
Spectroscopy of the neutron-deficient nucleus 167Os91
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Excited states of the nucleus 167Os have been populated by the reaction 92Mo(78Kr,2pn). The
jurogam γ-ray detector array has been used in conjunction with the ritu gas-filled separator and
the great spectrometer in order to observe prompt γ rays in coincidence with recoiling fusion-
evaporation residues and their subsequent decay by α particle emission. By correlating prompt
γ radiation with the characteristic α radioactivity of 167Os, it has been possible to extend the
level scheme for this nucleus significantly. In particular, an extension of the yrast band and four
previously unobserved bands are reported. In addition, the recoil distance Doppler-shift method was
used to determine a lifetime of τ = 20(4) ps for the Iπ = 17/2+ state in 167Os. Hence, the level of
collectivity and magnitude of deformation of the low spin yrast band of this nucleus is established.

PACS numbers: 23.20.Lv, 21.10.Tg, 27.70.+q

I. INTRODUCTION

Recent experiments employing selective tagging tech-
niques [1–3] have established excited states in the
neutron-deficient osmium isotopes [4–8] down to 162Os
and have revealed changes in the underlying nuclear
structure as the closed shell at N = 82 is approached.
A gradual evolution in the structure of Os isotopes
is evident when moving from the neutron mid-shell at
N = 104, where the nuclei display behavior typical of sta-
ble prolate deformations, through to shape coexistence in
172Os (N = 96) [9], and towards sphericity in 162Os [4].
This behavior is clearly demonstrated in the ratio of
the energies of the first excited Iπ = 2+ and 4+ states,
E(4+)/E(2+). At the neutron mid-shell, even-A Os nu-
clei have an excitation energy ratio E(4+)/E(2+) close
to the limit of an ideal rotating nucleus (3.3). This ratio
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is observed to decrease as a function of N for N < 104
and by 164Os the ratio reaches the value of 2.4 [5], close
to the ideal value of 2.5 for a γ-soft rotor.

The spectroscopy of odd-A nuclei is particularly im-
portant in identifying the active single particle orbitals
and their core-polarizing influence. In this work, excited
states based on several single-neutron states have been
established to high spin in 167Os. In addition, lifetime
information is particularly rare in these extremely neu-
tron deficient nuclei. In the case of Os nuclei the lightest
nucleus in which lifetime information has been reported
is 172Os [10]. The lifetime of the 17/2+ state in the yrast
band of 167Os has been measured in this work providing
information on the extent of nuclear deformation.

The nucleus 167Os represents the lightest odd-A iso-
tope of Os in which detailed spectroscopy has thus far
been possible [7]. However, the level scheme reported in
the work of Joss et al. [7] was constructed from a γ − γ
analysis with events correlated solely with the detection
of a recoiling fusion-evaporation residue at the focal plane
of the ritu separator. In the present study, it has been
possible to correlate the γ−γ data with the characteristic
α decays of 167Os.

In a recent study of isomeric states in this region, Sc-
holey et al. [11], using one of the same data sets as dis-
cussed in the present work, have identified the decay path
to the Iπ = 7/2− ground state from the 13/2+ state in
167Os [11]. This state decays via a 348 keV γ ray with
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a half-life of 672(7) ns [11]. The 348 keV transition was
reported to feed the first excited state of 167Os at 87 keV.
The band feeding this state promptly is reported here for
the first time. In addition, the present work has revealed
another band, also observed to bypass the Iπ = 13/2+

isomer, which is thought to decay directly to the 167Os
ground state.

The yrast sequence of 167Os [7], which is based on the
13/2+ state, has been extended with the observation of
three new excited states. This has allowed the properties
and characteristics of this band to be studied in more
detail than was previously possible. Furthermore, addi-
tional non-yrast bands that decay to the yrast band, are
also reported for the first time.

