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Excited states of the nucleus '’Os have been populated by the reaction “>Mo("8Kr, 2pn). The JUROGAM
y-ray detector array has been used in conjunction with the RITU gas-filled separator and the GREAT spectrometer
to observe prompt y rays in coincidence with recoiling fusion-evaporation residues and their subsequent decay
by « particle emission. By correlating prompt y radiation with the characteristic « radioactivity of '®’Os, 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 = 20(4) ps for The I

= 17/2* state in '9’Os. Hence, the level of collectivity

and magnitude of deformation of the low spin yrast band of this nucleus is established.
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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 '©?0Os 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 midshell at N = 104, where the nuclei display
behavior typical of stable prolate deformations, through to
shape coexistence in '"20s (N = 96) [9], and toward sphericity
in 192Qs [4]. This behavior is clearly demonstrated in the ratio
of the energies of the first excited I™ = 2% and 4" states,
E(4%)/E(2"). At the neutron midshell, even-A Os nuclei have
an excitation energy ratio E(41)/E(2") close to the limit of an
ideal rotating nucleus (3.3). This ratio is observed to decrease
as a function of N for N < 104 and by '%*Os the ratio reaches
the value of 2.4 [5], close to the ideal value of 2.5 for a y-soft
rotor.
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The spectroscopy of odd-A nuclei is particularly important
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 '®7Qs. In addition, lifetime information is particularly
rare in these extremely neutron-deficient nuclei. In the case of
Os nuclei the lightest nucleus in which lifetime information
has been reported is 17205 [10]. The lifetime of the 17/2%
state in the yrast band of '*’Os has been measured in this work
providing information on the extent of nuclear deformation.

The nucleus '70s represents the lightest odd-A isotope
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 y-y 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 y-y data with the characteristic o decays of 197Os.

In a recent study of isomeric states in this region, Scholey
et al. [11], using one of the same data sets as discussed in the
present work, have identified the decay path to the I = 7/2~
ground state from the 13/2% state in '®’Os [11]. This state
decays via a 348-keV y ray with a half-life of 672(7) ns [11].
The 348-keV transition was reported to feed the first excited
state of '97Os 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
I™ = 13/27" isomer, which is thought to decay directly to the
16705 ground state.
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The yrast sequence of '®’Os [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, additional 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 '®’Os were populated via the 2pn
evaporation channel following the fusion of a "®Kr beam with
a “Mo target of thickness 550 pg/cm?. The observations
reported here are the results of three separate experiments in
which the beam was accelerated to an energy of 335 MeV
for ~162 h, 357 MeV for ~23 h, and 365 MeV for ~65 h.
On all three occasions, the *Kr'>* beam was provided at
intensities of 5-8 pnA by the K130 cyclotron of the Accelerator
Laboratory of the University of Jyviskyld. At the target
position, the JUROGAM Ge-detector array [12] was used
to detect the prompt y 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 spectrometer [14]. «-
and y-ray spectroscopy of the recoils was facilitated by two
adjacent double-sided silicon 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
provided 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 & decays of 170s {E, = 5853(5) keV,
Ti» = 0.84(7) s [15]} are labeled in Fig. 1(a) that shows all
o particles observed in the DSSDs at the focal plane within
2.15 seconds [~2.5 x Ty 2(*%70s)] of the detection of a recoil.
The cross section for the population of '70s via the 2pn
channel is estimated to be ~0.6 mb. The '*’Os « decays were
temporally correlated with y rays detected at the target position
[see Fig. 1(b)]. A number of y-ray transitions that have been
identified as originating in 1680g (Ty2 =2.1(1)s[15]) can also
be seen in Fig. 1(b). 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 y-y analysis was performed using the RADWARE
software suite [17].

B. RDDS lifetime measurement

For the recoil distance Doppler-shift (RDDS) lifetime
measurement of '©’Os, the *Mo("8Kr, 2pn)'®’Os reaction
at a beam energy of 336 MeV was used. With a stretched
1-mg/cm? **Mo target, this reaction provided an initial recoil
velocity of v/c = 3.8%. The Koln plunger device, housing
both the **Mo target and a Mg degrader foil of thickness
1 mg/cm?, 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 singles y-ray spectra tagged with the '*’Os «
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FIG. 1. (a) All @ particles observed in the DSSDs within 2.15 s
of the implantation of a recoil. The presence of '7°Pt, in addition
to the intensity of the '®Pt peak, is attributed to target impurities.
(b) y rays observed in tagging on the characteristic o decay of '7Os.
This spectrum was obtained from the 365-MeV reaction. Some of the
peaks that are unmarked have been identified as resulting from other
reaction channels.

decays, as described in Sec. II A, were recorded at 13 different
target to degrader distances, ranging from 5 pm to 8 mm.

