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Abstract

The isotopes of Tellurium are located near the stability line on the isotopic chart, making them important
for study in the context of nuclear theory and in terms of applications. In this work, we present a study of
the radioactive decay chains of Tellurium isotopes with mass numbers 117 and 115, aiming to investigate
their ground-state half-lives as determined from an experiment conducted at the 9 MV Tandem accelerator
at IFIN-HH in Romania. Key parts of this presentation are a novel approach used to extract the experi-
mental half-life values, as well as its application to the experimental data obtained for the two Tellurium
decay chains. A comparison of the results for the half-lives obtained with and without the application of
this approach will also be presented to demonstrate its capabilities. The approach does not rely on any
input from the literature, and it allows for a significant reduction in the uncertainties associated with the
extracted half-life values, thus enhancing the reliability and precision of the results.

Keywords: activation; 2n-transfer reaction; lifetime

1. Introduction

The isotopes of Tellurium are located just above the closed nuclear shell at Z = 50, a fact that makes
them ideal study cases of nuclear structure [1], as well as for investigating the interplay between
collective and single-particle degrees of freedom and relevant phenomena, such as shape coexistence
and shape evolution.

© 2025 by the Author(s). Published by the Hellenic Nuclear Physics Society (HNPS) and the National Documentation Centre (EKT.gr).
This is an open access article under the CC BY-NC license. ISBN 2654-007X (print), 2654-0088 (online).
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Some Te (Tellurium), Sb (antimony) and Sn (tin) isotopes are significant in terms of applications since
they are used in nuclear medicine. More specifically, some of their unstable isotopes are utilized both
for diagnosing and treating cancer. For example, !!™Sn is particularly interesting because it emits
conversion electrons and Auger electrons with a short range of action, offering targeted therapy,
while also emitting gamma radiation for imaging [2].

It is also important to note that the existing literature half-live values of the ground states of the
isotopes presented in this work were determined in experiments conducted many years ago and
the error handling is not described clearly [3-5]. In the present work the half-lives (¢,/;) are re-
examined and measured using modern facilities and contemporary detectors. Also, accurate half-
life values of Sn, Sb and Te isotopes are important for nuclear-medicine applications, as they affect
dosimetry and radionuclide availability, and although this work focuses on ground-state decays, the
same considerations also apply to medically relevant isomeric states such as 1'"MSn.

A analysis method is introduced to reduce the uncertainties associated with experimental errors
in the activation method. This approach complements nuclear structure studies in the same mass
region. As a result, lifetime uncertainties are improved, and new adopted values are proposed.

2. Experimental Details

The experiment was carried out at the 9 MV Tandem accelerator of IFIN-HH in Magurele, Bucharest [6]
(see Fig. 1a). A "4 Ag target with composition of 51.8% 17 Ag and 48.2% of % Ag was used. The target
had a thickness of 5.24 mg/cm?. The target was bombarded with !B ions at an energy of 35 MeV
to populate the states of 114118 Te via the " Ag(!1'B, xn)!!%!18Te reaction. The intensity of the beam
was 4-9 nA and the charge state of the beam was g = 5% [7].

(a) The 9 MV Tandem accelerator. (b) The ROSPHERE array.

Figure 1. Experimental setup.
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The ROSPHERE (ROmanian array for SPectroscopy in HEavy ion REactions) [8] is a detector setup
for y-ray spectroscopy. ROSPHERE can accommodate up to 25 detectors of two types: high-purity
germanium (HPGe) semiconductor detectors and LaBrs(Ce) scintillators. The array has a spherical
geometry and is composed of five rings, each having five available positions for detectors. These five
rings are positioned at specific angles of 37°, 70°, 90°, 110°, and 143° with respect to the beam axis
(see Fig. 1b) [8]. The specialized array is designed for nuclear-structure studies, including angular
correlation measurements and lifetime determinations of nuclear excited states. The present exper-
imental setup enables the investigation of half-lives spanning several orders of magnitude through
the selection of an appropriate detector configuration. In the current study, the activation method
was employed.

