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S u m m a r y .  - -  Ratios of E2-transition probabilities for the de-excitation 
of levels belonging to the ground-state, beta and gamma rotational bands 
in the deformed region 150 < A < 190 are calculated with the Davydov 
model. A general good agreement with experiment is obtained. 

1 .  - I n t r o d u c t i o n .  

]~eeent expeI~menta l  i n fo rma t ion  of h igh-spin  levels in even-even de fo rmed  

nuclei  as well as of the  co r re spond ing  e lec t romagne t ic  t rans i t ions  be tween  

levels of d i f ferent  ro ta t iona l  b a n d s  h a v e  increased  the  in te res t  for m a k i n g  

compar i son  wi th  t he  theore t ica l  p red ic t ion  of cu r ren t  nuc lear  models.  Since 

the  microscopic  models  at  least  in  the i r  p resen t  s tage,  do n o t  pe rmi t  such a 
compar ison ,  t he  use of the  mos t  ref ined phenomenolog iea l  models  is imposed  (5). 

The  di f ferent  approaches  of t he  D a w d o v - C h a b a n  mode l  (3) h a v e  al lowed 
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a successful comparison of its theoret ical  predict ions with expe~imentM results. 
However ,  this model  cannot  be applied to some nuclides (el. ref. (1)). Con- 
sequent]y,  the assumpt ion  emerges na tura l ly  t ha t  the  agreement  between 
theo ry  and exper iment  would be improved  if the  D a v y d o v  model  (~)--which 
implies  a ref inement  of the  fo rmer - - i s  used. 

Up to now, the  theoret ical  predict ions of this model  concerning the  E2- 
t rans i t ion probabil i t ies have  not been appl ied to fit any  exper imenta l  data .  
The a im of this work is to compute  the rat ios of the  E2- t rans i t ion  probabi l i t ies  
for the  de-exci tat ion of levels belonging to ground-s ta te ,  beta,, and  g a m m a  
rota t ional  bands  in the  deformed region 1 5 0 ~  A ~ 190 with the  a lgor i thm 

proposed b y  DAVYI)OV and I%0STOVStCY (4). 

2. - Resul t s .  

The formulas proposed b y  DAVYDOV and I~OSTOVSI/IY (4) have  been applied 
to par t icular  cases of some rare-ear th  nuclides for which there  is avai lable 
a meaningful  group of exper imenta l  results.  The ratios of the second 2 + level 
and  the  first 0 + excited level with respect  to the  first 2 + level are t a k e n  as the 
pa rame te r s  of the present  calculations. When  the  energies of the  fo rmer  were 
not  exper imenta l ly  known,  thei r  values were t aken  respec ' ive ly ,  f rom the 

theoret ica l  works of BEs et al. (5.e). 
I n  Table I the theoret ical  predict ions of the  reduced E2- t rans i t ion  prob- 

abili t ies f rom the first 2 + level to ground-s ta te  are compared  with the  exper- 
imen ta l  data.  Inspect ion  of this Table shows t h a t  on the average  the  calcu- 
la ted values agree wi th  the  exper imenta l  da ta  to within 20 %. 

The  results obta ined  for ro ta t ional  and  v ibra t iona l  t rans i t ion  rat ios are 
p resen ted  in Table I I .  F r o m  these da ta  the  conclusion can be drawn tha t  this 
model  gives a general  good agreement  wi th  respec t  to the quoted ratios.  

However ,  some points  deserve special a t tent ion.  First ly,  in some eases 
- - l a b e l e d  with a question m a r k - - u n p h y s i c M  si tuat ions are reached. Secondly, 
for the  rat io  B(E2;  2r--> 4g)/B(E2; 2~---~2g)the same calculated value is obta ined 
for all the  nuc]eides under  consideration, which in turn  is in complete  disagree- 
m e n t  with exper iment .  Finally,  for high-spin levels the  model  seems to be 
inadequa te  for fi t t ing the  corresponding data .  
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TABLE I. -- E 2  transitions from the first excited 2+ level to the ground state compared with 

N u c l i d e  

152 ~ 
6 2 ~ m  

R(~2) 

8.93 

the predictions of Davydov model. 

