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I n  d e s c r i b i n g  c o l l e c t i v e  v i b r a t i o n a l  s t a t e s  e f f e c t i v e  s p i n  

independent c e n t r a l  i n t e r a c t i o n s  a r e  expanded over  s e r i e s  i n  

~ n u l t i p o l e s  h . I n  deformed n u o l e i ,  c o l l e c t i v e  v i b r a t i o n a l  s t a t e s  

a r e  s p e c i f i e d  by t h e  m u l t i p o l a r i t y  A and i t s  p r o j e c t i o n  p 
( p = K ). I n  doubly even n u c l e i  t h e r e  a r e  c o l l e c t i v e  quadru- 

po le  w i t h  h = 2  and oc tupole  w i t h  h = 3 s t a t e s .  I n  deformed 

n u c l e i  they a r e  w e l l  descr ibed  i n  t h e  RPA (see  Solov iev  (1976)). 

The wave f u n c t i o n s  of one-phonon s t a t e s  a r e  a s u p e r p o s i t i o n  of 

two-quasineutron nn and two-quasiproton pp components. According 

t o  t h e  experimental  d a t a  measured by walker  e t  a l .  (1982) and 

Burlce e t  a l .  (1378) t h e r e  a r e  c o l l c c t i v e  hexadecapole s t a t e s  
7T l r  

w i t h  K = 3+ I n  n u c l e i  w i t h  A z 170 and wi th  K = 4+ i n  t h e  0s 

i s o t o p e s .  Hexadecapole s t a t e s  i n  doubly even deformed n u c l e i  have 

r a t h e r  w e l l  been descr ibed  by Nesterenko e t  al. (1986) w i t h i n  

t h e  quas jpar t i c le -phonon  n u c l e a r  model ( ~ o l o v i e v  1978, 1987, 1909 

and Solov iev  and Shirilcova 1986). 

There a r e  experimental  i n d i c a t i o n s  of a s t r o n g  mixing of 

two-quasiproton and two-quasjneutron oomponents i n  t h e  s t a t e s  wi th  

l a r g e  i n  doubly even deformed n u c l e i .  Thcy have been analysed 

by Sood and S h e l i n e  (1989). Large m a t r i x  elements  r e s p o n s i b l e  f o r  

such a  mixlng have n o t  y e t  been expla ined  t h e o r e t j c a l l y .  It i s  in -  

t e r e s t i n g  t o  e l u o i d a t e  t h e  r o l e  of h igh  m u l t i p o l a r i t y  i n t e r a c t i -  

ons i n  deformed n u c l e i .  m e  p r e s e n t  l e t t e r  i s  aimed a t  s t u d y i n g  

t h e  mixing of two-quasineutron and two-quasiproton s t a t e s ,  caused 

by t h e  i n t e r a c t i o n s  wi th  m u l t i p o l a r i t i e s  h 2, 4 . 



Soloviev  and S h i r i k o v a  (1989) have ob ta ined  n good cnou,o,l, 

d e s c r i p t i o n  of n o n r o t a t i o n a l  s t a t e s  i n  16'gr, 1 7 2 ~ b  and 1 7 8 ~ f  

w i t h i n  t h e  QPNI*!. They have a l s o  succeeded i n  d e s o r i b i n g  t h e  

mixing o f  two-quasiproton and two-quasineutron components i n  t h e  

s t a t e s  K:= 47 and 4; i n  l b 8 ~ r  ( s e e  a l s o  Karadjov e t  a1. 1389). 

I n  t h e  o a l c u l a t i o n s  of  q u d r u p o l e  wi th  KT= 2+, oc tupolc  and 
A m  

hexadecapole s t a t e s ,  t h e  i s o s c a l a r  c o n s t a n t s  de,  vtcre chosen 

i n  t h e  i n t e r v a l  (0.015 - 0.029) f,ll2  lev-I. The p r e s e n t  ca lcu la -  

t i o n s  a r e  perfomed i n  t h e  RPA with  t h e  parameters  of t h e  

ivood s d a x o n  p o t e n t i a l  and p a i r i n g ,  a s  i n  So lov iev  and S h i r i k o v a  

c l989)  w i t h  r*ehp= (0.020 - 0.024) f1n2 1dev-I; t h e  r a d i a l  depen- 

dence of m u l t i p o l e  interactions i s  talccn i n  t h e  fonn 
av(ry 

3 r 
vthere V(r) i s  t h e  c e n t r a l  p a r t  of t h e  'rfoods-Saxon p o t e n t i a l .  

