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Short note

Superdeformed triaxial band in 167Lu
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Abstract. A new rotational band has been observed in 167Lu by 152Sm (19F,4n)reaction at the HI-13
tandem accelerator of CIAE in Beijing. The high spin transition energies of the new band are almost
identical to the triaxial superdeformed bands recently discovered in 163Lu and 165Lu. This new band is
predicted as a triaxial superdeformed band by total routhian surface calculations.
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A new approach in superdeformation physics is the dis-
covery of the triaxial superdeformed bands in rare earth
nuclei [1–3]. It is interesting to note that the high-spin
transition energies of the triaxial SD bands in 163Lu[1-2]
and 165Lu[3] are almost identical and both of the triaxial
SD bands in 163Lu and 165Lu are built on i13/2 proton [660
1/2] Nilsson state.

The high-spin structure in 167Lu has been investigated
by gamma-gamma coincidence experiments with six com
pton suppressed HPGe-BGO spectrom eters and a HPGe
planner detector. The nucleus 167Lu was populated through
the 152Sm(19F,4n)167Lu reaction at beam energies of 85
and 87 Mev with targets consisted of a stack of two self-
supported 98.4% enriched 152Sm foils with a thickness of
1.0 mg/cm2 and a 2.0mg/cm2 152Sm foil with 10mg/cm2

lead backing respectively. The beam was provided by HI-
13 tandem accelerator of China Institute of Atomic En-
ergy, Beijing. A total of 120 million coincidence events was
accumulated. Most of the previously known transitions
in 167Lu [4] could be observed in our experiment. A new
weakly populated rotational band with seven g-transitions
fed into the positive parity bands, 1/2[405] and 5/2[402],
has been established. The partial level scheme is shown in
Fig. 1. The gated-spectra on the photo peaks of individual
transitions for the new rotational band show that all of the
transitions in the new band are in coincidence with each
other and with most of the transitions which are involved
in [402 5/2] and [411 1/2] band. The linking transitions be-
tween the new band and the [411 1/2] and [402 5/2] band
are found to be the 561,323 and 547 kev. The sum-gate
spectrum gated on the transitions of the SD band from
551 to 753 kev is shown in Fig. 2a, from which one can

Fig. 1. Partial level scheme of 167Lu

easily find that the low energy transition members, such
as 117, 145, 169, 193, 223, 225, 243, 265, ... kev from the
[402 5/2] band, are clearly seen and some transitions, such
as 289,379 and 459 kev transitions from [411 1/2] band,
can also be seen. The transitions of the SD band is shown
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Fig. 2. Spectra of g-rays related to the SD band in 167Lu a
Sum-gate spectrum gated on transitions of the SD band from
551 to 753 kev. All peaks labelled with transition energy are
related to the [411 1/2] and [402 5/2] band. Contamination
from [541 1/2], [514 9/2] and [404 7/2] band are marked with
c1,c2 and c3 respectively. b Same as the spectrum a except
that some clean gates from the [411 1/2] and [402 5/2] band
are included

in Fig. 2b. The statistics are very poor, even few clean
gate from the two positive bands are included in this part
of the spectrum. In comparison with the neighboring iso-
topes, this newly found weakly populated band in 167Lu
is most likely built on i13/2 proton[660 1/2] Nilsson state.
Fig. 3 shows that the dynamic moments of inertia deduced
from the g transition energies of the new band in 167Lu are
very close to those of the SD bands in 163Lu and 165Lu.
It indicates that the 167Lu nucleus with the odd proton
based on i13/2 [660 1/2] Nilsson state may have similar de-

Fig. 3. Dynamic moments of inertia J(2) vs. spin I for the i13/2
proton [660 1/2] band in 163Lu, 165Lu and 167Lu

Fig. 4. Total routhian surface calculation for i13/2 proton
[6601/2] configuration of 167Lu at h̄ω = 0.15 Mev, the plus
symbol at ε2 ≈ 0.36, γ ≈ 26 (ε4 ≈ 0.035) indicates a local
minimum showing a strongly deformed shape with a large tri-
axial asymmetry

formation with the SD bands in 163Lu and 165Lu. It is of
interest to note that the transition energies of the upper
part of the SD band in 167Lu are almost identical with
those in 163Lu and 165Lu.

A theoretical analysis of the structure of 167Lu, 165Lu
and 163Lu is carried out by detailed calculations of total
routhian surfaces for the specific proton configuration i13/2
[660 1/2] with Nilsson potential. It is found as a general
feature that strongly deformed local minima of nonaxial
symmetry coexist with a well deformed global minimum.
The results are in agreement with total potential energy
surface calculations [1] for 163Lu and 165Lu, namely the
second minima are found at ε2 ≈ 0.4 and γ ≈ 18. The re-
sult for 167Lu is shown in Fig. 4. The plus symbol indicates
a much shallow local minimum at ε2 ≈ 0.36 and γ ≈ 26
showing a strongly deformed shape with a large triaxial
asymmetry, which probably corresponds to the observed
new band in 167Lu. The hexadecapole deformation param-
eter ε4 ≈ 0.035 was taken in all calculations, as the same
as that in [1].Therefore, the weakly populated new band
in 167Lu is classified as a triaxial superdeformed band. It
should be pointed out that the formation of these triaxial
local minima is mainly associated with the neutron shell
effect and only partly with the driving of the odd proton
in the i13/2 [660 1/2] orbital.
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