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Lifetime measurements in low yrast states and spectroscopic peculiarities in 182Os
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Lifetimes of the low-lying yrast states 2+, 4+, and 6+ of the unstable nucleus 182Os were measured using digital
fast-timing techniques. The lifetimes of the 4+ and 6+ states were determined for the first time. The remeasured
value for the lifetime of the 2+

1 state was taken into account to evaluate the discrepancy between two inconsistent
literature values. The lifetimes and extracted B(E2) values are presented and discussed in terms of collective
signatures and transitional phenomena. The B(E2; 4+

1 → 2+
1 )/B(E2; 2+

1 → 0+
1 ) ratio of 1.39(7) supports the

interpretation of 182Os as a rigid rotor. This value is discussed in the context of these of the neighboring isotopes
and isotones and calculations in the framework of the interacting boson model 1. Additionally, competing
influences from the near lying collective deformed region, γ -soft rotors, X(5) symmetry, and neighboring regions
of shape coexistence in low excitation states are assumed to influence the structure of the nucleus of interest: The
trend of the excitation energies of the γ - and Kπ = 0–bands in the osmium isotopic chain change remarkably at
182Os. This consideration helps to us delimit and understand the structural transitions in the isotopic and isotonic
chains that intersect at 182Os.

DOI: 10.1103/PhysRevC.108.024305

I. INTRODUCTION

Nuclei with masses A ≈ 180 in the region around the
neutron midshell at N = 104 lie at the edge of the strongly
deformed region between the neutron shell closures 82 and
126 and proton shell closures 50 and 82. Especially, the iso-
topes with proton numbers 74 (W), 76 (Os), 78 (Pt), and 80
(Hg) offer a variety of deformation and transition phenomena,
e.g., well deformed prolate rotor behavior, X(5) critical point
symmetry, γ softness and triaxial phenomena, and shape co-
existence near the shell closure Z = 82 [1–6]. Figure 1 depicts
the nucleus under investigation in this study, 182Os (high-
lighted by a red circle), positioned precisely at the center of
the regions primarily influenced by prolate deformation in the
tungsten and hafnium isotopes [7–11], shape coexistence in
the mercury and lead isotopes [4], γ softness and triaxiality in
the neutron rich osmium and platinum isotopes [12–16], and
X(5) critical point symmetry in the lighter osmium isotopes
176,178Os [6,17] and 182Pt [5].

Signatures for collectivity and quadrupole deformation are
low excitation energies of the 2+

1 states, large B(E2; 2+
1 →

0+
1 ) values [18], which are connected to the deformation

parameter β2, and E4+
1
/E2+

1
ratios (hereafter R4/2) of about

3.3 [18–21]. As Fig. 2 shows, the R4/2 ratios of the midshell
osmium isotopes lie between the prolate deformed tungsten
isotopes with values around the rotational limit of 3.3 and the
platinum isotopes, which exhibit γ -soft, triaxial and already
spherical signs with R4/2 ratios between 2.6 and 2.1. Addition-
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ally, the β2 values of the osmium isotopes with N = 100–112
(β2 ≈ 0.25–0.18 [11]) also lie in the descending flank of the
β2 values of the strongly deformed region with masses of
A = 150–180 (β2 < 0.3 [18]). The dominating phenomena
in 182Os are suggested to be collective rotation and moderate
quadrupole deformation, especially in comparison with the
neighboring isotopes 180,184Os [23–25] and tungsten isotopes
178,180,182W, which are suggested to be prolate rotors as well
[7]. An excitation energy of the 2+

1 state of 126.9 keV, an
R4/2 = 3.15, a reduced transition probability of B(E2; 2+

1 →
0+

1 ) = 122(11) W.u., and a β2 = 0.23(1) ([26], evaluated
values of different works) support this assumption. In the
platinum isotopes clear signs of rotor behavior are miss-
ing, on the other hand. An ideal rotor shows a B(E2; 4+

