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The study of shapes and of the interplay be-
tween independent-particle and collective de-
grees of freedom play an important role in de-
scribing the structure of the nuclei. The na-
ture of collectivity and the extent of deforma-
tion can be understood in terms of the occu-
pation of specific quantum states by valence
nucleons and the nature of the interactions
between them. Prolate deformed rotors are
common across the entire nuclear chart and a
relatively small number of nuclei with oblate
deformation near the ground state are known,
usually just below shell closure. At large an-
gular momenta, moment-of-inertia considera-
tions do not favor oblate shapes compared to
prolate ones. However, collective oblate states
have been predicted and observed [4, 5] at high
spin in the A ≈ 180 − 190 region. In this re-
gion, rotation alignment plays an important
role in driving the nuclei toward an oblate
shape. This process involves pairs of nucle-
ons decoupling under the stress of the Coriolis
force and aligning their spin along the rotation
axis. In this work, high spin states in neutron-
rich Pt isotopes are systematically studied to
understand the shape evolution with increas-
ing neutron number. Limited information is
available for neutron-rich Pt isotopes, popu-
lated through fragmentation of a 208Pb pro-
jectile [6], compared to proton-rich Pt isotopes
which are relatively easily accessible through
fusion-evaporation reactions. Techniques like
inelastic excitation or multi-nucleon transfer
reactions are more suited to populate neutron-
rich nuclei near the line of stability. These
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techniques give improved spectroscopic infor-
mation at higher spins compared to fragmen-
tation reactions.

The experiment was performed at Argonne
National Laboratory, with a 1450-MeV 209Bi
beam from the ATLAS accelerator being in-
cident on a 50 mg/cm2 197Au target. Data
on excited states in various neutron-rich Pt
isotopes, populated through (1p,xn) transfer
from 197Au, were recorded using the Gam-
masphere detector array. Three- and four-
fold gamma-ray coincidence data were ana-
lyzed using the Radware suite of programs
for establishing the level schemes. The DCO
method is used for spin assignments. Energy-
gated time difference spectra are analyzed for
isomers having T1/2 ≤ 10 ns. The usual
method, where time distribution of individ-
ual γ-ray transition is compared with prompt
transitions of similar energy, is not feasible due
to large contamination from many other reac-
tion channels. For T1/2 ≥ 10 ns, data from de-
layed cubes, with successively increasing cuts
in time, were analyzed and fitted to exponen-
tial growth.

A new rotational sequence with apparent
oblate character, built on a rotation-aligned
isomer (Iπ = 12+) with T1/2 = 7.7(7) ns, is

identified for the first time in 196Pt [1, 2]. Two
new sequences up to high spins in 195Pt are
also established for the first time along with
an isomer of T1/2 = 5.2(6) ns in the negative-
parity sequence [3].The yrast sequences in
192−198Pt are extended up to high spin (≈ 26~
in even and ≈ 53/2~ in odd-A Pt isotopes),
and several new transitions in the negative-
parity sequences are also identified [1–3]. The
nucleus 196Pt is the most neutron-rich Pt iso-
tope for which high-spin states have been es-
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FIG. 1: (a), (b): Triple-coincidence γ-ray spectra
(with gating energies indicated), displaying tran-
sitions in 195,196Pt.
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FIG. 2: Total energy surface plot illustrating en-
ergy minimum in the positive-parity, yrast struc-
ture in 196Pt at Iπ = 12~, with the lowest energy
minimum for oblate shape (γ ≈ −75°)

tablished.
Shape evolution from prolate through tri-

axial to oblate at high spins in neutron-rich
Pt isotopes is studied through the observa-
tion of isomeric states and of rotation-induced
nucleon alignments. A significant decrease in
the B(E2) values is evident while going from
194Pt to 196Pt, followed by an abrupt drop in
198Pt [1], suggestive of a rapid quenching of
oblate collectivity at high spin in the neutron-

rich region compared to near the respective
ground states, where the decrease in defor-
mation is more gradual. Nucleon alignments
play an important role in the structure at high
spins. The contribution from rotation-aligned
angular momentum to the total angular mo-
mentum at high spin increases moving to-
wards neutron-rich Pt isotopes. These obser-
vations are confirmed by cranking calculations
which are in good agreement with data. This
work, which is focused on the competition be-
tween prolate and oblate potential wells, and
the delineation of the upper bound of oblate
collectivity, provides an important input for
our understanding of the interplay between
independent-particle and collective degrees of
freedom in nuclei.
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