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Weakly deformed oblate structures in 198
76Os122
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Gamma rays de-exciting isomeric states in the neutron-rich nucleus 198
76Os122 have been observed following

relativistic projectile fragmentation of a 1 GeV per nucleon 208Pb beam. The ground-state band has properties
compatible with oblate deformation. The evolution of the structure of Os isotopes characterized by sudden
prolate-oblate shape change is discussed and contrasted with the smooth change known in the Pt chain.
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The neutron-rich W-Os-Pt region is characterized by the
presence of nuclei with different shapes in their ground states,
such as prolate, oblate, triaxial, and spherical. Shape transi-
tional nuclei are difficult to treat theoretically; consequently,
this region is considered to be a crucial testing ground for
nuclear models. The lighter isotopes are prolate deformed,
and by adding more and more neutrons the shape becomes
oblate [1,2]. As the N = 126 closed shell is approached the
nuclei become spherical [3,4]. In the prolate-oblate transition
region the nuclei can be described by a potential with similar
energy minima corresponding to prolate and oblate shapes.
For the tungsten (Z = 74) nuclei a sudden prolate-to-oblate
shape change is predicted to happen at around mass 190–192
[1,2], with some experimental evidence for shape coexistence
in 190W114 [5,6]. The transitional region in the case of the
platinum (Z = 78) nuclei starts at around mass A = 192
and persists till A ≈ 200 [7]. These nuclei are understood
to have axially asymmetric shapes and they are considered to
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present the best examples of γ -softness throughout the whole
nuclide chart [8]. In the case of osmium nuclei (Z = 76)
the prolate-oblate shape change is predicted to be a sudden
one [7,9]. The exact place where this change occurs for the
ground state of the osmium isotopes is not clear. Experimental
information suggests that up to mass A = 194 the osmium
isotopes are prolate [10], but the γ degree of freedom is
also important [11]. In 196Os116 the available experimental
information is too scarce to draw a definite conclusion, as only
two excited states were observed [7].

Despite the intense theoretical interest in the shape tran-
sitional W-Pt region, this is the part of the nuclide chart
with the least information on neutron-rich nuclei. The high
sensitivity achievable in the isomeric decay experiments
and the recent increase in relativistic energy primary beam
intensities have opened up new possibilities. Here we present
the first experimental information on 198

76Os122.
Heavy nuclear species were populated in relativistic energy

projectile fragmentation. A beryllium target of thickness
2.5 g/cm2 was bombarded with an E/A = 1 GeV, 208Pb beam
provided by the SIS accelerator at GSI, Darmstadt, Germany.
The typical, on-target beam intensity was (0.5–1.0) × 109 lead
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ions per ≈8-s long spill. The spills were separated by ≈18-s
periods without beam. The nuclei of interest were separated
and identified by using the FRagment Separator (FRS) [12]
operated in standard achromatic mode with a wedge-shaped
aluminium degrader in the intermediate focal plane. The
transmitted ions were slowed in a variable thickness aluminium
degrader and finally stopped in a 9-mm-thick plastic (perspex)
catcher. The catcher was surrounded by the high-efficiency,
high-granularity stopped RISING γ -ray spectrometer [13],
which has a full-energy peak efficiency of 15% at 662 keV.
Time-correlated γ decays from individually identified ions
have been measured, allowing unambiguous identification of
isomeric decays. For details of the identification procedure and
the setup used in the present experiment see Refs. [4,14].

The results for 198Os were obtained from two different
magnetic rigidity settings. Approximately half of the data
comes from a setting optimized to select fully stripped ions
centered on the maximal transmission of 199Os; the other half
comes from a setting centered on 203Ir.

A total of 7.8 × 104 198Os ions were implanted in the
catcher. The detection of the previously identified γ rays
following the de-excitation of isomeric states in 200Pt [15],
201,202Pt, 193Re, 195Os, and 198Ir [16] were used to confirm the
calibration of the particle identification.

