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Lifetimes of high spin states in ' 'Ir and ' Os
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The "Nd("C1,4n)"'Ir and "Nd(' S,4n)" Os reactions have been used to study the lifetimes of
high-spin states in '"Ir and "Os using the recoil-distance technique. The lifetimes of four states in
"'Ir and three yrast states in "Os have been determined. The mean weighted values of quadrupole
moments deduced for the measured rotational transitions between yrast states in "'Ir and "Os,
Qo=(6.0+0.2) e b and Qo=(6. 1+0.4) e b, respectively, are equal within experimental errors.

INTRODUCTION

The osmium and iridium nuclei lie in the beginning of
the transitional region between the well-deformed rare-
earth nuclei and the spherical lead isotopes. Nuclei in
this region are believed to be soft to changes in deforma-
tion. Therefore the different backbending behavior of the
Ir and Os isotones (e.g. , in ' 'Ir, a distinct backbending is
observed in the yrast band at %co=0.30 MeV while in the
core nucleus, ' Os, only an upbending has been observed
at a close but different value of A'to=0. 27 MeV)' has
sometimes been attributed to significantly larger deforma-
tion of the Ir isotones. This change in deformation would
be caused by the polarization of the Osmium core by the
odd proton. Indeed, the different backbending behavior
of the h9&z proton band in ' 'Re and the rotational bands
in ' " Os has been interpreted by Frauendorf et al. '

as arising from the driving of the Re nucleus by the h9/p
proton configuration to a deformation that is —10%
larger than that for the Os nuclei. Faessler et al. , on
the othe' hand, explain existing puzzles in the Os-Re re-
gion in terms of the y softness of these nuclei combined
with a substantial variation of Pz and P4 ground-state de-
formations in this mass region. These hypotheses have
not yet been verified experimentally, however. Indeed,
there is no straightforward way to measure the nuclear
deformation even though the dependence of some physi-
cal observables (such as the moment of inertia and the
quadrupole moment) on deformation parameters can be
easily calculated in the framework of the rotational mod-
el. Unfortunately, the moment of inertia deduced from
level spacings may be strongly influenced by the spin-
alignment phenomenon. Therefore, the quadrupole mo-
ment seems to be a more appropriate experimental quan-
tity for deducing nuclear deformation parameters. This
moment can be calculated in a model-dependent way
from the lifetimes of the rotational levels.

With the specific purpose of testing the hypotheses
mentioned above, we have measured the lifetimes of the
rotational states in the pair of N =104 isotones, ' 'Ir and

Os. Both of these nuclei can be produced using the
same ' Nd target, thereby reducing the uncertainties as-

sociated with differences in the target structures. The
respective level schemes are known from previous stud-
ies' and partial level schemes relevant to this work
are reproduced in Fig. 1. In this paper, we discuss the re-
sults of the lifetime measurements together with the pos-
sible physical interpretation of these results. We find that
the values of the quadrupole moments Qo for ' Os and
' 'Ir are equal within experimental errors and our results
do not support the picture of a significant change in the
deformation parameter Pz', however, rather small changes
in Pz and/or y deformations might be responsible for the
observed differences in the backbending behavior of these
nuclei.

KXPKRIMKNTAL PROCEDURES

The experiments are carried out with Cl and S
beams obtained from the Argonne Tandem Supercon-
ducting Linear Accelerator system (ATLAS) at energies
of 155 and 157 MeV, respectively. These energies were
found to optimize the yield of the 4n reaction channels.
An enriched (-96%), self-supporting, 1-mg/cm ' Nd
target was used and gamma rays were detected at 0' with
an intrinsic Ge detector in coincidence with an 8-element
large Na(T1) Sum Spectrometer. The 4n reaction channel
was optimized by using appropriate cuts on the total en-
ergy spectra and the selection of high-spin states was
enhanced by requiring that at least three of the eight seg-
ments of the sum spectrometer fire in prompt coincidence
with the Ge detector for an event to be acceptable.