II. EXPERIMENTAL DETAILS AND ANALYSIS

A. Recoil decay tagging experiments

The excited states of 167Os were populated via the 2pn
evaporation channel following the fusion of a 78Kr beam
with a 92Mo target of thickness 550 µg/cm2. The ob-
servations reported here are the results of three separate
experiments in which the beam was accelerated to an
energy of 335 MeV for ∼162 hours, 357 MeV for ∼23
hours, and 365 MeV for ∼65 hours. On all three occa-
sions, the 78Kr15+ beam was provided at intensities of
5-8 pnA by the K130 cyclotron of the Accelerator Labo-
ratory of the University of Jyväskylä. At the target po-
sition, the jurogam Ge-detector array [12] was used to
detect the prompt γ rays emitted by the recoiling fusion-
evaporation residues. The gas-filled separator ritu [13]
was used to transport the reaction products to the focal
plane where they were detected using the great spec-
trometer [14]. Alpha and gamma-ray spectroscopy of the
recoils was facilitated by two adjacent double-sided sili-
con strip detectors (DSSDs), a planar Ge detector, a high
efficiency clover Ge detector and an array of 28 Si PIN
diode detectors. A multiwire proportional counter pro-
vided energy loss and (in conjunction with the DSSDs)
time-of-flight information, which allowed the recoils to be
distinguished from the scattered beam.

The characteristic α decays of 167Os (Eα = 5853(5)
keV, T1/2 = 0.84(7) s [15]) were observed in the DSSDs
at the focal plane and were temporally and spatially cor-
related with detected recoils and, furthermore, γ rays
detected at the target position. Fig. 1 shows prompt γ
rays correlated with the α decay of 167Os detected within
2.15 seconds (∼2.5×T1/2(167Os)) of the detection of a re-
coil. A number of transitions which have been identified
as originating in 168Os (T1/2 = 2.1(1) s [15]) can also
be seen in Fig. 1. This is an unfortunate consequence of
the relatively long correlation time used in the current
analysis. In the analysis the average recoil implantation
rate in the DSSDs was ≈450 Hz. These data were sorted
using the Grain program [16] and the γ − γ analysis was
performed using the Radware software suite [17].
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FIG. 1: Gamma rays observed in tagging on the characteristic
α decay of 167Os. This spectrum was obtained from the 365
MeV reaction. Some of the peaks which are unmarked have
been identified as resulting from other reaction channels.

B. RDDS lifetime measurement

For the Recoil Distance Doppler-Shift (RDDS) lifetime
measurement of 167Os, the 92Mo(78Kr,2pn)167Os reac-
tion at a beam energy of 336 MeV was used. With a
stretched 1 mg/cm2 92Mo target, this reaction provided
an initial recoil velocity of v/c = 3.8%. The Köln plunger
device, housing both the 92Mo target and a Mg degrader
foil of thickness 1 mg/cm2, was installed at the jurogam
target position. The replacement of a standard stopper
foil of the plunger device by the degrader foil allowed
the evaporation residues to recoil into ritu. Prompt sin-
gles γ-ray spectra tagged with the 167Os α decays, as
described in Section II A, were recorded at 13 different
target to degrader distances, ranging from 5 µm to 8
mm.

It should be noted that this experiment was optimized
for the study of 168Os. Hence, due to limited statis-
tics, a lifetime could only be measured reliably for the
Iπ = 17/2+ state in 167Os. Decay curves Id/(Is + Id),
where Is and Id are intensities of fully Doppler-shifted
and degraded components, respectively, were extracted
from the γ-ray spectra recorded with five Ge detectors
with θ = 158◦ and ten with θ = 134◦, with respect to the
beam direction. Typical separation of the fully Doppler-
shifted and degraded components in the γ-ray spectra
was of the order of 4 keV at ∼450 keV at 134◦. The
decay curves were analyzed using the Differential Decay
Curve Method (DDCM) [18]. Examples of typical spec-
tra are illustrated in Fig. 2.

