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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a specified neutron detector with a scintillator.

[0002] As the neutron detector which does not need the position information, 3He gas proportional counter has been
chiefly used so far. The reason is that the structure is simple, the neutron detection efficiency is high, and the background
of gamma ray sensitivity is low. As for the neutron detector with a scintillator, 6Li glass scintillator or a small neutron
detector where a photo multiplier is arranged directly behind ZnS/8LiF translucent neutron scintillator has been used as
a neutron monitor or an experimental detector.

[0003] In addition, as for the neutron image detector used for the neutron scattering experiment which uses a neutron
source etc. with nuclear reactor/particle accelerator, a detection system where many position-sensitivity 3He gas pro-
portional counters are arranged or 3He gas multi-wire two dimension neutron detector, etc. have been used so far.
Moreover, as for the neutron image detector with a scintillator, the detector which detects the one-dimensional or the
two-dimensional neutron image where the incidence position of fluorescence emitted from 8Li glass scintillator or ZnS/8LiF
translucent neutron scintillator is coded by using the optical fiber or the wave length shift fiber and detected by a photo
multiplier has been used so far.

[0004] In addition, a high-speed neutron detector has been developed, in which a transparent plastic scintillator or a
transparent liguid scintillator is contained within a circular detector housing, the signals output from photo multipliers
arranged on both sides are processed and measured at a high time resolution, and the incidence position of the fast
neutron is measured based on the arrival time difference to the photo multipliers by utilizing the very short life time of
fluorescent. Moreaover, high-speed neutron/gamma discrimination is performed by utilizing the different rise time between
the fast neutron and the gamma ray, because the gamma ray sensitivity is high in a plastic scintillator or a liquid scintillator.
[0005]

[Non-patent Literature 1] Nucl. Inst. And Meth. 73(1969)225-227
[Non-patent Literature 2] Nucl. Inst. And Meth. 185(1981)165-174
[Non-patent Literature 3] Nucl. Inst. And Meth.214(1983)401-413
[Non-patent Literature 4] Nucl. Inst. And Meth.A372(1996)246-252
[Non-patent Literature 5] Nucl. Inst. And Meth.A477(2002)373-377

[0006] Barton J C et. al.: "A novel neutron multiplicity detector using lithium fluoride and zinc sulphide scintillator",
JOURNAL OF PHYSICS G: NUCLEAR AND PARTICLE PHYSICS, vol. 17, no. 12, 1 December 1991, pages 1885-1899
describes that efficient neutron counters have been constructed using large area layers of a mixture of lithium fluoride
and zinc sulphide, the scintillation light being transmitted to photomultipliers by wavelength shifting light guides. An array
of these counters was assembled to form a neutron multiplicity detector for use in a superheavy element search.

BRIEF SUMMARY OF THE INVENTION

[0007] Although various kinds of neutron detectors or neutron image detectors have been developed, it was difficult
to use 3He gas for the high count rate measurement or the timing measurement etc. which requires an ultra-high time
resolution because the signal speed of the neutron detector which uses 3He gas is slow. Moreover, because the gamma-
ray background signal is superimposed to the signal output from the detector as a stationary signal when it is necessary
to measure the neutron emitted from the irradiated nuclear fuel in the ultra-high gamma-ray background though the
gamma ray sensitivity which forms the background is low, it is difficult to take out a neutron signal normally.

[0008] It is a difficult situation to buy and to use 3He gas because it became several ten times more costly. In addition,
it seems that 3He gas will decrease further in the future because it has been produced only by a special manufacturing
method. Therefore, a 3He substitution type neutron detector is needed in the world now, and the development is advanced
energetically. The detector expected most as a 3He substitution type detector under such a situation is a detector having
a scintillator.

[0009] Although asmall neutron detector where the photo multiplier is arranged directly behind a scintillator can operate
at a high-speed timing, it was very difficult to obtain an excellent detector in the cost performance, which has a somewhat
large felt area, because of the sensitivity for the gamma-ray background. Moreover, a photo counting method is used
as a signal processing method in the neutron image detector in which the fluorescence emitted from the scintillator is
coded by using optical fibers or wavelength shift fibers. Therefore, although the neutron felt area can be enlarged, it was
not able to be used for the measurement which requires the accurate timing because the time resolution becomes 34 ns.
[0010] Moreover, it is difficult structurally to use the neutron image detector in which the fluorescence emitted from
the scintillator is coded by using optical fibers or wavelength shift fibers under vacuum. Therefore, it was very difficult
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to use such a detector as a neutron image detector used for the neutron scattering experiment apparatus in the neutron
scattering research facilities which uses the neutron source with a nuclear reactor/particle accelerator, in which the
detector is inserted into a large vacuum tank and used under vacuum.

[0011] In addition, the detection sensitivity of the high-speed neutron detector with transparent plastic scintillator or a
liquid scintillator is low in the region of the epithermal neutron from the low-energy neutron which is the measuring object
of the neutron detector of the present invention. Therefore, it is necessary to use a 6Li transparent glass scintillator for
making the same configuration as the above-mentioned high-speed neutron detector. However, such a detector has the
demerits that the gamma ray sensitivity is high, the signal discrimination ability with the neutron is low, and the cost is
high. Therefore, there is no development example so far. Moreover, because a fluorescent amount multiple-scatters at
the various positions and enters the photo multipliers at both ends when the transparent scintillator is used, the decision
of the neutron incidence position by using the fluorescent emission point and the solid angle of the photo multiplier is
very difficult. Because the first rise time is by the fluorescence arrived via the shortest route, the neutron incidence
position can be secured even if the fluorescence multiple-scattered enters the photo multiplier later. Therefore, the
neutron incidence position is determined by using the arrival time difference.

[0012] An object of the present invention is to provide a neutron detector or a neutron image detector with a high
neutron detection efficiency and an excellent gamma-proof performance which does not use 3He gas, in which a trans-
lucent type plate neutron scintillator having a structure capable of emitting fluorescence from both faces, composed of
a Zn$S fluorescent substance and a neutron converter substance which contains 6Li or 1B, and the specular reflector
are combined, whereby signals from the photo multipliers arranged at both ends are processed to detect.

[0013] In the present invention, a translucent type plate neutron scintillator having a structure capable of emitting
fluorescence from both faces, composed of a ZnS fluorescent substance and a neutron converter substance which
contains 6Li or 19B is used as a scintillator to detect the neutron. The ZnS fluorescent substance mixed with 8LiF has
been used as a neutron scintillator for 60 years or more because the gamma ray sensitivity is low. Moreover, it is known
that fluorescent life time shortens and the gamma ray sensitivity decreases when the shorter wavelength component is
taken out through a optical filter. Moreover, in a translucent type plate neutron scintillator having the structure capable
to emit the fluorescence from both faces, the amount of emission of fluorescence is large, and the fluorescent distribution
can have distribution characteristics which look like the Poisson distribution that the bottom cut is easy, because the
fluorescence emitted after the internal reaction is emitted from the double-sides of the scintillator, and this fluorescence
is detected.

