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We analyze once again the γ singles spectra and γ-γ-t coincidence spectra following
the β++EC decay of 83Sr. Multipeaks are carefully separated and many γ transition
cascades are clearly obtained in the work. As a complement to our previous work, the
uncertainties on γ-rays energies, γ-rays intensities and deduced level energies in the
β++EC decay of 83Sr are given now.

Keywords: Uncertainty on γ-ray energy; uncertainty on γ-ray intensty.

PACS Number(s): 29.85.Fj, 23.20.Lv, 27.50.+e

In our previous work,1 approximately 190 γ-rays including 94 new γ-rays and 19
new levels were assigned to the β+ + EC decay of 83Sr. Among the approximately
190 γ-rays, 180 ones were placed in the decay scheme which incorporates all the
observed γ transitions except seven relatively weak ones, but no uncertainties on
γ-ray energies and intensities were given. Therefore, we analyze once again the γ

singles in the multispectra mode and γ-γ-t coincidence spectra, by paying particular
attention to the hardly decomposed γ-ray multiplets.

Details of the experimental procedure and main results can be found in Ref. 1,
but some important points may be mentioned here for completeness. The summed
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singles spectra are analyzed carefully with a computer program which fits each peak
with an adjustable lines shape (approximately Gaussian), then the centroid channel
and peak area are used to derive the γ-ray energy, intensity and their uncertainties.
Many weak γ-rays which are not identified or barely assigned in each individual
spectrum can be clearly identified in the summed singles spectrum. The relative
intensities of γ-rays, including the energies of that below 60 keV, are determined
from the summed spectrum without anti-Compton suppression. The energies of
γ-rays above 60keV are obtained from Compton-suppressed spectra.

The uncertainties of the γ-rays energy and intensity include the contributions
from the counting statistics, the systematic uncertainty of the energy calibration
and relative efficiency calibration, respectively, and the normalization procedure.
For the singles spectrum, the systematic uncertainty of the energy calibration
is 0.04 keV when the γ-rays energy is below 200 keV or over 2000keV, otherwise it
is 0.03 keV, while the systematic uncertainty of the relative efficiency calibration is
3% when the γ-rays energy is less than 250keV and 2% when the γ-rays energy
is larger than 250 keV. For the coincidence spectrum the systematic uncertainty of
energy calibration is 0.1 keV and that of relative efficiency calibration is 5%. Now
the uncertainties on γ-rays energies and intensities of all the γ-rays assigned to the
decay of 83Sr are added, as shown in Tables 1 and 2. The reported uncertainties
refer to the last significant digits.

Because both the energy resolution of spectrometer and the statistical fluctua-
tion of counts have been largely improved, compared to the previous works, coupled
with the use of detailed spectral decomposition method, the accuracy of energy mea-
surement is improved by over three times. By decomposing the multiple peaks, a
number of new γ-rays are discovered. The background and contaminants at very
low radioactive level are mainly 85Sr, 83Rb, 84Rb, 131Ba, 60Co, 40K, 137Cs, etc. The
energies and uncertainties of all 41 excited levels (see Table 1) are obtained by the
method of least squares. Table 2 is the same as Table 1 in our previous paper,1

but now the uncertainties are added. It should be noted here that we provide Iγ in
this paper, but in Fig. 2 of our previous paper1 the data next to the γ-rays energy
are the transition intensities, as implied by the words “Intensities: I(γ+ce) per 100
parent decays”, where Ice (Ice denotes the intensity of internal-conversion electron)
is obtained from the calculations. The measured energy region is between 30 keV
and 2650keV, thus the 42.08 keV γ-ray can be detected and its uncertainty is also
given, as shown in Table 1, but not the 5.23 keV γ-ray.2

All the intensities of the γ-rays are normalized to an intensity of 100 for the
762.61 keV γ transition. An additional measurement of the relative intensity of
the 511keV annihilation radiation (from which the total β+ decay intensity can be
obtained) is performed, with the 83Sr source sandwiched between two lead plates of
3mm thickness each, to produce total annihilation. The relative (β+ + EC) decay
strength (normalized to intensity of 762.61keV γ transition) to each excited level
can be obtained from intensity balance. By using theoretical Iβ+/IEC values, the
relative β+ intensity of each excited level can be calculated. The relative intensity
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Uncertainties on gamma-ray energies and intensities in decay of 83Sr

Table 2. The uncertainties of energies and relative intensities of γ-rays assigned to the decay of
83Sr but not placed in the decay scheme.

Eγ (keV) 758.20 10 856.81 12 1498.60 17 1608.90 18 1709.45 18 1777.90 4 1873.69 4

Iγ 0.08 3 0.017 3 0.005 2 0.007 2 0.013 2 0.082 4 0.108 5

of β+ decay to the ground state is calculated by subtracting the relative β+ inten-
sity to excited levels from the measured total β+ decay intensity, and the relative
(β++EC) decay intensity (47±9) to the ground state is also calculated using theo-
retical Iβ+/IEC value. The renormalization coefficient (0.299±0.015) and (β++EC)
branching ratio for each level are then obtained.

In summary, in order to study the decay of nuclei with very complex decay
scheme, the present paper focuses on the process of analyzing the spectrum, the
peak position and fitting interval determined by automatic peak searching code
are checked and verified. The nonlinear least square method is adopted to perform
curve fitting. Practice proves that manual control of the process of decomposing
the complex multiple peaks is effective and necessary. This ensures the accuracy of
γ-rays energy and relative intensity and then the deduced level energy is greatly
improved.
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