1 →
2+

1 )/B(E2; 2+
1 → 0+

1 ) (hereafter B4/2) of about 10/7 ≈ 1.43,
known as the Alaga rule of the geometric model [19,20].
The osmium isotopic chain is known for notable deviations
from the established theoretical limits of 1.43 (rotor) and 2
(vibrator). Especially in the neutron-deficient isotopes very
small values of around and smaller than 1 were repeatedly the
subject of studies but could not be doubtlessly explained so
far [27–29]. As a meeting point of the main influences [strong
collectivity, shape coexistence, γ softness, and X(5) critical
point symmetry; see Fig. 1], interesting behavior of the level
energies in the osmium isotopes around the neutron midshell
is observed. Specifically, the investigation of the impact of
shape coexistence phenomena, as shown by the occurrence of
rotational intruder bands in mercury isotopes [4], and partic-
ularly in 186Hg, which is separated from 182Os by only four
protons, is an interesting approach.

Only the B4/2 ratios of the osmium isotopes 176, 182Os
are unknown, hence, the investigation of the transition
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FIG. 1. Even-even isotopes around A = 180. The regions of
shape coexistence, γ softness, X(5) critical point symmetry, and ro-
tational prolate deformation are roughly identified by elliptic shapes.
The nucleus of interest 182Os is indicated by a red circle. The chart
is extracted from The colourful nuclide chart by Simpson [22]. The
color code of the individual nuclei illustrate the R4/2 ratios, which are
taken from Ref. [11].

probabilities of the three lowest rotational states in 182Os ap-
pears to be a conclusive contribution to delimit the quadrupole
deformed region of the rare earths and to understand the
transition phenomena in the A = 180 region. The lifetimes of
these states were expected to be in a fast-timing suitable range
and were measured with the recently commissioned digital
fast-timing technique [30] using the well established HORUS
fast-timing setup [7,31–33].

II. EXPERIMENTAL DETAILS

Excited states in 182Os were populated with the fusion
evaporation reaction 174Yb(12C, 4n)182Os. A 174Yb target of
about 4 mg/cm2 was exposed to an average beam current
of 1 p nA with an energy of 66 MeV, which was provided

FIG. 2. R4/2 ratios of platinum, osmium, and tungsten isotopes.
The neutron midshell and the expectation values for rotational and
γ -soft limits are indicated in the plot. The lines connecting the data
points are meant to guide the eyes. All values are taken from [11].

FIG. 3. Spectrum of strongest observed γ rays in coincidence
with the 2+

1 → 0+
1 ground state transition observed with HPGe de-

tectors for both detector groups: LaBr in blue and HPGe in red.
The transitions used for the lifetime analysis are labeled in red. The
energy labels are rounded to full keV. The remaining coincidence
contribution in the 127 keV 2+

1 → 0+
1 transition is due to random

coincidence. The HPGe detectors were shielded by 2 mm copper and
lead plates to prevent high count rates due to intensive x rays in the
sub-100 keV region.

by the Cologne 10 MV FN-Tandem accelerator for about
120 hours. A combined stopper of 196 mg/cm2 bismuth and
180 mg/cm2 copper was attached to the target to stop the
reaction fragment and the beam to prevent further reactions
with the beamline and to enhance the heat dissipation. The
yrast band was populated by the fusion evaporation up to the
16+ state. A negligible population of higher yrast states and
states in other excitation bands was detected (see Fig. 3).

The HORUS spectrometer was equipped with ten
LaBr3(Ce) fast-timing scintillators (LaBr) and eight high-
purity germanium detectors (HPGe). The HPGe detectors
were shielded against x rays with 2 mm copper and lead
plates. Six of the LaBr detectors were surrounded with bis-
muth germanate (BGO) active Compton suppression shields.
The LaBr detector signals were recorded with a fast sampling
digitizer of type V1730, manufactured by CAEN S.p.A., with
a sampling rate of 500 MS/s and an analog-to-digital con-
verter (ADC) resolution of 14 bits. The module is equipped
with an on-board real-time digital interpolating constant frac-
tion discriminator that provides picosecond-level accuracy in
time stamps for the fast LaBr detector pulses. The highly
accurate time stamps enable the digital fast-timing method
[30].

