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Low- and medium-spin negative-parity bands in the 187Os nucleus
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Low- and medium-spin negative-parity bands of 187Os have been studied using the AFRican Omnipurpose
Detector for Innovative Techniques and Experiments (AFRODITE) array, following the 186W(4He, 3n) 187Os
reaction at a beam energy of 37 MeV. In the current work, all the previously known bands have been significantly
extended and three new bands have been added to the level scheme. The angular distribution ratio (RAD) and
polarization measurements have been used to assign spin and parity to the observed new levels. The configu-
rations of some of the bands have been modified. The observed bands are interpreted within the cranked shell
model (CSM) and cranked Nilsson-Strutinsky-Bogoliubov (CNSB) formalism. Comparison with experimental
data shows good agreements. Systematic comparison with the neighboring 185Os isotope is also discussed.
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I. INTRODUCTION

In a great number of odd-A transitional nuclei, struc-
tures built on neutron Nilsson orbitals associated with the
i13/2 shell have been extensively studied through in-beam
γ -ray spectroscopy [1–7]. Furthermore, a number of low-
lying negative-parity bands have been observed in several
odd-A deformed nuclei in the 180–190 mass region [7,8].
However, despite the extensive studies, the negative-parity
bands in some nuclei have not been thoroughly investigated,
both experimentally and theoretically. The nucleus 187Os is
one of the nuclei for which there is little knowledge on the
low-lying negative-parity structures. To date, known spec-
troscopic information about this nucleus is mainly from the
electron conversion, β decay, and transfer reaction studies
[9–14]. Furthermore, there is an investigation through in-
beam spectroscopy [15]. In spite of this, rotational structures
built on the known low-lying negative-parity levels are yet to
be fully established. More importantly, accurate determina-
tions of multipolarities of the transitions are still needed in
order to confidently determine the spins and parities of the
excited states, which could subsequently allow one to under-
stand the microscopic nature of the low-spin states and parts of
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rotational structures reported in previous studies [7,9,11–17].
As a result, we have used the 186W(α, 3n) reaction and the
AFRODITE γ -ray spectrometer to get insight into the general
behavior and microscopic nature of the low-lying excitations
in 187Os.

II. EXPERIMENTAL DETAILS

The AFRODITE γ -ray spectrometer [18] was
used to detect γ -γ coincidences produced using the
186W(4He, 3n) 187Os reaction at 37.0 MeV. The array
consisted of 11 HPGe clover detectors in BGO shields.
The 4He beam was delivered by the K = 200 separated sector
cyclotron at iThemba Laboratories [19] and bombarded a
stack of four 186W targets, mounted on thin carbon foils
with a total thickness of 400 μg/cm2. Events of coincident
γ rays were acquired if the detection of two or more γ rays
occurred within a 200-ns window. A total of about 2 × 109

coincidence events were recorded and sorted into Eγ1 -Eγ2

matrices through which the level scheme for the nucleus of
interest was created.

The spin-parity selection rules [20] and angular distribu-
tion ratios were used to assign multipolarity to newly observed
transitions. The angular distribution ratios are given by

RAD = I135◦
γ1

I90◦
γ1

. (1)
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TABLE I. The angular distribution ratios RAD, the γ -ray intensities (Iγ ), and the polarization asymmetries (AP) measured for the γ -ray
transitions with energies (Eγ ) linking the initial and final nuclear states with energy Ei and Ef , respectively. The spin and parity assignments of
these states, Ii and If , respectively, and the assigned multipolarity of each γ -ray (γ -Mult) are also listed. The energy of the tentative 351.5-keV
transition is given in brackets. ∗ indicates the new γ rays. Empty cells refer to the information that could not be obtained. The uncertainties on
the γ -ray energies are typically of 0.3 keV for strong transitions and up to 0.5 keV for weak transitions and doublets.

Ei (keV) Ef (keV) Eγ (keV) Iγ Iπ
i Iπ

f RAD Ap γ Mult.

