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On the Decay of '°°Tb
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ABSTRACT. The level structure of '*°Dy has been investigated from the decay of
1%0Th (72.4d). Single. gamma-gamma coincidence and fast-slow delayed coincidence
systems have been used. Thirty seven y-ray lines could be identified and fitted in a
proposed level structure of ***Dy. The positions of previously doubted transitions at
energies of 98.0, 203.1. 420.3 and 1048.9 keV are confirmed. The half life time of the
86.6 keV level is found to be 2.07 + .10 n.sec, and the reduced transition probability
Is calculated as:

[0.96 + 0.05¢? x 107 cm?].

The level structure of the doubly even nucleus '**Dy has been studied by many
investigators, Ewan et al. (1961), Boehm and Roger (1963), Fossan Herskind
(1963), Kugel et al. (1968), Jaklevic et al. (1967), Hogberg et al. (1968), Nilsson et
al. (1968), Ludington et al. (1968), Gunther et al. (1968), Hassan et al. (1981),
Hasiza et al. (1982), Jin et al. (1983), Singh et al. (1983) and Abdulmomen et al.
(1984). The results of these studies have led to a fairly well established decay
scheme for excitation energies up to 1600 keV. The assignment of spins and parities
to many of the excited states in this decay scheme has been based on directional
correlation and internal conversion measurements.

However, Lederer et al. (1978) and recently Lee and Bunting in nulear data
sheets (1985) proposed a somewhat different decay scheme in which a new level at
581 keV is included. Additional weak transitions at 203.1, 420.0 and 1048.0 keV
were reported by Hassan et al. (1981). Moreover, Singh et al. (1983) suggested a
new transition at 97.71 keV which could be fitted between the 1386.5 and 1288.2
keV levels.
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In order to settle such proposed data, concerning the '°Dy level scheme, a
reinvestigation is quite needed.

Singles y-Ray Spectrum

A radioactive '*Tb point source of about 4 MBq obtained from Amersham
(U.K.), is used in this work. The single y-ray spectrum due to the decay of "**Tbto
"Dy has been measured using an 85.5 cm® hyper pure germanium y-ray detector
(FWHM = 2.1 keV for 1.33 MeV), coupled to a multichannel analyzer (4096
channels) and other associated electronics. Energy and efficiency calibration of the
system were performed as reported by Farhan (1985) using standard radioactive
sources at a distance of about 20 cm from the detector.

A typical single spectrum is shown in Figs. (Ia, b&c). The energies of the
observed y-ray transitions are determined by means of least square fitting. The
relative intensities corresponding to these transitions have been estimated using the
efficiency curve of the hyper pure germanium system and then normalized to the
relative intensity of 879.4 keV y-ray transition.

The energies and relative intensities of 37 y-ray lines assigned to the decay of
'“Tb are listed in Table 1 and compared with the data published by Jin et al.
(1983).

The accuracy in the intensity values includes the error of efficiency values and
the statistical errors of the area under the photopeaks.

It should be noted that, the present results are not only in fair agreement with
most of the previously established transitions but also used to confirm the new
v-ray line at 98.0 proposed by Singh et al. (1983) as well as those of energies at
203.1, 420.3 and 1048.0 keV observed by Hassan et al. (1981) as weak transitions.
The y-ray transitions at 203.1 and 420.3 keV were observed as well in the gamma-
gamma coincidence measurements of this work.

The confirmation of the 1048.6 keV new transition is of value since it
depopulates a well established level at 1049.1 keV of (37) to (0™) ground state
which suggest that such transition to have an M3 character.

