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For the precise determination of ~-ray emission probabilities of short-
lived FP nuclides, a (-7 coincidence measurement system has been de-
veloped, which utilizes a thin plastic scintillation detector as a (-ray
detector. To demonstrate the performance of the developed system, it
was applied to the measurement of absolute vy-ray emission probability I,
of short-lived nuclide, ?*Al (T3, = 2.24 (min)), whose I, is well known.

1 Introduction

For the nuclear transmutation study of radioactive waste, it is of fundamental im-
portance to obtain precise nuclear data, such as thermal neutron capture cross sections,
0. However, some of the available nuclear data are poor in accuracy. In recent years,
many works have been extensively done to improve accuracy of such nuclear data using
modern radiation detectors and electronics, usually with the activation method[1].

In a conventional activation method, a sample is irradiated with reactor neutrons
and 7 rays emitted are measured, and the cross sections are deduced from the ~-ray
yields. In the calculation, absolute vy-ray emission probabilities I, are used. Therefore,
precision of I, is one of the major factors which determine the precision of the final
result, and it is essential that I, is precisely determined.

For nuclides with their half lives longer than several minutes, a 47 -y coincidence
method has been successfully applied. However, in this method, a radioactive sample
has to be set inside a 47 B-ray gas flow proportional counter so as to attain [-ray
detection efficiency to be close to unity, and it takes a couple of minutes to prepare a
sample and to set up a (-ray counting system. It is, therefore, difficult with the method
to determine absolute y-ray emission probabilities of short-lived nuclides, whose half
lives are considerably shorter than few minutes.

For precise determination of «-ray emission probabilities of short-lived nuclides, a
(-7 coincidence measurement system has been developed, which utilizes a plastic scin-
tillation counter as a (3 detector and a fast data acquisition system. In this system,
energy and timing information are accumulated in event-by-event mode. By using
a plastic scintillator for (-ray detection instead of a 4m B-ray gas flow proportional
counter, the time required for the preparation of the radiation detection equipments is
greatly reduced, because there is no need of putting a sample inside a detector and set-
ting up a gas-flow (-ray counting system. It is also essential for efficient measurement
of radiation from short-lived nuclei to use a fast data processing system which operates



at high counting rates. In addition to these, it is inevitable in such high counting
condition to determine dead times precisely to extract true coincidence events unam-
biguously.

2 The -y coincidence System

A schematic diagram of the (- coincidence system is shown in Figure 1. The
system consists of a Ge y-ray detector, a plastic scintillation 3-ray detector and a fast
data acquisition system.
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Figure 1: A schematic diagram of the -7 coincidence system.

A large volume Ge detector whose relative detection efficiency is 90% of that of
7.6 cmx7.6 cm Nal is employed to measure 7 rays from short-lived nuclei efficiently.
For (-ray detection, a thin and small plastic scintillation detector is used, which is
4 mm in thickness and has an area of 33 cm?. By using a plastic scintillator as a (-ray
detector, the time required for preparation of the irradiated sample and the detection
equipments is greatly reduced, and one can efficiently measure radiations from short-
lived nuclei. In principle, it is applicable to the measurement of I, of a nuclide whose
half life is the order of a second.

The energy signal of each detector is fed into an amplifier and then converted by a
fast analog-to-digital converter (ADC, Canberra 8715). The timing signal is fed into
a discriminator circuit and timing information is extracted. Time difference between
the two signals are recorded using a time-to-amplitude converter (TAC) and an ADC.
For an efficient measurement of radiations from short-lived nuclei, one should perform
a measurement at a high counting rate so as to improve a statistical accuracy. In such



a measurement, the TAC information is inevitable to eliminate accidental coincidence
events and to extract true number of coincidences.

The data converted by ADCs are processed by a multi-parameter interface module
(TOYO 623A) to compose a list of event data. The data are recorded in event-by-event
mode to distinguish true coincidence events and to eliminate spurious events such as
that caused by accidental coincidence. To reduce dead times in the course of the data
acquisition, the data are temporarily accumulated in one of the two memory modules
with large capacity (LeCroy MM8206A), which are cyclically connected to operate as
a ring buffer, and are transferred to a personal computer for storage when the other
memory module is active.