III. EXPERIMENTAL RESULTS

A. Extension of 167Os level scheme

The level scheme of 167Os, shown in Fig. 3, was con-
structed on the basis of observed γ-ray intensities and
γ − γ coincidences. The properties of the γ-ray transi-
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FIG. 2: Typical 167Os α-selected γ-ray singles spectra
recorded by the ten jurogam detectors at 134◦ at three dif-
ferent target to degrader distances. The position of the fully
Doppler-shifted (s) and degraded (d) components of the γ-ray
transitions is indicated for the intermediate distance.

tions can be found in Table I. The multipolarity of a
number of the transitions has been estimated by means
of angular correlations. In the present work, angular-
intensity ratios have been calculated using the relation,

R =
Iγ(158◦)

Iγ(108◦ + 72◦)

where Iγ(θ) represents the efficiency-corrected intensity
of the γ ray in detectors located at an angle θ subject
to the condition that a coincident γ ray was observed at
any angle. For each ratio, the gating transition is given
in the footnote of Table I. Measured values for a pro-
posed stretched E1 transition and a proposed stretched
E2 transition [7] in 168Os are also included in Table I in
order to provide a reference.

Excited states of 167Os were first observed by Joss et
al. [7], who reported three band structures and a total
of nine transitions. The yrast band was attributed to
a rotational sequence built on a neutron i13/2 intruder
configuration, consistent with expectations based on the
heavier Os isotopes [8, 19–21]. The other two bands are

designated as Bands 4 and 5 in Fig. 3. Typical γ-ray
coincidence spectra, correlated with the α decay of 167Os,
are shown in Figs. 4 and 5.

Fig. 4(a) shows the energy spectrum of γ rays observed
in coincidence with the 543 keV transition, which con-
firms the yrast band transitions reported by Joss et al. [7].
In addition, two transitions of energies 638 and 666 keV
have been observed, extending the yrast band to higher
spin, see Figs. 4(b) and (c). Of the transitions which
have been associated with the decay of the yrast band in
the present study, it has been possible to infer the mul-
tipolarity of all but two through angular-intensity ratio
measurements. This analysis suggest the transitions dis-
play behavior consistent with quadrupole radiation. The
two γ-ray decays for which angular information could not
be extracted are also assumed to be stretched E2 transi-
tions leading to the previously unidentified states being
tentatively assigned Iπ = (33/2+) and (37/2+).

A previously unobserved band (Band 3), which is con-
nected to the yrast band by a dipole 865 keV transition,
has been observed, see Fig. 4(d). Fig. 4(a) shows γ rays
of energy 808, 865, 901, 991 and 1076 keV. The 808 and
991 keV transitions were identified in the previous study
of 167Os [7] and were found to link Bands 4 and 5 in
Fig. 3 to the yrast band. The angular intensity measure-
ments of the present work are consistent with the 808 keV
transition being a pure stretched dipole. This makes the
lowest energy state tentatively 23/2−, in disagreement
with the assumption of 21/2− in Ref. [7]. It has also
been possible to extend Band 4 in the present study with
the observation of a 498 keV transition, see Fig. 4(e).
The available statistics did not allow the multipolarity of
the 991 keV transition to be measured.

The yrast band head has been reported [11] to have
an excitation energy of 435 keV and decay via a 348 keV
transition to the first excited state of 167Os at 87 keV.
Fig. 5(a) shows transitions observed in coincidence with
the decay of this first excited state. Three transitions are
observed with energies 416, 589, 699 keV and in addition
to a transition of 767 keV, see Figs. 5(b) and (c), these
γ rays are associated with the decay of Band 2.

