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HIGHLIGHTS

e The half-lives of 2V, 56Cu and 28Al were measured with high precision.

e The dead time influence was assessed by two methods, with compatible results.

e The final values were compatible with most results found in the literature.

e Results suggest that compilation values for °Cu and 28Al should be revised.
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In this work, the half lives of 2V, ®®Cu and %Al were measured using a non-paralyzable dead-time
correction to the regular exponential decay. For 28Al, a physical dead-time correction was also employed
to allow a verification of the mathematical correction used. The resulting values were 3.734(3) min for
52y and 5.061(6) min for %6Cu; as for 28Al, the results were 2.233(9) min using the non-paralyzable
correction and 2.228(5) min using the secondary correction, thus validating the mathematical approach.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Nuclear applications often require a good degree of knowledge
on several parameters of the nuclei involved, both regarding the
safety of the experiment and the reliability of the results. For
instance, in Nuclear Activation Analysis (NAA), many nuclear
parameters, such as cross section and decay half-life, have to be
well known in order to compute the results, and the uncertainties
in these parameters frequently undermine the results obtained in
the analyzes (Lindstrom et al., 2007). In the instrumental variation
of NAA, which relies on the use of a well known comparator
irradiated together with the samples in order to eliminate most of
the nuclear parameters from the equations, the value of the decay
half-life is still an important parameter and it appears inside an
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exponential function, so its uncertainty must be carefully assessed
because it may distort the results of the whole analysis.

2. Experimental procedure

In the present experiment, samples were produced by pipetting
standard solutions of each desired chemical element on pieces of
Whatman 40 filter paper; the samples were left to dry naturally
and then folded and packed into sealed polyethylene bags.
These samples were then irradiated in the IEA-R1 nuclear reactor
pneumatic station under a thermal neutron flux of ~5 x
102 ncm~2s-! and analyzed by a 25% HPGe detector coupled
to a 8192-channel MCA with a source-detector distance of 9 cm.
The data collection for each individual sample was made through a
batch of short subsequent acquisitions with identical realtime
duration; initially both the duration of each acquisition and total
number of acquisitions were evaluated, and the optimal condition
for all isotopes, judging from the relative standard deviation of the
fitted half-life, were obtained; for >V and %°Cu, each spectrum was
acquired for 120 s and this procedure was repeated 20 times for
each irradiation, so that each sample was counted for a little more
than 2400 s (the extra time comes from the time consumed by the
computer to save the spectra and then reset and start the MCA);
for 28Al, due to its considerably shorter half-life, the optimal
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counting was 90 s per spectrum, 15 spectra per irradiation, adding
up to a little more than 1350 s of acquisition time per sample.

3. Data analysis

For the determination of the half-lives, the gamma-ray
spectrum for each individual acquisition was analyzed using the
Genie-2000 computer software (Canberra, 1999), which delivers
reliable and accurate peak areas for standard gamma spectra (Zahn
et al., 2009). The counts per second associated with the most intense
gamma peak of each decay (1434 keV for >2V, 1039 keV for ®®Cu and
1779 keV for 28Al) were fitted against the initial time of each
acquisition using the non-paralyzable dead-time correction model
shown in Eq. (1) (Knoll, 1999), where Ao (the initial count rate),
A(=1In(2)/T;,, where Ty, is the nuclide half-life) and 7 (the dead
time parameter) were the fit parameters. The fit was performed
using a covariant Gauss-Marquardt routine implemented in the
Matlab environment. A total of 43 measurements were made for
the 52V decay, 30 for the °5Cu decay and 14 for the 28Al decay

Ag - e~ M

A:1+A0-1

M

In order to validate the mathematical dead-time correction, a
second dead-time correction was tested in the Al samples. For
them, a 30 kBq %°Co source, with a much longer half-life (1925.28
(14) day Tuli, 2003), was counted together with the samples and
used is a “live-time chronometer”, so the counts obtained for the
28A1 peak were divided by the sum of the areas of the 1173 and
1332 keV peaks of the %°Co decay, and the result was fitted to a
regular exponential decay function.

