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ALIGNED vila/2 BANDS COUPLED TO DIFFERENT SHAPES IN laSHg* 
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The structure of lS6Hg has been studied through the 156Gd(34S, 4n) reaction. Three bands with even spin and parity are 
observed; two of them are established up to high spin and are found to cross with little interaction at I = 16 +. Cranked 
shell model calculations suggest that these two bands can be associated with a decoupled vi13/2 pair based on a prolate 
and on an oblate or triaxial shape, respectively. 

I t  is k n o w n  tha t  r o t a t i o n - a l i g n m e n t  of  a high- 
j quas ipa r t i c l e  p rov ides  a dr iv ing  force  t owards  
o b l a t e  shapes  (y  = +60  °) at the  beg inn ing  of a 
shell  and  t o w a r d s  p r o l a t e  shapes  ( y =  - 1 2 0  °) at 
the  t op  of the  shell .  R e c e n t  ca lcu la t ions  [1] in- 
d ica te  the  in te res t ing  new resul t  tha t  this  dr iv ing  
force  t ends  to  s m o o t h l y  change  y f rom +60 ° to  
- 1 2 0  ° as the  shell  is filled. T h e  l ight  H g  i so topes  
a re  wel l  su i t ed  for  a s tudy of shape  t rans i t ions  
i nduced  by  r o t a t i o n - a l i g n e d  vi13/2 quas ipar t i c les  
s ince the  F e r m i  level  l ies in the  m i d d l e  of  the  
shell .  F u r t h e r m o r e ,  they  a re  also k n o w n  to b e  
soft,  as e x h i b i t e d  by  the  cross ing of two b a n d s  
in 184'186aaaHg, one  bu i l t  on a n e a r - s p h e r i c a l  and  
o n e  on a d e f o r m e d  shape  [2-4] .  Po t en t i a l  
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ene rgy  sur face  ca lcu la t ions  [5] expla in  the  
o b s e r v e d  coex i s t ence  in a quan t i t a t i ve  way.  Two 
m i n i m a  in the  d e f o r m a t i o n  energy  are  f o u n d  
c o r r e s p o n d i n g  to  a smal l  o b l a t e  (e2 = - 0 . 1 2 )  
and,  at a sl ightly h igher  exc i ta t ion  energy ,  to  a 
s izable  p r o l a t e  d e f o r m a t i o n  (e2-- +0.22).  This  is 
the  resul t  of a de l ica te  ba l a nc e  b e t w e e n  the  
Z = 80 p r o t o n  sys tem,  which p re fe r s  sl ight 
o b l a t e  d e f o r m a t i o n s  (as in the  he a v i e r  H g  iso- 
topes )  and  the  N = 104-108 ne u t ron  sys tem,  
which favors  s t rong  p r o l a t e  d e f o r m a t i o n s  (as in 
the  w e l l - d e f o r m e d  ra re  ea r th  nuclei) .  

In  the  p r e se n t  w o r k  the  s t ruc ture  of XS6Hg 
was inves t iga ted  at high spin. Two  bands  with 
even spin and  pa r i ty  were  e s t ab l i shed  up  to  
I = - 22 +. Bo th  b a n d s  d i sp lay  i r regu la r i t i e s  in the  
ene rgy  spac ing  and  f u r t h e r m o r e  are  f o u n d  to 
cross  wi th  l i t t le  o b s e r v a b l e  in te rac t ion .  T h e  
resul ts  a re  i n t e r p r e t e d  in the  f r a m e w o r k  of the  
C r a n k e d  Shel l  M o d e l  (CSM) [6]. T h e y  s t rongly  
suggest  the  coex i s t ence  of  w e l l - d e v e l o p e d  ro ta -  
t iona l  b a n d s  b a s e d  on both p r o l a t e  and o b l a t e  
o r  t r iax ia l  shapes .  

In  the  e x p e r i m e n t  a 1.0 m g / c m  2 156Gd ta rge t  
b a c k e d  with  50 m g / c m  2 l ead  was b o m b a r d e d  
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with 34S ions from the Argonne superconducting 
linac. Coincidences (y -y ) ,  angular distributions 
and excitation functions were measured.  It was 
inferred from the total 7 energy and the Y- 
multiplicity information obtained from a large 
NaI(Tl) sum-spectrometer  that fission is a 
strongly competing channel in the present tar- 
get-project i le  combination. 

The resulting level scheme is shown in fig. 1 
where transitions are placed within three bands. 
From the coincidence data, it was possible to 
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Fig. 1. The level scheme of lS6Hg as deduced from this 
work. Relative transition intensities normalized to 100 for 
the 2--* 0 transition are given in brackets. 

add a 2252 keV state to the previously 
established [7] oblate band (band 1) built on the 
2+-,  0 + transition. However ,  its population is 
weak and no useful angular distribution infor- 
mation could be obtained. The deformed band 
(band 2) previously established up to 14 + [2] is 
now extended up to 20 + . Three  new transitions 
have been placed on top of the 3201 keV 14 + 
state on the basis of coincidence relationships, 
singles and coincidence intensities. Spin and 
parity assignments are supported by the stretch- 
ed E2 character of the angular distributions. 