A further sequence of transitions of energy 452, 609
and 697 keV is associated with another previously unob-
served band, as shown in Figs. 5(b), (d) and (e). This
band has been named Band 1 in Fig. 3 and two addi-
tional transitions of 645 and 750 keV have been observed
to decay into this band. This band is assumed to be
based on the ground state of 167Os, which is consistent
with fact that it is not in coincidence with any of the
other transitions assigned to the 167Os level scheme. The
available angular-intensity measurements for the transi-
tions assigned to Bands 1 and 2 are consistent with them
having quadrupole character. Due to a lack of statistics,
it has not been possible to ascertain the positions within
the 167Os level scheme of the 508 and 860 keV transitions
observed in coincidence with the 697/699 keV decay.
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FIG. 3: Level scheme of 167Os as deduced from the present study. Transition and level energies are given in units of keV while
the widths of the arrows are proportional to the efficiency-corrected intensity of the prompt γ rays as observed at the target
position. The unfilled region of the arrows indicates the degree of internal conversion. The 13/2+ state at an excitation energy
of 435 keV is isomeric and its decay by a 348 keV to the 9/2− state at 87 keV has been established through delayed coincidence
spectroscopy using the clover Ge detectors at the focal plane of ritu. This decay path is reported in detail by Scholey et
al. [11].

B. Lifetime of the 17/2+ yrast state

The lifetime of the 17/2+ state was extracted indepen-
dently from the decay curves constructed from the singles
recoil decay tagged γ-ray spectra recorded with jurogam
detectors at 134◦ and 158◦. The resulting mean lifetime
τ = 20(4) ps, extracted using the DDCM, is an average
of these two values. The lifetime determination is illus-
trated in Fig. 6 for the data at 134◦. In the analysis
of singles RDDS measurement data, the influence of un-
observed feeding transitions to the level of interest must
be taken into account. In the present lifetime measure-
ment, it was found that the feeding of the 17/2+ state
by the 543 keV transition is of the order of 70%. The
time behavior of the unobserved feeding was assumed to
be similar to that of the observed. This assumption has
been found to be realistic in many cases (see e.g. Ref. [22]
and references therein). The fact that the individual τ
values are consistent with one another in the upper panel
of Fig. 6 further supports this assumption.

IV. DISCUSSION

In order to gain a better understanding regarding the
origin of bands in 167Os, Wood-Saxon cranking calcula-
tions [23] have been performed. The results of the cal-
culations, based on deformation parameters β2 = 0.16,
β4 = 0.004 and γ = 12◦, are shown in Fig. 7. These pa-
rameters were taken from the favored minimum found in
the results of total Routhian surface calculations [24–26]
for the (parity, signature) = (π, α) = (+,+1/2) configu-

ration in 167Os. A total Routhian surface at h̄ω = 0.12
MeV for this configuration is shown in Fig. 8. Only the
calculations for neutrons are shown as the protons were
found to be inactive up to relatively high rotational fre-
quency (> 0.5MeV/h̄).

The experimentally measured aligned angular mo-
menta (ix = −de

′
/dω) [27, 28] for observed bands in

167Os are shown in Fig. 9. A rotational reference, as-
suming a variable moment of inertia, has been subtracted
from the data in accordance with the Harris formula [29]
where =0 = 5h̄2MeV−1 and =1 = 111h̄4MeV−3. The ref-
erence has been chosen in order to give a near-constant
alignment for the low-spin states of the yrast band.

A. Yrast band

Joss et al. [7] observed five states which were associated
with yrast band of 167Os with the highest state being
tentatively assigned a spin and parity of 29/2+, which
is confirmed in this work (see Table I). In this work
the band has been extended up to (37/2+). With this
extension it is interesting to examine the level energies
of the odd-A N = 91 isotones as a function of proton
number. This is shown in Fig. 10. The observed trend
of increasing excitation energies with increasing proton
number is a familiar one and is attributed to the filling
of the Z = 82 shell and this trend continues for 167Os
even up to high spin.

