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Rotation-aligned isomer and oblate collectivity in 196Pt
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An oblate rotational sequence, built on an aligned, two-quasineutron isomeric state has been established in
196Pt. The isomer has a half-life of 7.7(7) ns and is associated with the Iπ = 12+, (i13/2)2 neutron configuration.
Excited states, with angular momentum generated primarily through successive nucleon alignments, have been
populated through 1p transfer from 197Au. The nucleus 196Pt is the most neutron-rich Pt isotope for which
high-spin states, beyond the 12+ isomeric state, have been established thus far. Cranked shell model calculations
have been performed to understand shape evolution with spin, and the role of nucleons occupying specific
Nilsson orbitals in generating aligned angular momentum for both prolate and oblate deformations has been
explored.
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I. INTRODUCTION

The region of neutron-rich, A ≈ 190 nuclei, approaching
doubly magic 208Pb, is characterized by diverse structure
phenomena. While collectivity diminishes with increasing
neutron number, oblate rotation-aligned states tend to be
favored at high spin over prolate excitations, in isotopes of
Hf (Z = 72) to Hg (Z = 80) [1–4]. Substantial high-spin
information is available for lighter Pt isotopes [2,5] which
are accessible through heavy-ion fusion evaporation reactions.
Isotopes of Pt (Z = 78), beginning with 196Pt, can be reached
only through either inelastic excitation, multinucleon transfer,
or projectile fragmentation reactions [6,7]. Consequently,
these isotopes are not as well studied as the lighter ones.
These nuclei are particularly interesting to explore since oblate
shapes are predicted to be more favored. Furthermore, due to
their transitional nature, both collective and intrinsic degrees
of freedom may play an important role in determining the
excited level structure.

The region of proton-rich Pt isotopes is characterized
by substantial ground-state deformation that decreases in
magnitude for the neutron-rich nuclei, due primarily to the
presence of the N = 126 spherical shell gap. Gamma softness
in varying degrees is a feature common to all Pt isotopes
owing to the relatively small number of valence nucleons.
For the doubly even Pt isotopes, a rather sudden change in
the energy sequence of the yrast, positive-parity, structure is
evident around 10–12 � in 188–194Pt [2,5]. In fact, the 12+
state is isomeric, and the rotational sequence built on this
level is characterized by a moment of inertia much larger than
that of the ground-state band. The observations have been
interpreted in terms of a rotation-aligned structure built on
two quasineutrons occupying the i13/2 orbital. The maximal
alignment of the intrinsic angular momentum of the two i13/2

quasineutrons generates the 12+ state. Subsequent g-factor
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measurements have confirmed the neutron character of this
12+ level [8].

Transition energies in the sequence built on the 12+ state in
the lighter Pt nuclei, up to 192Pt [5], exhibit the usual smooth
increase with spin, as expected for a rotational band. In 194Pt,
this sequence is less regular, and the observation is attributed
to decreased collectivity [9]. The measured half-lives for the
12+ isomeric states exhibit a small, but gradual increase with
neutron number from 188Pt to 194Pt. Excited states in 196Pt
had been studied through Coulomb excitation with a 208Pb
beam [10]. Levels up to 8+ had been identified, and a 10+
state was tentatively proposed. The observed level structure
and its interpretation in terms of various theoretical models
implied the presence of both triaxiality and γ softness [10].
Considerable experimental and theoretical effort has been
focused on understanding the shapes of Pt isotopes [11–15].
Proton-rich isotopes exhibit a prolate energy minimum near the
ground state, while a preference for triaxial to oblate shapes is
visible with increase in neutron number. The primary objective
in the present work was to identify positive-parity, yrast states
at high spin and to search for the 12+ isomer, in order to study
the evolution of both collectivity and oblate rotation-aligned
states with increasing neutron number, as well as nucleon
alignments and their role in generating angular momentum.