In their paper, Jin et al. (1983) searching for well pronounced and useful data
of y-ray transitions due to the decay of '*Tb to '*’Dy for calibration of their y-ray
spectrometer, they did not report the well known and strong y-ray transition of
86.8 KeV as well as the weak y-ray transitions at; 98.0, 176.6, 203.1, 237.7, 420.3
and 1048.6 keV which were reported before by different authors. The two weak
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y-ray transitions at 242.5 and 432.7 keV reported by Jin et al. (1983) were not very
clear in the present work.
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Fig. (1-a and 1-b). '®Tb y-ray singles spectrum (low energy region < 310 keV)
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Fig. (1-c). '*Tb vy-ray single spectrum (high energy region < 1320 keV)
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Table 1. y-ray energies and relative intensities of y-ray transitions in '**Dy following the decay of '®Tb

Present work Jin et al. (1983)

E,* AE keV L+ A1, E, keV I+ A1,

86.8 = 0.20 45.15 = 0.390 —

93.8 = 0.30 0.21 = 0.020 93.3 0.1810 £+ 0.0100

98.0 + 0.20 0.01 + 0.002 _—

176.6 + 0.20 0.01 + 0.002

197.1 + 0.10 19.00 + 0.290 197.0 17.0600 + 0.2400
203.1 £ 0.20 0.01 £ 0.002

215.5 £ 0.10 12.03 = 0.180 215.6 13.3700 £ 0.1400
230.5 = 0.20 0.25 = 0.030 230.6 0.2800 + 0.0110
237.7 %+ 0.10 0.04 = 0.005

242.5 0.0330 + 0.0110
246.6 + 0.10 0.04 + 0.008 246.5 0.0690 + 0.0110
298.7 + 0.02 91.35 + 1.890 298.6 87.8000 + 0.4000
309.6 + 0.10 2.70 + 0.027 309.6 2.8770 + 0.0250
3372 + 0.20 1.32 = 0.020 337.3 1.1290 + 0.0240
349.7 + 0.20 0.06 + 0.008 349.9 0.0470 + 0.0070
379.2 + 0.10 0.06 + 0.008 379.4 0.0400 = 0.0070
392.2 £ 0.20 4.67 = 0.040 392.5 4.4800 = 0.0300
420.3 £ 0.30 0.01 £ 0.002 _—
432.7 0.0730 + 0.0070

486.1 + 0.20 0.29 + 0.029 486.1 0.2670 + 0.0230
682.4 * 0.30 2.01 + 0.082 682.3 1.9700 + 0.1600
765.2 + 0.40 7.01 = 0.190 765.3 7.1800 + 0.1800
872.0 = 0.40 0.68 + 0.070 872.0 0.7100 + 0.0400
879.2 + 0.40 100.00 879.4 100.0000 + 0.3000
962.1 = 0.30 31.30 % 0.300 962.3 32.0300 + 0.1400
966.1 + 0.40 82.33 + 0.750 966.2 82.5700 * 0.2900
1003.3 + 0.40 4.01 = 0.040 1002.9 3.5710 + 0.0200
1005.0 + 0.40 0.01 = 0.001 1005.0 3.5710 + 0.0200
1048.6 + 0.50 0.03 + 0.003 —
1068.7 + 0.50 0.28 + 0.020 1069.1 0.3090 + 0.0110
1102.7 = 0.40 1.90 = 0.150 1102.6 0.9060 *+ 0.1800
1115.2 + 0.40 4.91 + 0.040 1115.1 5.0990 + 0.0230
1177.8 + 0.30 49.98 + 0.380 1177.9 49.2600 * 0.1600
1199.8 + 0.40 7.89 + 0.070 1199.9 7.8400 + 0.0300
1251.3 + 0.50 0.33 + 0.010 1251.3 0.3570 + 0.0080
1271.9 + 0.40 22.32 + 0.770 1271.9 24.7200 + 0.0080
1286.2 + 0.50 0.05 + 0.005 1285.6 0.0460 + 0.0030
1299.4 + 0.02 0.02 £+ 0.002 1299.3 0.0051 + 0.0019
1311.9 + 0.40 9.56 + 0.090 1312.1 9.3500 + 0.0400
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Gamma-Gamma Coircidence Spectra

In order to establish the decay scheme of '*°Tb, gamma-gamma coincidence
measurements have been carried out using the HPGe-HPGe gamma-gamma
coincidence spectrometer described and calibrated by Farhan (1985). The
spectrometer consists of two hyper pure germanium detectors (HPGe) of 85.5 and
67.5 cm” active volumes, a fast coincidence unit (50-100 n.sec resolving time), 4096
channels analyzer and associated electronic units.

