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Feasibility of a Nal(Tl) Scintillation Bar Detector for Measurement
of Radioactive Contamination
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Feasibility of a NaI(Tl) scintillation bar detector for the measurement of radioactive contamination has been stud-
ied. The scintillator has dimensions of 6.35x6.35x71.12cm’. Its surface is polished to obtain the information of posi-
tion. Two photomultiplier tubes (PMTs) are mounted on both sides of the bar scintillator. The position where an inci-
dent gamma-ray interacts with the scintillator is determined from the difference of light output between the two PMTs.
The energy distribution deposited in the scintillator is obtained by summing up the output signals. For a collimated
%Co source, the position and energy resolutions at the center of bar detector were 3.1cm ( FWHM ) and 6.3% at the
energy of 1.33MeV, respectively. For a collimated **’Cs source, the resolutions were 3.4cm and 9.8%, respectively.
For the °Co point source, the lead plates of 1cm thick and 10cm length were used as a collimator with the intervals
of 5cm in order to prevent the spatial extent of radiation. Then, the source position placed at a distance of 10cm was
identified within the intervals. These results show that the information of energy and position of radioactive con-

tamination can be obtained using the simple bar detector.
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L. Introduction

In the evaluation of radioactive contamination on the
floors of a nuclear facility and on the large articles carried
out from a radioactive controlled area, it is important to
measure the position of radioactive contamination and to
determine radioactive nuclides. Usually, the measurement of
surface contamination is conducted with a beta-ray detection
system. For some nuclides (e.g. **Mn), however, it is diffi-
cult to apply the beta-ray detector. When the contamination
penetrates into a measured object, the measurement of
beta-ray becomes difficult due to the surface condition of a
object to be measured. Such cases require the measurement
of gamma-ray. If the photopeaks of gamma-ray are measured,
the nuclides that cause the contamination can be simply de-
termined. In the efficient measurement for the large con-
tamination area, the detection system with a large detection
area and/or an array structure is required. > Such a system
usually needs many electronics and thus a simple system
would be preferable.

In order to obtain the information of positions and
gamma-ray energies with a relatively simple system, the
feasibility of a Nal(T1) scintillation bar detector has been
studied. This paper describes the characteristics of bar de-
tector on the position and energy resolutions and its feasibil-
ity for the measurement of radioactive contamination.

IL. Nal(T1) Scintillation Bar Detector

Nal(T1) scintillation bar detectors have been applied to
gamma-ray imaging telescopes® % and computed tomogra-
phy (CT) instruments.” The bar detector has two photomul-
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tiplier tubes (PMTs) on both sides. When a photon interacts
with the scintillator at a position of the bar detector, the scin-
tillation light measured at one end of the bar is attenuated
according to the distance between the interaction position
and the PMT. Hence, the position where an incident
gamma-ray interacts with the scintillator can be determined
from the difference of light output between the two PMTs.
The optimization of the detector design was studied by
Carter et al..” According to the literature, the optimum posi-
tion resolution depends on the detector length and the light
attenuation coefficient per length. In the application of bar
detector to the telescope and the CT instrument, the
high-resolution detector with the position resolution of a few
millimeters has been required. Because the attenuation coef-
ficient varies according to the reflectance of scintillator sur-

-face and the dimensions on its cross-section, the dimensions

of scintillator are constrained by the coefficient. If the di-
mensions of bar detector are determined in advance, the ad-
justment of light attenuation coefficient is required to opti-
mize the position resolution. If the length increases, the at-
tenuation coefficient must be reduced. It is difficult to pre-
pare the high-resolution bar detector with the length exceed-
ing an adjustable limit of attenuation coefficient.

In the measurement of radioactive contamination for the
large area, the high-resolution detector on the position is not
necessary. In this study, the dimensions of bar detector were
determined for the convenience of handling. The position
resolution was not optimized, but the surface of scintillator
was polished to obtain the information of position by the
attenuation of scintillation light inside itself. Figure 1 shows
the schematic drawing of the measuring system with the bar
detector unit. The scintillator has dimensions of 6.35 x 6.35 x
71.12cm’. The effective length is 69cm excluding both sides
of the detector which are covered with the thick aluminum
case. The surface of the scintillator is covered with an alu-
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Fig. 1 Schematic drawing of Nal(T1) scintillation bar detector
unit and measuring system

minum case of Imm thick. Two photomultiplier tubes
(PMTs) with a diameter of 5.08cm are mounted on both
sides of the bar scintillator. The distribution of energy depos-
ited in the scintillator is obtained by summing up the output
signals from both PMTs. The signals from the PMTs were
measured with a dual-parameter multichannel analyzer.
Therefore, the interaction position and the deposited energy
were concurrently evaluated with the simple measuring sys-
tem, and such information could be perceived visually. The
pulse-height distributions from the PMTs were recorded in
the memory of 1024 channels.