III. DATA ANALYSIS

The expected lifetimes of the 2+
1 , 4+

1 , and 6+
1 states

in 182Os were in the time range between 5 ps and some
nanoseconds, to be analyzed with fast-timing methods.
The fast-timing method relies on measuring the time differ-
ence between a feeding and a depopulating transition of the
state of interest. When one signal is given by the feeder of an
intermediate state and the other one by the depopulating γ ray,
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FIG. 4. Time-difference distribution obtained by a direct HPGe
energy gate on the 6+

1 → 4+
1 transition, feeding the 4+

1 state to clean
the cascade of interest. The LaBr gates were applied to the 4+

1 → 2+
1

(273.5 keV) and the 2+
1 → 0+

1 (126.9 keV) transitions. The straight
line represents the slope fit to the exponential part of the distribution.

the delayed time distribution is obtained [34]:

D(t ) = nλ

∫ t

−∞
PRF(t ′ − CP )e−λ(t−t ′ )dt ′ + nr, λ = 1

τ
,

(1)
where CP corresponds to the centroid position of the prompt
response function (PRF) of the timing system, n is the number
of coincidences in the time distribution, nr is the number of
background counts, and τ is the lifetime of the state connected
by the feeder-decay cascade. The delayed time distribution
D(t ) is a convolution of the PRF of the system and an ex-
ponential decay.

The lifetime of the 2+
1 state was analyzed using the well

established slope method [35]. The lifetimes of the 4+ and
the 6+ state both lie in the picosecond regime and were ana-
lyzed using the digital centroid shift method as described in
Ref. [30].

A spectrum of the observed γ rays in coincidence with
the 2+

1 → 0+
1 ground state transition for both detector groups

(LaBr and HPGe) is depicted in Fig. 3. The transitions used
for the lifetime analysis are indicated in red. The γ -ray spec-
trum shows the typical back-bending behavior of the γ rays
between the states with I = 10–16 [36]. This phenomenon is
assumed to have an influence on the lifetime determination
of the 6+

1 state, because the feeding transition 8+
1 → 6+

1 is
contaminated by the decays of the 16+

1 and the 14+
1 states.

This will be addressed in Sec. III.

A. Lifetime of the first 2+ state

The lifetime of the 2+
1 state was analyzed using the slope

method, and a plot of the time-difference distribution with
the fitted exponential decay is presented in Fig. 4. The time-
difference distribution was generated with a direct HPGe gate
using the 6+

1 → 4+
1 (393.8 keV) transition, feeding the 4+

1
state to select the cascade of interest. The LaBr gates were
applied to the 4+

1 → 2+
1 (273.5 keV) and the 2+

1 → 0+
1 (126.9

keV) transitions. The total counts in the time-difference distri-
bution amount to approximately n = 25 000. The background
level is approximately nr = 0.2/10 ps. The lifetime amounts
to τ = 1273(20) ps. The lifetime of the 2+

1 state was previ-
ously reported with two disagreeing results of 1173(14) and
1370(144) ps [37,38]. The remeasured value here supports the

FIG. 5. Time walk calibration for the energy range between 240
and 1300 keV. The maximum time walk range is below 50 ps in
the energy range under consideration. The uncertainty band in the
lower plot represents the 1σ interval and is considered as the TW
uncertainty throughout this work.

second one and an evaluation of all three values amounts in an
adopted lifetime of τ = 1272(49) ps, which will be used for
further discussion.

B. The centroid shift analyses

The lifetimes of the 4+
1 and 6+

1 states were analyzed using
the centroid shift method [35] with the digital approach de-
scribed in detailed in Ref. [30]. The lifetime is extracted from
the centroid shift of the delayed time-difference distribution
from the zero reference time T0 of the timing system, and is
given by

τ = CD − T0 − TW(E1, E2), (2)

where CD corresponds to the centroid position of the delayed
time-difference distribution, T0 = 0 here and TW(E1, E2) rep-
resents the energy-dependent time walk between the energies
of the two involved transitions, which has to be calibrated for
every timing system. The TW was calibrated using a standard
152Eu calibration source, providing several γ -ray cascades
connecting excited states with well known lifetimes [39] and
the recently significantly improved lifetime for the 2+