II. EXPERIMENT AND DATA ANALYSIS

Excited states in 196Pt were populated through 1p transfer
from 197Au, with a 1450-MeV 209Bi beam incident on a
thick, 50 mg/cm2 Au foil. Various Pt isotopes, ranging
from 188–198Pt, were populated through multinucleon transfer
reactions between the 209Bi beam and the 197Au target. The
present work is focused on 196Pt, and the detailed results and
interpretation are outlined. A summary of new information on
even-Pt isotopes ranging from A = 192–198, and the evolution
of collectivity at high spin in the Pt isotopic chain, is published
elsewhere [16]. The Gammasphere array [17,18], which was
comprised of 100 Compton-suppressed Ge detectors for this
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FIG. 1. Partial decay scheme for 196Pt illustrating transitions observed in the present work. Transitions above the 8+ level in the positive
parity band, including the isomeric 12+ state, are newly established, as are a number of negative-parity levels.

experiment, was used to record three- or higher-fold γ -ray
coincidence events. The 209Bi beam, with the natural 82.5 ns
pulsing from ATLAS, was incident on the target for ≈1 ns, but
was then swept away for a 825-ns off period. This enabled the
recording of prompt and delayed coincidence events as well
as the measurement of half-lives ranging from a few to several
hundred ns.

The raw data were sorted into three- and four-dimensional
symmetric γ -ray energy histograms and analyzed using the
RADWARE suite of programs [19]. To isolate prompt coinci-
dence events, three- and four-dimensional histograms, consist-
ing of γ rays detected within ±20 ns and ±40 ns of the trigger,
were inspected. Wider time cuts were employed to investigate
coincidence relationships across isomeric states. While most of
the double-gated spectra were free of contaminant transitions,
in some cases triple-gated spectra proved beneficial to resolve
ambiguities and confirm the placement of various transitions.

For determining the multipolarity of transitions of interest,
the method of directional angular correlations from oriented
nuclei (DCO) [20,21] was utilized. For this purpose, a matrix
was constructed with γ rays detected at 90◦ ± 10◦ with respect
to the beam direction on one axis, and those detected at

30◦/150◦ ± 10◦ on the other. The experimental DCO ratio
RDCO(γ ) of a γ transition is then determined as

RDCO(γ ) = Iγ (30◦/150◦, 90◦)

Iγ (90◦, 30◦/150◦)
, (1)

where Iγ (θ1, θ2) is the intensity of the γ transition observed
at the angle θ1, in coincidence with a stretched-E2 transition
observed at θ2. While the applicability of the DCO technique to
inelastic and transfer reactions is limited in comparison to what
can be obtained following fusion evaporation, its reliability
in the present case was demonstrated from an analysis of
transitions of known multipolarity, unless a long-lived state
separates the γ rays of interest.

Histograms of the time difference between transitions
feeding and de-exciting isomeric states were generated using
the TSCAN [22] software package. Half-lives ranging from
≈2–10 ns were determined. In general, the centroid of the
time-difference spectrum of γ rays across a long-lived state
is shifted when compared to that for two prompt transitions
(with similar energies), by an amount equal to the mean life
of the isomer. While it is more common to inspect the time
distributions of individual γ rays and compare these with the
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ones measured for prompt transitions of similar energy in order
to extract the mean life, this technique was not employed
here due to the large number of nuclei populated in this
experiment, and the contamination these induce in spectra.
The applicability of the method was tested for several known
short-lived (ns) isomers in various Pt and Hg isotopes. In all
cases, half-lives determined from the present analysis were in
agreement with the adopted values.

III. RESULTS

The nucleus 196Pt had been studied earlier through Coulomb
excitation and levels up to 8+ in the ground-state band had been
established, with a 10+ state tentatively placed as well [10].
In addition, levels up to spin 8� built on the second 2+
excited state, and up to 9− in a negative-parity sequence,
were previously identified. In the present work, the decay
scheme for 196Pt has been expanded with the addition of 14
new transitions. The resulting level scheme can be found in
Fig. 1. Table I summarizes the information obtained for all
196Pt transitions. Eight of these are placed above the 8+ level

TABLE I. Energies and intensities of γ rays, and energies and
spins of initial and final levels in 196Pt. DCO ratios are also presented
when available. Transition energies are accurate to within 0.5 keV.
Statistical errors on γ -ray intensities and DCO ratios are listed.