A set of gamma-gamma coincidence measurements have been carried out to.
tentatively place the following new weak transitions at energies 98.0, 203.1, 420.3
and 1048.0 keV, as well as to check other doubtful interband transitions in the
decay scheme.

Figure 2 shows a typical coincidence spectrum gated with the 86.8 keV
y-transition. A total of 26 y-ray transitions were observed and labelled by their
energy values. The analysis of the coincidence data can indicate the following:

i) The presence of the 203.1 and 420.3 keV transitions is supported since they
have been identified as members feeding possible coincidences, i.e. 872.0 - 197.1 -
86.8 keV and 1068.7-86.8 keV for the former transition while the latter can lead to
the 879.2 - 86.8 keV coincidence.

i) The absence of the 1048.0 transition in this coincidence spectrum is in
accordance with the expected location of this transition between the 1049.1 level
and the ground state.

iii) Although the false coincidence background in the low energy region
prevented the detection of the 98.0 keV transition, yet it may nevertheless act as a
member feeding the coincidence 1005.0 - 197.1 - 86.8 which has been identified.

It has to be noted that all the transitions observed in both single and
coincidence measurements have been applied in deducing a decay scheme of '*°Tb
as presented in Fig. 3. The 581 keV level have been observed in the decay of '*’Ho
to levels in '®Dy and confirmed by inelastic neutron scattering (Lederer et al.
1978). Some other authors reported this level when studying the decay of '*°Tb,
which populated by a 681 keV, and depopulated by 297 keV y-ray transitions.
Unfortunately, it was not easy to resolve the 681 keV from 682.2 keV, and the 297
from the 298.7 keV. Accordingly, we could not claim the presence of this level in
the present work. This scheme can incorporate the four weak transitions under
discussion as shown by dotted lines.
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Half-Life Time Measurements

In this work, the fast-slow coincidence technique is used to remeasure the
half-life time of the 86.8 keV level. The spectrometer contains mainly, two Nal
(T ¢) scintillation detectors with dimensions of S cm ¢ X Scm L., coincidence units,
1024 channels analyzer and the other associated electronic units. The fast-slow
coincidence system used is as described and calibrated by Al-Khateeb (1984). The
prompt time spectrum has been measured with **Na standard radioactive source
with the start and stop window settings as in the delayed time spectrum. The
prompt resolution curve is characterized by a FWHM (Full Width at Half
Maximum) of 4.35 n.sec. The time calibration has been done by using a set of
calibrated units.

Although the 86.8 keV level is populated by nine y-ray transitions from which
the most intense ones are of energies 197.1, 879.2, 962.1, 1177.8 and 1271.9 keV,
yet it is depopulated by a single transition of energy at 86.6 keV. Accordingly two
window settings of an energy range (879 - 962 keV) and (1177 - 1271 keV) have
been chosen for the start channel unit, while the stop channel has been set at 86.8
keV as shown in Fig. 4. One of the prompt and delayed time spectra from the
fast-slow timing system is shown in Fig. 5.
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The half-life time has been determined by means of the centriod shift method,
and the average of several measurements gave a half-life time of 2.07 + 0.10 n.sec
which is found to be in good agreement with the previously reported values of
Fossan and Herskind (1963) and Kugel et al. (1968). The adopted error covers that
due to time calibration and that which can arise from the non-linearity of the TAC
(Time to Amplitude Converter). This value of half-life time has been used to
calculate the reduced transition probablity, Kugel et al. (1968) applying the
relation.
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Fig. 5. Prompt and delayed time spectra for fast-slow timing system
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where E is keV, T, is seconds and a1 = 4.75 taken from Hager and Seltzer Tables
(1967).

The B(E2) value for the 86.8 keV transition between 2™ to 0" levels is found
to be [0.96 (5) e x 10™*® cm?] which is in a good agreement with the value
reported by Kugel et al. (1968).
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