The r e s u l t s  of c a l c u l ~ t i o n s  and experimental  d a t a  (Gallagher  and 

Nie l sen ,  1962; Ward and Chu, 1375; Khoo e t  al.,  1972; Ibnmer 

e t  a l .  1973; K a f f r e l l  and Kurcesic3,  1975; Burke e t  al. 1985a,b;  

Greenwood e t  nl .  1978) a r e  l i s t e d  i n  t h e  t a b l e .  Each one-phonon 

s t a t e  i s  provided wi th  experimental  and c a l c u l a t e d  e n e r g l c s  and 

c o n t r i b u t i o n s  ( i n  per c e n t )  of t h e  1nrgc:;t two two-quasipartic1.e 

components t o  t h e  n o n n a l i s a t i o n  of  t h e i r  wave f u n c t i o n s .  

The mixing of t h e  two-quasineutron nn 511&+624? and thc  

two-quasiproton pp 404 4 +514 f' s t a t e s  i n  17'Hf i s  de:Scribed by 

t a k i n g  t h e  i n t e r a c t i o n  with ~ n u l t i p o l a r i t y  A p  = 98 i n t o  

account. It i s  seen  from t h e  t a b l e  t h a t  n good d e s c r i p t i o n  of the  

experimental d a t a  on t h e  e n e r g i e s  and s t r u c t u r e  of t h e  K; = 8; 

and 8; s t n t e s  has  been obtaincd a t  gogg = 0.024 fm2 l,le~-' . 
9 8 

Note t h a t  a t  x ,  = 0.020 fm2 !.fe~-' t h e  mixing i s  soniewhnt 

lower,  namely 80% and 20.;. The corresponding neu t ron  and pro ton  

Tnblo. Mixing of two-quasiproton and two-quasineutron 

oonf l e u r a t i o n s  i n  def  ornied n u o l e i  

2  c o n f i c u r a t i o n  
c; 
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m a t r i x  elements  a r e  l a r g e .  The important r o l e  of i n t e r a c t i o n s  

w i t h  such a  h igh  m u l t i p o l a r i t y  a s  A = 9 wi th  p r o j e o t l o n  ,M = 8  
9 9 L 2 2' j r4 

w i t h  t h e  c o n s t a n t  go c lovc  i n  vnluc t o  g, , ae, and X ,  , 
w i t h  vrhich Soloviev and Shir i l tova (1303) obtained a good dcscr lp -  

t i o n  of  quadrupole,  oc tupole  and hexadecspolc s t a t e s  of  178Hf, was 

unexpected. It i s  t o  be noted t h a t  i n  s p i t e  of  t h e  f a c t  t h a t  t h e  

8 1  and 8 3  s t a t e s  a r e  not  pure two-quasipnrt lc le  s t a t e s ,  t h e  i s o -  

meric  s t a t e  w i t h  K T =  16+  and energy 2.447 hleV i n  17'r1f i s  a pure 

f o u r - q u a s i p a r t i c l e  s t a t e s  p  514?+ p404J.+ 11 514 ++ n  624t. This i s  

due t o  t h e  f a c t  t h a t  t h e  t o t a l  s t r e n g t h  of t h e  confi[:urationn 

nn 514b+ 624t  and pp 514T+ 404* i s  concent ra ted  i n  t h e  two l e v e l s  

8 1  and 8'; . 
l lccordine t o  t h e  e:cperimental d a t a  ( ~ h o o  e t  a l .  1972) two 

77 k = 6+ c o n f i g u r a t i o n s  nn 514&+ 512 4 and pp 404)+ 402 t i n  1 7 6 ~ ~  

a r e  mixed. The c a l c u l a t e d  e n e r g i e s  of t h e  6: and 6 ;  s t a t e s  and 

t h e  m i j d n ~  a r e  c l o s e  t o  t h e  e r p e r i m e ~ l t a l  oncs. IIowaver, t h e  cnlcu- 

l a t c d  s t r u c t u r e  of t h e  f i r s t  s t a t e  i s  c l o s e  t o  t h e  second exper i -  

menta l ly  observed onc and v i c e  versa .  Thin d i sc repancy  i s  due t o  

t h e  e n e r g i e s  of s i n g l e - p a r t i c l e  s t a t c s .  It h a s  been dkiregarded i n  

t h e  p ro ton  scheme t h a t ,  accord ing  t o  t h e  exper imenta l  d a t a ,  i n  

1 7 5 ~ u  t h e  p  4029 s t a t e  has a  s m a l l e r  enerey than  t h e  p 514+ s t a t e .  