~ ( 1 0 )  

5.57 

~54Sm 17.6 13.4 

154 "~ 64Gd 8.13 5.54 

156Gd 13.0 11.98 

158Gd 

16OGd 

158 66Dy 

, lSODy 

162Dy 

lS4Dy 

164 6sEr 

lSSEr 

1 6 8 ~ r  

17OEr 

14.97 18.97 (b) 

B ( E 2 ;  20 ~ 0 ) / e  z (10 -4s e m  a) 

E x P e r i m e n t  .... T h e o r y  

3.51 :J: 0.10 1.98 

4.53 ~ 0.40 3.82 

3.83 :L 0.10 2.04 

4.75 ± 0.13 3.74 

5 . 1 0 ± 0 . 2 1  4.82 

13.6 20.3 (b) 5.43 ~ 0.40 5.16 

9.57 10.0 4.65 ± 0.23 3.66 

11.14 17.83 (~) 4.99 :~ 0.22 3.90 

11.00 

10.38 

19.11 (b) 

20.36 (b) 

13.56 

168 7oYb 

17Oyb 

9.40 

9.72 

10.29 

11.77 

11.22 

172yb 

174yb 

176yb 

14.63 

18.02 

18.18 (b) 

15.70 

18.647 

15.00(~) 

15.49 

I3 .15 

15.96 (b) 

15.083 (~) 

17.37 

10.66 

l ~ H f  15.86 12.84 

180 74W 12.19 11.78 

ls2W 12.198 11.788 

184W 8.13 14.01 (b) 

186 W 5.959 12.441 

1900s 2.98 

(a) Value of the 22+ level taken from ref. (?). 
(b) Value of the 10+ level taken from ref, (6). 

4.68 i 0.35 

5.64 ± 0.25 

5.00 + 0.18 

4.49 

4.95 

4.23 

5.79 ± 0.19 4.90 

5.60 i 0.18 4.97 

6.13 - -  0.45 4.70 

5.43 - -  0.25 

5.76 ± 0.30 

6.66 -L 0.44 

5.91 :L 0.30 I 

4.53 

4.80 

5.01 

5.17 

5.28 =~ 0.40 4.44 

4.51 ~: 0.20 

4.48 ± 0.29 

4.19 ± 0.21 

4.18 ± 0.30 

3.56 ± 0.15 

3.83 

3.39 

3.25 

3.01 

2.82 

1~08  5.61 11.23 (b) 3.35 ± 0.34 2.59 

lSsOs 4.08 11.39 2.66 ± 0.06 1.92 

7.87 (b) 2.50 -t- 0.25 1.55 
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TABLE I I .  - Vibrational and rotational ratios o] E~ 

Ratios 15~Sm ~4Gd ~5~Gd 

exp 0.013 ~_ 0.003 0.035 _[z 0.024 0.015 ± 0.C07 
B(E2 ; 2~-> O) /B(E2 ; 2 o -> O) 

theor 0.14 0.13 0.047 

exp 2.36 & 0.70 3.8 ~ 2.9 
B(E2;  2~-+ 2g) /B(E2 ; 2~-+ O) 

theor 1,43 1.43 

exp 0.024 ± 0.007 0.084 =~ 0.040 
B(E2; 2p~ 20)/B(E2; 2~-+ 0) theor 0.20 0.19 

exp 3.79 ~= 0.67 5.4 ~ 2.3 
B(E2; 2 ~  4g)/B(E2; 2~-+ 29) ~heor 1.00 1.0 

exp 0.048 =L 0.015 ( 4 ±  3) '10 -2 
B(E2;  2~--> 0) /B(E2; 2~--> 4g) theor 0.39 0.39 

B(E2; 4~-> 20)/B(E2; 4~-> 4g) 

B(E2; 4~-~ 2g)/B(E2; 4p>  6g) 

B(E2; 6~-~ 4g)/B(E2; 6 ~  8g) 

B(E2; 2r-+ O) ]B(E2; 2~-~ 2g) 

B(E2 ; 2v-~ 4g)/B(E2 ; 2v-~ 2g) 

B(E2 ; 3~ -~ 2 o)]B(E2; 3 r---> 40) 

B(E2; 3v~  2v)/B(E2 ; 3 v ~  2~) 

B(E2 ; 4v--> 2g)/B(E2 ; 4 v ~  4~) 

exp 

theor 

exp 

theor 

exp 

theor 

exp 

theor 

exp 

theor 

exp 

theor 

exp 

theor 

exp 

th~or 

0.535 ~ 0.183 

0.46 

0.90 ± 0.40 

1.02 

0.25 :J:: 0.15 

0.035 

,~ 0.12 

1.10 

(8 ± 5). 10 -~ 

0.63 

~0 .054  

0.73 

0.53 ~ 0.14 

0.44 

~ 0 . 6  

1.00 

] .7  :L 1.0 

0.94 

(S.2 ± 2.5)'  i 0  .2 

0.01 

0.64 ~= 0.06 

0.52 

0,13 :[: 0.04 

1.00 

1.61 

1.32 
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166Er  

0.55 

0.47 

0.087 

1.00 

1.31 4- 0.10 

1.09 

0.171 £ 0.011 

0.057 

182V~r 

0.023 ± 0.008 

0.048 

1.03 4- 0.08 

1.43 

0.029 4- 0.015 

0.07 

0.45 4- 0.02 

0.39 

1.4 4- 1.0 

1.10 

0.63 4- 0.04 

0.51 

0.005 4- 0.002 

1.00 

1.14 4- 0.11 

1.27 

0.14 4- 0.04 

0.11 

HSEr 

0.563 4- 0.020 

0.48 

0.08 4- 0.03 

1.00 

1.56 4- 0.04 

1.14 

0.185 4- 0.005 

0.07 

lS~Os 

0.38 

0.35 

22 

5.01 

0.11 
? 

