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During the last five years a considerable amount of work has been devoted to 
the task of describing microscopically low-energy properties in  even-mass, deformed 
(heavy) nuclei, using the pairing plus quadrupole (or octupole)force model (PQF 
or POF) (~.s). The results obtained in tha t  way can undoubtedly be considered 
as very encouraging. More recently a more realistic force, the surface delta inter- 
action (SDI) (a). has been succesfully applied to those nuclei (4.5). However, none 
of the referred papers, with the exception of a rough estimation of the order of 
magnitude given in rcf. ("-), has been concerned with the problem of calculating 
reduced electric-dipole transit ion probabilities from the octupole vibrational band 
to the ground s~ate in such nuclei. This might be a t t r ibuted to the fact that  very 
few experimental results are available. Here we calculate such reduced E1 tran- 
sitions, within the framework of the quasi-particle random-phase approximation 
(QRPA). for the rare-earth nuclei. Both the SDI and the P 0 F  have been utilized. 
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I t  shou ld  be p : ) in ted  o u t  t h a t ,  in  the  p h e n o m e n o l o g i c a l  model ,  t he  E1 s t r e n g t h  
for  t h e  E1 t r a n s i t i o n  f rom t h e  oc tupole  b a n d  to t h e  g r o u n d - s t a t e  r o t a t i o n a l  b a n d  
is zero in the  usua l  a p p r o x i m a t i o n ,  due to m o m e n t u m  c o n s e r v a t i o n  (6) ( the  r a t i o  
of t h e  cha rge  a n d  mass  d e n s i t y  is c o n s t a n t  in  t h i s  case).  

T h e  r educed  electr ic  m u l t i p o l e  f rom a s t a t e  ]I,.g> in  the  g r o u n d - s t a t e  r o t a t i o n a l  
b a n d  i n to  a w b r a t i o n a l  b a n d  is g iven  b y  t h e  e x p r e s s i o n  

( 1 )  

w i t h  

(2) 

B(E2;  I ,g  ---> 11 KI) = C2(I~ ]LIflOKK ) M ~ 

2K M--- ~ ('%'Cv k .vv.)(e,,+ ee.) (2.v( 1 - '~..v)(~Itv+ ~l.v)+ 
#~v>O 

+ '"~ (1 + 6~,.)½ 

The  ~ ' s  a n d  v's are  the  coefficients  of t he  B o g o l i u b o v - V a l a t i n  t r a n s f o r m a t i o n .  The  
cha rge  % has  t he  vah le  1 for  p r o t o n s  a n d  0 for n e u t r o n s ,  a n d  em is t h e  e f fec t ive  
charge .  The  ba r  (~) i n d i c a t e s  t h e  t ime - r eve r sed  s t a t e .  The  mul t ipo le  m a t r i x  e l e m e n t s  

2K 

(3) 

a n d  t h e  mix ing  coefficients ~ ~g~ a n d  ~/w for  t he  two  quas i -pa r t i c l e s  s t a t e s  a re  g iven  
in ref.  (a), fo rmulae  (6), (7) a n d  (9). (The Q's  a re  cal led D ' s  in  t h a t  paper . )  The  
m i n u s  s ign in  f o r m u l a  (3) h a s  been  i n t r o d u c e d  in o rder  to  o b t a i n  a more  s y m m e t r i c  
expres s ion  (4). Due  to m o m e n t u m  c o n s e r v a t i o n  t h e  ef fec t ive  cha rge  has  t h e  va lue  

- ZIA. 
T h e o r e t i c a l  va lues  for  t h e  r educed  e lec t r ic -d ipole  t r a n s i t i o n  p r o b a b i l i t i e s  f rom 

the  g r o u n d  s t a t e  to  t he  K = 0 oc tupole  v i b r a t i o n a l  b a n d  in even  r a r e - e a r t h  nuclei  
are  g i v e n  (in s ingle-p~r t ic le  un i t s )  iu Tab le  I for  b : ) th  t h e  SDI  and  t h e  P O F .  

TABLE I. -- B ( E 1 ;  0 + g ~  1 - ) [ ( S . P . U . ) . 1 0  -a] for  e ~ =  - - Z / A .  

