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Reexamining the half-lives of **Os and *’Ir
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Currently the half-life of 'Os is listed as unknown in most databases because the value of the only available
measurement had been reassigned. We argue that the original assignment is correct and reevaluate the half-life
of 1%0s to be 6.5(11) min, consistent with the original measurement. We also suggest reassigning the half-life

of 1%Tr to 2.29(17) h.
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Basic properties of neutron-rich nuclei along the N = 126
isotones are important for the astrophysical r-process (see,
for example, [1]). However, below the doubly magic stable
nucleus 2%8Pb they are very difficult to produce. While 27Tl
[2] and 206Hg [3] have been known for a long time and the
first half-life measurement of 2 Au was reported in 1994
[4], even lighter isotones became accessible only recently.
The discoveries of 204Pt, 203[r, 20205, as well as a few
additional isotopes beyond N = 126 were made possible by
the development of improved separation techniques at the FRS
fragment separator at GSI [5-8].

The half-life of one specific N = 119 nucleus, '*>Os, which
one would expect to be known, is still controversial. While the
Table of Isotopes lists a half-life of 6.5 min [9], the majority
of nuclear databases and evaluations [10-16] do not accept
this value and quote only an approximate theoretical value of
~9 min from gross theory of B decay [17]. In addition, the half-
life of the daughter nucleus '*’Ir is also not well established.
The current ENSDF data evaluation [14] recommends a value
of 2.5(2) h, which corresponds to an unweighted mean of two
measurements which do not agree with each other within the
quoted uncertainties [18,19].

Rey and Baro first deduced a half-life of 6.5 min for '*>Os
from the reaction '*®Pt(n, ) and identified the isotope from the
decay of the known daughter nucleus '*°Ir [20-22]. Although
recently two high-spin isomeric states, a short-lived state of
34 ns [23-25] and a long-lived state of >9 min [26], have been
observed, there are no other measurements of the half-life of
the 1% Os ground state.

The nonacceptance of the half-life measurement by Rey
and Baro is based on the apparent reassignment of the '*Ir
daughter nucleus in a 1974 unpublished annual laboratory
report by Colle et al.: “Unfortunately, the then-existing
assignment for '%°Ir has subsequently been identified as 8'Rb,
arising from reactions induced in target impurities. As a result,
the present assignment of '®>Os will not withstand careful
scrutiny” [27]. The timeline in this argument by Colle et al.
is incorrect. At the time of the Rey and Baro discovery of
19505 the accepted half-life for '*Ir was 140 min [28,29].
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A half-life of 2.3 h was also reported in 1961 [30] from
measurement of B and y activity. Only one year later, in 1962,
was this value replaced by Claflin ef al., who determined a
half-life of 4.2 h from the («, p) reaction on a supposedly
highly enriched '*?Os target [31]. This was the measurement
that was subsequently questioned by Hoffstetter and Daly, who
demonstrated that the enriched osmium target could have been
contaminated by other elements and the observed half-life of
4.2 h actually resulted from either 7Br(x,2n) or ¥ Br(a,4n)
reactions and thus corresponded to 81Rp [18]. In addition,
the measurement by Rey and Baro could not have suffered
from the same contamination problem as the experiment by
Claflin et al. because they did not use «-induced reactions on
enriched osmium targets but (n,«) reactions on high-purity,
natural platinum.

Thus we believe that Rey and Baro indeed observed the
decay of 13Os. In order to extract the half-life of '*>Os Rey and
Baro included not only the growth and decay of the daughter
1931r but also contributions from '*3Os. Since the presently
adopted half-lives for these isotopes differ from the values
that Rey and Baro used in their fit [14], we refitted their data
as presented in Fig. 2 of Ref. [20]. The fit contained three
components: the decay of '*Os, the growth and decay of '*°Ir,
and the decay of '3Os.