Eγ (keV) Ei (keV) → Ef (keV) Iπ
i → Iπ

f Iγ DCO ratio

(76.5) 2722 → 2646 (12+) → (10+) 0.83(5)
103.0 1372 → 1269 7− → 5− 7.0(2)
149.0 4135 → 3986 (20+) → (18+) 2.1(1)
151.0 3038 → 2887 − → (12−) 2.1(1)
163.5 5241 → 5077 (26+) → (24+) 0.99(8)
256.0 2722 → 2466 (12+) → 11− 1.5(1)
326.0 1014 → 688 3+ → 2+ 8.0(6)
332.7 688 → 355 2+ → 2+ 12.5(3)
342.1 3986 → 3644 (18+) → (16+) 6.2(2) 0.98(12)
355.3 355 → 0 2+ → 0+ 100.0(15)
366.0 5077 → 4711 (24+) → (22+) 1.8(1)
370.0 3092 → 2722 (14+) → (12+) 10.8(3) 0.95(7)
377.5 3416 → 3038 − → − 2.5(2)
393.0 1269 → 876 5− → 4+ 61.8(19) 0.60(2)
393.5 2646 → 2252 10+ → 8+ 17.8(5) 0.86(5)
409.0 1678 → 1269 6− → 5− 3.5(2)
420.7 2887 → 2466 (12−) → 11− 8.0(3) 0.60(4)
446.7 1819 → 1372 9− → 7− 27.8(6) 0.85(5)
515.0 2415 → 1900 (10−) → 8− 2.4(2)
521.0 876 → 355 4+ → 2+ 87.5(12) 1.01(4)
521.0 1535 → 1014 4+ → 3+ 2.4(2)
527.6 1900 → 1372 8− → 7− 7.0(3)
551.3 3644 → 3092 (16+) → (14+) 8.9(3) 0.85(8)
576.5 4711 → 4135 (22+) → (20+) 2.0(2)
594.1 1608 → 1014 5+ → 3+ 4.2(4)
604.4 1292 → 688 4+ → 2+ 4.9(5)
647.3 2466 → 1819 11− → 9− 14.4(4) 1.04(5)
648.8 1525 → 876 6+ → 4+ 24.8(8)
699.0 2307 → 1608 (7+) → 5+ 1.2(1)
714.5 2007 → 1292 6+ → 4+ 0.68(7)
727.2 2252 → 1525 8+ → 6+ 20.6(5) 1.14(8)

in the ground-state band (Fig. 1). These transitions are in
coincidence with each other and are, therefore, placed in a
cascade ordered according to decreasing total intensity. The
transitions in the positive-parity yrast sequence are displayed
in Figs. 2(a) and (b), which are triple-γ coincidence spectra
with gates placed on the 355- and 727-keV, and 649- and
727-keV transitions, respectively, in the ground-state band.
The 76.5-keV, (12+) → 10+ transition is not directly ob-
served, primarily due to strong contamination from Au (target)
x rays in the region of interest, and partly due to the
large internal conversion coefficient and reduced detection
efficiency at this low energy. However, its placement is
substantiated through the unambiguous observation of the
256-keV, (12+) → 11− transition (Fig. 1) linking the positive-
and negative-parity sequences. This 256-keV transition is
clearly visible in coincidence with transitions below the 11−
level and above the (12+) state. But it is not in coincidence with
either the 727.2-keV γ ray in the positive-parity sequence, or
the 420.7-keV transition in the negative-parity structure. The
placement of the 76.5-keV transition is consistent with the
observation of several low-energy (≈100 keV) E2 transitions
between the 12+ and 10+ states in neutron-rich Pt and Hg
isotopes [2,5,23,24]. The total intensity of the unobserved
76.5-keV transition is determined using intensity balance
considerations, and the γ intensity (Table I) is obtained
considering the conversion coefficient [25] expected for a
transition with E2 character. Note that the (7+) → 5+, 699.0-
keV transition is also newly identified.