1880S 

0.33 

0.27 

0.50 

0.36 

8 

3.93 

0.07 

1~oos 

0.23 

0.19 

0.30 

0.12 

7 

3.88 

0.026 
? 



2 5 0  8,  ~¢I. A B E C A 8 I S ,  I t .  E .  B O S C t t  g I l ~  A.  P I ,  h S T I N O  

TABLE I I  (continued) 

1~ atios 1~2Srll ~ 54Gd 15~G d 

exp ~ 0.4~ 
B(E2 ; 4v-~ 6~)/B(E2 ; 4r-> 4g) the, or 0.22 

~xlo 
B(E2; 4v-~ 2v)/B(E2; 4r-+ 2~) theor 

exp 
B(E2; 4v-~ 27)/B(E2; 4y-+ 4g) theor 

exp 
B(E2; 57+ 3:,)/B(E2; 5 v ÷ 4~) theor 

exp 
B(E2; 5r~6j)/B(E2; 5r + ~g) theor 

exp 
B(E2 ; 6y-> 4g)/B(E2; 6 v ~  6~) theor  

exp 
B(E2; 6r-~ 8g)/B(E2; 6~-~ 6g) theor 

exp 
B(E2; 6v-~ 4v)/B(E2 ; 6v-> 4g) theor 

cxp 
B(E2 ; 6~, ~ 4r)/B(E2 ; 6 r-~ 69) theor 

exp 
B(E2; 7r-> 5r)/B(E2; 7r-> 6~) theor 

exp 
B(E2; 7r-> 8~)/B(E2; 7r~ 69) theor 

exp 
B(E2; 8v-~ 6.)/B(E2; 8v-> 8~) theor 

exp 
B(E2; 8v-> 6v)/B(E2; 8v-+ 6~) theor 
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Compar i son  of these  resul ts  wi th  those  p rov ided  b y  the  I~V model  (cf. 

ref.  (7)) indicates  ~n ~pprox im~te  equiva lence  of t he  two theor ies  in  exp la in ing  
t he  t r ans i t ion  r~tios, ~ l though  b o t h  of t h e m  exhib i t  d iscrepancies  wi th  respec t  

to  e x p e r i m e n t  in some c~ses. However ,  t h e  I~V model  ~ppears  to  be more  

su i tab le  in those  c~ses in  which  t he  D ~ v y d o v  mode l  predic ts  unphysica.!  
s i tuat ions .  

The  au thors  deep ly  apprec ia te  t he  helpful  co-opera t ion  of Prof .  J .  GORDON 

of t h e  C o m p u t e r  Cen te r  a t  t he  U n i v e r s i t y  of L a  P la ta .  

(7) A FAESSLEB, W. GREINER and R. K. SHtEL~E: Nucl. Phys., 70' 33 (1965); 
S. M. ABECASIS and H. E. BOSCH: Nuovo Ci~wnto (to be published). 

R I A S S U N T O  (*) 

Col modello di Davydov si ealeolano i rapporti  delle probabflitt~ delle transizioni E2 
per la diseccitazione dei livelli appartenenti alle bande rotazionali beta, gamma e dello 
stato fondamentale n~lla regione deformata 150 < A < 190. Si ottiene un buon accordo 
generale con i risultati sperimen~ali. 

(*) T r a d u z i o n e  a cura  de l la  R e d a z i o n e .  

BepoIITHOCTH E2  nepexo~oB B Mo~Ie2IH ~aBb[~ona. 

Pe3mMe (*). - -  B Mo)~eYl/4 ~aBbI~OBa B/,IqHC~OTC~I OTHOIIIeI-ItI~ Bepo~THOCTe~ E2 
nepexo~oa ~an ,~eBo36y~eHI-l~IX ypoarte~, npnna~e:~amrix OCHOBHOMy COCTOflHI4IO, 
fl- ~I 7-BpaulaTeYlbIlr~IM •oaocaM B ~eqbopMvlpoBaHI~O~ o6nacrH 150< A < •90. Ha6nro- 
)~aeTc~l xopoIIIee coraacrre c 3ItCl/epHMeHTOM. 

(*) 17epeeebeno pec)ar.tluefi. 