In this study, the intrinsic position and energy resolutions
for the bar detector were measured and evaluated with col-
limated sources. Apparent position resolutions of the detec-
tor were also measured with point sources, and an experi-
ment to determine the position of radioactive contamination
was conducted.

ITI. Results and Discussion
1. Position and Emergy Resolutions for Collimated
Sources
When the coincident signals from two PMTs were re-
corded with the dual-parameter multichannel analyzer, the
result was shown as two-dimensional plots. As an example
of plots, the detector response to a collimated °°Co source is
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Fig. 2 Two-dimensional plots of output signals from
bar detector
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shown in Fig. 2. The figure is illustrated as the synthetic
result of responses measured at the intervals of 5cm along
the detector axis. The data of 1024 channels were com-
pressed into that of 256 ones. The X and Y axes show the
pulse-heights from the PMT_B and the PMT_A, respectively.
When a photon interacts with the scintillator at a distance x
from the center of the bar scintillator of length L (Fig. 1), the
signals E,, Ep at both PMTs are given by

E, = CEe—a(L/Z—x)’ 0
EB = CEe-—a(L/2+x) , (2)
where ¢ is the light attenuation coefficient per length, Cy is
the signal given as a light quanta at the interaction position.

From equation (1) and (2), the relationship among both sig-
nals and the interaction position x can be described by

Eq_ pax. 3)

Equation (3) shows that all the coordinates with the same
ratio of E/Ep denote the same interaction position of bar
detector. For example, the straight line given in Fig. 2 shows
that the interaction position is the center of detector (hereaf-
ter the center position is treated as the position of Ocm). The
equation can be also rewritten as the following equation with
angle @between the line and the X-axis.

6= tan"' (2% ), @)
From equation (4), the relationship between the interaction
position x and the angle & can be determined. The distribu-
tion of the counts on the line gives the pulse-height distribu-
tion.

In Fig. 2, the curve passing through the coordinates cor-
responding to the same energy (e.g. 1.33MeV) should be
symmetric to the position of Ocm. However, the present de-
tector has a different response around the edges of the de-
tector. The main reason would be the difference of the sensi-
tivity for scintillation light between the PMT A and PMT B
due to the asymmetry coupling between the Nal(T1) crystal
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Fig. 3 Energy and position distributions
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and the light window.

The pulse-height distribution for the collimated ®°Co
source placed at the position of Ocm is shown in Fig. 3 (a).
Figure 3 (b) shows the position distributions along the de-
tector on the 1.33MeV photopeak for the collimated source
placed at each 10cm interval. These position resolutions ob-
tained with the collimated sources are the intrinsic charac-
teristics for the bar detector unit. At the position of Ocm, the
energy and position resolutions evaluated from the FWHMs

were 6.3% and 3.1cm at the energy of 1.33MeV, respectively.

For a collimated '*'Cs source, the energy and position reso-
lutions at the position of Ocm were 9.8% and 3.4cm, respec-
tively. For the collimated ®Co source, the position resolu-
tions were agreed within 7% in the range from —20cm to
20cm. For the ¥’Cs source, the resolutions were also within
7%.

2. Determination of Source Position with Collimator
Plates

In the case of actual situation, it becomes difficult to deter-
mine the source position from the position distribution be-
cause the distribution corresponds to the intensity distribu-
tion of incident gamma-ray depending on the distance be-
tween the detector and the source. Figure 4 shows the posi-
tion distributions for the 1.33MeV photopeak. The *“°Co
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Fig. 4 Position distributions for uncollimated *°Co source
placed at various distances
The squares, circles and triangles show the distances of 0,
. 10 and 40cm, respectively.

point source was placed at the distance of 0, 10 or 40cm
above the position of Ocm. The apparent position resolutions
evaluated from the distributions for the distances of 0 and
10cm were 5.2cm and 32.3cm, respectively. For the distance
of 40 cm, it was impossible to evaluate the apparent position
resolution as the FWHM. As shown by Fig. 4, the position
resolution given as the FWHM becomes poorer with in-
creasing the distance between the detector and the source.
On the other hand, sum effect grows with decreasing the
distance for cascade photon emitters.