Some transitions in the negative-parity sequence are also
placed for the first time (Fig. 1), beyond the ones established
from the β− decay of 196Ir [26]. The transitions in this sequence
are illustrated in Figs. 2(c) and (d), where the newly observed
transitions are visible.

DCO ratios for transitions up to spin 18+ in the positive-
parity band are determined, and are assigned quadrupole
character (Table I). Due to the paucity of statistics, DCO ratios

FIG. 2. Triple-γ coincidence spectra displaying transitions in
the (a), (b) positive- and (c), (d) negative-parity sequences of
196Pt. Asterisks indicate γ rays observed through coincidence with
complementary multinucleon transfer products, while contaminant
transitions are labeled with hash marks.

054323-3



S. G. WAHID et al. PHYSICAL REVIEW C 92, 054323 (2015)

FIG. 3. (Color online) Effective half-life, 5.4(4) ns, for the
closely spaced 5− and 7− levels. The time difference between the
446.7-keV γ ray above the 7− state, and various transitions below the
5− level, is indicated by the solid (red) line. The dotted line displays
the time difference characteristic of prompt transitions with similar
energies, for comparison.

for transitions above the 18+ state could not be established. The
spin-parity assignments above spin 12� in the positive-parity,
yrast structure (Fig. 1) are marked as tentative since the
76.5-keV transition is not directly observed, and because the
DCO ratio for the 256-keV γ ray could not be obtained.
Tentative quadrupole character for transitions at the highest
spin is supported by the observation of a single cascade with no
appreciable branching to or from other states, and the absence
of crossover E2 transitions which might have been observed
if more than one transition in the sequence was of dipole
character. In the negative-parity sequence, the DCO ratios for
the 647.3- and 420.7-keV transitions indicate quadrupole and
dipole nature, respectively, leading to the proposed spin-parity
assignments. The multipolarity of the 151- and 377.5-keV
transitions at the top of this sequence could not be determined.

The 5− and 7− states in the negative-parity sequence of 196Pt
had previously been determined to be isomeric, with half-lives
of 1.1(2) ns and 5.2(2) ns, respectively. This is consistent
with the observation of similar isomers in neighboring even-Pt
isotopes [5]. In the present experiment, decreased statistics for
the 7− to 5−, 103-keV transition prevented determination of
distinct lifetimes for the two states. However, it was possible
to extract an effective lifetime (for these 5− and 7− states)
utilizing the technique described in section II. The measured
effective half-life is 5.4(4) ns, in agreement with the value
expected from the adopted values of the 5− and 7− half-lives.
The effective half-life has been determined from the observed
centroid shift of the time difference between the 355.3- and
446.7-keV, and 393- and 446.7-keV γ rays (below and above
the 5− and 7− states, respectively), as compared to two prompt
transitions with similar energies (Fig. 3).

The 12+ isomeric state established in other even-Pt iso-
topes [5] was not known in 196Pt. All transitions above the
12+ state are observed in prompt coincidence, but those below
this level show evidence for delayed feeding. As was the case
with the negative-parity states, the time difference spectra for
various pairs of transitions below and above the 12+ state
were examined. The shift in centroid, as compared to prompt
transitions with similar energies (Fig. 4), implies T1/2 = 7.7(7)
ns. This half-life is associated here with the 12+ state in
a manner similar to what has been observed in the lighter,

FIG. 4. (Color online) Time difference spectra illustrating the
determination of the lifetime of the 12+ state, in a manner similar
to that in Fig. 3. A half-life of 7.7(7) ns is inferred from the observed
centroid shift.

even-Pt isotopes. Based on the observed delayed feeding
from the 12+ state to the negative-parity sequence (through
the 256-keV transition), it is unlikely that the 10+ state is
separately isomeric. Such an isomeric character is also not
apparent for the 10+ states in the lighter Pt isotopes [5,8],
unlike the ones in Hg nuclei [27], where the 10+ → 8+
transitions have low energies (�100 keV) in comparison to
a few hundred keV in the Pt case.