[0014] Inthe presentinvention, the neutron image is measured by using that the principal ingredient of the fluorescence
emitted from the translucent type neutron scintillator are two components of the component detected directly based on
solid angle by two photo multipliers arranged at both ends and the component detected by two photo multipliers arranged
at both ends after reflecting one time by specular reflector set up on the opposite side of the scintillator. Scattered
fluorescence being not able to pass the translucent scintillator set up at the center of the detector housing contributes
to this phenomenon. That is, because the incidence position of the neutron is almost in proportion to the solid angle, it
becomes possible to detect the one-dimensional or the two-dimensional position, and secure a fluorescent amount
necessary for the photo multiplier arranged at both ends.

[0015] On the other hand, as for the processing of the signals output from the photo multipliers, each signal processing
is upgraded by performing sampling measurement using an analog/digital converter (ADC) of the sampling frequency
of 100MHz or more for simultaneous measurement by two photo multipliers, digitalizing, processing time series data
signal recorded after recording in the memory as time series data, and securing the function to execute neutron/gamma
discrimination signal processing described later and other processing at the same time.

[0016] Moreover, in the present invention, neutron/gamma discrimination signal processing is executed by using that
fluorescent life properties of neutron and gamma ray is different in a translucent type plate neutron scintillator having a
structure capable of emitting fluorescence from both faces, composed of a ZnS fluorescent substance and a neutron
converter substance which contains 6Li or 1°B. The signal life time of the time series emission characteristic of the signal
emitted by the reaction of gamma rays incident to the photo multiplier to the photoelectric surface is 30n or less, and it
is very easy to determine. In addition, it is possible to detect the neutron under little dead time even if the gamma ray of
the high intensity enters the photo multiplier by using the fact that gamma rays rarely enter two photo multipliers at the
same time to output signals.

[0017] Concretely, in the neutron detector according to one aspect of the present invention, there is provided a neutron
detector, having a cylindrical detector housing with a circular or square section containing a translucent type plate neutron
scintillator having a structure capable of emitting fluorescence from both faces, and two photo multipliers, one arranged
on each end of the detector housing; wherein said neutron scintillator is composed of a ZnS fluorescent substance and
a neutron converter substance which contains 6Li or 1°B, and is arranged at an angle of 45 degrees from the neutrons
which are incident in parallel all together, within the detector housing a specular reflector with a reflectance of 90% or
more is arranged, and wherein the two photo multipliers are configured to detect the flucrescence emitted when a neutron
enters the scintillator, and to generate signals output capable of being processed to be taken out as a neutron signal.
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[0018] In another neutron detector described herein, there are two neutron scintillators, arranged in a criss-cross
structure, one of said scintillators arranged in a criss-cross structure is arranged at an angle of 45 degrees from the
neutrons which are incident in parallel all together, and the other is arranged at an angle of 135 degrees from the neutrons
which are incident in parallel all together, wherein the ZnS fluorescent substance of the neutron scintillators is a poly-
crystalline powder.

[0019] In a one-dimensional neutron image detector described herein, the fluorescence emitted when the neutron
enters the scintillator is detected by two photo multipliers arranged on both sides by using the configuration described
in the above paragraphs. When two neutron signals output from these two photo multipliers are coincidence-measured
at the predetermined duration, these neutron signals are synthesized by a summing circuit. The synthesized signal is
input to a pulse height discrimination circuit, the trigger signal more than the predetermined level is taken out. The pulse
height of the neutron signals output from two photo multipliers making this trigger signal a starting point is sampled and
measured using an analog/digital converter (ADC) having the sampling frequency of 100MHz or more. The signal that
the sampling measurement is carried out is digitalized, and recorded in a memory as time series data. After that, the
maximum digital peak value of the recorded time series data is obtained, the maximum digital peak value of the right
photo multiplier is set as A, and the maximum digital peak value of the left photo multiplier is set as B. When the right
edge of the scintillator is made a starting point at the neutron incidence position, the neutron incidence position is assumed
to be X, the length of the scintillator is assumed to be L, the position correction term is assumed to be C, and the position
offset term is assumed to be D, Neutron incidence position X is obtained from two maximum digital peak value based
on the following expression.

X = (L+C) XA1/2/(A1/2+B1/2) -D

[0020] In a further one-dimensional neutron image detector described herein, the fluorescence emitted when the
neutron enters the scintillator is detected by two photo multipliers arranged on both sides by using the configuration
described in the above paragraphs. When two neutron signals output from these two photo multipliers are coincidence-
measured at the predetermined duration, these neutron signals are synthesized by using a summing circuit. The syn-
thesized signal is input to a pulse height discrimination circuit, and the trigger signal more than the predetermined level
is taken out. The pulse height of the neutron signals output from the two photo multipliers making this trigger signal a
starting point is sampled and measured using an analog/digital converter (ADC) having the sampling frequency of
100MHz or more. The signal sampled and measured is digitalized, and recorded in a memory as time series data. After
that, the maximum digital peak value of the recorded time series data is obtained, the maximum digital peak value of
the right photo multiplier is set as A, and the maximum digital peak value of the left photo multiplier is set as B. The
incidence position is input to the nonvolatile memory beforehand as a memory array of the maximum digital peak value
of the left photo multiplier and the maximum digital peak value of the left photo multiplier. A and B obtained by the
measurement are input to this memory array, and the right edge of the scintillator is made a starting point at the neutron
incidence position, and neutron incidence position X is obtained.

[0021] In a two-dimensional neutron image detector described herein, a translucent type plate neutron scintillator
having a structure capable of emitting fluorescence from both faces, composed of a ZnS fluorescent substance and a
neutron converter substance which contains éLi or 19B is arranged at right angles to the neutrons incident in parallel and
all together, inside a cylindrical detector housing of which the inner surface is mirror finished. Two photo multipliers for
the X-axis are arranged oppositely in a horizontal direction of the detection housing and two photo multipliers for the Y-
axis are arranged oppositely in a vertical direction of the detection housing. The neutron incidence position in an X-axis
direction and the neutron incidence position in a Y-axis direction are obtained by using the configuration described in
the above paragraphs.