It should be noted that this experiment was optimized for the
study of 168()s. Hence, due to limited statistics, a lifetime could
only be measured reliably for the /™ = 17/27 state in '97Os.
Decay curves 1;/(I; + 1), where I; and I, are intensities of
fully Doppler-shifted and degraded components, respectively,
were extracted from the y-ray spectra recorded with five Ge
detectors with & = 158° and 10 with 6 = 134°, with respect
to the beam direction. Typical separation of the fully Doppler-
shifted and degraded components in the y-ray spectra was of
the order of 4 keV at ~450keV at 134°. The decay curves were
analyzed using the differential decay curve method (DDCM)
[18]. Examples of typical spectra are illustrated in Fig. 2.

III. EXPERIMENTAL RESULTS

A. Extension of 17Os level scheme

The level scheme of 197 Os, shown in Fig. 3, was constructed
on the basis of observed y-ray intensities and y-y coinci-
dences. The properties of the y-ray transitions 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
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TABLE 1. Properties of y rays associated with the decay of '®’Os
as a result of the present work. Intensities /, are normalized to
the 363-keV transition, 17/2% — 13/2*. Angular intensity ratios
R have been measured by demanding coincidences with 363-keV
transition unless specified otherwise. Representative values, mea-
sured here, for a proposed stretched E1 transition and a proposed
stretched E2 transition in '%Os [7] are also listed for comparison.
These values were in coincidence with the 341-keV 2T — 07
transition. Spin and parity assignments are listed.

E, (keV) 1, (%) R Liia = Lina
87.1 £0.1 1.74+0.1 9/2= — 7/2~
210.5 + 0.4 3.34+0.1

303.6 = 0.2 39404 27/27) = (23/27)
362.9 + 0.1 100£0.1 1.28+0.06* 17/2F — 13/2%
4158 £0.2 329404 0.9240.18° 13/2= — 9/2~
451.5 £0.1 13.8+0.3 0.93+£0.18° 11/2= = 7/2~
479.6 £ 0.1 4.0+0.4 (27/27) — (23/27)
488.4 £ 0.4 0.3+0.1

497.6 + 0.1 1.840.1 (G1/27) = (27/2°)
513.9+0.2 2.0+0.5 27/27) — 25/2+
5343 + 0.4 2.1+0.5 31/27) > (27/27)
543.2 £ 0.1 65.54+0.6 1.374+0.07 2127 — 17/2*
588.5 + 0.1 16.74+0.3 0.814+0.16¢ 17/27) - 13/2~
609.3 + 0.1 9.8+0.2 1.18+£0.26° 15/2= - 11/2~
6325401  3.9+05 (27/27) — 25/2+
6379 +0.3 244+0.5 (33/27) — 29/2+
644.9 + 0.2 3.6+1.0

655.3 £ 0.1 322404 1.474+0.13 25/27 — 21/2*
666.2 + 0.4 0.8+0.3 (37/2%) — (33/2%)
672.3 +0.2 1.0+1 35/27) > (31/27)
684.1 = 0.1 11.24+0.2 1.544+0.26 29/2%7 — 25/2%
6974 + 0.1 26+2.2 (19/27) — (15/27)
698.5 + 0.1 7.6+1.5 0.834+0.25¢ 21/27) - (17/27)
750.4 £0.3 294+0.6

7669 £04  33+05 (25/27) — (21/27)
807.5 = 0.1 53+0.2 0.54+0.32 (23/27) — 21/2+
865.4 +0.2 4.8+0.5 0.24+0.39 (23/27) — 21/2*
901.3+£04 02+1.1

990.8 +£ 0.1 394+0.2

1076.4 + 0.6 9.8+0.4

16805: 880 E1[7] 0.854+0.06 (57)— 4"
1080)s: 642 E2[7] 1.18 +£0.05 6t — 4+

4Measured in coincidence with 543-keV transition.
"Measured in coincidence with 589-keV transition.
“Measured in coincidence with 609-keV transition.
dMeasured in coincidence with 416-keV transition.
¢Measured in coincidence with 452-keV transition.