1 state of
152Gd [40] of τ (2+

1 , 152Gd) = 46.9(3) ps using the procedure
detailed in Ref. [41]. The time walk curve in use is defined by

TW(E ) = a√
E − b

+ c + dE , (3)

where a, b, c, and d are the free fit parameters of the time
walk function, which depend on the properties of the constant
fraction discriminator, that is used as a time pick-off device.
The time walk characteristic for the digital timing setup is
illustrated in Fig. 5 and has a maximum TW range of around
50 ps in the energy range between 200 and 1300 keV. The
time-correlated Compton background under the peak of inter-
est was corrected according the considerations in Ref. [42],
Sec. 3.3. The corrected centroid of the time-difference dis-
tribution of the full-energy peak (FEP) of interest is defined
as [42]

CFEP = Cexp. + tcor.(E1) + tcor.(E2)

2
, (4)
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FIG. 6. (a) Time-difference distribution obtained with energy
gates applied to the 2+

1 state (127 keV) in HPGe detectors and to
the 6+

1 state (393.8 keV) and 4+
1 state (273.5 keV) in LaBr detectors.

(b) Time-difference distribution obtained with energy gates applied
to the 2+

1 state (126.9 keV) in HPGe detectors and to the 8+
1 state

(483.8 keV) and 6+
1 state (393.8 keV) in LaBr detectors. In both

plots, the centroid position CD and the time reference of the system
T0 are indicated and the energy gates applied to the LaBr detectors
are provided.

where the background time correction term is given as [42]

tcor. = Cexp. − CBG

p/b
. (5)

The quantity p/b corresponds to the ratio of the counts in the
FEP to the counts in the background of the energy gate that is
used to generate the experimental time-difference distribution.

1. Lifetime of the first 4+ state

An exemplary time-difference distribution for the deter-
mination of the lifetime of the 4+

1 state containing the full
experimental statistics after a HPGe gate on the 2+

1 → 0+
1

(126.9 keV) transition and two LaBr gates on the 6+
1 → 4+

1
(393.8 keV) and 4+

1 → 2+
1 (273.5 keV) transitions is depicted

in Fig. 6(a). The system zero time reference T0 = 0 and the
centroid position CD are indicated in the plot. The lifetime
was determined using two different HPGe gates to select
the γ cascade of interest: one on the 2+

1 → 0+
1 (126.9 keV)

transition, the other on the 8+
1 → 6+

1 (483.8 keV) transition.
In Fig. 7, a gated energy spectrum of the region around the
4+

1 → 2+
1 transition (a) and the time-correlated background

correction procedure (b) are exemplarily illustrated for a
HPGe gate on the 2+

1 → 0+
1 transition. The centroid posi-

tion CD obtained lies at CD = 25.7(17) ps (depending on the

FIG. 7. Exemplary lifetime analysis and background correction
for the 4+

1 state. (a) LaBr spectrum and HPGe reference spectrum
with energy gates applied to the 2+

1 → 0+
1 (127 keV) transition in

HPGe detectors and to the 6+
1 → 4+

1 (393.8 keV) transition in LaBr
detectors. The lower part of the figure shows the background cor-
rection procedure for the 4+

1 → 2+
1 transition. The centroid positions

taken in the background around the peak of interest and the fit are
depicted in blue. The experimental centroid position CD, exp is indi-
cated in green. (b) LaBr spectrum and HPGe reference spectrum with
energy gates applied to the 2+

1 state (127 keV) in HPGe detectors and
to the 4+

1 → 2+
1 (273.5 keV) transition in LaBr detectors. The lower

part of the figure shows the background correction procedure for the
6+

1 → 4+
1 transition. The centroid positions taken in the background

around the peak of interest and the fit are depicted in blue.

triggering HPGe gate). The time walk between the involved γ

energies amounts to TW(393.8 keV, 273.5 keV) = −18.3(8)
ps. The peak-to-background ratios amount to p/b 273.5 keV =
4.3(1) and p/b 393.8 keV = 3.3(1). The individual lifetime val-
ues obtained from the different HPGe gates agree within the
uncertainties and an adopted lifetime of τ = 48.1(14) ps is
obtained using a Monte Carlo uncertainty propagation. The
results are summarized in Table I.

