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b The ca l cu l a t i ons  of t he  energies  and wave func t ions  of two- 
-quas ipa r t i c l e  and one-phonon s t a t e s  i n  doubly even deformed n u c l e i  
were performed i n  1960-75. 'Phe a v a i l a b l e  at t h a t  time experimental 
d a t a  were wel l  described,  and the  p red io t ions  were made whioh i n  

1 many cases were experimental ly confirmed. &my experimental da t a  ob- 
t a ined  a f t e r  1975 and expecta t ion  of many da t a  at a new genera t ion  
of a c c e l e r a t o r s  and d e t e c t o r s  show the  neces s i t y  of a  new s e r i e s  of 
ca lcula t ions .  

A new s e r i e s  of ca l cu l a t i ons  of nonrota t ional  s t a t e s  of doubly 
even dePonned n u c l e i  has been performed wi th in  t h e  quas ipa r t i c l e -  
-phonon nuclear  model (QPNM)/~ '~ /  . The i s o s c a l a r  and i sovec to r  par- 
t ic le -hole  (p-h) and p a r t i c l e - p a r t i c l e  ( p - ~ ) / ~ /  rnult ipole i n t e r ac -  
t i o n s  a r e  taken i n t o  aocount. The monopole and quadrupole 15/ p a i r i n g  
a r e  included. Vibra t ional  s t a t e s  wi th  K~'s.o+ and 1+ f o r  168~r ,  172~b  
and 178Hf were ca lcula ted  i n  r e f . I6 / .  The l a t t e r  oonta ins  a l s o  t h e  
r e l evan t  f  ormular and d e t a i l s  of ca l cu l a t i ons .  

The present  paper i s  devoted t o  ca l cu l a t i ons  of nonrota t ional  

s t a t e s  with KT# O+ and 1+ i n  170y174Yb and t o  comparison of t he  
r e s u l t s  of ca l cu l a t i ons  wi th  experimental data. 

As i n  ref .16/ ,  t he  c a l c u l a t i o n s  are  made i n  t h e  QPNM with  t he  
monopole and quadrupole p a i r i n g  and i s o s c a l a r  and i sovec to r  p-h and 
p-p mul t ipole  i n t e r ac t ions .  We used the  s ing l e -pa r t i c l e  energies  and 
wave funot ions  of the WoodsSaxon p o t e n t i a l  wi th  t h e  parameter f o r  
t he  zone A=173 f i x e d  i n  1969 and l i s t e d  i n  r e f s .  /7y8/ .  m e  cons tants  
of t he  monopole p a i r i n g  were chosen by pa i r ing  energies .  According 
to  r e f . I 5 / ,  t h e  r o l e  of t h e  quadrupole p a i r i n g  i n  choosing t h e  cons- 
t a n t  &'' i s  not  grea t .  The oons tants  of t h e  i sovec to r  i n t e r a c t i o n s  
a r e  taken equal  t o  x:'= -1.5 2:' . The quadrupole, octupole and 

hexadecapole i n t e r a c t i o n s  were taken  i n t o  account. The energies  of 
two-quasipart icle poles were ca l cu l a t ed  tak ing  acoount of t he  block- 
i ng  e f f e c t  and the  Gallagher - Bdoszkowski oorreot ions .  The cons tants  
of t h e  i s o s c a l a r  p-h i n t e r a c t i o n  were chosen from t h e  oondit ion of 

ST reproducing experimental energies  of t h e  f l r s t  Kg=, nonrota t ional  
s t a t e s ;  they turned out t o  be c l o s e  t o  the  cons tants  used f o r  
desc r ib ing  the s t a t e s  of 1 7 2 ~ b  i n  r e f  .I6/, The cons tants  of t he  p-p 
i n t e r a c t i o n  &@'a 0.9 a?. 



The e n e r g i e s  and wave f u n c t i o n s  of one-phonon s t a t e s  a r e  ca lcu-  
l a t e d  i n  the random phase approximation w i t h  p-h and p-p i n t e r a c t i o n s .  

Nonro ta t iona l  s t a t e s  of doubly even deformed n u c l e i  were c a l c u l a t e d  

wi th  t h e  wave f u n c t i o n  

Table I 

Nonrotat ional  s t a t e s  i n  170yb 

3::uer. C a l c u l a t i o n  i n  QPR'hl 

s t r u c t t t r e ,  k 

221 87 222: A {201,221} 3.4 

I n  t h e  two-phonon t e n s  of t h e  wave f u n c t l o n  (1) t h e  P a u l i  p r i n c i p l e  

i s  t a k e n  i n t o  account. Using t h e  v a r i a t i o r u l  p r i n c i p l e  we have d e r i -  
Y ved equa t ions  f o r  t h e  energ ies  k y  and o o e f f i c i e n t s  Rlo and 