Band 1
74.4 0.0 74.4 3/2− 1/2− 0.46 (9) M1/E2
329.9 74.4 255.5∗ 55.3(9) 7/2− 3/2− 0.86 (1) 0.22 (18) E2
731.7 329.9 401.8∗ 36.1(12) 11/2− 7/2− 0.87 (1) 0.21 (11) E2
1259.7 731.7 528.0∗ 24.8(8) 15/2− 11/2− 0.96 (2) E2
1883.9 1259.7 624.2∗ 15.9(5) 19/2− 15/2− 0.94 (2) E2
2558.6 1883.9 674.7∗ 8.5(3) 23/2− 19/2− 0.97 (2) E2
3237.1 2558.6 678.5∗ 2.40(12) 27/2− 23/2− 0.94 (2) E2

Band 2
187.2 0.0 187.2 5.9(3) 5/2− 1/2− 0.80 (3) E2
187.2 9.8 177.4 8.9(6) 5/2− 3/2− 0.73 (2) M1/E2
508.1 187.2 320.9 20.7(10) 9/2− 5/2− 0.84 (2) E2
508.1 190.5 317.6∗ 5.3(3) 9/2− 7/2− 0.88 (7) M1/E2
951.2 508.1 443.1∗ 15.1(6) 13/2− 9/2− 0.72 (3) E2
951.2 511.3 439.9∗ 3.9(3) 13/2− 11/2− 0.47 (2) M1/E2
1494.8 951.2 543.6∗ 9.6(4) 17/2− 13/2− 0.97 (3) E2
2110.6 1494.8 615.8∗ 6.6(3) 21/2− 17/2− 0.93 (4) E2
2762.0 2110.6 651.4∗ 2.15(14) 25/2− 21/2− 0.77 (8) E2

Band 3
190.5 9.8 180.7 21.4(6) 7/2− 3/2− 0.84 (1) E2
511.3 190.5 320.8 36.7(12) 11/2− 7/2− 0.88 (1) 0.11 (19) E2
956.6 511.3 445.3∗ 31.1(10) 15/2− 11/2− 0.86 (2) 0.05 (18) E2
1492.1 956.6 535.4∗ 5.9(6) 19/2− 15/2− 0.88 (4) E2
1492.1 935.0 557.1∗ 21.1(7) 19/2− 15/2− 0.98 (2) E2
1492.1 1209.6 282.4∗ 6.9(3) 19/2− 17/2− 0.44 (4) M1/E2
2102.1 1492.1 610.0∗ 24.9(8) 23/2− 19/2− 1.03 (4) E2
2729.5 2102.1 627.4∗ 10.7(4) 27/2− 23/2− 1.05 (3) E2

Band 4
459.3 100.5 358.8 30.6(15) 11/2− 7/2− 0.81 (2) E2
459.3 263.1 196.1 100(4) 11/2− 9/2− 0.56 (4) M1/E21
935.0 459.3 475.7 49.0(17) 15/2− 11/2− 0.82 (2) E2
935.0 684.4 250.3 22.5(8) 15/2− 13/2− 0.40 (3) M1/E2
1511.6 935.0 576.6∗ 5.9(6) 19/2− 15/2− 0.96 (9) E2
1511.6 956.6 554.9∗ 11.2(4) 19/2− 15/2− 0.79 (2) E2
1511.6 1209.6 301.7∗ 8.3(4) 19/2− 17/2− 0.24 (11) M1/E2
2145.4 1511.6 633.8∗ 16.3(6) 23/2− 19/2− 0.94 (6) E2
2145.4 1813.7 331.4∗ 2.47(18) 23/2− 21/2− 0.34 (2) M1/E2
2822.1 2145.4 676.7∗ 6.3(3) 27/2− 23/2− 0.89 (6) E2
2822.1 2470.3 (351.5∗) 1.61(17) 27/2− 25/2− 0.45 (9) M/E2