The total γ -ray spectrum observed in delayed coincidence
with 198Os ions is shown in Fig. 1. The high efficiency of the
RISING array and the large number of identified 198Os nuclei
allowed the determination of the coincidence relationships
between the observed γ rays (see the bottom part of Fig. 1).
Based on the γ -ray intensities and the coincidence relations
the level scheme shown in Fig. 2 has been built. All the γ

rays placed in the level scheme of Fig. 2 show a similar time
behavior, suggesting that they are fed from the depopulation of
the same isomeric state. The extracted half-life of the isomer
is T1/2 = 16(1) ns (see inset of Fig. 1). This lifetime is much
shorter than the flight time between the production target and
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FIG. 1. Delayed γ -ray spectra associated with 198Os. (Top) Sin-
gles spectrum taken within 100 ns after implantation. The inset shows
the time spectrum associated with the strongest γ -ray transitions.
(Bottom) Coincidence spectra obtained by gating on the 465-keV
and (607 + 608)-keV transitions.
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FIG. 2. Proposed level scheme of 198Os. For comparison the
partial level scheme of the N = 122 isotone 200Pt is also shown
[15–17]. The unobserved (7−) → (5−) transitions are estimated to
have energies of <90 keV.

the detection position (≈230 ns). The survival of the nucleus
in its isomeric state indicates that the decay-out transition has
a large electron conversion coefficient and is therefore of low
energy. This unobserved transition is estimated to have an
energy of less than 90 keV. The spin-parity values of the excited
states are tentative and are based on both systematics and
theoretical considerations. For comparison, the partial level
scheme of the N = 122 isotone 200Pt [15–17] is also shown in
Fig. 2. The low-intensity 447-, 527-, and 544-keV transitions
shown in Fig. 1 are in tentative coincidence relationships with
each other and all the other γ rays placed in the level scheme
of Fig. 2. They must originate from a higher lying isomer, with
an extracted half-life of T1/2 = 18(3) ns.

We note that during the present experiment the 196Os
nucleus was also produced and implanted in the catcher.
Despite of the large statistics (121 × 103 implanted 196Os
nuclei compared to 78 × 103 of 198Os), no evidence of isomeric
decay was found. This suggests that in 196Os the 7− state lies at
least 100 keV higher in energy than the 5− state, and it decays
during the flight time within the fragment separator. The other
possible scenario, that the 7− is below the 5−, would result in
a 7− isomer with a half-life of hundreds of microseconds (as
is in the case of 202Pt [16]) and it should be observable with
the present setup.

Isomeric states with Iπ = 7− have been reported in the
even A = 196–202 platinum isotopes [15,16,18,19]. They
were interpreted as having a mixed two-proton πh11/2d3/2 and
two-neutron νi13/2p1/2 character. Whereas in 196Pt the two-
neutron component is stronger [18], in the heavier platinum
nuclei the two protons are dominant [16,19]. In 196,198,200Pt
the 7− isomers decay into the yrast πh11/2s1/25− state by a
low-energy transition with E2 character. The half-lives are in
the range of nanoseconds, and the B(E2 : 7− → 5−) transition
strengths in the region of 15–25 W.u., decreasing with mass.
Based on the similarities between the level structure of the
196–200Pt isotopes and the 198Os nucleus we suggest that in
198Os the isomeric state has πh11/2d3/2 character and Iπ = 7−,
and it decays via a low-energy transition into the 5− state with
πh11/2s1/2 configuration. The determined transition strength
is B(E2; 7− → 5−) = 15(5) W.u. We note that there is a lack
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FIG. 3. Potential energy surface calculations for the ground state
of 198Os. The energy difference between two successive contour
lines is 200 keV. The calculations indicate a shape with deformation
parameters β2 = 0.093, β4 = −0.028, and γ = 60◦ (black dot).

of sensitivity of the transition strength to the transition energy
owing to the large effect of the electron conversion. The higher
lying isomer in 198Os observed here is very similar in its
decay pattern and half-life to that observed in 200Pt [16] and
it probably has fully aligned νi2

13/2 character with Iπ = 12+.
Excited states with this structure were identified in less neutron
rich platinum and mercury isotopes [20,21] as well.

The oblate-prolate shape transition in the Hf-Pt region has
been theoretically studied with several approaches. Mean-field
calculations have been performed with different interactions.
For example, self-consistent axially deformed Hartree-Fock
calculations with a separable monopole interaction predict
prolate shape for osmium isotopes with A � 190 and oblate
shape for 192–198Os [2]. However, mean-field calculations
performed by Sarriguren et al. [1], Ansari [9], and Naik
et al. [22] using a range of approximations predict that the
lightest oblate isotope is 194Os, 196Os, or 198Os, depending on
the approach employed.

