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I will limit my talk to two central points. First, 
the change in the overall character of the ground-state 

rotational band in even-Z, even-N nuclei is a smooth 
function of neutron number throughout most of the periodic 
table. A good example of this smooth dependence is shown 
in fig. 1, where the energy levels of the g.s. bands in 
the even-z, even-N nuclei of Sm 1 1-3 1 are plotted versus 
their neutron number. The neutron-rich Sm isotopes
158 156 154 Sm, Sm, and Sm all have g.s. bands typical of 
nuclei with a large, stable deformation. The energy of 
their levels is given by the _simple relationship EL = 
= AI (I+l), and their deformation changes only slightly 
with neutron number. Beginning with 152sm, the change 
becomes more rapid but remains a smooth function of neu­
tron number. The level spacings change smoothly until we 
have the almost equal spacing of the quasi-rotational 
bands in 148sm and 146sm. It is only in the closed neutron 
shell nucleus 14 4sm that the level structure changes in a 
dramatic manner. The excited state rotational bands behave 
in much the same way as the ground-state bands. Figure 2 
shows the level structure of 148sm, 150sm, an·d 152sm I I-3 I •
The spacing between the levels in a band increases with 
decreasing neutron number. The excitation energy of the 
band heads of the excited state rotational bands does not 
increase as fast as the level spacings in the g.s. band. 
This trend coupled with the fact that the spacing between 
the levels in the excited-state bands remains smaller 
than the equivalent spacing in the g.s. band leads to a 
* Work performed under the auspices of the U.S. Atomic

Energy Commission. 
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Fig.I. Energy lev­
els of the ground­
state rotational 
bands in the even­
z ,  even-N nuclei 

of Sm plotted 
versus their neutron 
number. 
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Fig.2. Level structure of 148sm, 150sm, and 152sm. 
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crossing of the levels of the 8 band (K = O) with the g.s.
band. This effect becomes more pronounced with decreasing 
neutron numbers so that in 146sm the 6+ level of the ex-

+ cited band falls below the 6 level of the g. s. band. The 
effect is to make the gamma decay down the yrast line 
look like a g. s. band with back bending. It is interest­
ing to note that this continuity in level structure is in 
direct contrast to what is suggested by two-nucleon trans­
fer reactions between these nuclei 1 4 1 . The (p, t) and 
(t, p) reaction goes strongly to the ground state of the 

adjacent even-z, even-N nuclei for all reactions between 
the Sm isotope except in the 150sm to 152sm reaction and 
the reverse. In these special cases the reaction goes 
strongly to the first o+ excited state instead of the o+

ground state. Some people have interpreted this as in­
dicating a change in the character of the ground state 
from spherical to deformed and vice versa for the first 
a+ excited state. In light of the new data on level
structure of these nuclei, I feel one should try to re­
interpret the two-nucleon transfer-reactions data in terms
of a subshell closure or configuration change without re­
quiring a dramatic change in the shape of. the nucleus. 

The smooth change in level spacing of the g. s. bands 
with neutron number is continued on the other (lower 
neutron) side of the closed neutron shell ; only now the 
level spacings decrease with decreasing neutron number. 
This can be seen in fig. 3, where the levels of the g: s · 
bands in the Ce nuclei l l , 2 1 are plotted versus neutron 
number. Again, only at the closed neutron shell nucleus
140ce does level structure depart dramatically from a 
quasi-band structure. Note also that the level spacing 
i_s changing from uniform spacing of the quasi-band back 

toward the EL = AI (I+ l) spacing of the stable rotor. This 
trend is continued in the Xe isotopes I I, 2 1 shown in fig. 
4. These quasi-bands are fit quite nicely by models like



- 230 -

3.0o-

-I Ca  
I - Z • 58 

i 2.oL a•-1 

\ 
� 
>-
a: 

.J 

> .., 
..J 

> 
C) 
a: .., z 
L&.I 
..J 
L&.I 
> 
l&I ..J 

\ 

-
\ 6·- I -

1 .ol 
_I - e•/ 

L -
I 4'- /-

- 6· 

-
2·---/ - 4' 

r - t
o L 0'12 74 n 78 so 02 04 86 BB 90 92 o' N 

l.O-

1.0-

:.. 