Given the fact that the individual results for each measurement
are obtained from a least-squares fit of the count rate as a function of
time, any uncertainty related only to the initial value of the source
activity will only influence the value of Ag, thus their influence in the
half-life result can be safely neglected; also, uncertainties related to
the detection efficiency and geometry can be safely neglected, as
the sample holder is very solid and the system can be considered
completely stable for the duration of these experiments, as each
decay is followed for no more than 50 min. Another possible source
of uncertainty would be the variation (jitter) of the internal computer
clock which is of 0.003% in the worst case scenario (Henderson et al.,
2000) and can safely be neglected in this analysis. Therefore, the only
relevant source of experimental uncertainty in these measurements
comes from the analysis of the gamma-ray spectra; as the system has
a low contribution from background radiation and the peaks of
interest are very well-defined, the Genie2000 peak-fitting routine
is able to deliver very accurate and precise results with reliable
uncertainties (Zahn et al., 2009); moreover, the dead-time was never
allowed to be above 10-20% so that counting statistics should not be
practically affected and either of the dead-time correction algorithms
employed should be reliable (Knoll, 1999). In the case of the 28Al
source when the %°Co source was used as chronometer, the uncer-
tainty in the peak fits for the °°Co peaks was also taken into
consideration. The uncertainties, then, were obtained together with
the values from an instrumentally weighted least-squares fit and, as
they come from separate measurement sets, they are safely assumed
to be uncorrelated.

The results obtained were then analyzed using the regular
o~ 2-weighted mean as well as two techniques designed specifi-
cally for the analysis of discrepant data, the normalized residuals
and the Rajeval technique (Rajput and MacMahon, 1992), in order
to obtain a more robust final value which would not be too
influenced by outlier results.

Table 1

Results obtained for each of the nuclides studied; AM is the (unweighted)
arithmetic mean, WM is the 1/62 weighted mean, NR is the normalized residuals
mean and RT is the Rajeval technique mean; the uncertainties presented are for a
66% confidence interval; the reference values were taken from Junde et al. (2007)
(°2V), Browne and Tuli (2010) (°6Cu) and Endt (1998) (?%Al).

Nuclide  AM (min) WM (min)  NR (min) RT (min) Ref. (min)
2y 3.739 (6) 3.736 (3) 3.734 (3) 3.734(3) 3.743 (5)
56Cu 5.065 (10)  5.066 (6) 5.064 (9) 5.061 (6)  5.120 (14)
281 2233 (13)  2.236 (8) 2234 (11) 2.223(9) 22414 (12)
28p1° 2218 (7) 2229 (5) 2.229 (5) 2228 (5) 22414 (12)

2 Measurement made using the °°Co source as chronometer.

4. Results

The results obtained for the three nuclides after applying the
statistical tools are shown in Table 1, together with the values
from the last ENSDF compilations (Junde et al., 2007; Browne and
Tuli, 2010; Endt, 1998) and with the regular unweighted mean of
the results. The results for 2V were in rather good agreement with
the tabulated data, with a lower uncertainty. For ®6Cu, the results
were all below the tabulated result, but in good agreement with
the two most recent and precise measurements used in that
compilation (5.063(20) min Kawade et al.,, 1990 and 5.080(12)
min Kawade et al., 1992), showing that the compiled value is
probably overestimated. In the case of 28Al, the results were
significantly lower than the tabulated value, but compatible with
5 of the 6 measurements used in the compilation (2.238(6) min
Weiss and Hillman, 1963, 2.240(7) min Wyttenbach and Dulakas,
1969, 2.247(18) min Ryves and Perkins, 1970, 2.243(5) min Emery
et al, 1972 and 2.2405(8) min Schandevijl et al., 1971), being
incompatible with only one, 2.2488(2) min (Becker et al., 1978).
On the other hand, the results obtained using the ¢° Co source as a
livetime chronometer delivered lower uncertainties, but the
results were compatible with the ones obtained using the math-
ematical non-paralyzable dead-time correction, thus validating
the results obtained by this method. As for the different statistical
tools used, the Rajeval technique delivered the lowest uncertain-
ties and is supposed to be more robust than the other techniques,
so the results obtained using this procedure were adopted.

5. Conclusions

The half-life values obtained in these measurements have been
3.734(3) min for °?V, 5.061(6) min for ®6Cu and 2.228(5) min for
28 Al These results are in good agreement with most values found
in the literature but, in the cases of both ®Cu and 28Al, incompa-
tible with the ENSDF-tabulated evaluations, suggesting that the
latter should be re-evaluated as they could be distorted by some
dominating individual results.
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