The interacting boson model (IBM) is often employed to
describe the properties of transitional nuclei. It is considered
that the platinum nuclei are close to the O(6) limit, which
corresponds to a γ unstable shape, with 196Pt being the best
example of this symmetry [23]. Recently, Jolie and Linnemann
[24] successfully described a range of nuclear properties in
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FIG. 4. (Color online) Systematics of the E(2+) and E(4+)
energies and the E(4+)/E(2+) and E(2+

2 )/E(2+) energy ratios in the
even mass A = 188–202 osmium and platinum isotopes. The values
corresponding to the second excited state in 196Os, which is either the
yrast 4+ or the second 2+ state, are indicated with the symbol x.

the Hf-Hg region, including the quadrupole moments that are
directly related to the shape. It was shown that there is a
prolate-oblate SU(3)–SU(3) phase transition predicted in this
region.

Here, Woods-Saxon-Strutinsky calculations have been per-
formed, as described in Ref. [25]. This type of calculation
has been extensively employed and has proved successful in
this mass region [5,10]. The potential energy minimization
has been done in the three-dimensional deformation space of
β2, β4, and γ . Axially symmetric prolate shapes correspond
to γ = 0◦, whereas noncollective oblate shapes correspond
to γ = 60◦. For 198Os the calculations indicate a very soft
system in both γ and β degrees of freedom, with a minimum
corresponding to weak oblate deformation with parameters
β2 = 0.093, β4 = −0.028, and γ = 60◦ (see Fig. 3). The same
type of calculation performed for lighter osmium isotopes
indicates a prolate shape for 190,192,194Os, with decreasing
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quadrupole deformation for increasing mass, and an oblate
shape with β2 = 0.12 for 196Os [10].

The yrast structures of 190,192,194Os nuclei were observed
up to at least spin-parity 10+. They are well understood by
considering a prolate shape. The prolate character of 194Os
is consistent with the nonobservation of back-bending before
10+ [10]. 196Os is the heaviest osmium isotope where excited
states were previously observed [7]. It was populated in the
198Pt(14C,16O) reaction and excited states with energies of
300(20) and 760(20) keV were observed. Although the first
excited state is almost certainly the yrast 2+, the other observed
state could be either the second 2+ or the yrast 4+ state. It
was inferred from the high E(2+) energy that this nucleus is
significantly less deformed than the lighter prolate isotopes.

The energies of the lowest excited states can be used to
infer information about the character of the nuclei. Systematics
related to the yrast 2+ and 4+ states as well the second 2+
state (2+

2 ) are presented in Fig. 4. In 198Os, the ordering of the
coincident 412- and 473-keV transitions cannot be determined
from the present experiment. Here we considered the ordering
shown in Fig. 2, resulting in an E(2+

2 )/E(2+) energy ratio
of 1.89. By changing the order of the transitions the ratio
is slightly modified to 2.02. This assumption does not have
any consequences on the discussion that follows. As shown
in Fig. 4, the platinum energies change slowly with atomic
mass. The yrast E(2+) and E(4+) energies increase smoothly,
and the E(4+)/E(2+) energy ratio remains constant at about
2.5, the ratio expected for perfect O(6) γ -soft nuclei. The
E(2+

2 )/E(2+) energy ratio is smoothly decreasing and has a
value of around ∼2. In contrast to the platinum nuclei, in the
osmium isotopes there is a sudden change at around A = 196.
The large E(4+)/E(2+) energy ratio and the smooth change
of the yrast E(2+) and E(4+) energies in the case of the

A = 188–194 osmium nuclei indicate that these isotopes are
deformed. At A = 196 there is an abrupt increase in the energy
of the 2+ state. This is even more obvious in the case of 198Os,
where both the E(4+) and E(2+) energies are much higher
than in the lighter Os nuclei. Similarly, the E(4+)/E(2+) and
E(2+

2 )/E(2+) energy ratios drop to the lowest values for the
osmium isotopes in the region. The low E(4)/E(2) ratio is
consistent with a low deformation and is less than the predicted
2.5 for γ -soft O(6) nuclei, whereas the low E(2+

2 )/E(2+) ratio
also indicates the γ -softness of the system.

In conclusion, excited states in the neutron-rich 198Os
nucleus have been identified following internal decays of
isomeric states populated in relativistic energy fragmentation
reactions. The energies of the yrast 2+ and 4+ states suggest
a weakly deformed character, and the low energy of the
second 2+ state is consistent with the γ -softness characteristic
to this mass region. This interpretation is compatible with
the theoretical calculations predicting 198Os to be a weakly
deformed oblate nucleus. The sudden drop in E(2+

2 )/E(2+)
for A > 194 osmium isotopes might be a signature of a
prolate-to-oblate shape change, but more detailed theoretical
calculations are needed to clarify this surprising feature.
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