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Favored noncollective oblate states in light tellurium isotopes
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We have used cranking calculations, based on the total Routhian surface formalism, to investigate the

medium spin structure (I(256,) of light tellurium isotopes with A~ 122. Several energetically favored non-

collective oblate (y=+60') states, based on the aligned 7r[(g7/2) ]6+/8I v[(ds/2)'(h»/2)~] configuration

(x=0, 1, y= 1 —4), are found to coexist with weakly deformed collective structures. Particularly favored
16+ states are predicted for the even Te isotopes, while 39/2 states are predicted for the odd Te isotopes. The
theoretical results are compared to available experimental data.

PACS number(s): 21.10.Re, 27.60+j, 23.20.Lv

Nuclei with proton and neutron numbers near shell clo-
sures are particularly rich in nuclear structure. The small yet
finite number of valence particles (holes) is able to break the
spherical symmetry and induce, albeit small, nuclear defor-
mation. Because the small (prolate) deformation requires
high angular velocity to generate collective angular momen-
tum, specific noncollective "aligned" oblate states, where
the nuclear spin is made up completely from single-particle
angular momentum contributions, are able to compete ener-

getically with the weakly deformed collective structures.
In the region of the nuclear chart just above the Z=50

shell closure with N=64, energetically favored (yrast) oblate
states were originally predicted at spin I=356 in the light
barium (Z=56) isotopes [I];however, to date no experimen-
tal evidence has been found for such states. Subsequently,
calculations based on a deformed Woods-Saxon single-
particle potential [2,3] indicated similar oblate states at
I=(20—30)fi in xenon (Z=54) isotopes [4]. Indeed, evi-
dence for such noncollective oblate states has been presented

for several Xe isotopes with A=120 [5—8]. Furthermore,
similar yrast oblate states at I = 39/2 and 43/2 have been
found in the series of odd-A iodine (Z=53) isotopes ranging
from " I up to ' 'I [9—12]. Recent investigations of odd-A
tellurium (Z=52) isotopes have also identified unusually
low-lying 39/2 states, which have again been interpreted in
terms of aligned noncollective oblate configurations [13,14].
These new experimental results have prompted us to perform
cranking calculations, based on the total Routhian surface
(TRS) formalism [15—17], for light tellurium isotopes
(A~122), in order to investigate further the infiuence of
aligned noncollective oblate configurations along the yrast
line. The theoretical predictions are compared to available
experimental data.

For the light Te isotopes, the proton Fermi surface lies
among the first members of ~g7&2 and vrd5&2 orbitals with
0= 1/2, where 0, is the projection of the single-particle an-

gular momentum onto the nuclear symmetry axis, for prolate
shapes, and 0= 7/2, 5/2 for oblate shapes. The unique-parity

TABLE I. TRS calculated noncollective oblate states in light tellurium isotopes (A~122). The predicted
quadrupole deformation for these states is pz —0.15. Particularly favored states are labeled with an asterisk.
Only these favored states are listed for the odd-A isotopes.

(Parity, Signature)

(+,0)

(—,0)
(—,I)
(—,o)
(+,0)
(+,0)
(+,1)

(—0)
(—,I)
(+,0)
(—,o)

(—,~ 1/2)

(—,~ 1/2)

(+,+ I/2)

6+

8

9
14
16+
16+
17+

18
19
22+

22
21/2, 23/2

37/2, 39/2
37/2+

Aligned configuration

~l (g7/2) ]6+
7r[(ds/2) (h1, /z)]8-
~[(g7/2) (h 11/2) 19-

~[(g7/2) ]6+09 [( 5/2) ( 11/2) ]8
~l (g7/2) ]6 v[(h 11/2) ]10+

~[( 5/2)( 11/2)]8 @ v[(ds/2)(hll/2)]8
m[(g 7/2) (h 11/2) ]9— V[(d5/2) (h 11/2) ]8