For the half-life of °>Os the most recent value of 29.830(18)
hby Krane [32] was used. It should be mentioned that this value
differs from the currently accepted value of 30.11(1) h [14,33].

As mentioned earlier, the currently adopted half-life of '°Ir
was deduced as the unweighted average of two independent
measurements: a 2.8(1) h half-life reported by Hofstetter and
Daly in 1968 [18] and a 2.3(2) h half-life measured by Jansen,
Pauw, and Toeset a few months later [19]. The first value
was obtained from an analysis of the 99-keV y ray from the
decay of the first excited state in the Pt daughter, in which
this y ray was assigned only to the ground-state activity of
1951y, However, Jansen er al. demonstrated that this state is
also populated by the decay of the 3.8(2) h isomeric state in
1931 [19,34]. Thus the value quoted by Hoffstetter and Daly
is likely too high and should be discarded. Jansen et al. took
the contributions from both states into account and arrived at
the value of 2.3(2) h. This value was consistent with the first
measurements of 140 min in the 1950s [28,29] which were
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lfgréown to Rey and Baro at the time of their measurement of

Os.

Present evaluations [10,13-16] do not consider that Rey
and Baro also independently measured the half-life of '*°Ir.
This measurement is presented in the same papers which
report the discovery of 1°Os [20,22]. They deduced a half-life
of 2.2 h by chemically extracting iridium fractions following
the decay of its parent '°>Os. This decay most probably
populated only the 3/2% ground state of '®Ir, rather than the
11/2~ isomer, since the ground-state spin and parity of '*3Os
is expected to be 3/27 [26]. An isomer of half-life > 9 min at
454 keV discovered in '*3Os [26] with suggested spin-parity
of 13/2% is not expected to be populated in the '*®Pt(n,a)
reaction used by Ray and Baro [20].

We digitized the data of Fig. 2 of Ref. [22] displaying the
decay curve of '®’Ir and deduced a value of 2.29(17) h from a
least-squares fit. A similar analysis of Fig. 3 of Ref. [22] gives a
more precise half-life of 2.17(7) h; however, because of possi-
ble contamination from other Ir isotopes in this decay curve, we
prefer the data from Fig. 2 of Ref. [22]. Hence, we recommend
the value of 2.29(17) h. We believe this represents the best and
most reliable half-life of the '*’Ir ground state and we have
used this value in the fit of '°*Os. This value agrees well with
the result 2.3(2) h from [19], not with 2.8(1) h from [18].

Therefore, there remain four free parameters for the fit of
the '%30s decay curve: the half-life of '°3Os and the initial
amounts of ' 0s, 1%1Ir, and '*3Os. These four parameters were
fitted by a least-squares method, where the minimum sum of
squared residuals was determined by differential evolution.
The uncertainties in the fitted parameters were estimated by a
Monte Carlo method in which many fits were performed on
data sets generated from sampling within the uncertainties of
the data. Because the original paper did not give uncertainties
we assigned the statistical uncertainty given by v/N along with
an uncertainty associated with the digitization of the plot. The
sample standard deviations of the set of fitted results from
the simulated data sets were taken to be the uncertainties in
the best-fit parameters. The results from this procedure are
shown in Fig. 1. The deduced half-life for '*>Os is 6.5(11) min,
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FIG. 1. (Color online) Decay curve and fit -residues for the decay
of %0s. The top panel shows our fit (solid red line) to the data of
Fig. 2 in Rey and Baro’s work [20] (solid black circles); the residuals
of our fit are shown in the bottom panel.

which is in agreement with the 6.5 min value quoted in the
original Rey and Baro papers. In addition, we conclude that
the half-life of the ' Ir ground state, based upon Rey and
Baro’s work, be accepted as 2.29(17) h, in contrast to 2.5(2)
h quoted in the evaluated databases [14]. Furthermore, a new
measurement of the '>Os ground-state half-life using state-
of-the-art techniques is highly desirable.
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