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In t roduct ion  

I Effeot ive  in t e rao t ions  between quas ipa r t i c l ee  in complex 

I 
nuc le i  oan be o l a s s i f i e d  a s  p r t i o l e r h o l e  and pa r t i c l e -pa r t i c l e  
ones. Pa r t i c l e -ho le  i n t e r a o t i o n s  a r e  responsib le  f o r  the  fo rna t ion  

I 
/ 11 of  co l l eo t ive  v i b r a t i o n a l  low-lying s t a t e s  and g i an t  resonances . 

la important r o l e  i n  nuc le i  i s  played by in t e rao t ions  leading t o  
miperconduct i ng  p a i r i n g  oorre la t  ions. It is  of i n t e r e s t  t o  e l i o i d a t e  
t h e  e f f e c t  of ga r t io l e -pa r t io l e  i n t e r a c t i o n s  on lor-lying v i b r a t i o n a l  
s t a t e s  i n  ds'formed nuclei .  

The e f f e o t  of p r t i o l e - p a r t i o l e  i n t e rac t ions  on the  f i r s t  27 
and 37 s t a t e s  in spher ioa l  nuole i  has been s tudied  in a  number of 
papers, fur  example r e f .  12/ Par t io l e -pa r t i c l e  i n t  e raot ions  inf luence  
g r e a t l y  the double f deoJ3' , jt decays of neut ron-def io i  

)4/ sphe r i ca l  nuc le i  and the  s t r eng th  funot ions  of (n,p) t r a n s i t i o n s  . 
n e  present  paper i s  aimed at studying i n  t h e  random phase 

approdmat ion  (RPA) t h e  e f f e c t  of pa r t i c l e -pa r t i c l e  i n t e rao t ions  en 
low-lying s t a t e s  wi th  KT= 2+ i n  doubly even deformed nuclei .  

I I. RPA d t h  t h e  pa r t i c l e -ho le  and pa r t io l e -pa r t io l e  i n t e r a o t i o n  

Apart from the  w t i o l e - h o l e  i n t e r a c t i o n  and monopole pa i r ing  
t h e  quasiparticle-phonon nuclear model (QPm) tpkes i n t o  
aooount t he  pa r t io l e -pa r t io l e  i n t e rac t ion .  In t h i s  oase, t h e  f o l l o r -  
i ng  t e r n s  

a r e  added t o  t h e  QpW b i l t o n i a n .  Here G?) i s  t he  par t ic le-par t io-  
l e  i n t e r a c t i o n  constant ,  76 a r e  quantua p a r t i c l e  of s ingle-par t ic le  

s t a t e s ,  6.51 , c = p and n , ayc + i s  t h e  nucleon c rea t ion  opera tor ;  
t h e  matrix element i n  (2) i s  denoted by f A f i ( q a 9 ~  T h e ~ r e  ~ e r f o n a  
t h e  Bogolubov canonical t r a n s f o r r a t i o n  



in t roduce  t h e  phonon c rea t ion  oparator 

and rewr i t e  (2) i n  t h e  f o m  

- I , + J ~ ( ~ ~ ~ ) ( ~ I ~ ~ , - u ; ; .  ) B ( { ? : P ~ ) ,  
r h e  r e  7s 

99' 

99' 
A,,, @ ),A,; A b I,M; 

$ss f = Ybq 1 f. qqqr *7qj -Yqst - Y +  , 
c tt ( + I  

U q s ' = 2 , , V  ,+ VqUql, wgq1 =f fgUq'+- f lqP7,  * 
f ' 3  

t h e  reae in ing no ta t ion  l a  given in re f .  /9/ 

After  t ransfonaat iona  the  t o t a l  QPm B( i1 ton ian  f o r  t he  
mul t ipole  s t a t e s  rr i th K ~ S  0' becomes 

where 

zFJ and a r e  the  i sosoa la r  and i sovector  cons tants  of  the  
part icle-hole mult ipole A )  i n t e r a c t i o n  and Eq i s  the  quasi- 
p a r t i c l e  e n e r a .  

Now we der ive  equations i n  the  RPA. f o r  t h i s  purpose we calou- 
l a t e  an average (4) over t h e  one-phonon s t a t e  

a n d  using the  v a r i a t i o n a l  p r inc ip l e  get  t he  following equations 



where =% +&,/ and QwI a r e  t h e  energies  of one-phonon 
s t a t e s .  M t e r  transformations t h e  seoular  eqnation f o r  t h e  energies 

uAp; of one-phonon s t a t e s  i s  

where 

k; J , i  AF 
An e x p l i c i t  f e r n  of the  funot ions  gqql , Wqqt o r  Ltbql r Ye 
oan be found from eqs. (8) and (83 t ak ing  account of t he  nomal isa-  
t i o n  condition of t h e  one-phonon s t a t e  ~k;Lfl, . 