[Effects of the Invention]

[0022] According to the present invention, a neutron detector or a neutron image detector with high neutron detection
efficiency and excellent anti-gamma ray performance can be obtained without unacquirable 3He gas by combining a
translucenttype plate neutron scintillator having the structure capable of emitting fluorescence from both faces, composed
of a ZnS fluorescent substance and a neutron converter substance which contains 8Li or 1°B, and specular reflectors.
BRIEF DESCRIPTION OF SEVERAL DRAWINGS

[0023]

FIG. 1 is a block diagram showing a neutron detector according to one embaodiment of the present invention.
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FIG. 2 shows a comparative measurement result of the relative detection efficiency between the 3He proportional
counter and the detector of the present invention.

FIG. 3 shows a measurement result of time jitter at incidence time.

FIG. 4 is a block diagram showing a neutron detector according to another embodiment of the present invention.
FIG. 5 is a block diagram showing a neutron detector according to a further embodiment of the present invention.
FIG. 6 is a block diagram showing a neutron detector according to a further embodiment of the present invention.
FIG. 7 shows a transmission characteristic of optical filter.

FIG. 8 is a block diagram showing a one-dimensional neutron image detector according to one embodiment of the
present invention.

FIG. 9 shows signal waveforms output from two photo multipliers.

FIG. 10 shows signal waveforms output from two photo multipliers.

FIG. 11 is a graph showing the relationship between the measurement position and the count.

FIG. 12 is a graph showing the relationship between the incidence position of neutron beam and the measurement
position.

FIG. 13 is a graph showing the frequency distribution at the measurement position.

FIG. 14 is a block diagram showing a one-dimensional neutron image detector according to another embodiment
of the present invention.

FIG. 15 is a block diagram showing a two-dimensional neutron image detector according to one embodiment of the
present invention.

FIG. 16 is a block diagram showing a neutron detector according to a further embodiment of the present invention.
FIG. 17 is a block diagram showing a neutron detector according to a further embodiment of the present invention.
FIG. 18 is a block diagram showing a neutron detector according to a further embodiment of the present invention.
FIG. 19 is a graph showing the comparison between time series emission characteristics of fluorescence.

FIG. 20 is a graph showing the frequency distribution of heutron/gamma ray discrimination value.

FIG. 21 is a graph showing the frequency distribution of heutron/gamma ray discrimination value.

FIG. 22 is a graph showing the frequency distribution of heutron/gamma ray discrimination value.

FIG. 23 is a graph showing the frequency distribution of heutron/gamma ray discrimination value.

FIG. 24 is a block diagram showing a neutron detector according to a further embodiment of the present invention.
FIG. 25 is a graph showing the time jitter characteristics.

FIG. 26 is a block diagram showing a neutron detector according to a further embodiment of the present invention.
FIG. 27 is a graph showing the output voltage of the photo multiplier.

FIG. 28 is a graph showing the frequency distribution of output voltage of the photo multiplier.

DETAILED DESCRIPTION OF THE INVENTION
<Embodiment 1>

[0024] A neutron detector according to embodiment 1 of the present invention is explained referring to FIG.1. This
neutron detector has the following structures. A translucent type plate neutron scintillator having the structure capable
to emit the fluorescence from double-sides, composed of ZnS fluorescent substance which is the polycrystalline powder
and a neutron converter which contains 8Li or 10B is arranged inside a cylindrical detector housing with the square
section where the specular reflector is provided internally. The fluorescence emitted from the neutron scintillator is
detected by two photo multipliers arranged on both sides.

[0025] ZnS:Agand Cl were used as ZnS fluorescent substance of the translucent type neutron scintillator. Moreover,
108,04 whose neutron capture cross section is about four times larger than 8Li was used as a neutron converter.
ZnS/10B,0; translucent type neutron scintillator in which the mixed ZnS/19B,0; is spread on the glass and sintered was
used so that the fluorescence may be emitted from double-sides. The thickness of the detection body part is 300 pm,
and the thickness of the glass board is 400 um. This scintillator was used after laminating with the laminate film of 100
pm in thickness along with the glass board because 19B,04 has hygroscopicity. As for one scintillator, the size of the
main body of the scintillator is 38 mm in width and 250 mm in length. The size after laminating was 40 mm in width and
256 mm in length.

[0026] The cross-sectional shape of the detector housing was assumed to be a square, the aluminum board of 0.8mm
in thickness is used for manufacturing, and inside diameter and length were assumed to be 30 mm x 30 mm and 300
mm, respectively. Next, the reflecting plate made of aluminum of 30 mm x 30 mm in outside diameter and 250 mm in
length was arranged at the center location of the detector. The thickness of the reflecting plate is 0.3 mm. High reflectance
aluminum sheet "MIRO" made by Material House Co., Ltd. was used as a substance of the reflecting plate made of
aluminum. The total reflectivity of this aluminum sheet is 95 % or more and the diffuse reflectance is less than 5%.
[0027] At the position of the reflecting plate made of aluminum inside the detector housing, the above-mentioned



10

15

20

25

30

35

40

45

50

55

EP 2 687 870 B1

translucent type neutron scintillator is arranged at an angle of 45 degrees from the neutrons which enter in parallel all
together. The thickness of the scintillator is substantially increased by 1.42 times and the detection efficiency is improved
by inclining 45 degrees as is known well in the past.

[0028] The fluorescence emitted from the neutron scintillator is detected by two photo multipliers arranged on both
sides of the detector housing. R11265-100 made by Hamamatsu Photonics K.K. (Japan) of 30 mm x 30 mm in outside
diameter and 30mm in length was used in this embodiment. The voltage of -800 V was applied as an electrode bias.
[0029] The neutron signals output from two photo multipliers is processed by the signal processing method which has
been used so far to evaluate the detection efficiency. The neutron signals output from two photo multipliers was input
to a summing amplifier made by Japan Atomic Energy Agency to synthesize them, and then to a spectroscopy amplifier
Model 12021 made by Canberra Industries Inc. (USA). The waveform shaping time constant of this amplifier was set in
250 ns. After amplification and wave shaping, the neutron signal is input to timing single channel discriminator Model1430
made by Canberra Industries Inc. to perform the waveform discrimination. And, the neutron signal taken out as a pulse
signal is counted by a counter circuit.

[0030] The detection efficiency of this detector was measured by using Am-Li radiation source of 7.4GBq as a neutron
source and making the thermal neutron with paraffin block of 5 cm in thickness. The comparative measurement was
performed between the standard 3He proportional counter having the outside diameter of 1 inch and 3He of 4 atmospheric
pressures and the detector of the present invention to obtain the relative detection efficiency. The neutron counting
measurement was performed in multi-scaling at intervals of one second to obtain the information on the signal stability
etc. in this comparison examination.