2. Lifetime of the first 6+ state

The lifetime of the 6+ state was determined using the
timing cascade 8+

1 → 6+
1 → 4+

1 (483.8–393.8 keV) and two
different HPGe gates to select the γ -cascade of interest on
2+

1 → 0+
1 (127 keV) and 4+

1 → 2+
1 (273 keV). All analyses

were carried out according to that of the lifetime of the 4+
1

state. Figure 6(b) shows an exemplary time-difference dis-
tribution of the energy gate sequence 8+

1 → 6+
1 → 4+

1 → 2+
1

with energy gates on LaBr-LaBr-HPGe, respectively. T0 =
0 and the centroid position CD are indicated in the plot.
The time-correlated background correction was applied sim-
ilarly to the background correction of the lifetime of the 4+

1
state. The time walk between the involved transition energies
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TABLE I. Summary of lifetimes measured in this work and de-
rived reduced transition strengths in comparison to literature values
and IBM-1 calculations from this work; see Sec. IV. The lifetime
values printed in bold are obtained from a Monte Carlo uncertainty
propagation and adopted for further discussion and the extraction
of the B(E2) values. The lifetime value for the 2+

1 state is obtained
from a Monte Carlo uncertainty propagation of the newly determined
value and the two literature values.

τ (ps) B(E2) (10−2 e2b2)

Iπ HPGe gate This work Lit. This work Lit. IBM-1

2+
1 6+

1 → 4+
1 1273(20) 1173(16)a 76.8(13)

1370(144)b 66(8)
1272(49) 71(3) 71

4+
1 2+

1 → 0+
1 48.7(21)

8+
1 → 6+

1 47.5(17)
48.1(14) 99(3) 101

6+
1 2+

1 → 0+
1 8.4(18)

4+
1 → 2+

1 7.9(18)
8.1(12) 102+33

−13 110

aReference [37].
bReference [38].

amounts to TW(483.8 keV, 393.8 keV) = −6.3(5) ps. The
centroid position is about CD = 1.5(15) ps (depending on
the HPGe gate) and the peak-to-background ratios amount
to p/b 393.8 keV = 4.0(2) and p/b 483.8 keV = 4.0(1). The indi-
vidual lifetime values depending on the HPGe gates agree
within the uncertainties. The lifetime of τ = 8.1(12) ps is
obtained for the 6+

1 state using a Monte Carlo uncertainty
propagation. The previously mentioned 14+

1 and 16+
1 decays

due to the back-bending phenomenon contaminate the life-
time analysis of the 6+

1 state. The contaminating peaks at
495 keV (14+

1 → 12+
1 ) and 479 keV (16+

1 → 14+
1 ) have an

intensity of around 10% of the 8+
1 → 6+

1 transition for both
contaminating transitions. Efforts were made to minimize the
impact of potential contamination through the use of narrow
gates on the 483.8 keV transition and the background cor-
rection, although it is possible that the lifetime is still a bit
overestimated. Hence, the negative uncertainty is extended
about 0.8 ps, which corresponds to another 10%. Hence, the
adopted lifetime amounts to τ = 8.1+1.2

−2 ps.
All individual and adopted lifetimes are summarized in

Table I alongside with deduced B(E2) values (see Sec. IV)
and B(E2) values from IBM-1 calculations (see Sec. IV).

IV. DISCUSSION

The neutron-midshell region of interest (see Fig. 1) is
well characterized in most of the signatures important for
quadrupole deformation of nuclei. Especially, the osmium
isotopic chain provides one of the longest chains with con-
secutively known spectroscopic data for even-even isotopes
on the entire chart of nuclei [11]. All R4/2 ratios as well as all
B(E2; 2+ → 0+) values and most of the B4/2 values with the
notable exception of 176,182Os are known for the even-even
isotopes of the W, Os, Pt, and Hg isotopic chains around
neutron midshell, N = 104 [11]; see Fig. 2. The previously