Band 5
263.1 100.5 162.6 80.8(6) 9/2− 7/2− 0.45 (1) M1/E2
684.4 263.1 421.2 35.1(13) 13/2− 9/2− 0.94 (2) E2
684.4 459.3 225.3 37.7(13) 13/2− 11/2− 0.41 (2) M1/E2
1209.6 684.4 525.2 32.2(11) 17/2− 13/2− 0.90 (1) E2
1209.6 935.0 274.8 19.0(7) 17/2− 15/2− 0.58 (3) M1/E2
1813.7 1209.6 604.1∗ 25.8(9) 21/2− 17/2− 0.93 (3) E2
1813.7 1511.6 302.3∗ 5.9(6) 21/2− 19/2− 0.42 (8) M/E2
2470.3 1813.7 656.6∗ 9.6(4) 25/2− 21/2− 0.94 (3) E2
2470.3 2145.4 325.3∗ 2.89(21) 25/2− 23/2− M1/E2
3136.0 2470.3 665.7∗ 3.64(20) 29/2− 25/2− 0.90 (3) E2
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TABLE I. (Continued).

Ei (keV) Ef (keV) Eγ (keV) Iγ Iπ
i Iπ

f RAD Ap γ Mult.

Band 6
444.9 100.5 344.4 15(4) 9/2− 7/2− 0.37 (2) M1/E2
444.9 263.1 181.9∗ 5.5(14) 9/2− 9/2− M1/E2
947.7 444.9 503.0∗ 9.7(5) 13/2− 9/2− 0.82 (3) E2
947.7 459.3 488.2∗ 10.4(6) 13/2− 11/2− 0.48 (4) M1/E2
947.7 687.4 260.6∗ 4.1(3) 13/2− 11/2− 0.24 (10) M1/E2
1532.0 947.7 584.3∗ 12.0(6) 17/2− 13/2− 0.75 (2) E2
2176.7 1532.0 644.7∗ 4.4(3) 21/2− 17/2− 0.89 (8) E2

Band 7
687.4 100.5 586.9∗ 6.0(6) 11/2− 7/2− 0.75 (2) E2
687.4 263.1 424.1∗ 8.5(7) 11/2− 9/2− 0.57 (5) M1/E2
687.4 444.9 242.2∗ 7.7(5) 11/2− 9/2− 0.32 (2) M1/E2
1231.9 687.4 544.5∗ 13.4(6) 15/2− 11/2− 0.87 (2) E2
1231.9 947.7 283.9∗ 6.6(4) 15/2− 13/2− 0.46 (2) M1/E2
1231.9 684.4 547.7∗ 3.3(3) 15/2− 13/2− M1/E2
1852.6 1231.9 620.7∗ 7.0(4) 19/2− 15/2− 1.07 (10) E2
2512.1 1852.6 659.5∗ 2.23(18) 23/2− 19/2− 0.77 (8) E2

The numerator of Eq. (1) denotes the intensity of the γ ray of
interest, γ1, detected at an angle of 135◦, gated on γ2 detected
in all detectors. The denominator of Eq. (1) denotes the inten-
sity of γ1 detected at an angle of 90◦, gated on γ2 detected in
all detectors. All the RAD ratios in Table I were obtained by
setting a gate on pure stretched quadrupole transitions. The
measured RAD ratio is close to 0.43 for a stretched dipole and
close to 0.87 for a stretched quadrupole transition.

The linear polarization asymmetries Ap have been used to
confirm the electromagnetic nature of the γ rays observed in
this work. Here Ap is defined by

Ap = αNV − NH

αNV + NH
, (2)

where NV and NH are the number of γ rays scattered between
the crystals of clover detectors at 90◦ perpendicular and paral-
lel to the beam direction, respectively. The relative efficiency
α = NH/NV is determined using unpolarized γ rays. For po-
larization measurements, the Ap values yield Ap < 0 and Ap >

0 for stretched magnetic and stretched electric transitions,
respectively.

III. EXPERIMENTAL RESULTS

The nuclear structure of 187Os was previously investigated by
Refs. [7,9–17]. In their work, the bandheads and some low-
energy levels of the rotational bands of 187Os were observed.
In the present study, the known structures from the previous
work have been extended to higher spins. Figure 1 shows the
partial decay schemes of 187Os constructed using the present
coincidence data. New transitions deduced in the present work
are labeled in red, while transitions from previous in-beam
work are labeled in black. Measured properties of γ rays and
rotational levels observed in this work are listed in Table I.

