y  l e v e l s  i n  
109Pd. A deformation of 6=0.15 and a  WII parameter C=2 x 107  k e ~ 3  
were used based on va lues  a p p l i c a b l e  t o  108,110Pd. The Fermi l e v e l  
i s  placed a t  t h e 3 / 2 - [ 5 4 1 ] l e v e l  which g i v e s  reasonab le  agreement wi th  
t h e  exper imenta l  (d ,p)  and ( d , t )  s p e c t r o s c o p i c  f a c t o r s  f o r  t h e  1112' 
s t a t e  a t  189 keV. . A s  i n  r e f .  1, we employ a  cons tan t  C o r i o l i s -  
coupl ing mat r ix  element a t t e n u a t i o n  of 0 .8 .  The c a l c u l a t e d  e n e r g i e s  
a r e  normalized t o  .the e m p i r i c a l  1112' energy (189 keV). 

F igure  2  compares a  p o r t i o n  of the  c a l c u l a t e d  r e s u l t s  wi th  t h e  
exper imenta l  d a t a  f o r  l05Pd and lo9Pd. Ca lcu la ted  l e v e l  e n e r g i e s  a r e  
r epresen ted  by open _a_-._2 symbols.and exper imenta l  r e s u l t s  by s o l i d  symbols. 
The l e v e l  e n e r g i e s  a r e  p l o t t e d  ve r sus  an angu la r  momentum p r o j e c t i o n  
i n  t h e  manner in t roduced by Rekstad e t  a1.2 The a b s c i s s a  is  t h e  pro- -- 
j e c t i o n  of t h e  t o t a l  angular  momentum J onto  t h e  p a r t i c l e  angu la r  
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( j * R - . n l  ( j - R + n )  

"PO Fig. 2  Comparison of c a l c u l a t e d  (open 

Fig. 1 P a r t i a l  l e v e l  symb01.s) and e x p e r i ~ e n t a l  ( c losed  symbols) 
scheme for 10Ypd. ~f l e v e l  e n e r g i e s  f o r  10591°9~d .  For c l a r i t y ,  
~ ( 2 4 5  keV)#7/2 allowed p a i r s  of corresponding c a l c u l a t e d  and exper i -  

s p i n s  a l s o  inc lude :  menta l  va lues  a r e  connected by v e r t i c a l  

339 (312) , 604 (1 /2 ,3 /2 ) ,  l i n e s .  Spins a r e  g iven by t h e  a b s o l u t e  

673(1/2) ,  941(1/2) .  va lue  of t h e i r  a b s c i s s a e  u n l e s s  l a b e l l e d  
otherwise .  



momentum j .  Th i s  p r o j e c t i o n  has  t h e  v a l u e s  j+R-n f o r  J>j  and j-R+n 
f o r  J L j ,  where R i s  t h e  r o t a t i o n a l  angular  momentum of t h e  even-even 
c o r e ,  and n  i s  an i n d i c a t i o n  of t h e  al ignment of j wi th  r e s p e c t  t o  
R (n=O impl ies  maximum alignment o r  maximum an t i - a l ignment ) .  For an  
h i l l 1  neutron i n  t h e  l i m i t  of no coupl ing between t h e  p a r t i c l e  and 
t h e  c o r e ,  t h i s  r e p r e s e n t a t i o n  would y i e l d  a  t o t a l  of s i x  pa rabo las .  
S t a t e s  have s p i n s  g iven by t h e i r  a b s c i s s a e  u n l e s s  R and j a r e  a n t i -  
a l i g n e d  and R > j .  The v a l i d i t y  of such a  r e p r e s e n t a t i o n  of r o t a t i o n  
al ignment is  j u s t i f i e d  6y i n s p e c t i o n  of t h e  mixing ampl i tudes  and R 
components. I n  both  105,109~d s t a t e s  on t h e  n=O, 1, 2 . .  . curves  
a r e  c h a r a c t e r i z e d  by p r o g r e s s i v e l y  l a r g e r  e x p e c t a t i o n  va lues  of K 
( i . e . ,  p r o g r e s s i v e l y  l e s s  R , j  a l ignment)  and by dominant R v a l u e s  
a p p r o p r i a t e  t o  t h i s  model. 

. For. 105pd t h e ' c a l c u l a t e d  e n e r g i e s  ag ree  remarkably w e l l  wi th  t h e  
exper imenta l  v a l u e s ,  w i t h  an  rms d i f f e r e n c e  of 0.05 M ~ V .  For logpd,  
only s t a t e s  wi th  551112 a r e  known, and t h e  r e s u l t s  f o r  those  s t a t e s  
a s s o c i a t e d  w i t h  t h e  lowest  (n=O) curve  a l s o  agree  ve ry  w e l l  (rms de- 
v i a t i o n  = 0.04 MeV) w i t h  t h e  d a t a .  However, t h e r e  a r e  l a r g e  d i s c r e p -  
a n c i e s  f o r  t h e  t h r e e  s t a t e s  w i t h  n = l  (rms d e v i a t i o n  = 0.4  NeV) and f o r  
t h e  one s t a t e  wi th  n=2. .  Indeed,  w i t h i n  t h e  s p i r i t  of t h e  c a l c u l a t i o n s  
which reproduce t h e T 6 p e r t i e s  of t h e  n=O s t a t e s  i n  both  1059109~d, 
i t  has  n o t  proved p o s s i b l e  t o  o b t a i n  the  lower e x c i t a t i o n  e n e r g i e s  
found e m p i r i c a l l y  f o r  t h e  s t a t e s  w i t h  l e s s  than maximum al ignment .  
Even s e v e r e  a t t e n u a t i o n  of t h e  m a t r i x  elements ( 6 . 3 5 ) ,  though g i v i n g  
t h e  c o r r e c t  s e p a r a t i o n  between p a i r s  of 3/2- aad 5/2- s c a t e s ,  y i e l d s  
poorer  r e s u l t s  o v e r a l l .  Thus, a l though a  r o t a t i o n - a l i g n e d  model 
seemingly accounts  f o r  t h e  p r o p e r t i e s  of t h e  s t a t e s  of maximum R , j  
a l ignment ,  i t s  i n a b i l i t y  t o  account f o r  o t h e r  l e v e l s  of s i m i l a r  paren- 
t age  c a s t s  doubt on i t s  o v e r a l l  a p p l i c a b i l i t y  and shows t h a t  one must 
be c a r e f u l  i n  a s s e s s i n g  t h e  success  of t h i s  o r  r e l a t e d  models based 
on t h e i r  p r e d i c t i o n s  f o r  on ly  t h e  s p e c i f i c  s u b s e t s  of s t a t e s  a c c e s s i -  
b l e  i n  heavy-ion r e a c t i o n s  o r  o t h e r  s e l e c t i v e  p rocesses .  Indeed,  t h e  
n o n - s e l e c t i v i t y  of t h e  (n ,y )  r e a c t i o n  i s  seen  t o  o f f e r  an important  
c.omplementary t o o l  :needed , to  provide  a  . s u f , f i c i e n t  e m p i r i c a l  b a s i s  f o r  
a  comprehensive t e s t  of such models. 
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