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Several rotational-band structures have recently been observed in mass 4 =130 nuclei, built on multi-
quasiparticle states of enhanced quadrupole deformation, the so-called superdeformed states (3=0.4).
In '*’Sm, a decoupled band built on the vii32[660]1 3" single-quasineutron orbital, intruding from two
oscillator shells above with a predicted =0.35, was observed to low spin and excitation energy. The
role of this B-driving vii3/; orbital, which showed a 50% enhanced moment of inertia, is discussed in

terms of the superdeformation in this mass region.

PACS numbers: 21.10.Re, 23.20.Lv, 27.60.+j

The observation of strongly enhanced nuclear defor-
mation, the so-called superdeformation, has generated
considerable theoretical interest. Superdeformation, as
manifested by a rotational band that originates from the
second shell-gap prolate minimum in the potential-
energy surface at larger deformation, was first dis-
covered! in '3?Dy and subsequently observed in the
132Ce nucleus? and several Nd isotopes.>* The theoreti-
cal understanding of the superdeformation structure is
not complete. High-spin orbitals, whose quasiparticle
Routhians (e', the energy in the rotating frame) slope
strongly with increasing quadrupole deformation g
(B~¢), are predicted to be influential in driving the nu-
cleus to the larger deformation minimum. With the neu-
tron Fermi level for the 4=130 region being well below
the i3/, intruder orbital, a steep slope (—de'/dB) and
the related strong deformation driving force are theoreti-
cally expected for this high-j orbital. Although the de-
tailed configuration for the valence particles that stabi-
lizes superdeformation is not known, the i3/, neutron is
predicted to play a dominant role. Thus, a knowledge of
the B-driving properties of the i3, neutron orbital is
necessary to identify the crucial mechanism for superde-
formation in the 4==130 mass region. Bands involving
the vij3; orbital have been observed>® in the isotone
133Ce and isotope '3°Sm at higher spins, but not clearly
based on single-quasiparticle states.

In order to observe the B-driving properties of the i3/,
neutron orbital, it is necessary to isolate the band associ-
ated with the i3/, single-quasiparticle state. Potential-
energy surface calculations using the Nilsson-Strutinsky
method’ for the odd-neutron N =75 isotones at Aw =0
show the 7,3/ neutron state dropping in energy relative
to the h1/2 neutron yrast state as Z increases for the se-
quence of nuclei 13cCe, 1Nd, ¥"Sm, and '*°Gd. In
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137Sm, the energy difference is sufficiently small to allow
for near-yrast population of the i3, neutron band via
heavy-ion-induced reactions. The '**Gd nucleus, being
very neutron deficient, would be more difficult to study.
An experiment was thus designed to study the i3/, neu-
tron band in '*Sm. A decoupled (Al=2) rotational
band was subsequently populated from spins I7= 3" -
£* built on the single vi3/, intruder state that origi-
nates from two major harmonic-oscillator shells above
the neutron Fermi surface. The low spin of the single
quasiparticle allows for direct feeding into the vhii
yrast band, unlike the superdeformed bands which sud-
denly terminate at relatively high spins. A remarkable
50% increase in the moment of inertia was found for this
band relative to that for the upper midshell &;,/; neutron
band. This reveals the B-driving property of the i3,
neutron and the underlying basis for the understanding
of superdeformation in the 4 =130 mass region.

States in '3’Sm were populated via the reaction
104pd(*’Cl,p3ny) at 170 MeV. The heavy-ion beams
were provided by the Stony Brook Superconducting
Linac injected by the tandem Van de Graaff accelerator.
Both thick and thin targets were used in the experiments.
Four Compton-suppressed Ge detectors were used to
record y-y coincidences produced by the bombardment
of the thick target, while five detectors were used with
the thin target. Multiplicity information was also
recorded for the thin-target data with fourteen closely
packed hexagonal bismuth germanate crystals. By the
demand that at least one multiplicity crystal fired in
coincidence with at least two of the suppressed Ge detec-
tors, the y-ray background caused by inelastic target ex-
citation and activity lines was greatly reduced.

The decay scheme of '*’Sm deduced from this work is
presented in Fig. 1 with the decoupled (@ =7%) vi3
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FIG. 1. Level scheme of '*’Sm deduced from this work. The energies of the transitions are given in kiloelectronvolts and the

widths of the arrows represent the relative transition intensities.

band, labeled 1, shown to the left. At low spins, the
yrast band (3) of '*’Sm is based on a coupled neutron
orbital from the upper %/, midshell. Two further cou-
pled band structures (2 and 4), consisting of relatively
strong dipole transitions, were observed at higher spins;
these structures have been identified with the vhj;
®rh12®ng1/2 and vhy1/2® [xh)12]? configurations, re-
spectively, by the observed spins, alignment, signature
splitting, and B(M1)/B(E2) ratios as in the lighter
N =175 isotones>® 13*Ce and '3 Nd.