Therefore ,  t h e  energy of t h e  tvruq~iasiproton s t a t e  pp 404++ 402 * 
tu rned  o u t  t o  he l a r g e r  than t h a t  of t h e  tvro-quasineutron s t a t e  

nn 514C+ 5 1 2 t  . Maybe t h i s  i n  I' $ e  t o  t h e  f a c t  t h a t  t h e  ca lcu la -  

t i o n s  were perfomled ~ L t h  t h e  p * ~ d n e t e r  of t h e  hexadecapole defor-  

mation j4 = -0.03 and acoord ing  t o  t h e  expcrlmental  d a t a  

( ~ e t t l e s  e t  a l . ,  1988) J, = -0.16 . 

According t o  t h e  c a l c u l a t i o n s ,  t h e  K *  = 8; and 8; s t a t e s  

i n  1 7 6 ~  have t h e  e n e r ~ i e s  1.52 and 1.04 !,lev. I n  comparison w i t h  

1 7 8 ~ f ,  t h e  c o n f i g u r a t i o n s  pp 404&+ 514+ and nn 514*+ 624+ a r e  

wmewhat l e s s  mixed. The d e s c r i p t i o n  of  t h e  s t r u o t u r e  of t h e  

f i r s t  8: s t a t e  i s  i n  agreement wi th  experimental  d a t a  by which 

t h e  c o n t r i b u t i o n  of t h e  o o n f i e u r a t i o n  pp 404++ 5 1 4 t  e q u a l s  

(86+6):'P. It would be i n t e r e s t i n g  t o  d e t e o t  e x p e r i m e n t a l l y . t h e  

second 8; s t a t e .  According t o  t h e  c a l c u l a t i o n s ,  i n  176Hf t h e r e  

a r e  7 1  and 72  s t a t e s  with t h e  e n e r g i e s  1.76 and 1.81 MeV. 

Desp i te  t h e  p rox imi ty  of the e n e r g i e s  of these  s t a t e s  t h e  two- 

quas ineu t ron  c o n f i g u r a t i o n s  nn 514J.+ 633+ and nn 512++ 624+ a r e  

n o t  p r a o t i c a l l y  mixed. Both t h e  corresponding n e u t r o n  m a t r i x  

elements  a r e  n o t  l a r g e .  

The mixing of t h e  two-quasiproton pp 411++ 5 1 4 t  and two- 

quas ineu t ron  nn 5214+ 624* conf l g u r a t i o n s  has been observed 

i n  t h e  s t a t e s  5 1  and 5; wi th  t h e  e n e r g i e s  1.885 and 2.379 MeV 

i n  1 7 4 ~ b  by s tudying  t h e  p dccay of 174%. Prom our c a l c u l a -  

t i o n s  i n  t h e  RPA w i t h  t h c  interactions 2\p= 55 i t  f o l l o w s  t h a t  

t h e  mixing i s  s m a l l e r  t h a n  i n  experiment. I f  one t a k e s  
1 zd5= 0.026 f m 2  t i e r  the  mixing of t h e s e  c o n f i g u r a t i o n s  i n c r e a s e s  

up t o  72% and 27%. The mixing of  t h e  c o n f i ~ u r a t i o n s  

nn 633t+  521C and pp 411C+ 523t  i n  the  s t a t e s  K: = 4 1  and 4 2  

i n  lb83r has  f i r s t  been c a l o u l a t e d  by Karadjov e t  al. (1989) and 

r e f i n e d  i n  o u r  p resen t  c a l c u l a t i o n s .  