IV. DISCUSSION

A. Systematics of 7− and 12+ isomers in even Pt isotopes

The Pt isotopes exhibit evidence of prolate-oblate shape
competition at relatively moderate spin with increase in
neutron number from the proton-rich to neutron-rich region. In
even-Pt nuclei ranging from 192–198Pt (Fig. 5), the 12+ state has
been found to be isomeric. The ν(i13/2)2 configuration is the
only possible one able to provide the required 12� of angular
momentum. Confirmation of this configuration assignment
is based on the measured negative g factor (≈−0.17 for
190,192,194Pt) [8]. The excitation energies of the 12+ states
exhibit a steady decrease, while the half-lives show a gradual
increase, moving from the proton-rich Pt region to 194Pt. This
trend is related to the systematic lowering of the rotation-
aligned states with increasing neutron number. A detailed
discussion of this property is presented elsewhere [16]. The
high excitation energy for the 12+ state in 198Pt (N = 120) is
linked to the neutron Fermi level reaching the top of the i13/2

subshell, and to the presence of a significant energy gap in the
single-particle spectrum for larger N values. As a result, more
energy is required to excite the valence i13/2 neutron pair [16].

The yrast 10+ states in heavier Pt isotopes are identified
with a rotation-aligned oblate configuration, with the ground
band 10+ member being considerably higher in energy [5,8].
Further, a high-K , 10+ assignment is ruled out based on the
available valence orbitals. For the 10+ states in Pt and Hg
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FIG. 5. Systematic comparison of the excited level structures de-exciting isomeric states in even-Pt isotopes from 192–198Pt [5,9,39]. Details
are given in the text.

isotopes, both (νi13/2)2 and (πh11/2)2 assignments are possible.
Experimental g factors favor (νi13/2)2 character for the yrast
10+ states in Hg isotopes [8]. The 10+ states are also isomeric
in several Hg isotopes [27] due to the relatively small 10+ →
8+ transition energy, as compared to Pt isotopes, owing
to the lower moment-of-inertia of the ground-state bands
in the former instance. The two-quasineutron assignment
for the yrast 10+ states is also supported by calculations
which indicate that these are expected to be lower in energy
compared to the two-quasiproton configuration in both Hg and
Pt isotopes. A comparison of the yrast 10+ and 12+ energies in

Pt and Hg isotopes (N = 114–120) reveal a very similar trend.
Finally, the observed large variation (≈500 keV) in the yrast
10+ energy from N = 114 to N = 120 argues against the
two-quasiproton assignment. A conclusive determination of
these configurations would require measurements of g factors
of the 10+ states across the Pt isotopic chain.

The 7− isomers have been associated with a semidecou-
pled, two-quasiparticle structure [28] with varying degree
of contributions from two-quasiproton π2(h11/2, d3/2/s1/2)
and two-quasineutron ν2(i13/2, f5/2/p3/2) configurations, in-
volving nucleons in both high-j and low-j states [8,16]. In
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FIG. 6. Total energy surface plots illustrating energy minima in the positive-parity, yrast structure in 196Pt, for different values of spin, from
calculations performed using the UC code [32]. It is evident that the lowest energy minimum is oblate (γ ≈ −75◦) at high spin: I = 14� and
I = 22�. The spacing between adjacent energy contours is 250 keV.
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196Pt, the measured value of the g factor (= −0.03) [29]
underlines the dominance of the two-quasineutron component.
The observation in 196Pt of the 256-keV transition between the
12+, (νi13/2)2 state and the structure built on the 7− level can
be understood in terms of the common i13/2 quasineutron.

