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The interaction of beta- and gamma-vibrations with nuclear rotations has been 
investigated by DAVYDOV (~) as a natural  extension of the original model proposed 
by DAVYDOV and FILIPPOV (2). DAVYDOV (~) has obtained an cxpression for the 
energy of the total collective excitations of an asymmetric nucleus and has studied 
the conditions under which the beta-vibrations would be separated from other col- 
lective excitations of the nucletts. When the nonadiabaticity parameter /~ is smaller 
tharl ½ and the r~onaxiality parameter 70 is greater tha:l 10 ° the collective excitation- 
energy can be explicitly written as 

(1) 
~2 [s(,~I) 

E(),kltc~"I) __ (k + 0.5) + a(2 + 0.5) + ~- [  2 - -  C + 6a(k + 0.5)(2 + 0.5)--  

- -  4~2(,t ~- 0.5) 2 ~- ~- ~ (k ÷ 0.5)e(~I) - -  3(k + 0.5) C - -  2~(~ + 0.5) s(nl)  A -  

+ 4oc(~ + 0.5) C - -  57~x2(k + 0.5)(X + 0.5) 2 - -  ~ + C 2 - -  s(~I) C + 

57 
+ ~ ( k + O . 5 ) ( ~ . ÷ O . 5 ) c ~ e ( n l ) - - 5 7 e ( k ÷ 0 . 5 ) ( ~ . 4 - 0 . 5 )  - -  

8 ~s (k + 0.5) (k + 0.5)C 2 -  (k + 0.5) e(~I)C , 

(*) ~Vork done under  the anspices of the  U.S. A r m y  1Rese~rch Office (Grant- l )A-HC19-67-G0018).  
( " )  Member  of the  Scientific Research  Carecr  of the  Consejo Nacional  de Invcst igaciones  Cien- 

tificas y T~cnieas, Argent ina .  
(1) A. S. DAVYDOV: NUCl. Phys., 24, 682 (1961). 
(~) A. S. DAVIDOV and  G. F. FILIPPOV* Nuel. Phys., 8, 237 (195~). 



N O N A D I A B A T I C I T Y  OF  B E T A - V I B R A T I O N S  I ~  T H E  D A V Y D O V  M O D E L  567 

where C =  2 .2511+s in -2 (37o) ] - -2 ,  e("I) are the energies of the asymmetr ic - ro tor  
model  in uni ts  of ho'/4Bfl ~, k and ~ are q u a n t u m  numbers  re la ted to be ta  ( k =  1, 2 = 0 )  
and gamma (k = 0, 2 = 1) vibrat ions,  a = ~wv/h~o ~ is the rat io  between the  second- 
exc i ted  0 + state (k = 0, 2 =  1) and the  f i rs t -exci ted 0 + state ( k =  1, 2 = 0). This  
ra t io  is given as a cer ta in  funct ion of the  parameters  /, and 70 through eq. (1). I t  
is re la ted to the  pa ramete r  D used by DAVVDOV (1) by the  expression a = #2V/D. 

As is well  known the  v ibra t iona l  nuclei  can be considered very  soft so tha t  the i r  
/~-value is greater  than  ~, ~" in the t ransuran ic  nuclides the pa rame te r  70 is smaller  
t han  10 °. Therefore  i t  is not  possible to apply  the  res t r ic ted fo rmula  to these nuclei.  
On the other  hand,  the  condi t ions  for the  va l id i ty  of this formula  migh t  a priori  
be fulfilled by the  ra re -ear th  nuclei .  

Consequently,  the  aim of this work  was to inves t igate  the appl icabi l i ty  of eq. (1) 
to describe the  exeite~l states in even-even  rare-ear th  nuclei.  F r o m  the  physical  
po in t  of view it  means,  according to DAVYDOV, to search for the  feasibi l i ty of an 
adiabat ic  t r ea tmen t  of be ta-v ibra t ions  in this  region. 

The first step was to look for self-consistent  values of the  paramete rs  7o and # 
uti l izing suitable exper imenta l  data, i.e. the  energies of several  pairs  of exc i ted  states. 
As zeroth-order  approximat ion ,  the values of those parameters  ob ta ined  from the  
f i t t ing of exper imenta l  data  wi th  the  theore t ica l  predic t ion  of the  Davydov-Cha-  
ban (3) model  were  used. When  this was not  possible, pairs  of values  sat isfying 
the  condi t ions  imposed were tr ied.  

A somewhat  surprising result  was ob ta ined  indica t ing  tha t  for all the  considered 
nuclei,  at  a cer ta in  s ta te  of the i t e ra t ive  process, the  parameters  got  out  of the range 
of va l id i ty  of eq. (1). Consequently,  convergence  was never  reached. 

These results g ive  al lowance to conclude tha t  the  nuclei under  s tudy  (60< Z <  76, 
9 0 <  N <  114) exhibi t  an energy spec t rum which cannot  be consis tent ly  f i t ted  wi th  
the  res t r ic ted formula  g iven  by DAV:~DOV (1). This  fact  should also indicate  tha t  
an  adiabat ic  t r e a t m e n t  of be ta -v ibra t ions  wi th in  the  f ramework of the  D a v y d o v  
model  cannot  be made,  at least in principle,  for any nucleus. 
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