According t o  the  a n a l y s i s ,  made by Greenwood e t  a l .  (1978) 

of t h e  ( dp ) r e a c t i o n s  and - t r a n s i t i o n s  between t h e  s t a t e s  
ff  K,, = 4; w i t h  t h e  energy 1.380 MeV, 4; w i t h  1.920 hfeV and 4 1  w i t h  

1.636 MeV i n  158~d,  t h e  above-mentioned s t a t e s  a r e  no t  pure  



+ 
two-quas ipar t i c le  s t a t e s .  Tne wave f u n c t i o n  of t h e  41 s t a t e  h a s  

t h e  dominat ing component pp 413Ct 4 l l t  and s m a l l  admixture 

nn 5 2 1 t t  5234. It fo l1or . r~  from t h e  (d$) r e a c t i o n  t h a t  t h o  c o n t r i -  

b u t i o n  of t h e  c o n f i g u r a t i o n  nn 521++ 6 4 2 t  t o  t h e  n o r m a l i s a t i o n  

of t h e  wave f u n o t i o n  of t h e  4: s t a t e  e q u a l s  72:s and of t h e  
+ 

c o n f i g u r a t i o n  nn 521t+ 5234 t o  t h e  4 2  s t a t e  e q u a l s  755. I n  t h i s  

case,  one can e a s i l y  e x p l a i n  t h e  E l  t r a n s i t i o n  botwoen t h e  

s t a t e s  4 6  and 4; as n  5 2 3 + r n  6424. It Pollovto from t h e  El 

t r a n s i t i o n  4;+41+ t h a t  t h e  4 1  s t a t e  ha8 admixtures  of t h e  con- 

f i g u r a t i o n  pp 5 3 2 t t  4114. It i s  seen from t h e  t a b l e  t h a t  accord- 

i n g  t o  t h e  c a l c u l n t i o n s  i n  t h e  s t a t e s  41+, 4; , 4: and 4 2  one can 

observe n  small mi:clng of t h e  two-quasineutron and tvro-quasi- 

p ro ton  o o n f i e u r a t i o n s  whioh i s  i n  agreement w i t h  t h e  a v a i l a b l e  

experimental  data .  

h s e d  on t h e  c a l c u l a t i o n s  we may a s s e r t  t h a t  a qualitatively 

c o r r e c t  d e s c r i p t i o n  i s  ob ta ined  of t h e  experimental  d a t a  on t h e  

mixing of two-quasineutron and two-quasiproton c o n f i ~ u r a t i o n s  

w i t h  l a r g e  K by t a k i n g  aocount of h i g h  m u l t i p o l a r i t y  i n t e r a c -  

t i o n s .  Note t h a t  mixing l i k e  t h a t  depends s t r o n g l y  on t h e  

e n e r g i e s  of s i n g l e - p a r t i c l e  s t a t e s ;  i n  t h e  c a l c u l n t i o n a  we have 

used t h e  s i n g l e - p a r t i o l e  e n e r e i e s  and wave f u n c t i o n s  of t h e  

Woods-Saxon p o t e n t i a l  wi th  t h e  parameters  f i x e d  i n  t h e  1908-70- 

t i e s .  

From t h e  above-made s t u d i e s  we can a s s e r t  t h a t  i n  t h e  case  

where t h e  e n e r g i e s  of two-quasineutron and two-quasiproton s t a -  

t e s  wi th  t h e  same v d u o s  of  k f f a r e  c l o s e  and t h e  r e l e v a n t  

m a t r i x  element s a r e  n o t  small, h i g h  m u l t i p o l a r i t y  i n t  e r n c t i  on3 

w i t h  h = 5  f 9  p l a y  an Important  r o l e  i n  t h e  inixing of t h e s e  

s t a t e s .  I n  t h e s e  c a s e s ,  one should t a k e  h igh  m u l t i p o l a r i t y  

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

hlaybe t h e  n e c e s s i t y  of i n c l u d i n g  h igh  m u l t i p c l a r i t y  

i n t e r a o t j o n s  i s  r e l a t e d  t o  t h e  i n c l u s i o n  (Crtick and Nazarevticz, 

1909) of h i g h e r  m u l t i p o l a r i t y  deformations , j3, and,QT 

s t a b i l i z i n g  e n e r w  mininlum f o r  t h e  n u c l e i  wi th  Z -- 58 and 

Id-88 and I m p r o v j n ~  t h e  agreement between measured and ca lcu la -  

ted ground s t a t e  s p i n s  and e lec t romagnet ic  moments i n  

neighbouring odd-ii C s  and & i s o t o p e s .  
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