The yrast band was associated [7] with the one
quasineutron i13/2 configuration in accordance with the
observations in the heavier Os isotopes. Hence, the band-
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FIG. 4: Gamma-ray coincidence spectra correlated with the
characteristic α decay of 167Os. Gamma rays in coincidence
with transitions of a) 543 keV; b) 655 keV; c) 666 keV; d) 534
keV; and e) 480 keV are shown.

head was tentatively assigned Iπ = 13/2+. This assump-
tion has recently been confirmed by Scholey et al.. Ac-
cording to the cranked Woods-Saxon calculations of the
present work, this lowest-lying positive parity configura-
tion (π = +, α = +1/2), is calculated to carry an aligned
angular momentum of 5.9 h̄ at ω = 0.25 MeV/h̄. This
value is in reasonable agreement with the measured value
for the yrast band of 6.5 h̄ at ω = 0.25 MeV/h̄. The
first rotational alignment of a pair of i13/2 quasineutrons,
which is observed in the neighboring even-even nucleus
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168Os (see Fig. 9) is blocked in the yrast band of 167Os.
The first crossing is therefore expected to be caused by
the second i13/2 neutron alignment. Fig. 7 shows that
this crossing is predicted to be at ω ≈ 0.32 MeV/h̄. In
this work a gain in aligned angular momentum is ob-
served at ω ≈ 0.33 MeV/h̄, which is consistent with the
start of this crossing.

The aligned angular momentum of the yrast band is
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TABLE I: Properties of γ rays associated with the decay of
167Os as a result of the present work. Intensities Iγ are nor-
malized to the 363 keV transition, 17/2+ → 13/2+. An-
gular intensity ratios R have been measured by demanding
coincidences with 363 keV transition unless specified other-
wise. Representative values, measured here, for a proposed
stretched E1 transition and a proposed stretched E2 transi-
tion in 168Os [7] are also listed for comparison. These values
were in coincidence with the 341 keV 2+ → 0+ transition.
Spin and parity assignments are listed.

Eγ (keV) Iγ(%) R Iπ
initial → Iπ

final

87.1 ± 0.1 1.7 ± 0.1 9/2− → 7/2−

210.5 ± 0.4 3.3 ± 0.1

303.6 ± 0.2 3.9 ± 0.4 (27/2−) → (23/2−)

362.9 ± 0.1 100 ± 0.1 1.28 ± 0.06a 17/2+ → 13/2+

415.8 ± 0.2 32.9 ± 0.4 0.92 ± 0.18b 13/2− → 9/2−

451.5 ± 0.1 13.8 ± 0.3 0.93 ± 0.18c 11/2− → 7/2−

479.6 ± 0.1 4.0 ± 0.4 (27/2−) → (23/2−)

488.4 ± 0.4 0.3 ± 0.1

497.6 ± 0.1 1.8 ± 0.1 (31/2−) → (27/2−)

513.9 ± 0.2 2.0 ± 0.5 (27/2−) → 25/2+

534.3 ± 0.4 2.1 ± 0.5 (31/2−) → (27/2−)

543.2 ± 0.1 65.5 ± 0.6 1.37 ± 0.07 21/2+ → 17/2+

588.5 ± 0.1 16.7 ± 0.3 0.81 ± 0.16d (17/2−) → 13/2−

609.3 ± 0.1 9.8 ± 0.2 1.18 ± 0.26e 15/2− → 11/2−

632.5 ± 0.1 3.9 ± 0.5 (27/2−) → 25/2+

637.9 ± 0.3 2.4 ± 0.5 (33/2+) → 29/2+

644.9 ± 0.2 3.6 ± 1.0

655.3 ± 0.1 32.2 ± 0.4 1.47 ± 0.13 25/2+ → 21/2+

666.2 ± 0.4 0.8 ± 0.3 (37/2+) → (33/2+)

672.3 ± 0.2 1.0 ± 1 (35/2−) → (31/2−)

684.1 ± 0.1 11.2 ± 0.2 1.54 ± 0.26 29/2+ → 25/2+

697.4 ± 0.1 2.6 ± 2.2 (19/2−) → (15/2−)

698.5 ± 0.1 7.6 ± 1.5 0.83 ± 0.25d (21/2−) → (17/2−)

750.4 ± 0.3 2.9 ± 0.6

766.9 ± 0.4 3.3 ± 0.5 (25/2−) → (21/2−)