Seven states connected by stretched E2 tran- 
sitions have been grouped into a third band. 
The deexcitation of this new band proceeds 
through transitions feeding the 8 + and 10 + levels 
of the deformed band discussed above. The 10 + 
spin assignment to the 2833.3 keV level was 
based on: (i) the angular distribution measure-  
ment  for the 755.6 keV transition (A2/Ao = 
0.33 _+ 0.20, A4/Ao = -0.11 + 0.21), (ii) the 
presence of the 1011.1 keV line in the coin- 
cidence spectra which shows an anisotropy 
(Az/Ao = 0.34 _+ 0.29) compatible with an E2- 
character,  and (iii) the existence in the coin- 
cidence data of a 1244.5 keV transition of un- 
determined anisotropy. A difficulty in the 
analysis of this band arises from the fact that 
the 356.7 keV line, assigned here as 16+-14 +, is 
not resolved f rom the 6+-4 + yrast transition. 
Thus, the relative ordering of the 356.7 and 
381.8 keV transitions is uncertain. The angular 
distribution of the 357 keV doublet  is similar to 
that of all other E2 transitions, indicating E2 
character for both components.  Information on 
the decay of a 80/xs isomer and an extended 
account of the present  results will be published 
elsewhere [8]. 

The behavior  of the various bands is shown 
in fig. 2 in plots of the angular momentum Ix 
and the routhian E '  against the rotational 
frequency to. Band 2 experiences a gentle up- 
bending at hw = 0.30 MeV, whereas band 3 
shows a, strong backbending occurring at hto = 
0.18 MeV. Crossings between band 3 and bands 
1 and 2 occur at hto = 0.24 MeV and hto = 
0.28 MeV, respectively. 

Calculations were per formed in the frame- 
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Fig. 2. (a) Exper imental  routhian E '  and (b) angular  
m o m e n t u m  I~ as a function of hto for lS6Hg; t o ( l )=  
½[E(I + 1 ) -  E ( I  - 1)], I~ = I + 1/2, and E '  = 
I [E( I  + 1)+ E ( I  - 1)] - to(1)h. The  dashed-do t t ed  line 
drawn in (b) links the yrast levels. 

work of the CSM formalism [6], which has been 
very successful in describing complex band 
structures in deformed nuclei and in some tran- 
sitional nuclei. In fig. 3 quasineutron routhians 
for ~86Hg as a function of hto are presented here 
for the prolate and oblate deformations of ref. 
[5], which agree nicely with those deduced from 
the measured lifetimes [4] of the 6T and 2~ 
levels. 

For the two deformations,  crossings with 
proton orbitals were found to occur for 
frequencies higher than those considered in figs. 
2 and 3. This proper ty  is based on CSM cal- 
culations and on comparisons with available in- 
formation on the behavior  of i13/2, h9/2 and h11/2 

orbitals in the neighbouring odd-proton Au iso- 
topes [8]. 

In the case of a prolate deformation,  a first 
crossing of the deformed "ground band"  with 
the i13/2 rotation-aligned neutron band is expec- 
ted to occur around he0 -~ 0.25 MeV with a 
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Fig. 3. Quas ineut ron  routhians for 186Hg. The  CSM cal- 
culations are presented here for prolate (upper part) and 
oblate deformat ion (lower part) with the respective 
parameters  (~2 = 0.22, E4 = 0, A = 0.934 MeV) and (~2 = 
-0 .12,  e4 = 0, A = 0.646 MeV). The  curves labeled A, B, C 
and D represent  the i13/2 states, those labeled E and F are 
N = 5 levels. The  solid lines correspond to c~r = (+1/2, +); 
dotted lines (-1/2,  +); dashed lines (+1/2, - )  and da shed -  
dotted lines ( - 1 / 2 , - ) .  

strength V = 0.5 MeV (upper part  of fig. 3). This 
sizable interaction should smooth out the band- 
crossing, i.e. a gradual gain in alignment 
(=2.8h)  should be observed in the experimental  
spectrum rather  than a backbending. This is in 
qualitative agreement  with the behavior  observ- 
ed in band 2. If the low spin members  (2 ~< I <~ 
10) of this band are chosen as the reference 
configuration [6], a smooth alignment gain 
occurs around ha) ~> 0.3 MeV (fig. 2b). This 
experimental  frequency is slightly higher than 
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the one calculated, which is not peculiar to 
XSrHg. A similar effect has been reported for 
several well-deformed nuclei in the rare-earth 
region in cases where i13/2 aligned neutron bands 
are involved and has been attributed to the 
reduced value used for the pairing gap (see e.g. 
ref. [6]). The observed gentle upbending sug- 
gests that the interaction is indeed strong and 
the experimental alignment gain is modest 
( - 3 . 7h )  though slightly larger than the one cal- 
culated. 