[0031] The measurement result of the comparison experiment is shown in FIG.2. The first 100 seconds show the
measurement results on the detector of this embodiment, and the second 100 seconds show the measurement results
on the standard 3He proportional counter of 4 atmospheric pressures. The average counting rate due to the standard
3He proportional counter was 272.5 cps while the average counting rate due to the detector of this embodiment was
252 cps. As for the neutron felt area, the detector of this embodiment is 30 mm x 250 mm though the standard 3He
proportional counter is 25.4 mm x 250 mm. Therefore, the relative detection efficiency of this detector was obtained by
correcting the felt area. As a result, it was able to confirm that it was efficiency of 73% to the standard 3He proportional
counter of 4 atmospheric pressures. For example, the absolute detection efficiency of this detector becomes the value
which exceeds 50% a little because the absolute detection efficiency to the thermal neutron of 3He proportional counter
of4 atmospheric pressuresis 70%. Therefore, this detectoris in the region which can be used as 3He substitution detector.
[0032] The time jitter of the incidence time which is the detector performance to be solved by the present invention
was measured by using an oscilloscope in connection with the case in which the conventional signal processing is
executed to examine the timing signal when the neutron enters. The measurement results are shown in FIG.3. There
was a time jitter of about 34 ns in half band width when the waveform shaping time constant of the spectroscopy amplifier
was set to 250 ns in the conventional method. As a result, it was confirmed that it was difficult to secure the necessary
performance in the conventional signhal processing method.

<Embodiment 2>

[0033] The neutron detector according to embodiment 2 is explained referring to F1G.4. This neutron detector has the
following structures. Two translucent type plate neutron scintillators having the structure capable to emit the fluorescence
from double-sides, composed of ZnS fluorescent substance which is the polycrystalline powder and a neutron converter
which contains 8Lior 9B (SSS) are arranged in a criss-cross structure. These scintillators are arranged inside a cylindrical
detector housing with the square section where the specular reflector is provided internally. The fluorescence emitted
from the neutron scintillator is detected by two photo multipliers arranged on both sides and taken out as a neutron signal.
[0034] ZnS:Agand Cl were used as ZnS fluorescent substance of the translucent type neutron scintillator. Moreover,
10B,05 whose neutron capture cross section is about four times larger than 8Li was used as a neutron converter.
ZnS/10B,0 translucent type neutron scintillator in which the mixed ZnS/19B,0 is spread on the glass and sintered was
used so that the fluorescence may be emitted from double-sides. The thickness of the detection body part is 300 pm,
and the thickness of the glass board is 400 pm. This scintillator was used after laminating with the laminate film of 100
pm in thickness along with the glass board because 19B,04 has hygroscopicity. As for one scintillator, the size of the
main body of the scintillator is 38 mm in width and 250 mm in length. The size after laminating was 40 mm in width and
256 mm in length. A criss-cross structure type scintillator according to this embodiment was configured as follows. The
main body of the scintillator manufactured is 18 mm in width and 250 mm in length. And, two scintillators having the size
of 19 mm in width and 256 mm in length after laminating were manufactured, and each was arranged at right angles to
each other as shown in the sectional view of the detector housing of FIG.4.

[0035] The cross-sectional shape of the detector housing was assumed to be a square, the aluminum board of 0.8mm
in thickness is used for manufacturing, and inside diameter and length were assumed to be 30 mm x 30 mm and 300
mm, respectively. Next, the reflecting plate made of aluminum of 30 mm x 30 mm in outside diameter and 250 mm in
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length was arranged at the center location of the detector. The thickness of the reflecting plate is 0.3 mm. High reflectance
aluminum sheet "MIRO" made by Material House Co., Ltd. was used as a substance of the reflecting plate made of
aluminum. The total reflectivity of this aluminum sheet is 95 % or more and the diffuse reflectance is less than 5%.
[0036] At a position of the reflecting plate made of aluminum, Main scintillator is arranged at an angle of 45 degrees
from the neutrons which are incident in parallel all together, and the remainder is arranged at an angle of 135 degrees
from the neutrons which are incident in parallel all together as shown in the sectional view of FIG.4. As a result, the
effective thickness of the scintillator is increased by 2.82 times, and thus the detection efficiency is raised.

[0037] The fluorescence emitted from the neutron scintillator is detected by two photo multipliers arranged on both
sides of the detector housing. R11265-100 made by Hamamatsu Photonics K.K. (Japan) of 30 mm x 30 mm in outside
diameter and 30mm in length was used in this embodiment. The voltage of -800 V was applied as an electrode bias.
[0038] The neutron signals output from two photo multipliers is processed by the signal processing method which has
been used so far to evaluate the detection efficiency. The neutron signals output from two photo multipliers was input
to a summing amplifier made by Japan Atomic Energy Agency to synthesize them, and then to a spectroscopy amplifier
Model 2021 made by Canberra Industries Inc. (USA). The waveform shaping time constant of this amplifier was set in
250 ns. After amplification and wave shaping, the neutron signal is input to timing single channel discriminator Model1430
made by Canberra Industries Inc. to perform the waveform discrimination. And, the neutron signal taken out as a pulse
signal is counted by a counter circuit.

[0039] The detection efficiency of this detector was measured by using Am-Li radiation source of 7.4GBq as a neutron
source and making the thermal neutron with paraffin block of 5 cm in thickness. The comparative measurement was
performed between the standard 3He proportional counter having the outside diameter of 1 inch and 3He of 4 atmospheric
pressures and the detector of the present invention to obtain the relative detection efficiency. The neutron counting
measurement was performed in multi-scaling at intervals of one second to obtain the average value. The average
counting rate due to the standard 3He proportional counter was 272.5 cps. While, the average counting rate due to the
detector of this embodiment was 355 cps. As for the neutron felt area, the detector of this embodiment is 30 mm x 250
mm though the standard 3He proportional counter is 25.4 mm x 250 mm. Therefore, we obtained the relative detection
efficiency of this detector by correcting the felt area. As a result, we confirmed that it was efficiency of 103%. Moreover,
when the signal processing is executed in the conventional method, the criss-cross structure type scintillator has the
1.4 times detection efficiency larger than that of one sheet translucent type neutron scintillator shown in the embodiment.