807.5 ± 0.1 5.3 ± 0.2 0.54 ± 0.32 (23/2−) → 21/2+

865.4 ± 0.2 4.8 ± 0.5 0.24 ± 0.39 (23/2−) → 21/2+

901.3 ± 0.4 0.2 ± 1.1

990.8 ± 0.1 3.9 ± 0.2

1076.4 ± 0.6 9.8 ± 0.4
168Os: 880 E1 [7] 0.85 ± 0.06 (5−) → 4+

168Os: 642 E2 [7] 1.18 ± 0.05 6+ → 4+

aMeasured in coincidence with 543 keV transition
bMeasured in coincidence with 589 keV transition
cMeasured in coincidence with 609 keV transition
dMeasured in coincidence with 416 keV transition
eMeasured in coincidence with 452 keV transition

plotted and compared with neighboring odd-A Os nuclei
in Fig. 11(a). For 173Os, the yrast band clearly displays
a smooth upbend as rotational frequency is increased.
However, in the case of 171Os a clear backbend is ob-

Target to degrader distance ( m)m

D
if

fe
re

n
ce

 (
co

u
n
ts

)
t

(p
s)

I
/(

I
+

I 
)

s
s

d

10

10

10

-0.2

0.0

0.2

0.2

0.4

0.4

0.8

0.6

1.0

15

20

25

30

100

100

100

1000

1000

1000

FIG. 6: (Color online) Lifetime determination, according
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feeding transitions. The line drawn through the experimental
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served. It was noted in Ref. [8] that this trend may indi-
cate a weakening of the interaction strength [27, 28] be-
tween the crossing configurations. Currently, no informa-
tion is available to determine whether this behavior ex-
tends to 169Os but the present study of 167Os shows that
the interaction strength of this crossing remains rather
weak.

In Fig. 11(b) the observed aligned angular momentum
of 167Os is compared with other N = 91 isotones. In this
case, the Z = 70 nucleus 161Yb exhibits a clear upbend
indicating a strong interaction between the one quasineu-
tron band and the three quasineutron-band while a weak-
ening of the interaction is evident from the back bend-
ing displayed by 163Hf. Insufficient data exist to make a
firm conclusion regarding the behavior of 165W. However,
as mentioned above, the interaction strength of 167Os is
rather weak and does not appear to follow a systematic
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trend.
It is also interesting to note that, while the full cross-

ing is not observed in 167Os yrast band, the disconti-
nuity in the aligned angular momentum for the highest
spin state could indicate a crossing with a lower gain in
aligned angular momentum than expected for an (i13/2)2
crossing. This may be caused by a rather different un-
derlying structure. Indeed, a lower alignment gain is also
observed in 162W, the lightest tungsten nucleus with data
known to high enough spin, where it is attributed to the
rotational alignment of a pair of h9/2 neutrons [38]. A
similar discontinuity in the aligned angular momentum is
also observed at the same rotational frequency in 166Os,
see Fig. 9, which may also be an indication of the effect
of the h9/2 orbital. Clearly further work to delineate the
yrast band structures to higher spin in this nucleus and
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neighboring nuclei is required to gain a full understand-
ing of all the alignment mechanisms.

B. Bands 1 and 2

The bands denoted Band 1 and Band 2 in Fig. 3 are
reported here for the first time. Scholey et al. [11] have
measured the spin and parity of the ground state and first
excited state of 167Os to be 7/2− and 9/2−, respectively.
It is speculated that these states result from the unpaired
neutron occupying orbitals of the f7/2 and h9/2 single
particle states. In this work, Bands 1 and 2 constitute
structures based on these states. Similar negative-parity
structures have been reported by Bark et al. [19, 21]
in their study of the excited states of 171Os and 173Os.
The ground states of these heavier isotopes were ten-
tatively assigned Iπ = 5/2− based on the assumption
that the unpaired neutron occupies an Ω = 5/2 Nilsson
orbital [19, 21]. Fig. 9 shows that Band 1 carries an
average aligned angular momentum of 2.8 h̄ at ω ≈ 0.25
MeV/h̄ while Band 2 carries 3.8 h̄ at the same frequency.
The cranking calculations predict that the lowest energy
negative-parity orbitals that are closest to the Fermi sur-
face are based on the mixed (f7/2, h9/2) configurations,
see Fig. 7. The calculations predict that the lowest en-
ergy negative-parity orbitals carry aligned angular mo-
menta of ≈ 3.4 h̄ and 2.6 h̄, respectively, at ω = 0.25
MeV/h̄, consistent with the values measured for Bands 1
and 2. It would be of importance to extend these struc-
tures to higher spin where the first (i13/2)2 alignment
would be expected to confirm these assignments.