Band 1 is a new rotational sequence decaying to the known
74.4-keV energy level. In the present work, six in-band tran-
sitions have been added to band 1. The angular distribution

measurements carried out for all in-band transitions are con-
sistent with stretched quadrupole (�I = 2) nature. Figure 2
shows a spectrum with transitions associated with band 1.

Some low-spin states of bands 2–7 were observed at low
spin by Ref. [15]. As shown in Fig. 1 and Table I, the present
work has not only managed to confirm the existence of these
bands but has also extended them to higher spins.

Band 2 has been previously observed up to Iπ = 9/2− by
Ref. [15]. In the present work, this band has been extended
significantly up to Iπ = 25/2−. The RAD values extracted for
the in-band transitions, which include the four new transi-
tions (443.1, 543.6, 615.8, and 651.4 keV) are consistent with
stretched quadrupole (�I = 2) nature. This band decays to
band 3 through the 439.9-, 317.6-, and 177.4-keV transitions.
The 177.4-keV transition was observed by the previous study
[15] and its multipolarity was found consistent with mixed
M1/E2 nature. The RAD values for the 177.4- and 317.6-keV
transitions measured in our work suggest that these linking
transitions have either stretched quadrupole (�I = 2) nature
or mixed M1 + E2 nature. The RAD value for the 439.9-keV
transition however shows that this transition is a stretched
dipole. Therefore, bands 2 and 3 have opposite signatures,
in agreement with the previous spin and parity assignments
for the low-energy levels of these bands. Figure 3 shows a
coincidence spectrum which confirms the presence of the new
transitions of band 2.

Band 3 was previously known up to Iπ = 11/2− and only
two in-band transitions, namely 180.7 and 320.8 keV, were
reported by Ref. [15]. In the current work, this band has
been extended up to Iπ = 27/2− by four in-band transitions
(see Figs. 1 and 4). The RAD and polarization measurements
deduced for the in-band transitions are consistent with them
being stretched E2 transitions.

Bands 4 and 5 are signature partner bands built on the
isomeric state at 100.5 keV with half-life of 112 ns. In the
previous in-beam work [15], these bands were observed up to
Iπ = 15/2− and Iπ = 17/2−, respectively. The current study
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FIG. 1. Partial level scheme of 187Os deduced from the current work showing the negative-parity bands. New transitions are shown in red
and denoted by asterisks (*), while previously known transitions are labeled in black. Proposed configurations for each band structure are given
above the bands.

does only confirm the presence of the rotational states up to
the 15/2− and 17/2−, as previously reported by Ref. [15],
but has also extended these bands up to 27/2− and 29/2−,
respectively. The transitions of bands 4 and 5 are illustrated in
the gated spectra shown in Figs. 5 and 6). Band 4 decays to
band 5 through 196.1-, 250.3-, 301.7-, 331.4-, and 351.5-keV
transitions. Two of these transitions were previously observed
in Ref. [15], but their multipolarities were not measured. In
the current work, the RAD values for these transitions were
found in agreement with stretched dipole (�I = 1) nature.
Band 5 also decays to band 4 through the 162.6-, 225.3-,
274.8-, 302.3-, and 325.3-keV transitions. The first three of
these transitions are known from the previous in-beam work
[15] and their multipolarities were not deduced. In the current
work, the measured RAD values of these transitions suggest
stretched dipole (�I = 1) nature. These measurements con-
firm that the two bands are signature partners. The RAD and

FIG. 2. Coincidence spectrum obtained by setting a gate on the
255.5-keV transition of band 1. New transitions are shown in red and
denoted by asterisks (*), while contaminants and other transitions of
187Os not associated with the band of interest are shown in green and
labeled by hashes (#).

polarization asymmetry values of all the transitions in these
bands are listed in Table I.