<Embodiment 3>

[0040] The neutron detector according to embodiment 3 is explained referring to FIG.5 and FIG.6. This neutron detector
has the following structure in order to guide the fluorescence emitted when the neutron enters scintillator to the photo
multiplier. The reflected fluorescence is guided to the glass light guide with gamma ray shielding properties by arranging
mirrors or prisms which has the reflection angle of 45 degrees from its center axis on both sides of the detector housing.
The guided fluorescence is detected by the photo multiplier provided behind each light guide. The influence of the
background gamma radiation caused by the photoelectric surface of the photo multiplier is reduced by adopting this
structure. As the detector of this embodiment, a detector having a square section is used as shown in embodiment 1.
[0041] 1t is required to measure the neutron under the field of the gamma rays of a high intensity irradiated from the
spent fuels in the nuclear security field where the neutrons emitted from spent fuels of a nuclear reactor are measured
and the amount of uranium or plutonium in the fuel is measured. The influence of gamma rays on the detector of the
present invention is primarily as follows.

(1) Translucent type neutron scintillator which uses ZnS for detecting the neutron reacts to gamma rays and the
fluorescence is output.
(2) Gammarays reach the photo multiplier directly and react on the photoelectric surface, and pulse signals are output.

Japanese Patent No. 4,415,095 and USP 679,064 have already disclosed that the influence of gamma rays is reduced
by using a optical filter in connection with the former translucent type neutron scintillator which uses ZnS. Therefore, the
optical filter that has the transmittance to a wave length shorter than 450 nm shown in FIG.7 is installed in the photo
multiplier of all embodiments including this embodiment 3.

[0042] However, itis very difficult to decrease the output of the gamma rays pulse signal by the photo multiplier when
the strength of gamma rays increases very much in the latter case. Therefore, it is necessary to prevent gamma rays
from reaching the photo multiplier.

[0043] In embodiment 3 of the present invention, the glass light guide with large gamma ray shielding properties is
arranged ahead of the photo multiplier to reduce the amount of the arrival of gamma rays to the photoelectric surface
as shown in FIG.5 and FIG.6. In the example of FIG.5, the specular reflector is arranged at an angle of 45 degrees at
positions of two photo multipliers inside the detector housing shown in embodiment 1. The prism to guide the fluorescence
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in a direction of 90 degrees is arranged in the example of FIG.6. The fluorescence after passing the prism is received
by the glass light guide with large gamma ray shielding properties, and then detected by the photo multiplier arranged
on the other edge. In FIG. 6, the glass light guide may be integrated with the prism. The integrated structure is better
from a viewpoint of the light guide of flucrescence. High reflectance aluminum sheet "MIRO" made by Material House
Co,, Ltd. can be used as a member of the reflecting plate. Moreover, the material of the prism and the light guide has
to be glass of high atomic number material effective for the gamma rays shield, and possess the properties which are
not colored by the irradiation of the high-strength gammarays. Therefore, the glass with a good transmission characteristic
on the shorter wavelength side from wave length 450nm of ZnS:Ag,Cl fluorescent substance and is heeded as an optical
characteristic. The SF6 type flint glass made by Sumita Optical Glass, Inc. (Japan) was used in this embodiment. It was
confirmed that the transmission characteristics of this glass cover the transmission wavelength region of ZnS:Ag,ClI
fluorescent substance from 390 nm to 600 nm. It was also confirmed that radiation damage is a level of the loss of about
10% up to 104 grays of the irradiation intensity of gamma rays. The length of the light guide part which defines the shield
ability to gamma rays was set to 5¢cm in the present invention. The size of the section of the light guide was set to be
30 mm x 30mm. This light guide part has the ability to shield 1/10 or more of 662 keV gamma rays emitted from Cs137
as nuclear species. The product R11265-100 made by Hamamatsu Photonics K.K. (Japan) of 30 mm x 30 mm in size
and 30 mm in length as two photo multipliers used.

[0044] The surrounding area of the detector and the light guide arranged on both sides of the detector is shielded with
lead blocks of 3 cm in thickness in order to shield the gamma rays which enter diagonally from the part ahead of the
detector housing as shown in FIG.6 and FIG.7.

<Embodiment 4>

[0045] The one-dimensional neutron image detector according to embodiment 4 is explained referring to FIG.8. In this
one-dimensional neutron image detector, the flucrescence emitted when the neutron enters the scintillator is detected
by two photo multipliers arranged on both sides, a digital peak value are obtained, and the incidence position of the
neutron to the scintillator is obtained. As the detector of this embodiment, a detector having a circular section is used in
the structure shown in embodiment 1.

[0046] The detector housing is composed of the aluminum cylindrical tube of 30 mm® in outside diameter, 28 mma®
in inside diameter, 2 mm in thickness, and 300 mm in length, and the reflecting plate made of aluminum of 26 mm® in
outside diameter and 240 mm in length is arranged in the inside center location. At the same position as the reflecting
plate made of aluminum, translucent type neutron scintillator of 26mm in width and 240mm in length described in
embodiment 1 is arranged at an angle of 45 degrees from the neutrons which are incident in parallel. Two photo multipliers
which detect the fluorescence emitted when the neutron enters the scintillator are arranged on both sides of the detector
housing. The product 8135 made by Hamamatsu Photonics K.K. (Japan) of 24mm in outside diameter and 60mm in
length in this embodiment. And, the voltage of 1100V was applied as an electrode bias.

[0047] When sampling and measuring the signals output from two photo multipliers in this embodiment, the signals
are synthesized by a summing circuit after the neutron signals output from two photo multipliers are amplified by high-
speed amplifiers. The synthesized signal is input to a pulse height discrimination circuit, and the trigger signal larger
than the predetermined level is output. The FPGA (Field-Programmable Gate Array) circuit is used for the digital signal
processing which will be described hereafter in this embodiment. HD64F30488VTE25V made by Altera Corporation
(The United States) was used as FPGA. The op-amp AD8007 made by Analog Devices, Inc. (The United States) was
used as the high-speed amplifier, in which the gain is set to twice. This trigger signal is made as a starting point, the
pulse height of the neutron signals output from two photo multipliers is sampled and measured by operating the ana-
log/digital converter (ADC) using the sampling frequency of 200MHz. AD9626 made by Analog Devices, Inc. was used
as analog/digital converter (ADC). Time series data converted from analog data to digital data is recorded in a memory
of FPGA. Because the conversion number of bits of ADC is 11 bits, the electrode bias of the photo multiplier was set to
800V so that the neutron waveform signal emitted from translucent type neutron scintillator can be defined by 11 bits
(2048). Moreover, the recording time to the memory was assumed to be 1 ps or less.

[0048] Maximum digital peak value A of a right photo multiplier and maximum digital peak value B of a left photo
multiplier were obtained by reading data from time series data recorded after sampling the waveform signals output from
two photo multipliers, and comparing sequentially the time series data.