C. Bands 3, 4 and 5

The aligned angular momentum of Band 3 is plotted
in Fig. 9 and it can be seen that this band carries an
alignment of ≈ 11.5 h̄ at ω = 0.25 MeV/h̄. The ex-
citation energy of the band head of Band 3 is of the
order of twice the neutron pairing gap (2∆ν) in 167Os
and in excess of 2∆π. Therefore, it is possible that this
band is the result of a three-quasineutron configuration
(f7/2, h9/2 ⊗ (i13/2)2).

As very few states have been associated with the decay
of Bands 4 and 5, it is not meaningful to discuss in any
detail the possible microscopic structure of these bands.
However, as is the case for Band 3 above, the excitation
energy and spin of the bandheads suggests they may also
be three-quasineutron excitations.

D. Quadrupole deformation in 167Os

The measured lifetime of the 17/2+ state corresponds
to a reduced transition probability B(E2) of 120(20)
W.u. This high B(E2) value confirms the collective na-

ture of the 17/2+ → 13/2+ transition, which is expected
in the vicinity of the neutron mid-shell.

An absolute value of the transition quadrupole moment
Qt can be extracted from the measured B(E2) value
within the rotational model [39]. Assuming K = 1/2
for the yrast band of 167Os, a value of |Qt| = 4.4(4)
eb is deduced. Furthermore, by using the deformation
parameters (β2 = 0.16, β4 = 0.004, γ = 12◦) obtained
from the TRS calculations discussed above, a transition
quadrupole moment can be calculated from [10]

Qt =
6ZeA2/3

(15π)1/2
r0

2β2

(
1 +

2
7

(
5
π

)1/2

β2

)
cos(30◦ + γ)

where r0 = 1.2 fm. The TRS calculations predict Qt =
3.6 eb. A comparison with the experimentally deduced
value shows that the TRS calculations reproduce the de-
formed character of the (π,α) = (+,+1/2) configuration
in 167Os. However, the experimental |Qt| value is slightly
larger than that suggested by theory.

Prior to the present study, the lightest Os nucleus
in which the extent of deformation was reported was
172Os96 [10]. In this previous work, the lifetimes of the
yrast states up to I = 20 h̄ were measured in addition to
five states comprising a negative-parity band. Virtanen
et al. [10] reported a transition quadrupole moment of
Qt = 5.7(3) eb for the Iπ = 2+ state of 172Os, which
suggests that this nucleus is significantly more deformed
than 167Os. The reduction in quadrupole deformation is
not unexpected with the reduction in the number of va-
lence neutrons as the spherical shell closure at N = 82 is
approached.

E. Summary

The level scheme of 167Os has been extended using the
recoil-decay tagging technique and γ − γ and angular-
intensity measurements. Band structures have been es-
tablished based on the ground state and lowest excited
states, including extending the band based on the νi13/2

isomeric state to higher spin. Experimental observations
have been compared with theoretical calculations based
on the cranked shell model. Evidence for the νi13/2 neu-
tron alignment is established in the yrast band. Further-
more, the lifetime of the 17/2+ state of the yrast band
has been measured, which is consistent with quadrupole
deformed character. This study represents the most
neutron-deficient Os isotope in which the deformation
has been measured.
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