Y 

p~4p, i, , ~ Z , h % L %  
. For each s t a t e  Y w i t h  energy &J we c a l c u l a t e d  

t h e  s t r u c t u r e  r e p r e s e n t e d  as a  c o n t r i b u t i o n  ( i n  p e r  cen t )  of t h e  
one-phonon h p  t and two-phonon h p r  LI ,iz,kLi 1 components t o  t h e  

n o r m a l i s a t i o n  of t h e  wave Func t ion  (1). The r e s u l t s  of c a l c u l a t i o n s  
a r e  l i s t e d  i n  t a b l e s  1 and 2. They a l s o  g i v e  ( i n  p e r  cent)  t h e  
l a r g e s t  two-quasineutron n n  and two-quasiproton pp components of 

t h e  wave f u n c t i o n s  of one-phonon s t a t e s  Api . 
m e  r e s u l t s  of c a l c u l a t i o n s  and experimental  d a t a  f r ~ r n / ~ " ~ /  f o r  

I7Oyb a r e  g i v e n  i n  t a b l e  1.According t o  t h e  experimental  d a t a  f o r  t h e  - 
K;=2; s t a t e s ,  B(E2)=2.8 8.p.u. The s t a t e s  0;,1; and 2; a r e  c o l l e c t i v e .  
It would be i n t e r e s t i n g  t o  measure B(E3) v a l u e s  f o r  t h e  3-K1 and 3-K2 
s t a t e s  w i t h  Kn=O-,I- and 2- he E2 t r a n s i t i o n  between t h e  s t a t e s  67 and 
47,observed i n  ref!ll!confirms t h e  c o r r e c t n e s s  of  t h e  c a l c u l a t e d  two- 

-quasineutron conf igura t ions .  A l a r g e  number of s t a t e s  w i t h  K* = 0- 

and 1- i n  170yb has been observed i n  t h e  9 deca7 of 17%u. I n  
r e f .  t h e r e  were i n d i c a t i o n s  of a  p o s s i b l e  M0 t r a n s i t i o n s  from 
t h e  FK= 0-0 s t a t e  with energy 2.820 MeV t o  t h e  jround s t a t e .  The \ 

energy c e n t r o i d s  o f  t h e  two-phonon s t a t e s  1 201,221 3 ,{ 221,2211 ,1301, 
3213, {221,331], {221,301] ,{221,311} and o t h e r s  l i e  above 3  MeV. 

m e  r e s u l t s  of c a l c u l a t i o n s  and experimentdl  d a t a  /13-15/ f o r  + 
17*yb a r e  given i n  Table 2. The energy of t h e  f i r s t  K:= 21 s t a t e  



Table 2 

NonrotatLonal s t a t e s  i n  174yb 
increased  i n  comparison wi th  1709172Yb, which i s  c o r r e c t l y  descr ibed  
i n  t h e  QPNM. The experimental  va lue  B(E.2) = 1.7 s.p.u. does not  
con t r ad i c t  t h e  ca l cu l a t ed  one. According t o  t h e  experimental  d a t a  
'16/, t h e  con t r i bu t ion  t o  t h e  2: s t a t e  of t he  con f igu ra t i on  
nn 5121.- 5IOt i s  about 75% which i s  considerably l a r g e r  t h a n  t h e  
ca l cu l a t ed  one. According t o  t h e  c a l c u l a t i o n s ,  among t h e  K ~ =  0' 
s t a t e s  t he  most c o l l e c t i v e  i s  t he  f o u r t h  0; s t a t e  wi th  ~ ( ~ 3 ) = 3 . 6  
s.p.u. and energy about 3  MeV; f o r  t he  0- s t a t e  B ( E ~ )  = 1.0  s.p.u. a- There a r e  no experimental  d a t a  on t h e  K - 1- s t a t e s ;  according t o  
the c a l c u l a t i o n s ,  t h e  most c o l l e c t i v e  i s  t h e  f i f t h  13 and s i x t h  1; 
s t a t e s  wi th  energ ies  about 3  MeV and B(E3) 1 s.p.u. ' h e  ca lou l a t ed  
va lue  of B ( E ~ )  f o r  e x c i t a t i o n  of p K , =  3-21 i s  much smaller  t han  
B(E3) = 4.1  s.p.u. given i n  r e f .  /16/ 

+ 
The s t a t e s  KT = 3: and 32  t u r n  out  t o  be one-phonon Ap; = 

= 431 and 432 wi th  admixtures about  1%. The component s t r u c t u r e  g i -  
ven  i n  t h e  t a b l e  does not con t r ad i c t  t h e  experimental  d a t a  /13/ on 

gK and ( d p )  reac t ion .  A small  admixture of t he  con f igu ra t i on  + 
nn 5059- 512+ i n  t h e  3  s t a t e  t e s t i f i e s  t o  a pos s ib l e  El  t r a n s i t i o n  

% t o  t h e  21  s t a t e .  The 41 and 4; s t a t e s  a r e  almost two-quasipart icle  
s t a t e s  pp 404C+ 411b and nn 514J.+ 5214. 