Nucleus  

150Nd 
162Sm 
154Sm 

a~4Gd 
156G( l 

15sGd 

i~OGd 
15SDy 
16ODy 

162Dy 
l~,4Dy 
164Er 

I~GEr 
l~SEr 

Z 

60 9.41 
62 3.77 
62 4.63 
64 1.85 
64 2,34 
64 2.90 
64 3.21 
66 1.23 
66 1.63 
66 1.97 
66 1.56 
68 3.40 
68 3.08 
68 1.92 

SDI  P 0 F  

2.32 
0.20 
0.02 
0.01 
0.23 
0.40 
0.38 
0.64 
0.89 
0.76 
0.13 
0.33 
0.63 
1.48 

Nucleus  

17OEr 
x6syb 

17~y b 
l r4y b 
176y b 
174Hf 

l~SHf 
XTSHf 
183 w 

184 w 

186 w 

lS60s 
188() s 

19O0s 

(") A. ICAESSLEIZ. T. UD.~GAWA ~nd R. l t .  SItELINE: to 

Z 

68 
70 
70 
70 
70 
72 
72 
72 
74 
74 
74 
76 
76 
76 

be published. 

SDI 

0.72 
5.89 
2.50 
0.42 
0.11 
1.65 
1.05 
0.01 
0.10 
0.03 
0.16 
0.01 
0.Ol 
0.13 

P O F  

2.02 
0.13 
0.88 
1.92 
3.69 
1.70 
1.14 
3.57 
2.78 
1.30 
0.44 
2.03 
0.98 
O.29 
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The only  e x p e r i m e n t a l  va lue  found  in t h e  l i t e r a t u r e  ha s  been  m e a s u r e d  by  METZ- 
GER (7) and  c o r r e s p o n d s  to 152Sm, w h e r e  we h a v e  

B(E1, 1- ~ 0+g) [S .P .U.]  = [4.0 -L 0.4]- 10 -3 . 

I t  is seen t h a t  t he  va lue  o b t a i n e d  us ing  t he  SD[  is in  b e t t e r  a g r e e m e n t  w i t h  exper i -  
m e n t  t h a n  t h a t  y i e lded  by  t he  P O F .  T he  e s t i m a t e d  va lue  g i v e n  b y  VOGEL (2) l ies 
be tween  4 . 1 0  o a n d  8" 10 -2. However ,  i t  shou ld  be  p o i n t e d  o u t  t h a t ,  due to can- 
c~l la t ion effects b e t w e e n  the  p?o ton  a n d  n e u t r o n  c o n t r i b u t i o n s ,  t h e  t heo re t i c a i  B (E1)  
values  are ve ry  sens i t i ve  to t he  vah ie  of t h e  effect ive charge .  I n  Tab le  I I  we give  

TABLE I I .  - B ( E 1 ;  0+g--> 1- ) [ (S .P .U. )"  10-3]. 

( elf Model  

SDI  
P 0 F  

l~ONd 
! 

SDI 
P 0 F  

31.31 
18.27 

152Sm 

26.61 
14.34 

Nucleus  

154Sm 

28.06 
12.17 

154Gd 

26.03 
13.22 

15eGd 

27.43 
10.98 - - 0 . 3 5  

SD I  9.41 5.67 5.32 5.06 4.67 
- -  0.40 P O F  2.32 0.82 0.09 0.61 0.03 

2.90 0.16 0.47 0.36 0.84 
- 0.45 1.51 3.91 8.27 4.31 8.87 

tile t l lem'e t iea l  r e su l t s  ob t a ined  us ing  t h r e e  d i f fe ren t  wdues  for  e¢ft, all of t h e m  
very  ch)se to Z/A,  for a few r a r e - e a r t h  nuclei .  These  resu l t s  i l l u s t r a t e  t he  above-  
m e n t i o n e d  fac t  a b o u t  the  s e n s i t i v i t y  of t h e  B(E1)  va lues  w i t h  r e spec t  to  ea~. 

W e  are  v e r y  i n d e b t e d  to Dr .  S. A. ~OSZKOWSKI for f r u i t f u l  d iscuss ions .  

(7) F. R. ~ETZGER: Phys. Re~,., 137, B 6 (1965). 