[0049] The waveform signals output from two photo multipliers when the collimated neutron beam enters in the central
part and the edge parts of the detector which are the neutron felt areas are shown in FIG.9 and FIG.10. When the neutron
beam is irradiated to the center, the maximum digital peak values output from two photo multipliers shows almost the
same peak value. And, when the neutron beam is irradiated to the edge parts, the maximum peak value output from the
photo multiplier on the irradiated edge part is very high, and the maximum digital peak value of the photo multiplier on
the other edge part indicates a very low value. In the present invention, the incidence position of the neutron is derived
by using the change in this maximum digital peak value.
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[0050] Itis understood that the neutron discriminator thresholds in embodiments 6 - 12 described later depend on the
magnitude of the maximum digital peak value of the photo multiplier on the other edge. When the detector section is a
circle and the outside diameteris 30 mma® in this embodiment, the maximum length of the scintillator inside the detector
is near 25cm from the viewpoint of the solid angle. Moreover, when the detector section is a square and the size is 30
mm x 30 mm, the maximum length is near 25cm from the viewpoint of the solid angle as well as the above-mentioned case.
[0051] And, the right edge of the scintillator is made a starting point at the neutron incidence position, the neutron
incidence position is assumed to be X, the length of the scintillator is assumed to be L, the position correction term is
assumed to be C, and the position offset term is assumed to be D, Neutron incidence position X is obtained from the
following expression.

X = (L+C) x A"%/(A"24+B"3) - D

This maximum digital peak value - neutron incidence position conversion expression uses that the fluorescence emitted
from the neutron incidence position depends on the solid angle which looks on to two photo multipliers at the neutron
incidence position.

[0052] The obtained position information of 8 bits is converted into the LVDS standard signal, output as a parallel
signal, and is accumulated as a position information in a signal collecting circuit.

[0053] Experiments to evaluate the one-dimensional detector of the embodiment was carried out by using the thermal
neutron beam of "Musashi" neutron experiment device of JRR-3 Reactor Neutron Research Facilities of Japan Atomic
Energy Agency. This experiment was carried out by using the collimated thermal neutron beam of 3 mm® and by setting
up the detector in the movable carriage so that the incidence position to the neutron detector may be shifted in a direction
of X-axis. With regard to the Y-axis direction of the one-dimensional image detector, the collimated beam is irradiated
to the center location of Y-axis. As to the X-axis direction, the detector is moved every 1 cm within the range of 12cm
from the center to both sides and the detection characteristic at a position of the detector was measured. The frequency
distribution of at the measurement position which had been obtained by the above-mentioned expression was plotted
for each incidence position based on two maximum digital peak value measured at each position. This results are shown
in FIG. 11. The position offset term is adjusted to 0 in the plot of FIG. 11. The positions of the moved neutron and the
measurement result based on this result was plotted. This results are shown in FIG.12. The linearity was secured as a
result, and it was confirmed to operate as the one-dimensional image neutron detector.

[0054] Moreover, itis thought that the position resolution is improved due to the increase in the data on the fluorescent
amount when the sampling measurement by ADC is performed for a fixed period of time after passing the maximum
value. As an example, the evaluation of the position resolution was attempted without using the maximum digital peak
value. Where, the position resolution was evaluated by plotting the frequency distribution after the position information
is obtained by using the above-mentioned expression based on the integral values. The evaluation result at the position
of 0 cm which is the center location of X-axis is shown in FIG.13. It was confirmed that the position resolution worsened
as integral action time became long, and that the best resolution is obtained when the maximum digital peak value is
used in the present invention.

<Embodiment 5>

[0055] The one-dimensional neutron image detector according to embodiment 5 is explained referring to FIG. 14. In
embodiment 5, the fluorescence emitted when the neutron enters the scintillator is detected by two photo multipliers
arranged on both sides. The incidence position of the neutron to the scintillator is obtained by using two memories for
maximum digital peak value - position conversion, in which the digital peak values are input beforehand. As the detector
of this embodiment, a detector having a circular section is used in the structure shown in embodiment 1.

[0056] The detector housing of which section is a circle is used, compaosed of the aluminum cylindrical tube of 30 mm®
in outside diameter, 28 mm® in inside diameter, 2 mm in thickness, and 300 mm in length, and the reflecting plate made
of aluminum of 26 mmé in outside diameter and 240 mm in length is arranged in the inside center location. At the same
position as the reflecting plate made of aluminum, the translucent type neutron scintillator of 26mm in width and 240mm
in length described in embodiment 1 is arranged at an angle of 45 degrees from the neutrons which enter in parallel.
Two photo multipliers which detect the fluorescence emitted when the neutron enters the scintillator are arranged on
both sides of the detector housing. The photo multiplier 8135 made by Hamamatsu Photonics K.K. (Japan) of 24mm in
outside diameter and 60mm in length in this embodiment. And, the voltage of 1100V was applied as an electrode bias.
[0057] When sampling and measuring the signals output from two photo multipliers in this embodiment, the signals
are synthesized by a summing circuit after the neutron signals output from two photo multipliers are amplified by high-
speed amplifiers. The synthesized signal is input to a pulse height discrimination circuit, and the trigger signal larger
than the predetermined level is output. The FPGA (Field-Programmable Gate Array) circuit is used for the digital signal
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processing which will be described hereafter in this embodiment. The product HD64F30488VTE25V made by Altera
Corporation (The United States) was used as FPGA. The op-amp AD8007 made by Analog Devices, Inc. (The United
States) was used as the high-speed amplifier, in which the gain is set to twice. This trigger signal is made as a starting
point, the pulse height of the neutron signals output from two photo multipliers is sampled and measured by operating
the analog/digital converter (ADC) using the sampling frequency of 200MHz. The product AD9626 made by Analog
Devices, Inc. was used as analog/digital converter (ADC). The product AD9626 made by Analog Devices, Inc. was used
as an analog/digital converter (ADC). The time series data converted from analog data to digital data is recorded in a
memory of FPGA. Because the conversion number of bits of ADC is 11 bits, the electrode bias of the photo multiplier
was set to 800V so that the neutron waveform signal emitted from translucent type neutron scintillator can be defined
by 11 bits (2048). Moreover, the recording time to the memory was assumed to be 1 us or less.

[0058] Maximum digital peak value A of a right photo multiplier and maximum digital peak value B of a left photo
multiplier were obtained by reading data from time series data recorded after sampling the waveform signals output from
two photo multipliers, and comparing sequentially the time series data.

[0059] Next, the incidence position of the neutron to the scintillator was obtained by using two memories for maximum
digital peak value - position conversion to which data for conversion was input beforehand. When the right edge of the
scintillator is made a starting point at the neutron incidence position, the neutron incidence position is assumed to be X,
the length of the scintillator is assumed to be L, the position correction term is assumed to be C, and the position offset
term is assumed to be D, Neutron incidence position X is obtained from two maximum digital peak value based on the
following expression.