It is interesting to note that the 15/2− and 19/2− levels
of band 4 lie at almost the same (within 22-keV) excitation
energy as the corresponding levels of band 3 with the same
spin and parity, and very similar excitation energies interact
strongly, partly mixing their wave functions. These interac-
tions are the cause for the observed mixing between bands
3 and 4 at these levels despite their different single-particle
configurations.

Bands 6 and 7 are new bands built on the known 444.9-keV
and 687.4-keV energy levels, respectively [15]. The current
work has established these bands up to Iπ = 21/2− and Iπ =
23/2−, respectively (see Fig. 1 and Table I). These bands de-
cay to both bands 4 and 5. Band 6 decays to band 4 through the
488.2- and 344.4-keV transitions. It also decays to both bands

FIG. 3. Coincidence spectrum obtained by setting a gate on the
543.6-keV transition of band 2. New transitions are shown in red and
denoted by asterisks (*), while contaminants and other transitions
of 187Os not associated with the band of interest are shown in green
and labeled by hashes (#). The known transitions associated with the
band of interest are shown in black.
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FIG. 4. Coincidence spectrum obtained by setting a gate on the
535.4-keV transition of band 3. New transitions are shown in red and
denoted by asterisks (*), while contaminants and other transitions
of 187Os not associated with the band of interest are shown in green
and labeled by hashes (#). The known transitions associated with the
band of interest are shown in black.

5 and 7 through the 181.9- and 260.6-keV transitions, respec-
tively. The RAD values for the 488.2-, 344.4-, and 260.6-keV
transitions were found to be 0.48(4), 0.37(2), and 0.24(10),
respectively suggesting that these transitions have stretched
dipole (�I = 1) character. Band 7 decays to both bands 5 and
6 through the 547.7-, 424.1-, 283.9-, and 242.2-keV transi-
tions, respectively. The RAD values for the 424.1-, 283.9-, and
242.2-keV transitions were found to be 0.57(5), 0.46(2), and

FIG. 5. Coincidence spectrum obtained by setting a gate on the
576.6-keV transition of band 4. New transitions are shown in red and
denoted by asterisks (*), while contaminants and other transitions
of 187Os not associated with the band of interest are shown in green
and labeled by hashes (#). The known transitions associated with the
band of interest are shown in black. The insert shows a spectrum
gated on the 250.3-keV transition to illustrate the new 576.6-keV γ

ray.

FIG. 6. Coincidence spectrum obtained by setting a gate on the
421.2-keV transition of band 5. New transitions are shown in red and
denoted by asterisks (*), while contaminants and other transitions
of 187Os not associated with the band of interest are shown in green
and labeled by hashes (#). The known transitions associated with the
band of interest are shown in black. The insert shows a spectrum
gated on the 665.7-keV transition to illustrate the new 604.1- and
656.6-keV γ rays.

0.32(2), respectively, suggesting stretched dipole (�I = 1)
nature. Band 7 also decays to band 4 through the 586.9-
keV transition. The RAD value of this transition is consistent
with stretched quadrupole (�I = 2) nature. The RAD values
extracted for the in-band transitions, for both bands 6 and
7 are consistent with stretched quadrupole (�I = 2) nature.
The polarization asymmetries Ap could not be obtained for the
transitions in these bands because of low statistics. Figures 7

FIG. 7. Coincidence spectrum obtained by setting a gate on the
344.5-keV transition of band 6. New transitions are shown in red and
denoted by asterisks (*), while contaminants and other transitions of
187Os not associated with the band of interest are shown in green and
labeled by hashes (#).
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FIG. 8. Coincidence spectrum obtained by setting a gate on the
544.5-keV transition of band 7. New transitions are shown in red and
denoted by asterisks (*), while contaminants and other transitions
of 187Os not associated with the band of interest are shown in green
and labeled by hashes (#). The known transitions associated with the
band of interest are shown in black. The insert shows a spectrum
gated on the 620.7-keV transition to illustrate the new 544.5- and
283.9-keV γ rays.

and 8 show spectra illustrating the transitions associated with
bands 6 and 7.