Two possible low-Q neutron orbitals near the Fermi
surface that could give rise to the observed decoupled
band in ¥’Sm are the f72[5411%  and i;32[660] +*
Nilsson orbitals. The energy of the i3/, state relative to
that of the f7/; state is lowered by both an increase in ro-
tational frequency and an increase in quadrupole defor-
mation. The extracted dynamic moment of inertia
(dI,./dw, where I, is the component of the spin along the
rotation axis) of the decoupled band is plotted as a func-

tion of rotational frequency in Fig. 2, where it is com-
pared to that extracted for the vk, /; yrast band. It can
be seen that the value extracted for this band is approxi-
mately 50% larger than the values extracted for both sig-
nature components of the vh;;» one-quasineutron band
and is close to the spherical rigid-body estimate. The
moment of inertia is an experimental quantity that is
sensitive to changes in the quadrupole deformation.
Since both bands are built on single-quasineutron states
and the i3/, orbital is located even further away from
the Fermi surface than the A/, orbital, the enhanced
moment of inertia cannot be explained by the blocking of
orbitals near the Fermi surface, which would induce a
decrease in the neutron pairing correlations. Lifetime
measurements for the E2 intraband transitions would
provide a more rigorous proof of the connection between
the enhanced moment of inertia and the increased defor-
mation.

The observed enhancement in the moment of inertia is
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FIG. 2. The dynamic moment of inertia (dI./dw~4h?*/AE,,
where AE, is the energy difference between two consecutive E 2
transitions) of the i3> neutron band compared to the Ay
neutron band. The rigid-body estimate for a spherical shape is
also shown.

consistent with an increased quadrupole deformation as
predicted for the single i3, quasineutron state by
potential-energy surface calculations with the Nilsson-
Strutinsky method.” Indeed the predicted deformation
for this configuration in '*’Sm at Aw =0 is €,=0.28 as
compared to €,==0.20 for the single 4/, quasineutron
state. The results of these calculations, showing the pre-
dicted shapes (e,e4) for the vij3 and vk, states, are
presented in Table I for a series of V=75 isotones. The
relative excitation energy of the vi3/; configuration with
respect to the vh |/, yrast configuration is also shown for
each nucleus.

Rotation lowers the energy of the decoupled (= %)
i13/2 neutron orbital with respect to both the decoupled
(@=7) f7/, and the coupled (@ =%) h,1/2 neutron or-
bitals, as can be seen in Fig. 3 (top) where single-
quasineutron Routhians (e') are plotted as a function of
rotational frequency with ¢;=0.28. These cranked-
shell-model calculations were performed with the
modified Nilsson parameters x and u of Bengtsson and
Ragnarsson.’

The enhancement of the quadrupole deformation for
the vi3/; state is caused by the strong B-driving effect of
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FIG. 3. Calculated single-quasineutron energies as functions
of rotational frequency (top) and quadrupole deformation e
(bottom) for states of positive parity (full lines) and negative
parity (dashed lines). The oscillator hwo value is equal to 7.95
MeV.

this orbital on the quadrupole deformation. Calculated
single-quasiparticle Routhians (e') for '*’Sm are shown
in Fig. 3 (bottom) as a function of the quadrupole defor-
mation ¢€;. These calculations were performed for axially
symmetric shapes (y=0°) and a rotational frequency
ho=0.04hwo=0.32 Mev. The steep slope (—de'/de;)
of the viy3; orbital seen below ¢;=0.35 represents the
strong driving force of this orbital to larger quadrupole
deformation. Although this orbital drives towards
€6,=0.35 at hw=0.32 MeV the potential energy has a
minimum at €,==0.28 for Aw =0 as shown in Table I.
More recent calculations using the total-Routhian-
surface formalism '® indicate a deformation ¢==0.35 for
the vij3;, configuration above a rotational frequency
ho=0.2 MeV. Such a quadrupole deformation is close

TABLE . Predicted shapes (e,64) for the configurations built on single hyi2 and i3
quasineutron states in several N =75 isotones. The excitation energy of the 132 configuration is
given relative to the yrast /1,2 state. The calculations were performed at Ao =0.

hi hnp i132 i132 Relative excitation
Nucleus € €4 € €4 energy (MeV)
133Ce 0.165 0.019 0.215 0.003 3.1
13¥Nd 0.185 0.024 0.270 —0.002 2.6
13Sm 0.195 0.026 0.280 0.003 2.1
1¥Gd 0.205 0.031 0.285 0.014 2.0
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to the value expected for a prolate rotor with a 3:2 axis
ratio.

Theoretical calculations!® for this mass region have
shown superdeformed shapes stabilized by multiquasi-
particle configurations, including one or more B-driving
i13/2 orbitals. The B-driving effects of the single vij3;
state, which has been isolated in '*’Sm, appear to be the
vital mechanism for the increase in the nuclear deforma-
tion towards the second shell-gap minimum. This empir-
ical information for an isolated g-driving orbital is essen-
tial for the theoretical description of superdeformation.
It is interesting to note that the i;3/;-related bands ob-
served>® at higher spin of possibly more complicated
configurations in '33Ce and 'Sm do not show this
larger relative enhancement in the moment of inertia.
On the other hand, the neighboring isotones®* '3Nd and
133Nd have revealed the so-called superdeformed bands.
It is obviously important to determine all of the condi-
tions required for stabilization of superdeformation.

In summary, it has been demonstrated that the g-
driving properties of the vi|3,2[660]+" single-quasi-
neutron configurations are sufficient to increase signifi-
cantly the quadrupole deformation of '*’Sm. This sin-
gle-quasineutron state is an important mechanism in the
evolution towards the so-called superdeformed shapes
observed in the 4 =130 mass region.
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