Lifetimes in the picosecond region were measured us-

ing the recoil distance method (RDM) with the Argonne
plunger device. The target could be moved by three
computer-controlled dc actuators, allowing for an accu-
racy of 1 pm in the positioning of the catcher foil. The
actual distance between target and catcher was also
determined by measuring the capacitance; such measure-
ments were carried out before, during and after the beam
was on the target. In a least-squares procedure, a rela-
tion between capacitance and distance was fitted to the
data points with two free parameters: the capacitance of
surrounding material and a zero-offset distance. The re-
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FIG. 1. partial level schemes of IsIIr (Refs. 1 and 5) and Isops (Ref 7)
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FIG. 2. (a) Sample spectra for lslIr at several target-to-stopper distances as noted. The positions of the unshifted and shifted corn-
ponents of the Ir lines are indicated. (b) Same as (a) for ' Os.
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suiting closest average target-catcher distance (corre-
sponding to electrical contact) was 23 }Lim. Observed
variations of +3 pm were probably caused by target heat-
ing during irradiations. The y-ray spectra were mea-
sured at 16 distances in the range 30-4000 pm and
recorded in coincidence mode. Sample spectra for the
two nuclei at several target-to-stopper distances are
displayed in Fig. 2.

0.4-

0.2-

DATA ANALYSIS

The area of the shifted (in flight) and unshifted
(stopped) components of y peaks of interest were extract-
ed using the peak-fitting code SKEWGAUSS, modified to
include different shapes of both components of a given
transition. The lifetimes were extracted from the dis-
tance dependence of the ratios, R, of the unshifted com-
ponent intensity to the sum of the unshifted and shifted
component intensities, using a computer code PLUNGER"
that includes cascade feeding as an integral part of the
time behavior of each transition. The program also in-
cludes a number of higher-order corrections. Listed in
decreasing order of importance, they are finite target
thickness, ion position, and velocity dependence of sub-
tended solid angles, detector size and differential absorp-
tion, detector ef6ciency, and attenuation of angular distri-
bution. The program was written as the FCN subroutine
to the minimization code MINUIT which is capable of
extracting errors reliably even when correlations among
the various fitting parameters are strong. A complete set
of available RDM data on a given nucleus can, therefore,
be fitted in one computer minimization run. However,
due to the highly nonlinear behavior of the functions
describing the feeding and the strong correlations be-
tween some fitted parameters, we have adopted the pro-
cedure of fitting the data beginning from the highest tran-
sition and adding the data for transitions lower down in
the cascade in each successive step. This approach is
particularly useful from the point of view of error analy-
ses.

RESULTS

' 'Ir nucleus

The lifetimes of all levels and transitions for which reli-
able data could be obtained are summarized in Table I.
An example of fits to the experimental data is shown in
Fig. 3. No reliable lifetime information could be obtained
for the —", level at 1549.6 keV (Fig. 1} because the
604.8-keV feeding transition is quite weak and not
sufBciently resolved from contaminant transitions of simi-
lar energy observed in the experiment. However, an
upper limit can be given from the apparent lifetime of the
545.7-keV transition deexciting this level. The experi-
mental values of R for this transition exhibit a steep slope
with r,i, =4ps at relatively l—arge distances (36-78 pm}
and can be fitted only by assuming a cascade of several
feeding transitions with mean lifetimes much smaller
than r,&, . In order to take this effect into account while
keeping the number of free parameters to a minimum, an
analytical formula was derived for the ratio, R„, of the
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FIG. 3. Examples of fits to the RDM experimental data for

the indicated transitions.
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R„~d}=exp
n —1 vr

vr
1c =0 k!

where d is target to stopper distance and v is recoil veloc-
ity.

Assuming r=1 ps for the cascade of preceding transi-
tions, the best fit to experimental R values for the 545.7-
keV transition can be obtained for n =6 transitions
which appears to be a reasonable multiplicity of the feed-
ing rotational transitions. This choice of r and n is obvi-
ously not unique —a fit of similar quality can be obtained
by using other, not very different, pairs of values of r and
n fulfilling approximately the experimental condition
nr-=6 ps necessary to get a good fit in this particular
case. Therefore, the resulting lifetime of the 545.7-keV
transition, r=(2.7+0.8) ps, should be treated as an ap-
proximate upper limit of the lifetime of the deexciting
level.

The effect discussed above can also be taken into ac-
count in the fitting procedure, to a very good approxima-
tion, by treating the distance d as a free parameter and
this procedure is much less time consuming than the use
of formula (1). The resulting shift hd -=nvr gives a rough
estimate of n and r in formula (1). For the case discussed
above, this procedure gives r(546 keV)=(3.4+1.2) ps
and b,ds, —= (

—30+8 } pm compared to the values
(2.7+0.8) ps and b.d„,= —28 pm (estimated using n =6,
v =4.62 pm/ps and r= 1 ps), respectively, obtained un-
der assumption of cascade feeding of the 1549.6-keV level
with the use of formula (1). For the levels with lifetimes
much longer than nr the differences in results obtained
using both approaches becomes negligible compared to
the statistical errors.