FIG. 8. B4/2 ratios for the osmium, platinum, and tungsten iso-
topic chains. The newly determined value of 182Os106 is indicated by
a dashed box. The orange triangles represent the results of the IBM-1
calculations; see Sec. IV. The dashed lines connecting the data points
are meant to guide the eyes. The theoretical limits of ideal rotors and
vibrators as well as the neutron midshell are shown with grey dashed
lines. The values for 172,176,180Pt, 176,178,180W, and 168,172,174,178Os are
taken from Refs. [7,17,27–29]. All other values taken from nuclear
data sheets [11].

unknown B4/2 ratio of 182Os was determined in this work
and amounts to 1.39(7). Within the uncertainties, this value
agrees with the rotational limit of 1.43 (see Fig. 8). As Fig. 8
shows, the B4/2 ratios of the neighboring osmium and tungsten
isotopes also stick close to the rotor limit. The B4/2 ratios
of neighboring platinum exhibit a slight increase towards the
vibrational limit. As suggested by the R4/2 ratio of 182Os of
3.15, the B4/2 ratio of 1.39(7) allows for an interpretation as a
rigid, quadrupole deformed rotor [19,20]. The absolute value
for the quadrupole deformation β2 was recalculated using the
rotational model based on the adopted value of the lifetime
of the 2+

1 state and amounts to 0.22(4). The quadrupole de-
formation of the 4+

1 state also amounts to 0.22(2) and the
one of the 6+

1 state amounts to 0.21(8). This corresponds to
a moderate quadrupole deformation throughout all measured
states of 182Os [18].

Still, some peculiarities are observed in 182Os: A possible
change in structure of higher excitation bands is taking place
at the neutron number N = 106 or the neighboring N = 107
isotope. The excitation energies of the lowest yrast states
exhibit an expected trend, as demonstrated by Fig. 9(a), with
a minimum value observed close to the neutron midshell at
N = 104. However, the excitation energies of the 2+

2 and 0+
2

states indicate a departure from the previously observed trends
in the isotopic chain close to or at 182Os106, respectively.

The energies of the 2+
2 state, which serves as the bandhead

of the γ -rotational band in most osmium isotopes, are around
900 keV for the lighter osmium isotopes (96 < N < 108)
with a maximum at 184Os108. As more neutrons are added,
the γ -band energies exhibit a sharp break and a beginning
even-odd staggering behavior, indicating the emergence of γ

softness around 184–192Os [12–15,43]. At N = 114, E4+
1

and
E2+

2
intersect and are almost equal, which is an indication of

γ -soft nuclei [44] (and also vibrational structures, which is,
however, not expected in this context at all). The excitation
energies of the 0+

2 state perform an opposite movement: the
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FIG. 9. (a) Evolution of level energies of the osmium isotopes
around neutron midshell, N = 104. The red dashed box marks the
area of interest. The blue dots represent the level energies of the
2+

1 , 4+
1 , 6+

1 states of the ground state band. The orange squares are
the energies of the 2+

2 states and the green squares are the energies
of the 0+

2 state. (b) Energies of the first three yrast states and 2+
2

and 0+
2 states versus proton number Z of the isotones with N = 106.

The lines connecting the data points are meant to guide the eyes. All
values are taken from [11].

E0+
2

for the osmium isotopes with N = 108, 110, 112 are ob-
served to be around 1000 keV, but decrease to below 800 keV
for 180Os and lower as neutrons are removed. In particular,
no 0+

2 state has been previously reported for 182Os at all.
The drop in E0+

2
is an indication of the emergence of the

X(5) critical point symmetry in the lighter osmium isotopes
176,178Os, where E6+

1
and E0+

2
are expected to be degenerate

[45]. From this point of view, 182Os is suggested as a transition
point between the fading influence of the γ softness, where
E0+

2
lies above E2+

2
[44], in the heavier isotopes and the X(5)

symmetry in the lighter isotopes. Figure 9(b) shows the evo-
lution of the same states as in Fig. 9(a) but along the isotonic
chain with N = 106, at the end of which is 186Hg, where a
weakly oblate-deformed ground state band coexists with a
prolate intruder band in low-spin states [4,46]. The yrast band
structure rises as expected, when approaching a closed shell.
But as evidenced by the dropping excitation energies of the 0+

2
and 2+

2 states, also from the isotonic perspective 182Os might
represent a transition point between the prevailing prolate
deformation from proton-deficient isobars and the dominating
shape coexistence characteristic when adding protons.