IV. DISCUSSION

A. Negative-parity bands in 185,187Os

The excitation energy of the negative-parity bands in 185Os
and 187Os with respect to a rigid rotor are shown in Fig. 9.
The quasiparticle alignments and Routhians calculated for
these bands with Harris parameter of J0 = 21h̄2 MeV−1

and J1 = 65h̄4 MeV−3 for 187Os and J0 = 24h̄2 MeV−1 and

FIG. 9. The experimental excitation energies with respect to rigid
rotor energies for the bands in 187Os and the 3/2−[512], 1/2−[510],
and 7/2−[503] bands in 185Os [21,22]. The signature partner bands
are labeled in the same color, open symbols denote negative signa-
tures, and closed symbols represent positive signatures.

FIG. 10. Aligned angular momentum ix deduced for the bands in
187Os and 185Os as a function of the rotational frequency. The Harris
parameters are J0 = 21h̄2 MeV−1 and J1 = 65h̄4 MeV−3 for 187Os
and J0 = 24h̄2 MeV−1 and J1 = 66h̄4 MeV−3 for 185Os [21].

J1 = 66h̄4 MeV−3 for 185Os [21] are shown in Figs. 10 and
11. In 187Os, band 1 shows very similar properties to band 2
over the observed spin range and has opposite signature. This
is consistent with these bands being signature partners built in
the same configuration. The comparison of bands 1 and 2 of
187Os with the bands assigned to the 3/2[512] configuration
in 185Os [see Figs. 9(b), 10(b), and 11(b)] suggests distinct
similarities. For instance, the excitation energies for these
bands shown in Fig. 9 show very similar trends, the measured
alignment of 0.22h̄ for the bands in 187Os is similar to the
alignment of 0.23h̄ for the bands in 185Os (see Fig. 10) and
the Routhians for these bands shown in Fig. 11 look very
similar as well. Therefore, bands 1 and 2 are most likely

FIG. 11. The experimental Routhians for the bands in 187Os and
185Os. The Harris parameters for 187Os are J0 = 21h̄2 MeV−1 and
J1 = 65h̄4 MeV−3 and for 185Os are J0 = 24h̄2 MeV−1 and J1 =
66h̄4 MeV−3 [21]. Signature partner bands are labeled in the same
color, open symbols denote negative signatures, and closed symbols
represent positive signatures.
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FIG. 12. Cranked shell model negative-parity Routhians for
186Os with N = 110 as a function of the rotational frequency ω. The
rotational frequency and the quasiparticle energy are expressed in
units of the harmonic oscillator energy h̄ω0. In this figure, solid lines
represent quasiparticle trajectories with negative parity and signature
α = 1/2 and dashed lines are used for quasiparticle trajectories with
negative parity and signature α = −1/2.

associated with the negative and positive signatures of the
3/2[512] Nilsson configuration, respectively.

The excitation energy, the alignment, and the Routhian for
band 3 in 187Os are plotted in Figs. 9(a), 10(a), and 11(a).
They look very similar to those of the 1/2[510](−,−1/2)
band in 185Os; see Figs. 9(b), 10(b), and 11(b). For instance,
the excitation energy follows a similar trend for both nuclei,
an alignment of about 1h̄ is measured for both bands (see
Fig. 10), and the Routhians for these bands look similar and lie
at lowest energy with respect to the other bands (see Fig. 11).
It is therefore suggested that band 3 is associated with the
negative signature of the 1/2[510] Nilsson configuration.

It should be noted that in the previous works band 2
was assigned to the ground-state configuration and thus to
the 1/2[510](−,−1/2) configuration [7,9–17], while band 3
was assigned to the 3/2[512](−,−1/2) configuration [7,11–
15]. It is likely that the previous works could not evalu-
ate the behaviour of the bands at medium spins because
of the limited experimental data available. They could not
distinguish between the possible 1/2[510](−,−1/2) and
3/2[512](−,−1/2) configurations for these bands. The new
experimental data at higher spins presented in this work allow
a comparison with the bands in the neighboring 185Os isotope
(see Figs. 9, 10, and 11) and suggest that bands 2 and 3 have
3/2[512](−,−1/2) and 1/2[510](−,−1/2) natures, respec-
tively.