work, angular-intensity ratios have been calculated using the
relation,

_ L(58)
~ L,(108° +72°)’

where I, (0) represents the efficiency-corrected intensity of the
y ray in detectors located at an angle 6 subject to the condition
that a coincident y ray was observed at any angle. For each
ratio, the gating transition is given in the footnote of Table 1.
Measured values for a proposed stretched E1 transition and a
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FIG. 2. Typical '’Os a-selected y-ray singles spectra recorded
by the 10 JUROGAM detectors at 134° at three different target to
degrader distances. The position of the fully Doppler-shifted (s) and
degraded (d) components of the y-ray transitions is indicated for the
intermediate distance.

proposed stretched E?2 transition [7] in '*3Os are also included
in Table I to provide a reference.

Excited states of '®7Os 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 i3/, 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 y-ray coincidence spectra, correlated with
the o decay of '®’Os, are shown in Figs. 4 and 5.

Figure 4(a) shows the energy spectrum of y rays observed
in coincidence with the 543-keV transition, which confirms
the yrast band transitions reported by Joss ef 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 4(c). Of the transitions that have been associated
with the decay of the yrast band in the present study, it has
been possible to infer the multipolarity of all but two through
angular-intensity ratio measurements. This analysis suggest
the transitions display behavior consistent with quadrupole
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FIG. 3. Level scheme of '70Os 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 y rays as observed at the target position. The unfilled region
of the arrows indicates the degree of internal conversion. The 13/27 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].

radiation. The two y-ray decays for which angular information
could not be extracted are also assumed to be stretched E2
transitions leading to the previously unidentified states being
tentatively assigned I™ = (33/2%) and (37/27).

A previously unobserved band (Band 3), which is connected
to the yrast band by a dipole 865-keV transition, has been
observed, see Fig. 4(d). Figure 4(a) shows y rays of energy
808, 865, 901, 991, and 1076 keV. The 808- and 991-keV
transitions were identified in the previous study of '47Os [7]
and were found to link Bands 4 and 5 in Fig. 3 to the yrast band.
The angular intensity measurements of the present work are
consistent with the 808-keV transition being a pure stretched
dipole. This makes the lowest energy state tentatively 23/27,
in disagreement with the assumption of 21/27 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 '9’Os at 87 keV.
Figure 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 5(c), these y 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 unobserved
band, as shown in Figs. 5(b), 5(d), and 5(e). This band has
been named Band 1 in Fig. 3 and two additional 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
1670g, which is consistent with fact that it is not in coincidence
with any of the other transitions assigned to the '®’Os level
scheme. The available angular-intensity measurements for the
transitions 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 '97Os
level scheme of the 508- and 860-keV transitions observed in
coincidence with the 697-/699-keV decay.

B. Lifetime of the 17/2% yrast state

The lifetime of the 17/27 state was extracted independently
from the decay curves constructed from the singles recoil de-
cay tagged y-ray spectra recorded with JUROGAM detectors
at 134° and 158°. The resulting mean lifetime 7 = 20(4) ps,
extracted using the DDCM, is an average of these two values.
The lifetime determination is illustrated in Fig. 6 for the data
at 134°. In the analysis of singles RDDS measurement data,
the influence of unobserved feeding transitions to the level
of interest must be taken into account. In the present lifetime
measurement, it was found that the feeding of the 17/27 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 t values are consistent
with one another in the upper panel of Fig. 6 further supports
this assumption.

IV. DISCUSSION

To gain a better understanding regarding the origin of
bands in '*’Os, Wood-Saxon cranking calculations [23] have
been performed. The results of the calculations, based on
deformation parameters B, = 0.16, 4 = 0.004, and y = 12°,
are shown in Fig. 7. These parameters were taken from
the favored minimum found in the results of total Routhian
surface calculations [24-26] for the (parity, signature) =
(7, a) = (+, +1/2) configuration in '®’Os. A total Routhian
surface at iw = 0.12 MeV for this configuration is shown
in Fig. 8. Only the calculations for neutrons are shown as
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FIG. 4. y-ray coincidence spectra correlated with the character-
istic & decay of '9’Os. y rays in coincidence with transitions of
(a) 543 keV, (b) 655 keV, (c) 666 keV, (d) 534 keV, and (e) 480 keV
are shown.

the protons were found to be inactive up to relatively high
rotational frequency (>0.5 MeV /h).