These depicted discontinuities, however, do not influence
the lower excited yrast states of 182Os, and this nucleus can
be considered the first in the N = 106 isotonic chain to show
distinct rotor signs. The strongly deformed rare-earth region

FIG. 10. Experimental and theoretical level energies of first three
ground state band states and 2+

2 and 0+
2 states of 180–186Os. IBM val-

ues are illustrated with triangles of different colors. The theoretical
values for the ground state bands and the 2+

2 states are taken from
Ref. [12]. The theoretical values for the 0+

2 states were calculated in
the scope of this paper. The lines are meant to guide the eyes.

far from the closed shells finds an edge here, as the 184Pt yet
deviates from the rotor limits in R4/2 and B4/2 signatures and
E2+

2
and E0+

2
.

Interacting boson model 1 (IBM-1) [21] calculations were
made based on calculations of Sorgunlu and van Isacker [12]
for the isotopes 180–186Os, where the calculations including a
Hamiltonian and fit parameters are detailed. In Ref. [12], the
ground state band energies up to I = 10 and γ -band energies
up to the least known I = 6–10 were fitted. The energies of the
0+

2 state were additionally calculated here. The level energies
of the yrast band and the γ band are reproduced with root
mean square deviations of σ = 5–19 keV for all calculated
levels, as Fig. 10 illustrates. The results of the calculations
reproduce the discontinuities regarding the level energies of
2+

2 and 0+
2 . The level energies of the 0+

2 state are overestimated
by the model. However, the jump of the theoretical values of
E0+

2
between 182Os and 184Os are reproduced, as depicted in

Fig. 10. Figure 8 shows that the calculated B4/2 values are well
reproduced for the isotopes 180–186Os, including the newly
determined B4/2 of 182Os. It places the B4/2 value close to
the rotational limit of ≈1.43 and agrees with the experimental
value within its uncertainties. This calculation shows that the
IBM-1 in a simple form, as used here, is excellently able to
describe the rotors with boson numbers from 11 to 14 at the
edge of the collective region with A ≈ 180.

V. CONCLUSION

Lifetimes of the first excited 4+ and 6+ states in 182Os
have been measured for the first time and amount to
τ4+

1
= 48.1(14) ps and τ6+

1
= 8.1(12) ps. The lifetime of the

first excited 2+ state has been remeasured with high precision
and supports one of the previously measured literature
values. The evaluated lifetime between all three values
obtained by Monte Carlo uncertainty propagation amounts to
τ2+

1
= 1272(49) ps and was adopted for further discussions.

With the newly determined and evaluated lifetimes, the B(E2)
values between the 6+

1 , 4+
1 , and 2+

1 states and corresponding
deformation parameters β2 were extracted. A B4/2 value of
1.39(7) of 182Os was determined and classified in the context
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of the neighboring isotopes. In accordance with IBM-1 cal-
culations the collective and rotorlike structure is suggested by
the B4/2 value, as expected from the already known collective
signatures. 182Os marks the edge of the strongly deformed
rare-earth region in the N = 106 isotonic chain as 184Pt cannot
serve with clear collective signs. Still, 182Os shows transitional
behavior in higher lying excitation bands between the heavier
γ -soft and the lighter X(5) candidates in the osmium isotopes
and the strongly deformed rotors in the lighter isotones, e.g.,
tungsten and hafnium, and the onset of coexisting shapes in
low excitation levels of the heavier isotones platinum and
mercury. Further lifetime measurements of the higher yrast
states and the 2+

2 state potentially with the recoil-distance
Doppler shift method and the subsequent B(E2) values as

well as spectroscopic measurements to potentially discover a
Kπ = 0+ band can provide more clarity about the onset of the
shape coexistence phenomena and slight γ softness in 182Os.
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