The reduced E2 transition probability (in e2b2) can be
expressed as

B(E2) = 0.08156Bγ

E5
γ τ [1 + αt (E2)]

, (2)

where τ is the mean life of the level, αt the total internal
conversion coefficient, and Bγ represents the ratio of the
intensity of the E2 γ ray to the total γ intensity of all transitions
from the level [30]. In 196Pt, the B(E2) probability for the
12+ → 10+ transition is determined to be 0.16(3) e2b2 or
23(4) Weisskopf units, a definite indicator of the collective
nature of the 12+ isomeric state. Its magnitude is comparable
(≈ 0.6 times) to that reported for the 2+ → 0+ transition in
196Pt: B(E2) = 0.275(1) e2b2 [31].

B. Cranked shell-model calculations

Cranking calculations have been performed to (i) under-
stand shape evolution with spin in 196Pt, and to (ii) investigate
the possible role of both proton and neutron band crossings in
generating high angular momentum. The ULTIMATE CRANKER

(UC) code [32], incorporating the modified oscillator potential,
and the cranking code with a Woods-Saxon (WS) potential
with the universal parametrization [33] were used for two
sets of calculations. For both, the proton and neutron pair-gap
energies were obtained from experimental masses following
the procedure described in Refs. [34,35]. The results from
UC and WS calculations are presented below in terms of
corresponding deformation parameters ε2, ε4 and β2, β4,
respectively. The β and ε deformation parameters are similar
for lower-order, small deformations, and to the first order are
related through [36]

ε2 = 3

2

(
5

4π

)1/2

β2 ≈ 0.95β2, (3)

ε4 = −
(

9

4π

)1/2

β4 ≈ −0.85β4 (4)

for quadrupole and hexadecapole deformations, respectively.
The two parametrizations become considerably different for
large deformations. The total energy surface plots from UC
calculations and the quasiparticle levels from WS ones are
presented to emphasize the qualitative agreement between the
two approaches in terms of various predictions.

1. Shape evolution in 196Pt

Representative total energy surface plots for the positive-
parity, yrast structure in 196Pt are displayed in Fig. 6. For I =
10� and beyond, an oblate energy minimum corresponding
to ε2 = 0.14, γ ≈ −75◦ deformation parameters becomes
favored in energy. The energy surface plots for I = 14�

and I = 22� are displayed in Fig. 6. It is evident that the
oblate minimum persists well beyond 20�. It may be noted

FIG. 7. Comparison of the experimental and calculated level
energies for the positive-parity sequence in 196Pt.

that the stability of the oblate minimum at high spin has
been verified by employing an extended grid in deformation
space to be sensitive to the appearance of possible energy
minima well beyond γ = −75◦. Excitation energies for the

FIG. 8. (Color online) Neutron quasiparticle levels in 196Pt cal-
culated using the universal parametrization of the Woods-Saxon
potential for (a) prolate and (b) oblate deformations. The deformation
parameters are indicated.
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yrast, positive-parity states have also been determined from
the calculations. They are compared with those observed in
Fig. 7. The discontinuities present in the data around I = 10�

and I = 18�, arise from the rotation alignment of nucleons,
and are reproduced by the calculations, although the excitation
energy near I = 10� is underpredicted by ∼0.5 MeV. Overall,
the calculations are in reasonable agreement with the data.

2. Rotation alignments for Pt isotopes at prolate
and oblate deformations

In the A ≈ 180–190 region, most proton-rich nuclei are
prolate near the ground state. For proton-rich isotopes,
low-
 orbitals of the i13/2 subshell are occupied. With
increasing rotational frequency, i13/2 neutrons are expected
to first undergo rotation alignment, while h11/2 protons are
predicted to align at significantly higher frequencies. As
the neutron number increases along an isotopic chain, the
neutron alignment frequency (for prolate deformation) is
expected to increase as successively higher-
 orbitals become
occupied. Conversely, for oblate shapes, the 
 value in the
i13/2 subshell decreases for higher neutron numbers, and the
band crossing should occur at a lower rotational frequency.
Oblate, rotation-aligned structures with moments of inertia

FIG. 9. (Color online) Proton quasiparticle levels in 196Pt calcu-
lated in a similar manner as in Fig. 8: for (a) prolate and (b) oblate
deformations.