The low-spin states of bands 4 and 5 were first observed
by Harmatz et al. [9], who assigned them to a K = 1/2 band.
A modification of the configuration of these bands was done
by Ewbank [10], who pointed out that the 100.5-keV level
has been shown to have a half-life of 112 ns and thus it could
not be the 7/2− member of the K = 1/2 band, but is prob-
ably a 7/2−[503] state. The existence of this band has been
confirmed by [7,9,11–17]. The band head energies of both
bands 4 and 5 at 100.5 and 263.1 keV, respectively, have also
been reported from the previous in-beam work [15]. These
bands were considered as signature partners associated with
the 7/2−[503] neutron orbital. As mentioned previously, the
sequence of levels added in the present work, which allowed
us to observe these bands to higher spins, shows that these
bands share the same moment of inertia throughout, as a
function of spin; see Fig. 9(a). This feature is also displayed
in the alignment and Routhian plots shown in Figs. 10(a) and
11(a), respectively. The fact that these bands are connected
by interlinking M1 transitions and track each other over the
observed frequency range is evidence that these bands are
signature partners built on the same configuration. The com-
parison of excitation energies, alignments, and Routhians of
bands 4 and 5 with the 7/2[503] bands of 185Os shows a very
good agreement; see Figs. 9, 10, and 11. Therefore, bands 4

FIG. 13. Calculated total energy surfaces for the yrast (+, 1/2) configuration in the CNSB formalism for increasing spin I . The contour
line separation is 0.2 MeV. The absolute minima are indicated by black asterisks in each of the figures.
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FIG. 14. (a) The excitation energies with respect to a liquid-drop
reference for the four lowest energy (−, ±1/2)n bands of 187Os
calculated with the CNSB model. The index n denotes the relative
energy of the bands, where n = 1 corresponds to the yrast negative-
parity band, n = 2 to the first excited negative-parity band, etc.
(b) The alignment of the calculated negative-parity bands in 187Os
as a function of rotational frequency. The Harris parameters are the
same as in Fig. 10.

and 5 are assigned to the 7/2[503] Nilsson configuration. It
is interesting to note that the band crossing of band 3 with
bands 4 and 5 as observed in 187Os was also found in 185Os;
see Fig. 9. This highlights further the similar behavior of these
bands in the two neighboring nuclei.

The bandhead levels of bands 6 and 7 were first observed
by Sodan et al. [15], who assigned them to a K = 9/2 band.
The transitions that form these new bands were added in the
current work and allowed us to observe these bands up to
high spins. The two bands share the same moment of inertia
throughout, as a function of spin; see Fig. 9(a). This feature
is also displayed in the alignment and Routhian plots, shown
in Figs. 10(a) and 11(a), respectively. The bands show no

signature splitting [see Fig. 11(a)], which is consistent with
a band associated with a neutron configuration with large �.
Therefore, these bands are assigned as signature partners and
associated with the 9/2[505] Nilsson configuration.

Further support for the proposed configurations comes
from the cranked shell model (CSM) calculation shown in
Fig. 12. CSM calculations were carried out with the parame-
ters for 186Os as given in Ref. [23] of ε2 = 0.198, ε4 = 0.054,
� = 0.094, λ = 6.837, Z = 76, and N = 110. The calcula-
tions suggest that the negative-parity Routhian with the lowest
energy is associated with the 1/2−[510] Nilsson configura-
tion, the second lowest with the 7/2−[503] configuration, the
third with the 3/2−[512] configuration, and the highest energy
one with the 9/2−[505] configuration, which is in exact agree-
ment with the relative energy of the experimental Routhians
of the bands in 185Os and 187Os, shown in Fig. 11. The calcu-
lations predict small signature splitting for the 7/2−[503] and
3/2−[512] Routhians with the negative and positive signatures
being favorites for these configurations, respectively. This is
also in good agreement with the experimental observations.
The calculated lack of signature splitting for the 9/2−[505]
orbital is also in agreement with the plotted experimental
Routhians of bands 6 and 7 in Fig. 11(a). The excellent
agreement of the CSM calculations with the experimental data
lends further support for the proposed configuration assign-
ments.