In the experiment presented in this work, the HPGe detectors were placed in the 1st, 3rd, and 5th
rings of the ROSPHERE array at angles of 37°, 90°, and 143°, respectively, while the 2nd and 4th
rings were filled with LaBrs;(Ce) detectors positioned at 70° and 110°, respectively, for fast-timing
measurements.

The total irradiation time of the natural Ag target was approximately 199 h (=8.3 d), followed by a
total counting time of 26 h. The data were collected in 39 individual runs, each corresponding to a
single HPGe y-ray spectrum. The first six runs were acquired for 15 min each in order to properly
sample the decay of the short-lived isotope !*3Sb [9]. This corresponds to a total measuring time of
about 90 min, i.e. roughly three half-lives of '°Sb (¢;/, = 32 min). The transition from 15-min to 45-
min runs was performed continuously, without any interruption in the data-acquisition sequence.
Subsequently, 33 runs were recorded with a duration of 45 min each. Only data from the HPGe
detectors were used in the present analysis, since they provide superior energy resolution compared
to the LaBrs detectors, which were therefore excluded from the half-life evaluation. Event sorting
and single-spectrum extraction were performed using the GASPWARE analysis package [10]. Also a
standard >2Eu point source was employed for the energy and efficiency calibration of the detection
system.

3. The Analysis

The analysis of these experimental data is based on the standard activation method, in which the
decay curve of the studied y-ray is constructed by plotting the measured counts of the y-ray as a
function of time. Each experimental point corresponds to a single run. The counts were measured
for all the runs until the studied y-ray vanished.

To analyse the data, a new approach was used. The aim of this analytical approach, which was
used in this study, is first to correct the position of the experimental points on the time axis of the
decay curve and to minimize the error. As mentioned before, 39 spectra were measured. For each
spectrum, the counts per second for the peak of interest were calculated. The question is where each
experimental point should be placed on the time axis. In order to explain the approach, Fig. 2 is used.

The initial time collection is to place each data point at the midpoint of its measurement interval (¢’).
In this case, the uncertainty is taken as half of the run duration, which results in a significant error.
Using this approach, the decay constant A’ is initially estimated by fitting the decay curve using the
midpoint-assigned data. However, aside from the large errors in this case, the approach does not
assign the correct time point to each measurement, because in this approach, the counts are split
equally on both sides of the time. However, it is known that radioactive decay is not constant, but
decreases over time. Therefore, the most appropriate time assigned of its data point is the one at
which half of the de-excitations have occurred.

To determine, in each case, the desired time at which half of the de-excitations have taken place, it
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Figure 2. The theoretical representation of the shift of the points over time. The diagram illustrates how the points -and
consequently the decay curve- have been shifted through the use of the approach.

is sufficient to solve the following integral:

t tiv1

/ N@")dt” = N(t")dt” (1)
ti t

In the current formula, N (¢”’) is the function that represents the number of de-excitations occurring,

t is the time being evaluated (the time at which half of the decays occurred), and t; and t;;; are

respectively the start and end of the measurement for the respective run. Solving this equation

yields:

()

By using this formula in Eq. (2), time uncertainties are refined via error propagation that includes
A, t;, and t;+1. As seen in Fig. 2, the corrected time points yield a slightly left-shifted decay curve
and a more accurate half-life value. To better understand the above process, the case with t;/, = 45
minutes and At = 20 (duration time of the runs) minutes is shown in Fig. 3 as a theoretical example.
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(a) Before applying Eq. (2) (b) After applying Eq. (2)

Figure 3. Comparison before and after applying Eq. (2)

To verify whether this approach functions correctly, some theoretical calculations have been per-
formed to estimate approximately how much the points shift in each case and how much the error
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is reduced by this correction. The cases studied involve different choices of measurement durations
and various selections of half-lives.