Another effect that could contribute to a higher value
of R than expected for a given distance d and lifetime r is
the roughness of the target and/or stopper surface which
leads to an averaging of the R value over the target-
stopper distances d. However, as shown below, this effect
is rather small in our measurements. Assuming a Gauss-

intensity of unshifted component to the sum of intensities
of shifted and unshifted components of the n'" transition
in the cascade of n transitions with the same mean life-
time r:

'k
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TABLE I. Mean lifetimes, B(E2) values and quadrupole moments.

181Ir

Ey
(keV)

187.8
335.6
455.8
545.7b

295.2
385 1

13—
2
17—
2
21—
2
25—
2

(ps)

215+15
14+3

3.4+1.2
2.7+0.8

10+2
15+5

B(E2)
(e b)

1.13+0.08
1.3+0.3
1.2+0.4

2.4+0.6

Qo
(e b)

6.0+0.2
6.3+0.7
6.0+1.0

8.621.2

+calc

(ps)

210
14.8
3.2
1.3

26.5
7.3

180Os 132.2
276.4
386.3
462.4b

2+
4+
6+
8+

(1 16+00 32) X 103

39+5
9.7+2.5
10+2

0.70+0. 15
1.16+0.15
0.9+0.2

5.9%0.6
6.4+0.4
5.5+0.7

1094
42.9
7.9
3.1

'r„„obtained using a constant Qp =6. 1 e b.
Apparent mean lifetime of gamma transition under assumption of delayed cascade feeding; see discus-

sion of results.

ian distribution of distances around mean distance dp
with sharp cutoff at dp+2o, where the mean deviation o.

is a measure of target surface irregularities, the effective
value of R for a single transition with mean lifetime ~ is

R,a(do ) =—exp
dp o 2

exp (2)

This effect can be easily accounted for in the fitting pro-
cedure by an artificial distance shift b,d = o /(2ur). —
The contribution of this effect can be estimated using the
closest experimental target to catcher distance 23 pm as
an approximate value of 2o. Thus, with the observed
recoil velocity u =-4.62 pm/ps and a mean lifetime of the
order 3 ps as deduced for the 545.8-keV transition, one
obtains a hd of about —6 pm, much lower than
hd =——30 pm necessary to fit the experimental data for
the 545.7-keV transition, as discussed above.

The lifetime of the ( —", ) level at 2061 keV also could not
be obtained because the observed feeding transition is
very weak. The apparent lifetime r=(15+5) ps of the
deexciting 385-keV transition is surprisingly high, prob-
ably indicating the existence of feeding from an isomeric
level with a lifetime of similar value. In this case, the
effect of fast-cascade feeding discussed above is too small
to be extracted reliably.

The RDM data for the 565.9-, 602.3-, 672.0-, and
832.5-keV interband transitions could not be extracted
from this experiment because the observed transition in-
tensities were either too low or obscured by unresolved
transitions. Hence, the lifetime of the ( —", ) level at 1380.7
keV could not be measured directly and was only crudely
estimated to be 20+15 ps from simultaneous fits to all
available data.

Os nucleus

The 510.3-keV transition feeding the 8+ level in ' Os
is obscured by the background of the annihilation radia-

tion and therefore no lifetime could be obtained for this
level. The RDM data for the 462.4-keV transition deex-
citing the same level indicate the presence of a long-lived
component with ~&&4 ns which can be attributed to feed-
ing from the known 27 ns isomeric level at 1929 keV (Fig.
1). A good fit to the experimental data for this transition
can be obtained only by assuming the presence of a fast
cascade feeding this level (as in the case of the 545.7-keV
transition in ' 'Ir). For this transition, the best fit values
of parameters in formula (1) are n =7 and r = 1 ps. The
alternative approach of fitting the distance d gives
hd —= —28+6 pm, which is consistent with the estimated
—33 ps obtained from b,d —= nur u—sing n and r from the
previous approach and the experimental value of U =4.70
pm/ps for the recoil velocity. All these parameters,
which gave the best fit to the 462.4-keV transition data,
were used in subsequent fits of the cascade transitions
below this transition. The results for this nucleus are also
given in Table I and an example of the fits to the experi-
mental data is shown in Fig. 3.