The experimentally measured aligned angular momenta
(iy = —de’/dw)[27,28] for observed bands in ' Os are shown
in Fig. 9. A rotational reference, assuming a variable moment
of inertia, has been subtracted from the data in accordance
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FIG. 5. y-ray coincidence spectra correlated with the character-
istic o decay of '’Os. Gamma rays in coincidence with transitions
of (a) 87 keV, (b) 697/699 keV, (c) 767 keV, (d) 452 keV, and
(e) 609 keV are shown. For transitions marked with an asterisk, a
lack of statistics has prevented them from being included in the '’Os
level scheme.

with the Harris formula [29], where Iy = 5> MeV~! and
3 = 1117* MeV 3. The reference has been chosen to give
a near-constant alignment for the low-spin states of the yrast
band.
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FIG. 7. (Color online) Cranked Woods-Saxon quasineutron
Routhians for '’Os with 8, = 0.16, B4 = 0.004, and y = 12°. The
parity and signature (7, ) labeling of the orbitals is indicated.
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FIG. 8. (Color online) Total Routhian surface calculated for the
(7, &) = (+, +1/2) configuration in '*’Os at fiw = 0.12 MeV. The
absolute minimum is indicated by the dot. The energy difference
between the contour lines is 100 keV.

A. Yrast band

Joss et al. [7] observed five states that were associated with
yrast band of '97Os with the highest state being tentatively
assigned a spin and parity of 29/27, which is confirmed in this
work (see Table I). In this work the band has been extended up

20 T
i ®— Yrast band O0—OBand 3 ]
i == Band 1 o--a'%0s yrastband
15r 4A—A Band 2 *-'%0g yrastband
S 10f .
~ [ ]
sf ]
L o]
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N R D N N AN
0.10 0.15 0.20 0.25 0.30 0.35 0.40

o (MeV/#)

FIG. 9. (Color online) Experimental aligned angular momentum
i, as a function of rotational frequency @ for the bands in '¢’Os
observed in the present study. Also plotted are the yrast bands in
16605 and '%®0s [7,30]. For Bands 1 and 2, values of K = 7/2 and
9/2 have been used in accordance with the bandhead spins. In the
case of the yrast band and Band 3 K = 1/2 has been used.
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FIG. 10. (Color online) Comparison of yrast states of even-Z
N =91 isotones from Gd (Z = 64) to Pt (Z = 78). The data have
been extracted from Refs. [31-37].

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 '®’Os 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 bandhead was tentatively
assigned 1™ = 13/2%. This assumption has recently been
confirmed by Scholey et al. According to the cranked Woods-
Saxon calculations of the present work, this lowest-lying
positive parity configuration (7 = 4, @ = 41/2)is calculated
to carry an aligned angular momentum of 5.9% at w =
0.25 MeV/h. This value is in reasonable agreement with the
measured value for the yrast band of 6.5 at w = 0.25 MeV /h.
The first rotational alignment of a pair of i;3/> quasineutrons,
which is observed in the neighboring even-even nucleus '%0s
(see Fig. 9) is blocked in the yrast band of '6’Os. The first
crossing is therefore expected to be caused by the second
i13/2 neutron alignment. Figure 7 shows that this crossing is
predicted to be at w &~ 0.32 MeV/h. In this work a gain in
aligned angular momentum is observed at w ~ 0.33 MeV /A,
which is consistent with the start of this crossing.

The aligned angular momentum of the yrast band is plotted
and compared with neighboring odd-A Os nuclei in Fig. 11(a).
For !730s, the yrast band clearly displays a smooth upbend as
rotational frequency is increased. However, in the case of !”!Os
a clear backbend is observed. It was noted in Ref. [8] that this
trend may indicate a weakening of the interaction strength
[27,28] between the crossing configurations. Currently, no
information is available to determine whether this behavior
extends to '%Os but the present study of '®’Os shows that the
interaction strength of this crossing remains rather weak.

In Fig. 11(b) the observed aligned angular momentum
of 1970s is compared with other N =91 isotones. In this
case, the Z = 70 nucleus '°'YDb exhibits a clear upbend
indicating a strong interaction between the one quasineutron
band and the three quasineutron-band while a weakening of
the interaction is evident from the back bending displayed
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FIG. 11. (Color online) Experimental aligned angular momentum
i, as a function of rotational frequency  of the '%’Os yrast band
compared with (a) neighboring odd-A Os isotopes [8,19,21]; (b) the
N =91 isotones. In all cases, the alignments have been calculated
using K = 1/2.

by '93Hf. Insufficient data exist to make a firm conclusion
regarding the behavior of '*W. However, as mentioned above,
the interaction strength of '®’Os is rather weak and does not
appear to follow a systematic trend.