X = (L+C) x A"%/(A"24+B"3) - D

Because it is possible to derive the neutron incidence position during 100 ns or less by using the memory for maximum
digital peak value-position conversion, This method can obtain the position information in a short time, comparing with
the method of embodiment 5. Moreover, it is possible to improve the phenomenon that the frequency distribution at each
position comes off from symmetry as the incidence position moves in the directions of both ends of the detector shown
in FIG. 11 asis in the evaluation result of embodiment 5 by correcting the maximum digital peak value-position conversion
input data.

<Embodiment 6>

[0060] Two-dimension neutronimage detector according to embodiment 6 is explained with reference to FIG.15. This
neutron detector has the following structure. The translucent type neutron scintillator is arranged at right angles to the
neutron which enters in parallel in the internal mirror finished detector housing. Two photo multipliers for the X-axis are
arranged oppositely in a horizontal direction of the detection housing and two photo multipliers for the Y-axis are arranged
oppositely in a vertical direction of the detection housing, whereby the incidence position in an X-axis direction and the
incidence position in a Y-axis direction are obtained. In this embodiment, the incidence position of the neutron to the
scintillator is obtained by using a memory for maximum digital peak value - position conversion.

[0061] In the detector housing of this embodiment as shown in FIG. 15, the internal part is made of specular aluminum,
the outside diameter of the neutron detection part is 120 mm x 120 mm, the depth is 31 mm, and the thickness is 0.3
mm. Four guide plates are provided on four sides. The size of the guide plate is squeezed to the size of the photo
multiplier at one end. The distance from the side to the photoelectric surface of the photo multiplier is assumed to be
4cm. Moreover, the width of the internal surface in a direction of depth is 30.4 mm.

[0062] At the central part of the detection portion of the detector housing, translucent type neutron scintillator of 100
mm x 100 mm described in embodiment 1 is arranged at an angle of 90 degrees from the neutrons which enterin parallel,
that is, in parallel to the aluminum board of the detection portion. And, Two photo multipliers for the X-axis, that is, the
right X-axis photo multiplier and the left X-axis photo multiplier are arranged oppositely in a horizontal direction of the
detection housing and two photo multipliers for the Y-axis, that is, upper part Y-axis photo multiplier and lower side Y-
axis photo multiplier are arranged oppositely in a vertical direction of the detection housing. The product R11265-100
made by Hamamatsu Photonics K.K. (Japan) of 30 mm x 30 mm in outside diameter and 30mm in length was used in
this embodiment. And, the voltage of -800 V was applied as an electrode bias.

[0063] In this embodiment, the circuit structure used in embodiment 6 is adopted about the signal processing of the
waveform signal output from two photo multipliers faced X-axis and Y-axis respectively.

[0064] By reading data from time series data recorded after sampling time series data, and comparing sequentially
those data in connection with each of X-axis and Y-axis, Maximum digital peak value AX of the right X-axis photo
multiplier, maximum digital peak value BX of the left X-axis photo multiplier, and maximum digital peak value BY of upper
Y-axis photo multiplier, and maximum digital peak value AY of lower Y-axis photo multiplier are obtained respectively.
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Next, the neutron incidence positions in X-axis and Y-axis are obtained as two dimensional data by using two maximum
digital peak value - position conversion memories each for X-axis and Y-axis in which conversion data each for X-axis
and Y-axis is input beforehand.

[0065] With regard to the conversion data for X-axis, when the left edge of the scintillator is made a starting point at
the neutron incidence position, the neutron incidence position is assumed to be X, the length of the faced scintillator is
assumed to be LX, the position correction term is assumed to be CX, and the position offset term is assumed to be DX,
Neutron incidence position X is obtained based on the following expression.

X = (LX+CX) x AX"2/(AX"2+BX"?) - DX

[0066] On the other hand, as to the conversion data for Y-axis, when the bottom of the scintillator is made a starting
point at the neutron incidence position, the neutron incidence position is assumed to be Y, the length of the faced
scintillator is assumed to be LY, the position correction term is assumed to be CY, and the position offset term is assumed
tobe DY, Neutronincidence position Y is obtained from two maximum digital peak value based on the following expression.

Y = (LY+CY) x AY"?/(AY"24+BY"?) - DY

Moreover, when the incidence position of the neutron to the scintillator is obtained by using the memory for maximum
digital peak value - position conversion, the linearity of X-axis and Y-axis and the position resolutions can be improved
by correcting maximum digital peak value - position conversion input data.

[0067] The obtained two-dimensional position information of eight bits for X-axis and Y-axis is converted into the LVDS
standard signal, output as two parallel signals, and are multiplied by the signal collecting circuit as two-dimensional
position information.

<Embodiment 7>

[0068] The neutron detector or the neutron image detector according to embodiment 7 is explained referring to FIG.16.
This neutron detector or the neutron image detector has the following structures. The fluorescence emitted when the
neutron enters the scintillator is detected by two photo multipliers arranged on both sides. Next, each maximum digital
peak value is obtained. And, the neutron signal is output based on the condition that both peak values are more than
the predetermined digital pulse height threshold and the difference atthe sampling collection time is within the coincidence
measurement duration. The detector having a square section as shown in embodiment 1 is used in this embodiment.
[0069] The cross-sectional shape of the detector housing was assumed to be a square, the aluminum board of 0.8mm
in thickness is used for manufacturing, and inside diameter and length were assumed to be 30 mm x 30 mm and 300
mm, respectively. Next, the reflecting plate made of aluminum of 30 mm x 30 mm in outside diameter and 250 mm in
length was arranged at the center location of the detector. The thickness of the reflecting plate is 0.3 mm. High reflectance
aluminum sheet "MIRO" made by Material House Co., Ltd. was used as a substance of the reflecting plate made of
aluminum. The total reflectivity of this aluminum sheet is 95 % or more and the diffuse reflectance is less than 5%.
[0070] Atthe position of the reflecting plate made of aluminum inside the detector housing, the translucent type neutron
scintillator described in embodiment 1 is arranged at an angle of 45 degrees from the neutrons which are incident in
parallel all together.

[0071] Two photomultipliers which detect the fluorescence emitted when the neutron enters the scintillator are arranged
on both sides of the detector housing. The product R11265-100 made by Hamamatsu Photonics K K. (Japan) of 30 mm
X 30 mm in size and 30 mm in length was used in this embodiment.