DISCUSSION

In addition to the results shown in Table I, the partial
lifetime for the interband 672.0-keV transition can be cal-
culated as rr (672 keV) =(38+13)ps using the lifetime of
the 1675.9-keV level and experimental branching ratio
I (295 keV)/I (672 keV) =0.4+0. 1. The Weisskopf esti-
mates of mean lifetime ~ of this transition are 1.0X 10
98, and 0.10 ps assuming, respectively, E1, E2, and M1
multipolarity. Resulting hindrance factors relative to the
single-particle estimates would be 3.0X 10, 0.4, and
3.6 X 10, respectively. These values are quite common in
this nuclear region for transitions of the respective rnul-
tipolarities; no definite rnultipolarity assignment of this
transition and, consequently, of the parity of the side
band can, therefore, be made on the basis of these data.

The reduced transition probabilities B (E2) have been
calculated' for all rotational transitions using the mea-
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sured lifetimes, internal conversion coeScients' and,
wherever necessary, the respective experimental branch-
ing ratios. All intraband rotational transitions have
B (E2) values of the order of 200 W.u. , implying a high
degree of collectivity; both nuclei are good rotors. The
use of the rotational model formula for deducing the
quadrupole moments and estimating deformation param-
eters, thus, appears to be justified.

In the framework of the rotational model with axial
symmetry, the quadrupole moments can be calculated us-
ing relation

0.08—

0.04-

oo-

—0.04-

—0.08-

181

q. =(s.

B (E2,I~I —2) = Qo (IK20~I 2E )—5

16m.
(3) 0.15 0.20 0.25

The weighted mean values of quadrupole moments Qo
in the yrast cascades are (6.0+0.2) e b and (6. 1+0.4) e b
for ' 'Ir and ' Os, respectively; the latter is in excellent
agreement with the value of Qo=6. 14 e b calculated by
Ragnarsson et al. ' The deformation parameter pz, al-

though model dependent, is quite useful because of its
easy visualization. It is related to Qo, in the first order
approximation, by the formula

(5~)'"
(4)

3ZR 0

with Ro =1.2 A fm. In this approximation, the quad-
rupole deformation parameters 0.223+0.008 and
0.231+0.015, deduced for ' 'Ir and ' 0, respectively, are
equal within experimental errors, in apparent contrast
with the aforementioned hypothesis that these two nuclei
might have significantly different deformations.

The deduced quadrupole moment, however, depends
not only on the quadrupole deformation parameter but
also on parameters related to other degrees of freedom,
such as the triaxial and hexadecapole deformations.
Therefore, it is not possible to deduce all deformation pa-
rameters in a unique way. However, from the experimen-
tal value of Qo, it is possible to extract pairs of p2 and p4
which, for a given y, reproduce this value of Qo within
the framework of the used model dependence. An exam-
ple of dependence of deformation parameters p4 on p2 for
y =0' and y = 15' in ' 'Ir is shown in Fig. 4 for Qo =6.0
e b. In the vicinity of p~= —0.04, the value expect-
ed' ' for this nuclear region, the experimental values of
Qo restrict the quadrupole deformation parameter to
values very close to p2=0. 22 for both ' 'Ir and ' Os, as-

FIG. 4. Pairs of P2 and P4 values reproducing the experimen-
tal value of Qo for "'Ir, assuming y =0 and y =15', respective-
ly.

suming the same value of the triaxial deformation y.
The only possibility of obtaining significantly different

p2 values for these two nuclei, consistent with the Qo
values deduced from these measurements, would require
drastically different values of the triaxial parameter y
and/or the hexadecapole parameter P4 for them. That, in
turn, would imply that the h9/2 orbital is very strongly
shape driving. The calculations, ' ' on the other hand,
indicate that these shape parameters do not differ very
much in these two nuclei. The question as to what causes
the different backbending behavior in &soOs and &8&Ir

therefore, still remains. Our measurements, while
effectively ruling out very different deformations as the
cause thereof, do leave the possibility that small
differences in the y deformation and/or different gamma
softness for the —,

' [541] proton orbital in ' 'Ir and ' Os
might be responsible for the different backbending behav-
ior of their respective yrast bands.
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