2. Dependenoe of c h a r a o t e r l s t i o s  of ~ * = 2 +  s t a t e s  on 
the  pa r t io l e -pa r t i c l e  i n t  e raot ion  oons t a n t  G'*%' 

Let us  study the  influenoe of t he  pa r t i c l e -pa r t i a l e  i n t e r e a t i o n  
en the  p rope r t i e s  of low-lying v i b r a t i o n a l  s t a t e s  us ing  as an 
example ~ " = 2 +  s t a t e s  in 16'Br. %e oalcula t ions  w i l l  be made with 
t h e  s ingle-par t io le  energies and wave funct ions  of t he  SexonJoods 
p o t e n t i a l  whose aremeters rdl pa i r ing  oonstants a r e  taken the  
same a s  i n  ref. 14" and o the r  papers. I n  a11 t h e  ca l cu la t ions  the  
r e l a t i o n  ap,(lS)=-f.2dn)is taken i n t o  acoount. The reduced B2 tran- 
s i t i o n  p r o b a b i l i t i e s  from t h e  ground s t a t e  t o  2+ s t a t e s  a r e  oalcu- 
l a t e d  with t h e  e f f e c t i v e  oharge equal t o  0.2. To reduce the  number 
of f r e e  parameters, we a s s m e  the  oonetants of pa r t i c l e -pa r t io l e  
i n t e rao t ions  i n  neutron and proton systems t o  be t h e  sane, I.@. , 
G ~ Q  Gz=) = G 0 2 ) .  

Wow l e t  a n a l y ~ e  how ohangem the  behaviour of t he  func t ion  
 LO) , defined by f o m 9 a  (9), depending on G(@ a t  f ixed  

constant  aeBq=o. 0221 f+m/MeV. The r e s u l t s  of ca l cu la t ions  are given 
in the  Figure. %e s c a l e  of t he  f i g u r e  i a  osen so a s  t o  o  e a r l y  
represent  the  behariour of 7:w) a t  G- f22f 010.e t o  aeo t 22); 
therefore ,  t he  b e h a ~ i o  r ef  'S(w) at G(%'= D i s  slmost a v e r t i o a l  
l i ne .  At GIz*) < 0.5 2, "z) the i d l u e n c e  of t he  w r t l o l e - p a r t i c l e  
i n t e r a  t i o n  i s  neg l ig ib l e  an3 it oan be neglected. with inoreas ing  
G (22f the  energy of t h e  f i r s t  2; s t a t e  decreases and t h e  gE2)- 

va lue  i s  reduoed. A similar e f f eo t  has been obtained e a r l i e r  i n  r e f .  "' , i n  studying t h e  influenoe of t h e  pa r t io l e -pa r t i c l e  i n t e r a c t i o n  
on the  2; and 3; s t a t e s  i n  sphe r i ca l  naclel .  wi th  increas ing  GC2' 
t h e  funotion T(w) droreases  and becomes olose t o  se ro r  A t  6fd=d*' 
t he  f i r s t  root  wZ2, turned out t o  be  smaller  than the  experimental 
valae. b e  energies  and B(El)-values f o r  the  f i rs t  and second 2+ 
s t a t e s  a t  d i f f e r e n t  va lues  of '&?,(=)and G"" are given i n  Table 1. 
It i s  seen from i t  t h a t  with i m r a a s l n g  G(") the seoond s t a t t  e n t r w  

0211 decreases ahareas  B(X2) lnoreases.  A t  G ( " ' =  x,(p) t b ~  
e n e r m  W,= turned out t o  be lsmtr than the f 5 r r t  po le  entrfg Pi i b t  
seaular  equation (9). Bate tha t  i n  t h i s  c a r t  tbc t o t a l  aunbtr c f  t5e + 
oalcula ted  2  s t a t e s  h s  not ahanged a a d  tbus  t b a  2: s t a t e  i s  Drt 
spurlous. 

A t  GCz1'= 4 . 1  *,("I t t r  r n e r g l  Lc\,$, and B ( B ~ )  - v e l ~ e e  87.: 

m a l l  and oontradiot  experintrrtal d a t a  f o r  1685r. Note thht  the 



Dependenoe *[-! 
on t h e  e n e r w  w 
f o r t h e  ~ = = 2 +  

s t a t e s  in lb8Br  f o r  
some values  of the 
par t io le-par t io le  
in t e rao t ion  oonatant 

G"'). W e  o i ro le s  
denote the roo t s  of 
eq. T(w,,C)=o , 
l y i n g  below the  f i r s t  
pole. 

condit ion f o r  conservation of the number of pa r t io l ea  i n  this oaae 
i s  f u l f i l l e d  approximately with the same aoonraol a s  i n  the  oase 
~ ~ ' ' : o  . At G ' ~ ' ' = I . +  =:*'the energy W122 i s  l e s s  than the  f i r a t  

pole energT and B(E2) -value has notioeably inoreaaed. In this oase 
the  f i r s t  two 2+ a t a t e s  a r e  l a e r  than t h e  f i r s t  pole. Probably, 
an analogous s i t u a t i o n   ma^ take plaoe In  some nuclei. 