The s t a t e  ~ y =  6: w i t h  energy 1.518 MeV i s  exo i t ed  i n  t h e  
(dp) r e a c t i o n  and i t s  c a l cu l a t ed  s t r u c t u r e  does not  c o n t r a d i c t  

t he  experimental  da t a .  It would be expedient t o  observe experimen- 
t a l l y  t h e  l e v e l s  with K':= 71, 72 , 8 1  and 6 1  p red i c t ed  i n  Table 2. 

The ~ 3 -  decay of 174'h from t h e  s t a t e  with K ~ =  4' and configura-  

t i o n  p  411++-n Z & t o  the l e v e l s  of 1 7 4 ~ b  has  been s t u d i e d  i n  r e f .  
/I7/ . It was obta ined  t h a t  l o g  f t  = 4.73 f o r  t h e  t r a n s i t i o n s  t o  
t he  s t a t e  K T =  5 1  w i t h  energy 1.885 MeV and l o g  f t  = 4.67 t o  t h e  
s t a t e  55 with energy 2.379 MeV. Based on t he se  d a t a  i t  was conoluded 
t h a t  t h e  two-quasiproton oonf igura t ion  pp 411++ 514.f e n t e r s  i n t o  t h e  
5 1  s t a t e  with t he  weight 46% and i n t o  t h e  52  s t a t e  w i th  t h e  weight 
64%. Mult ipole i n t e r a c t i o n s  wi th  X,u =55 wi th  t h e  cons tan t  &55= 
have been taken i n t o  account i n  ref./18/, and t h e  mixing o f  t h e  
quas ipro ton  pp 411$+ 514T w i t h  t h e  quasineutron nn 521$+ 624.P con- 

f i g u r a t i o n s ,  shown i n  t a b l e  2, was obtained. With i nc rea s ing  xF- 
by 158, t h e  mixing of t he se  con f igu ra t i ons  i n c r e a s e s  up t o  72% and 
27%. It has  been s t a t e d  i n  r e f .  /18/ t h a t  i n  t he  cases  where t h e  
energ ies  of two-quasiproton and two-quasineutron s t a t e s  wi th  t h e  same 
K~ a r e  c lo se  and t h e  corresponding matrix elements a r e  l a r g e ,  h igh  

mul t ipo le  i n t e r a c t i o n s  wi th  L =  5  j 9  p l a y  an important  r o l e  i n  t he  
mixing of t he se  s t a t e s .  



Table 3 

Number of  n o n r o t a t i  onal Kr= 0- and 1- s t a t e s  

Energy 

@ta~~&, - - - - -  Calcul.  - -------- -- 

up t o  2 MeV 

2.0 - 3.0 hleV 

3.0 - 3.4 MeV 

T o t a l  up t o  3.4 MeV 1 35 29 1 19 

I n  t h e  pt dec* of 1 7 0 ~ u  t h e  a u t h o r s  of r e f s .  /9910/ observed 

a l a r g e  number of s t a t e s  w i t h  I < ~ =  0' and 1- of 170yb, l y i n g  i n  t h e  
energy i n t e r v a l  from 2.0 t o  3.4 MeV. The number of k"= 0' and 1- 

s t a t e s  of 170yb ob ta ined  from t h e  experimental  d a t a  /g910/ and t h e  

r e s u l t s  of c a l c u l a t i o n s  a r e  g i v e n  i n  t a b l e  3. Of course ,  t h e r e  i s  
some u n c e r t a i n t y  i n  t h e  experimental  d a t a  due t o  t h e  e r r o r s  i n  iden-  

t i f y i n g  t h e  v a l u e s  of 1" t o  t h e  l e v e l s .  We should l i k e  t o  n o t e  some 

a r b i t r a r i n e s s  i n  t h e  r e s u l t s  of c a l c u l a t i o n s .  Thus, i n  t h e  energy in-  
t e r v a l  from 3.4 t o  3.5 MeV t h e r e  a r e  f i v e  s t a t e s  w i t h  K~ = 0',1' 

and small  change of t h e  parameters  of t h e  woods - Saxon p o t e n t i a l  c a n  

s h i f t  some of themtowards  lower energ ies .  Never the less  t h e  r e s u l t s  
of calculations a g r e e  w i t h  t h e  experimental  d a t a  f o r  17%b i n  t h e  i n -  
t e r v a l  2.0 - 3.4 MeV where t h e r e  is  a n  anomalously l a r g e  number of 
s t a t e s  w i t h  K ~ =  0' and 1- . For  comparison, Table 3 c o n t a i n s  t h e  

c a l c u l a t e d  number of uT= 0' and 1- s t a t e s  i n  1 7 4 ~ b ;  i t  tu rned  ollt t o  

be 1.5 t imes  s m a l l e r  than i n  170yb. 
I n  conc lus ion ,  we should l i k e  t o  n o t e  t h a t  n o n r o t a t i o n a l  s t a t e s  

w i t h  K ~ # O +  and 1+ i n  170yb and 1 7 4 ~ b  a r e  reasonably  w e l l  d e s c r i -  

bed w i t h i n  t h e  QPNM. F u r t h e r  exper imenta l  i m e s t i g a t i o n  of e x c i t e d  
s t a t e s  of t h e s e  n u c l e i  Is  needed. 
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