From the reasons above, the bar detector needs a collima-
tor to prevent the spatial extent of radiation, and, when there
are the nuclides emitting the cascade gamma-ray in the ra-
dioactive contamination, it is also important that the detector
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Fig. 5 Schematic drawing of arrangement among collimator
plates, bar detector and “Co point source

is kept away from the contamination position to reduce the
sum effect. In order to meet both requirements, we applied a
collimator to the bar detector. The collimator with the inter-
vals of Scm was prepared with lead plates of 1cm thick and
10cm length. The arrangement of the collimator plates is
shown in Fig. 5. The measurement for the “’Co point source
placed at the distance of 10 or 40cm above the position of
Ocm was conducted with the collimator plates. The arrange-
ment among the source, the collimator and the bar detector is
also given in Fig. 5. The comparison of position distributions
between without and with the collimator plates is shown in
Fig. 6. In the figure, the distributions measured with the col-
limator are given as histograms with the intervals of Scm.
For the distance of 10cm, the source position was identified
within the intervals. When the apparent position resolution
was evaluated as the FWHM from the position distribution,
the resolution measured with the collimator plates was about
one sixth in comparison with that without them. For the dis-
tance of 40cm, while it is difficult to determine the source
position without the collimator plates, it has become possible
to determine the source position within about 25cm with the
collimator. The collimator plates allowed the determination
of contamination position in a few tens of cm from the de-
tector.
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Fig. 6 Position distributions for “’Co point source without
and with the lead collimator plates

The circles and triangles show the distributions without
collimator plates, and the solid histograms show with one.

JOURNAL OF NUCLEAR SCIENCE AND TECHNOLOGY



From the results mentioned above, it was made up clear
that the Nal(T1) scintillation bar detector made it possible to
determine the radioactive contamination position.

3. Consideration in Application of the Bar Detector to

Contamination Monitor

When the bar detector is applied to the measurement of
the contamination, the influence of sum effect should be
considered. In the measurement of gamma-ray peaks and the
evaluation of radioactivity, the sum peak increases the un-
certainty. Figure 7 shows the difference of sum effect due to
the position where the *°Co point source is placed. The

0.01 T T T T T

Sum peak

N

Count rates
(normalized at radioactivity)

Distance
——0cm
——10cm
——40cm

T T T T T 1
0.0 0.5 10 1.5 2.0 2.5 3.0

Gamma-ray energy (MeV)
Fig. 7 Sum effect for cascades

source was placed at the distance of 0, 10 or 40cm above the
position of Ocm. The measurement was conducted without
the collimator plates. The pulse-height distribution was nor-
malized on the radioactivity of source. For the nuclides
emitting the cascade gamma-rays, it is desirable to reduce
the probability of sum effect. For the ®Co source placed at
the distance of Ocm, the ratio of the sum peak counts to the
1.33MeV peak ones reached 19%, while, when the distance
between the source and the detector increased to only 10cm,
the ratio reduced to 2%.

In the actual measurement, the detection efficiency is also
the important factor. The distance and the collimator affect
the efficiency. When the distance between the source and the
bar detector increased from Ocm to 10cm, the detection effi-
ciency without the collimator plates for the 1.33MeV pho-
topeak area was reduced by about 70%. On this condition of
source position, the collimator plates were applied to the bar
detector. Tablel shows the ratio of detection efficiency be-
tween without and with the collimator plates. The efficiency
with the collimator plates was reduced by about 60%

Tablel Comparison of detection efficiency between without and
with collimator plates

Distance Without collimator With collimator
(cm) plates plates
10 0.017 0.0066
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compared to without them. Improvement of position resolu-
tion is accompanied by the reduction of detection efficiency.

If the aimed nuclide is a single photon emitter, there is no
little influence of sum effect to the result of measurement. If
the suitable collimator plates are selected depending on the
aimed nuclides, the bar detector is effectively applicable to
the measurement of radioactive contamination.

IV. Conclusion

The feasibility of Nal(T1) scintillation bar detector for the
measurement of radioactive contamination has been studied.
When the intrinsic position and energy resolutions were
measured along the bar detector with the collimated source,
they were comparatively constant excluding both sides of
detector where the coupling between the Nal(T1) crystal and
the light window would be incomplete. In order to determine
the point source position, collimator plates with the intervals
of S5cm were applied to the bar detector to prevent the spatial
extent of radiation. Then, the ®Co source position placed at a
distance of 10cm was identified within the intervals. These
results shows that the information of energy and position of
radioactive contamination can be obtained using the simple
bar detector.

When the distance from the contamination position and
the suitable collimator plate are selected depending on the
aimed nuclides, the bar detector can be effectively used as
the contamination monitor.
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