B. Cranked Nilsson-Strutinsky-Bogoliubov formalism

Further calculations have been carried out for 187Os, using
the CNSB (cranked Nilsson-Strutinsky-Bogoliubov) formal-
ism as detailed in Refs. [24–26]. Standard parameters [27]
have been used in the calculations. The quantum numbers
which are preserved in the CNSB approach are parity and
signature; thus, for the odd-mass Os isotopes the neutron
configurations are specified as (π, α). Representative CNSB
potential energy surface (PES) for the yrast (+,1/2) configura-
tion is shown in Fig. 13. They identify in general the potential
energy minimum as a function of the spin and of the nuclear
deformation of 187Os.

At the ground state, the lowest energy minimum corre-
sponds to a well-developed prolate shape at ε2 ≈ 0.2. At
higher spin, I ≈ 6.5, the potential energy minimum remains
at similar quadrupole deformation but shifts to a triaxial shape
with γ ≈ −8◦. At spins of I ≈ 12.5, the nucleus becomes
more triaxial and there is a competition between a rotation
around its intermediate axis (the minimum at γ ≈ −15◦) and
a rotation around its long axis (the minimum at γ ≈ −105◦),
with the later minimum being the yrast one. The observed
rotational bands in 187Os are collective; thus, the calculations
were carried out using a limitation on the deformation mesh to
restrict the states to rotation around the intermediate axis (the
former minimum).

The calculated single-particle energies suggest that the
negative-parity low- j orbitals in the shell N = 5, 1/2[510],
9/2[505], 3/2[512], 7/2[503], are lying near the Fermi level
for N = 110. Therefore, one expects that the negative-parity
bands in 187Os are associated with these orbitals. In the CNSB
calculations the low- j orbitals are not easily distinguishable,
and therefore the labeling of the negative-parity bands in
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187Os uses the (−,±1/2)n notation, where n = 1 denotes
the lowest-energy configuration with (−,±1/2), while n =
2 labels the second lowest-energy configuration, etc.; see,
for instance, Fig. 14(a). The calculations suggest that the
negative-parity bands have similar but not the same moments
of inertia [see Fig. 14(a)], in agreement with the experimen-
tal data [see Fig. 9(a)]. The calculations predict very small
alignments for all three negative-parity bands [see Fig. 14(b)],
which is also in good agreement with the experimental data
[see Fig. 10(a)]. The calculations predict an alignment of
a nucleon pair at a rotational frequency of 0.30–0.35 MeV,
which is also in line with the observed onset of alignment for
the experimentally observed bands in Fig. 10(a). Therefore,
the CNSB calculations are generally in good agreement with
the proposed nucleon configurations.

V. CONCLUSION

Low- and medium-spin states in 187Os were investigated
using the AFRODITE array. Our work has extended all bands
in 187Os observed by the previous in-beam work up to high
spins. Three new bands have been added in the decay scheme
of 187Os. The RAD and polarization measurements have been
used to assign spin and parity to the observed rotational
bands. The negative-parity bands have been associated with

the 1/2[510], 3/2[512], 7/2[503], and 9/2[505] neutron con-
figurations. In particular, the new bands 6 and 7 are based
on the 9/2[505] configuration. The negative-parity bands
that have been previously assigned to 1/2[510](−,−1/2)
and 3/2[512](−,−1/2) Nilsson configurations are reviewed
based on the new experimental data and their configura-
tions are swapped. Bands 4 and 5 are associated with the
7/2[503] configuration. In order to meaningfully describe
the quantum behavior of the newly established structures,
the cranked shell and cranked Nilsson-Strutinsky-Bogoliubov
models have been used as well as a systematic compari-
son with the rotational bands of 185Os. The good agreement
between the theoretical models and the experimental data
supports the proposed nucleon configurations of the negative-
parity bands in 187Os.
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