This analysis was performed for three half-life values: 20, 45, and 180 minutes. For each of these
half-life values, the analysis was conducted for six different At values in the case where the half-life
was 20 minutes, and for nine different At values in the cases where the half-life was 45 and 180
minutes. It is important to mention that in each case, the de-excitation is monitored until it is nearly
complete, which corresponds to approximately six times the t;/, being examined.
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Figure 4. It shows the percentage by which the points are shifted to shorter times when the approach is applied to the
scenarios under study. A slight horizontal offset is applied to the x-axis values for the 20-minute half-life data to prevent the
large uncertainty of the last point from overlapping with the points of the other two series.

As shown in Fig. 4, the percentage shift varies depending on the half-life being studied and the chosen
measurement duration. The term percentage shift refers to the percentage by which the points were
shifted to the left along the x-axis after the application of the approach used in the present study. It
is observed that shorter measurement durations result in smaller shifts, meaning that, in the limit
of a 1-second measurement duration, the decay curve produced by the activation method would be
essentially accurate and would not require any correction for half-lives significantly longer than 1
second, as is the case in the examples presented. Furthermore, the correction is more critical for
short half-lives and becomes less significant for longer ones. However, as is evident in Fig. 4 and as
mentioned above, the measurement duration plays an even more important role.

Fig. 5 clearly illustrates the importance of the correction in reducing the uncertainty of the fitted
half-lives. In contrast to a simple dependence on the half-life itself, the relative error is strongly
affected by the ratio between the measurement duration and the half-life. As the duration of each
run approaches or exceeds the half-life of the isotope, the relative uncertainty increases rapidly,
making the correction particularly relevant under such conditions. Furthermore, the graph provides
a useful guide for selecting appropriate measurement intervals for a given decay constant. The
substantial reduction in relative error after applying the correction highlights its significance and
justifies its implementation in the analysis.

4. Results and Discussion

The approach described in the previous sections was used to measure the half-lives of the ground
states of 117Sb, 117Sn, and 1°Sn. It is important to note that it was not possible to measure the ground
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Figure 5. The plot shows the relative error in the adjusted half-life, for the values discussed earlier, both before and after
the correction. The y-axis is logarithmic.

state of 11°Sb due to the short half-life of this level. This state decays with a half-life of either 6.7
minutes or 5.8 minutes [9], which means that any gamma rays emitted from its de-excitation had
already vanished within the first two runs. The results for the half-lives of the ground states of 1'7Sb,
178n, and 11°Sn are shown in Table 1.

Table 1. The table presents the isotope under study, measured energy level, and comparison of the half-life values: before
applying the present approach, after applying it, and the corresponding NuDat literature value [9].

Isotope Elo1 t1/2 Before t;; After  NNDC
g.s (keV) (min) (min) (min)

WTe gs.  719.7(7) 66.4(41) 65.5(13) 62(2)
7sh gs. 158.6(15)  171.5(47) 170.1(22) 168.0(6)
115sh gs.  497.3(8) 32.0(44) 31.3(7) 32.1(3)

The approach significantly reduces errors, thus improving the accuracy of half-life measurements.
As shown in Table 1, the results after using the approach exhibit greater accuracy compared to those
in which the approach has not been applied. Also, as shown in Table 1, the results demonstrate
clear improvements in certain cases compared to the existing literature values. Specifically, the
measurement of 117 Te shows higher precision compared to previously published data. Furthermore,
as seen in the other two cases involving the isotopes '’Sb and !15Sb, the measured values are in
agreement with the literature values. Overall, the approach has proven effective and is intended for
use in future measurements.

This new approach can be applied to experiments carried out at modern research facilities, such as
IFIN-HH, where a high-resolution gamma detector array was used. Additionally, revising the values
found in the literature is considered necessary, given the age of the original measurements and the
limitations of the experimental setups of that time. Finally, from an application perspective, the mass
region of Sn, Sb, and Te has proven particularly important for the field of medical physics, as several
unstable isotopes are either used as radiopharmaceuticals [11] or participate in their production, and
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precise knowledge of their half-lives is essential for such nuclear medicine applications.
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