FIG. 10. (Color online) (a) Aligned angular momentum as a
function of rotational frequency for N = 118 isotones 196Pt (Z =
78), 194Os (Z = 76) [38], and 198Hg (Z = 80) [24]. A reference
rotor with J0 = 8 �

2MeV−1 and J1 = 35 �
4MeV−3, appropriate

for a comparison of the three isotones, is used. (b) Comparison of
experimental and calculated aligned angular momentum for the yrast,
positive-parity sequence in 196Pt. Satisfactory agreement is evident
between the crossing frequencies and magnitude of aligned angular
momentum for the first two alignments.

considerably higher than those associated with the prolate
ground-state band are, therefore, realized at lower rotational
frequencies as N increases and become the favored excitation
mode at high spin.

The neutron quasiparticle levels in 196Pt, calculated as a
function of rotational frequency both for prolate and oblate
shapes, can be found in Figs. 8(a) and (b), while the ones
for protons are displayed in Figs. 9(a) and (b) for the same
deformation parameters. These Routhians provide a good
illustration of the higher band crossing frequency (�ω =
0.38 MeV) for neutrons in the 
 = 11/2 component of the i13/2

subshell at prolate deformation [Fig. 8 (a)], when compared to
�ω = 0.23 MeV for 
 = 3/2 neutrons in the same subshell,
but for an oblate shape. Figure 10 illustrates the aligned angular
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momentum for the positive-parity sequence in 196Pt, with a
backbend evident around 0.2 MeV, in accordance with the
calculations for an oblate shape. A possible, small up bend
in the ground state band (data point for 196Pt connected by a
dashed line in Fig. 10) is visible if the 10+ state tentatively
identified earlier [10] is included. The first neutron alignment
has AB character [37], while the CD alignment is expected
to occur at higher frequency. In the case of protons, a similar
situation is evident for low- and high-
 components of the
h11/2 subshell. The ab crossing frequency for an oblate shape is
�ω ≈ 0.3 MeV [Fig. 9 (b)], much lower than that calculated for
prolate deformation [Fig. 9 (a)]. The reinforcing effect of both
neutron and proton alignments at lower rotational frequencies
strongly favors oblate shapes at high spin. The gain in aligned
angular momentum (Fig. 10) at the first backbend in 196Pt is
∼11�, i.e., close to the 12� expected from the full alignment of
an i13/2 neutron pair. Second and third alignments are visible at
similar frequencies for higher spin. The gain in aligned angular
momentum due to the second alignment is ∼8� (Fig. 10).
For CD neutron and ab proton crossings, alignment gains of
8� and 10�, respectively, are indicated by the calculations.
Therefore, it is likely that the second alignment is associated
with the CD neutron crossing. The calculated frequencies for
the second and third crossings are higher than the experimental
values (Figs. 8, 9, 10). Lower crossing frequencies would be
consistent with a smaller magnitude of oblate deformation
(β2) than that obtained from calculations and/or with reduced
pairing in the aligned states. Only the first alignment is visible
in the N = 118 isotone 198Hg, where states up to 20� are
established [16,24], while in 194Os, information is limited up
to 10� in the prolate structure [38].

V. SUMMARY

A rotation-aligned, isomeric state with Iπ = 12+, and
a (νi13/2)2 configuration, was established in 196Pt, and a
half-life of 7.7(7) ns was measured. The reduced E2 transition
probability for the de-excitation of this isomer supports its
assignment as a collective state. A positive-parity sequence
built on this state is identified up to high spin, and is associated
with collective oblate rotation, including a large contribution
from aligned angular momentum. A discontinuous increase
in aligned angular momentum, due to possible i13/2 neutron
and h11/2 proton alignments is visible in the oblate sequence.
Cranking calculations provide a good account of the experi-
mental observables and indicate that an oblate shape is strongly
favored at high spin.
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