1 r 

1 30 132 134 136 138 140 142 144 146 148 150 A (Ca l 

X e  
Z • 54 

21 ________ _ 

',, \' -, 

OL • o• 
O 66 68 70 72 74 76 78 80 82 -84 - 86 N 

120 1 2 2  1 24 126 128 1 30 132 134 136 138 140 A IXe) 

Fig.3. Energy lev­
els of the ground­
state quasi-rota­
tional bands in the 
even-z, even-N 
nuclei of Ce plotted 
versus neutron 
number. 

Fig.4. Energy lev­
els of the ground­
state quasi-bands · 
in the even-Z, 
even-N nuclei of 
Xe plotted versus 
neutron number • 
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like the " Interacting Boson Model" developed by Iachello 
l s l and Arima (see Iachello 's paper in the previous
session). 

The picture is similar .for the Te isotopes 1 1, 21 
shown in fig. 5 except that the level structure of the 
nuclei near the closed neutron shell is more strongly 
distorted. The level scheme of 132Te looks more like a 
closed shell configuration than that of the actual closed 
shell nucleus 134Te. It would seem that the two extra 
protons (Z (Te) = 52) outside the closed proton shell at 
Z = 50 compensate for the two missing neutrons in 132Te. 

The quasi-band picture with equal level spacings re­
asserts itself as we move away from the closed neutron 
shell. 

Figure 6 is a similar plot for the even-Z, even-N 
isotopes of Cd 1 1, 2,6 1 . The interesting thing here is 
that the Cd data almost span the whole region from the 
closed neutron shell at N = SO to the closed shell at 
N = 82. The approximately equal spacing of the quasi-band 
structure persists throughout the region. Note also that 
the closure of the neutron subshell at N = 64 results in 
a change in the level spacing, but not in the overall 
structure. This is very reminiscent of what we saw happen 
in the Sm isotopes as we approach the N = 82 closed shell. 
This similarity is even more striking when we look at the 
excited-state quasi-bands as well. The level structure of 
the two nuclei 1120i and 114cd that fall right at the sub­
shell closure is shown in fig . 7. The similarities in 
basic level structure in Cd nuclei (fig. 7) and Sm nuclei 
(fig. 2) even include the negative parity states. It is 

4S if nothing had happened even though we have passed 
through the closed neutron shell at N = 82 and entered a 
quite different mass region. Once again (see fig. 7) we 
have the level spacing increasing with decreasing neutron 
number without any change in the excitation energies of 
the band heads or the overall level structure. As .the 
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Fig. S. Energy lev­
els of the ground­
state quasi-bands 
in the even-Z, 
even-N nuclei of 
Te plotted versus 
neutron number. 

Fig . 6. Energy lev­
els of the ground­
state quasi-bands 
in the even-z, 
even-N nuclei of 
Cd plotted versus 
neutron number. 
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Fig. 7. Level structure of 
112cd and 114cd. 

level spacing in­
creases, the levels 
shown in fig. 2 and 
fig. 7 move up into 
a region of the 
level scheme that 
contains many 
other levels. The 
more compiete 
level schemes of 
112cd and 114cd are 

shown in fig. 8. It 
was not until the 
spins and parities 
of most of the 
levels were assign­
ed and the details 

of the many ganuna 
decays determined 
that it was possible 
to identify this
basic structure. 
Also important in 

this work were the many (a, xn) reactions that de­
lineated the high spin members of the quasi-bands. 
(Note: the 5-, 7-, and 9- states as well as the · 8

+

state in 112ca come from the work of Brentano; see his 
paper in this meeting.) Without this type of work, I 
do not think that people would have been willing to 
accept the quasi-band structure. 

In summary, we have seen the similarity between 
the level schemes of the Sm and Cd nuclei and the smooth 
transition in the level schemes of the nuclei that 
seperate them. This brings me to my second point, and 
the one I wish to leave you with. I feel that, if a 
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Fig . 8 .  More complete level schemes of 1 12cd
and 1 14cd .

theory is to be successful in describing these transi­
tional and vibrational nuclei , it must be able to de­
scribe the smooth transition of the EL = AI ( I+l') type 
rotational band into the equally spaced , ·EL � n�  type 
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quasi-band as a function of neutron number. Theories that 
do not accept this challenge will ultimately be found 
lacking. 
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