A t  G""-4.2 the  f i r s t  root disappears, the  seoond root 
e n e r w  deoreases Blrd the  EI(E.2) -value iaoreases.  The oondition f o r  
conservation of the  number of p a r t i c l e s  beoames worse. With inoreas- 
ing  6 (211 the  e n e r w  deoreasea and the B(B2) - value increases.  
A f u r t h e r  inorease i n  G'"! leads  t o  the diaappearanoe of the second 
root ,  then t h i r d ,  the  function y(w) below the f i r s t  pole f luctua- 

t e s  near sero. I n  this oase the  t o t a l  number of roo t s  of the  seoular 
equation (9) does not ohange. S e r e  a r i s e s  a question whether the  

i s  applioable in t h i s  oaae. 
A s imi lar  b a h a d o w  of the  funotion 7fw)~dsmonmtrated in t he  

Pigure,ooours in o the r  nttolei, f o r  example, i n  158Gd, 1 7 ? b ,  
2 3 Q ~  and 2 3 4 ~ .  

Table I 

Energlea and B(E2) - t a l u e s  f o r  t h e  f i r s t  two s t a t e s  

depending on dU) and #ul 

" %I G"" p2,, ne$(~~\  r.p.u. $,, , MeV I ~ ( ~ d h  s.P. u. 

- -  ------ -- ---*- ----- ---- 
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Table 3  

Dependence of t h e  energies and B(E2)-values f o r  t he  f i r s t  
two kX: 2+ s t a t e s  en t h e  number of s ingle-par t ic le  e t a t e s  
taken i n t o  account i n  pa r t io l e -pa r t i c l e  I n t e r a c t i o n s  at 

ley- 0.0221 f r 2 / ~ e v  and G rn). ,?) . 
Single-par t ic le  
b a s i s  

H o V  S.P.U.  

calcula ted  B(B1) va lues  over t he  experimental ones can be aqoided (24 
by Introducing a pa r t io l e -pa r t i c l e  i n t e r a c t i o n  with G(u'=(o.6 - 0.81% , 

The f o m u l a e  presented here and i nves t iga t ion  of t h e  so lu t ions  

serve  as t h e  b a s i s  f o r  Including pa r t i c l e -pa r t i c l e  i n t e rac t ions  
i n  t h e  QPW. It i s  hoped t h a t  t he  inc lus ion  of pa r t i c l e -pa r t i c l e  
i n t e r a c t i o n s  In t h e  QPm w i l l  lmprwe t h e  desc r ip t ion  of low-lging 
s t a t e s  with  of doubly even deformed nuclei .  

18 s t a t e s  
40 s t a t e s  

t he  whole apace 
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p rope r t i e s  depending on G'IL1 appears t o  be not so sharp, and 
therefore ,  i t  can be preferable  i n  ca lcula t ions .  
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3. Conclusion 

One oan o b a e n e  i n c o n s i s t e n c ~  i n  oa l cu la t ing  the  energies  
b,,, and B(E2) of the  f i r s t  Y:'= 2; s t a t e s  i n  t h e  RPA: I f  t h e  

ca lcula ted  energies  w9,, coincide with t h e  experimental ones, t h e  
ca lcula  ed B(B2) va lues  exceed them. Thus, i n  the  ca l cu la t ions  i n  
ref .  '11' an excess of a(E.2) - values amounts t o  f a o t o r  of 3.  I n  t h e  
ca l cu la t ions  /7*10/ i n  the  RPA with inc lus ion  of s ingle-par t ic le  
s t a t e s  from t h e  bottom of the  Saxon-Woods po ten t i a l  up t o  50 MeV In 
the  qrasi-continuous s p e c t r m  and e f f e c t i v e  charge equal  t o  zero 
o r  0.1, t h i s  excess i s  1.5-1.8. The d i f f e rence  l i e s  i n  t h e  use of t h e  
s l n d e - p a r t i c l e  energies  and ware funct ions  of t he  Saxon-Woods poten- 
t l a l  ins tead  of t h e  Nilsson po ten t i a l  i n  r e f .  /11/ a s  well  a s  i n  taking 
account of t he  blocking e f f e c t  and r a d i a l  dependepdence of a  quasi- 
quadrupole i n t e r a c t i o n  i n  t h e  f o m  d p  , where v(r! i s  t he  
c e n t r a l  pa r t  of t he  Saxon-Woods p o t e n t i a l  Instead of rL i n  ref. /11/ 

In t h e  ca l cu la t ions  wi th in  the  QPm wi th  the  wave funct ion  containinp 
one- and two-phonon t e r n s  the  ca lcula ted  B(E2) -values exceed t e  
exper iaenta l  ones 10-208 . In usual oa l cu la t ions ,  a s  i n  r e f .  17,401 

a l l  s ingle-par t ie le  s t a t e s  from t h e  bottom of the  wel l  up t o  5 MeV 
i n  the  quasi-oontinuous spectrum a r e  taken i n t o  account and t h e  
e f f e c t i v e  aharge equal t o  0.2 i s  used. The (10-40)% excees of t h e  
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