7r[(ds/2) (h 11/2) ]8 3 v[(h 11/2) ]10+

~[(g7/2)(h11/2)]9 v[(h 1 1/2)']10+

~[(g7/2) ]6+ V[( 11/2) ]16+

7r[(g7/2) ]6+60 v[(ds/2)(h„/2) ],6—

7r[(g7/2) ]6+@&[(h11/2)]9/2 —,11/2—

7r[(g7/2) ]6+ 69 v[(h11/2) ]25/2, 27/2

~[(g7/2) ]6+ v[(ds/2)(h 11/2) ]25/2+
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FIG. 2. Experimental rigid-rotor plots for " Te [18,25] (a), "Te [19,26] (b), "Te [20] (c), and ' Te [21] (d). Dotted lines join states
for which absolute spin and parity assignments are unknown. Possible aligned oblate states at I = 16+, 14, 19, and 22 are denoted by
the open symbols.

tion of four h&&&& neutron orbitals is energetically expensive.
Comparison of these predicted oblate states with experiment
is difficult since absolute spin and parity assignments of the
experimental states at high spin have not yet been deter-
mined; new data available from Gammasphere and Eurogam
may help in this respect [25,26]. Evidence for the low-lying
19 and 22 oblate states does, however, exist for "Te
[26], as shown in Fig. 2(b).

A theoretical rigid-rotor plot for "Te is presented in Fig.
3. The solid line represents positive-parity collective states
with deformation parameters Pz =0.15 and y= 0', the
ground-state band (GSB) is shown for I~106,, while at
higher spin this band evolves into a collective v[(h»/z) ]
two-quasiparticle configuration. The predicted oblate states
are also shown in Fig. 3. It can be seen that the states at
I =16+, 19, and 22 are yrast, or very near yrast. This
theoretical diagram is to be compared with the experimental
results of " Te shown in Fig. 2(b).

In the case of odd-A Te isotopes, unusually low-lying
39/2 states have been observed in " Te [13] and "Te
[14].The TRS calculations [Fig. 1(b)] suggest a fully aligned

sr[(g7/p) ]6+ v[(h»/z) ]$7/p oblate configuration for these
states. The experimental results for "Te are shown as a
rigid-rotor plot in Fig. 4(a), where the 39/2 state is clearly
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FIG. 3. Theoretical rigid-rotor plot for "Te obtained from the
TRS calculations. The solid line connects weakly deformed prolate
states, while several noncollective oblate states are denoted by open
circles. Note the low-lying 16+, 19, and 22 states.
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FIG. 4. Experimental rigid-rotor plots for "9Te [14] (a) and "Te [27,26] (b). Dotted lines join states for which absolute spin and parity
assignments are unknown. Possible aligned oblate states at I = 21/2, 23/2, 37/2, 39/2, and 37/2+ are denoted by the open symbols.

seen to be favored with respect to the neighboring states. A
low-lying oblate state at I = 23/2, based on the
7r[(g7/2) ]6+ I3 [p(hit 2)/]tt/2 configuratton, is predicted for
the (—,—1/2) configuration. Indeed, there is a kink evident in
Fig. 4(a) at this spin. States associated with the unfavored

(—,+1/2) configuration have also been established in " Te
[14].Theoretically, oblate states at I = 21/2 and 37/2 are
predicted for this signature. These states are closely related
to the fully aligned 23/2 and 39/2 states and represent an
(I,„1)coupling—of the aligned particles. The I =21/2
and 37/2 states are labeled in Fig. 4(a) for "Te.

The lighter "Te [27] isotope does not show a low-lying
39/2 state. Instead, a change of parity is observed along the
yrast line and a low-lying 37/2+ state is observed [27,26].
This is consistent with a noncollective oblate state predicted
at I = 37/2+ [Fig. 1(c)] based on the aligned
7r[(g7/2) ]6+t8 p[(ds/2)(hit/2) ]25/2+ configuration. The dis-

appearance of the 39/2 state can be related to the low neu-
tron Fermi surface in "Te, where the occupation of three
vh»/2 orbitals is energetically expensive. As in "Te [13]
and "9Te [Fig. 4(a)], a low-lying 23/2 state is observed in
'"Te [Fig. 4(b)].

In summary, we have investigated theoretical predictions
for noncollective oblate states in light Te isotopes, some of
which compete energetically with the weakly deformed col-
lective structures. Comparison with experimental data sug-
gests that several of these oblate states have indeed been
observed.
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