The system is operated in singles trigger condition: when at least one of the two
detectors detects a radiation, data of both detectors are stored. The coincidence events
are extracted in later off-line analysis.

3 An application to the determination of I, in *°Al

To demonstrate the system for an actual 3+ 2.24m
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where €, is detection efficiency of the v ray, ng is counting rate of 3 detector, and n,
is counting rate of 3-v coincidence event.

Acrylic plate (3 cm)
forp -ray shield

y -ray detector

. Al ¢ B detector
Ge (90%) | €| | (plastic scintillator)
Y B T (A Q/4m)=011%
€, =06049% € g T Yo
@1.333MeV |

Figure 3: Experimental setup of the I, measurement for 1779 keV ~ ray in Al

The setup of the experiment is shown in Figure 3. Natural Al foils of 6.76 mg/cm?
in thickness and 99.0% in chemical purity were irradiated in Rotating Specimen Rack



of the research reactor in Rikkyo University. Activity of about 1 MBq was produced by
one minute of irradiation, and after cooling of about six minutes, 3- and ~y-rays were
measured for ten minutes. The data were saved every 20 seconds. Measurements were
also done with a (-ray shield placed between the irradiated sample and the 3 detector
in order to estimate contribution of v rays to the 3 detector. An acrylic plate of 3 cm
thickness was used as the S-ray shield.
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in the same run, after dead-time correction.
where A, 7 and C are
fitting parameters. The 7 means a half life. By averaging the values of 7 obtained
in all runs, a half life was obtained as T}/, = 2.248 4= 0.018 (min), which agrees with
that reported in ref.[2] within the errors, and therefore the v ray was assigned to be

originated from 2Al.

The histogram shown in Figure 5 is a
singles [(-ray spectrum in a run without
the [-ray shield, after subtraction of data
in runs with the g shield. A [-ray spec-
trum obtained by imposing a gate on the
1779 keV ~-ray peak region is also plotted in
the figure, which is normalized to the singles
one. The singles data deviates from the one
gated by 1779 keV 7 ray only below about
30 channel, which suggests that there are
some events which were not caused by [ rays
emitted from 22Al. Therefore, lower bound-
ary of summing was varied and the influence
to the result was examined when extracting
the number of ( rays.
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trum in a run.



The number of 3 rays coincident with the 1779 keV ~ ray was deduced by imposing
several gates; I'p, 'y and 'y, were applied on the v ray data, while gates Tp and Tp
on the TAC data, as shown in Figure 6. Let n(I';,7j) be the number of 3 counting
rate obtained by applying the gates I'; and T;(i = P, H, L, j = P, O) on the y-ray and
the TAC data, respectively. The true [ coincidence counting rate n. is obtained using
the following relation,

Ne = n(rp,Tp) — Rx n(rp,T())
_ R <7"0(FL,TP) +n(lw, Tp)
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the results agree with one another within the errors. The results with errors less than
one percent is obtained except an error originated from the determination of €,. The
obtained results are about two percents smaller than that reported previously [2]. In-
cluding the error of the y-ray detection efficiency, the result agrees with the previous
data within the limits of errors.
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Figure 8: Results obtained in the present experiment for I, of 1779 keV v ray in *®Al.

4 Conclusion

For the precise determination of absolute y-ray emission probabilities I, of short-
lived nuclides, a - coincidence measurement system has been developed, which uti-
lizes a thin plastic scintillation detector as a (-ray detector.

The system was applied to the measurement of the absolute v-ray emission proba-
bility of a short-lived nuclide ?®Al. The system was demonstrated to have the ability
to measure the absolute -ray emission probabilities of short-lived nuclides with the
precision of < 2%. By improving accuracy of y-ray detection efficiency, an absolute
v-ray emission probability will be determined with the total error less than 1%.
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