Band 3 becomes yrast for states with spin 
1/> 18. The data show strong evidence for a 
structure very different from band 2. In the Ix 
versus to plot of fig. 2b, band 3 does not exhibit 
any of the gradual upbending observed in band 
2. This suggests that band 3 must also be con- 
structed from i13/2 quasineutrons since the 
presence of at least one such particle will block 
the decoupling of the i~3/z quasineutron pair 
responsible for the upbend in band 2. The posi- 
tive parity of band 3 clearly indicates the 
presence of a pair of decoupled i13/2 neutrons. 
Furthermore,  the extremely small interaction 
between band 2 and 3 (<5 keV) is an additional 
hint for the different intrinsic structure. 

A possible explanation is that band 3 con- 
tains an aligned vi13/2-pair coupled to a core 
which has a shape different from the prolate 
(3' = 0) one of band 2. An oblate shape (3' = 
- 6 0  °) is suggested by data on heavier ~ssq9SHg 
isotopes [9, 10], where vi13/2 rotation-aligned 
bands built on weakly deformed oblate cores 
have been observed. In these other cases, 
experimental band-crossing frequencies and 
gains in alignment were reproduced satisfac- 
torily in the framework of the CSM. 

A CSM calculation (bottom of fig. 3) with an 
oblate shape ([e[ = 0.12, 3' = - 6 0  °) predicts a 
first crossing of the aligned band with the oblate 
ground band at hto = 0.18 MeV and the gain in 
alignment of 12h, consistent with experiment. 
As shown in fig. 2a, bands 1 and 3 cross at 
hto = 0.24 MeV. The CSM frequency under- 
estimates the experimental value in a way 
similar to what is found for the upbending in 
band 2 and reflects a systematic trend men- 
tioned above. The gain in alignment is some- 

what difficult to deduce from the measurement 
in view of the limited information about the 
behavior of the oblate ground band. With the 
first two states of band 1 taken as reference, an 
alignment of - l l h  is deduced from fig. 2b for 
states below the irregularity in band 3. On the 
other hand, for higher frequencies (hto > 
0.2 MeV) the steeper slope of band 3 indicates a 
moment of inertia, 5 ~(2) = dlx/dto, larger than 
that of the reference configuration. Con- 
sequently, the alignment gain in this region as 
computed from the difference in Ix between the 
two trajectories in fig. 2b should only be regard- 
ed as an upper-limit ( - 1 5 h )  and the CSM 
value of 12h is compatible with the data. The 
irregularity associated with band 3 at hto = 
0.19 MeV is not well understood, but may be 
related to the interaction between levels A and 
C at h t o -  0.1 MeV (fig. 3). 

The large difference between the values of 
6(2) for band 3 ( # ( 2 )  = 59 MeV-lh 2) and for band 

1 (5 ~(2) = 16 MeV-lh 2) is not observed in the 
heavier Hg isotopes, where these values tend to 
be equal for the oblate rotation aligned and the 
ground band. This may indicate that the shape 
associated with band 3 is triaxial rather than 
oblate. Indeed, it is expected [1] that with 
decreasing neutron number the deformation 
parameter  y for the vix3/2-aligned band changes 
from 3' = - 6 0  ° towards 3' = - 3 0  °, consistent with 
the observation of coexisting oblate and prolate 
deformations in the lighter Hg isotopes. 

In summary, the present investigation sug- 
gests that the yrast structure in lS6Hg changes 
from an oblate to a prolate shape for I >/4 and 
then to oblate or triaxial shape for 1/> 18. The 
first shape transition has previously been 
understood in terms of the larger moment  of 
inertia associated with the prolate deformation 
[3,5]. The emergence of the oblate or triaxial 
structure for the highest spins is due to the 
shape driving force acting on a soft core which 
is provided by rotati0n-alignment of a high-j 
particle in the case where the Fermi surface is 
close to the middle of the shell. This is in line 
with the expectation outlined above and is sup- 
ported by CSM calculations. Further measure- 
ments in neighbouring odd-A Hg nuclei will be 

38 



Volume 13IB, number 1,2,3 PHYSICS LETTERS 10 November 1983 

n e c e s s a r y  to  tes t  t h e s e  sugges t ions .  O b l a t e  a n d  
p r o l a t e  shapes  a re  b e l i e v e d  to  coexis t  in lgTHg 
a n d  taSHg [11] a n d  the  b e h a v i o r  of  r o t a t i o n a l  

b a n d s  d e v e l o p i n g  o n  ~'i13/2 o n e  q u a s i p a r t i c l e  
s ta tes  in  b o t h  m i n i m a  s h o u l d  b e  pa r t i cu l a r l y  
i l l u m i n a t i n g .  

T h e  a u t h o r s  wish to  t h a n k  G .  L e a n d e r  for  
f ru i t fu l  d i scuss ions .  O n e  of us  (D .F . )  a c k n o w l -  
edges  the  f inanc ia l  s u p p o r t  by  t h e  D e u t s c h e  
F o r s c h u n g s g e m e i n s c h a f t .  
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