Itis also interesting to note that, while the full crossing is not
observed in '7Os yrast band, the discontinuity 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 (i3 /2)2 crossing. This may be caused by a
rather different underlying structure. Indeed, a lower alignment
gain is also observed in '9*W, the lightest tungsten nucleus
with data known to high-enough spin, where it is attributed
to the rotational alignment of a pair of A9/, neutrons [38]. A
similar discontinuity in the aligned angular momentum is also
observed at the same rotational frequency in '%Os, see Fig. 9,
which may also be an indication of the effect of the /9, orbital.
Clearly further work to delineate the yrast band structures to
higher spin in this nucleus and neighboring nuclei is required
to gain a full understanding 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 170s to be 7/2~ and 9/2, respectively. It is speculated
that these states result from the unpaired neutron occupying
orbitals of the f7,, and ho/, 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 ef al. [19,21] in their study of the excited states of
1710s and '730s. The ground states of these heavier isotopes
were tentatively assigned I™ = 5/27 based on the assumption
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that the unpaired neutron occupies an 2 = 5/2 Nilsson orbital
[19,21]. Figure 9 shows that Band 1 carries an average aligned
angular momentum of 2.8 i at w &~ 0.25 MeV /A while Band 2
carries 3.8 /i at the same frequency. The cranking calculations
predict that the lowest-energy negative-parity orbitals that are
closest to the Fermi surface are based on the mixed ( f7,2, h9/2)
configurations; see Fig. 7. The calculations predict that the
lowest energy negative-parity orbitals carry aligned angular
momenta of ~3.4% and 2.6%, respectively, at w = 0.25 MeV /#,
consistent with the values measured for Bands 1 and 2. It
would be of importance to extend these structures to higher
spin where the first (i3 /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 ~11.5h at w = 0.25 MeV/h. The excitation energy of
the band head is of the order of twice the neutron pairing
gap (2A,) in '970s and in excess of 2A,. Therefore, it is
possible that this structure is the result of a three-quasiparticle
configuration. Most likely is the three-quasineutron config-
uration [ f7,2, ho/p ® (i13/2)2] because the CSM calculations
suggest the protons remain inactive until very high rotational
frequencies. However, the possibility that Band 3 involves
a pair of quasiprotons cannot be ruled out based on the
experimental data alone.

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 7 Qs

The measured lifetime of the 17/2% state corresponds
to a reduced transition probability B(E2) of 120(20) W.u.
This high B(E?2) value confirms the collective nature of the
17/2% — 13/27 transition, which is expected in the vicinity
of the neutron midshell.

An absolute value of the transition quadrupole moment Q,
can be extracted from the measured B(E?2) value within the
rotational model [39]. Assuming K = 1/2 for the yrast band
of 1970s, a value of |Q;| = 4.4(4) eb is deduced. Further-
more, by using the deformation parameters (8, = 0.16, 84 =
0.004, y = 12°) obtained from the TRS calculations discussed
above, a transition quadrupole moment can be calculated
from [10]

6ZeA?? 2(5\" \
Qz=mr0 B2 1+7 = B2 | cos (30° + y),
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where ryp = 1.2 fm. The TRS calculations predict Q, = 3.6 eb.
A comparison with the experimentally deduced value shows
that the TRS calculations reproduce the deformed character of
the (7, o) = (+, +1/2) configuration in 1670s. However, the
experimental |Q,| 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 120546 [10]. In
this previous work, the lifetimes of the yrast states up to
I = 20h were measured in addition to five states comprising a
negative-parity band. Virtanen et al. [10] reported a transition
quadrupole moment of Q; = 5.7(3) eb for the I™ = 2% state
of "20s, which suggests that this nucleus is significantly
more deformed than '9’Os. The reduction in quadrupole
deformation is not unexpected with the reduction in the number
of valence neutrons as the spherical shell closure at N = 82 is
approached.

E. Summary

The level scheme of '©’Os has been extended using the
recoil-decay tagging technique and y-y and angular-intensity
measurements. Band structures have been established based
on the ground state and lowest excited states, including
extending the band based on the viy3/, isomeric state to higher
spin. Experimental observations have been compared with
theoretical calculations based on the cranked shell model.
Evidence for the vij3,; neutron alignment is established in
the yrast band. Furthermore, the lifetime of the 17/27 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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