[0072] In this embodiment, when coincidence-measuring the signals output from two photo multipliers at the prede-
termined duration, the signals are synthesized by a summing circuit after the neutron signals output from two photo
multipliers are amplified by high-speed amplifiers. The synthesized signal is input to a pulse height discrimination circuit,
and the trigger signal larger than the predetermined level is output. The FPGA (Field-Programmable Gate Array) circuit
is used for the digital signal processing which will be described hereafter in this embodiment. The product
HD64F30488VTE25V made by Altera Corporation (The United States) was used as FPGA. The op-amp AD8007 made
by Analog Devices, Inc. (The United States) was used as the high-speed amplifier, in which the gain is set to twice. Now,
this trigger signal is made as a starting point, the pulse height of the neutron signals output from two photo multipliers
is sampled and measured by operating the analog/digital converter (ADC) using the sampling frequency of 200MHz.
The product AD9626 made by Analog Devices, Inc. was used as analog/digital converter (ADC). Time series data
converted from analog data to digital data is recorded in a memory of FPGA. Because the conversion number of bits of
ADC is 11 bits, the electrode bias of the photo multiplier was set to -800V so that the neutron waveform signal emitted
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from translucent type neutron scintillator can be defined by 11 bits (2048). Moreover, the recording time to the memory
was assumed to be 1 ps or less.

[0073] As tothe waveform signals output from two photo multipliers, the maximum digital peak value and the recording
time from the trigger starting time were obtained by reading data from time series data recorded after sampling the
waveform signals output from two photo multipliers, and comparing sequentially the time series data. That the obtained
digital peak values of two photo multipliers are more than the predetermined digital threshold is confirmed by using an
AND circuit, in which the predetermined digital threshold is 64. The influence of the noise such as circuit noises, etc.
was able almost to be eliminated by adopting this predetermined threshold. Morecver, the neutron signal is confirmed
based on the condition that the difference at the sampling collection time of maximum digital peak value of the signals
output from two photo multipliers is in the predetermined coincidence measurement duration, and is output as a neutron
confirmation signal from FPGA. The coincidence measurement time was assumed to be 300 ns in consideration of the
short-lived component of ZnS:Ag, Cl fluorescent substance of 300 ns.

[0074] The detection efficiency of this detector was measured by using Am-Li radiation source of 7.4GBq as a neutron
source and making the thermal neutron with paraffin block of 5 cm in thickness. The comparative measurement was
performed between the standard 3He proportional counter having the outside diameter of 1inch and 3He of 4 atmospheric
pressures and the detector of the present invention to obtain the relative detection efficiency.

[0075] The results of the counting rate measurement due to the standard 3He proportional counter was 272.5 cps
while the results due to the detector of this embodiment was 285 cps. The relative detection efficiency of this detector
was obtained by matching the neutron felt area to 3He proportional counter. As a result, it was able to be confirmed that
the relative detection efficiency is 82.4%.

[0076] The relative detection efficiency is improved by about 12% compared with the relative detection efficiency of
the detector according to embodiment 1. Because the neutron signal is reliably output by using a coincidence measure-
ment method while observing the peak value by using the ADC according to the present invention, it may become
possible to lower substantially the signal distinction levels, that is, the digital threshold of pulse height comparing with
the conventional signal processing method.

<Embodiment 8>

[0077] The neutron detector or the neutron image detector according to embodiment 8 is explained with reference to
FIG.17. This neutron detector or the neutron image detector has the following structures. The fluorescence emitted when
the neutron enters the scintillator is detected by two photo multipliers arranged on both sides. The time series data during
the predetermined multiplication time is obtained as an integrated value. And, the neutron signal is output based on the
condition that both integrated values are more than the predetermined integral threshold and the difference at the
sampling collection time is within the coincidence measurement duration. The detector having a square section as shown
in embodiment 1 is used in this embodiment,.

[0078] The cross-sectional shape of the detector housing was assumed to be a square, the aluminum board of 0.8mm
in thickness is used for manufacturing, and inside diameter and length were assumed to be 30 mm x 30 mm and 300
mm, respectively. Next, the reflecting plate made of aluminum of 30 mm x 30 mm in outside diameter and 250 mm in
length was arranged at the center location of the detector. The thickness of the reflecting plate is 0.3 mm. High reflectance
aluminum sheet "MIRO" made by Material House Co., Ltd. was used as a substance of the reflecting plate made of
aluminum.

The total reflectivity of this aluminum sheet is 95 % or more and the diffuse reflectance is less than 5%.

[0079] At the position of the reflecting plate made of aluminum inside the detector it may become possible to lower
substantially the signal distinction levels, that is, the digital threshold of pulse height comparing with the conventional
signal processing method.

<Embodiment 8>

[0080] The neutron detector or the neutron image detector according to embodiment 8 is explained with reference to
FIG.17. This neutron detector or the neutron image detector has the following structures. The fluorescence emitted when
the neutron enters the scintillator is detected by two photo multipliers arranged on both sides. The time series data during
the predetermined multiplication time is obtained as an integrated value. And, the neutron signal is output based on the
condition that both integrated values are more than the predetermined integral threshold and the difference at the
sampling collection time is within the coincidence measurement duration. The detector having a square section as shown
in embodiment 1 is used in this embodiment.

[0081] The cross-sectional shape of the detector housing was assumed to be a square, the aluminum board of 0.8mm
in thickness is used for manufacturing, and inside diameter and length were assumed to be 30 mm x 30 mm and 300
mm, respectively. Next, the reflecting plate made of aluminum of 30 mm x 30 mm in outside diameter and 250 mm in
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length was arranged at the center location of the detector. The thickness of the reflecting plate is 0.3 mm. High reflectance
aluminum sheet "MIRO" made by Material House Co., Ltd. was used as a substance of the reflecting plate made of
aluminum.

The total reflectivity of this aluminum sheet is 95 % or more and the diffuse reflectance is less than 5%.

[0082] At the position of the reflecting plate made of aluminum inside the detector

[0083] The maximum digital peak value and the recording time from the trigger starting time were obtained by reading
data from time series data recorded after the sampling-measurement of the time series data in connection with the
waveform signals output from two photo multipliers, and comparing sequentially the time series data.

[0084] Next, the recorded time series data were integrated during 500 ns from the beginning, that is, 100 data was
integrated. The integral values were divided by 5 bits (32) because they become large. Actually, the data was read by
shifting 5 bits, and the effective integral value was obtained. The value at almost the same level as the maximum digital
peak value obtained in embodiment 8 can be obtained as the average value of the waveform data by shifting 5 bits.
[0085] That the obtained effective integral values of two photo multipliers are more than the predetermined integral
threshold is confirmed by using an AND circuit, in which the predetermined integral threshold is 64. The influence of the
noise such as circuit noises, etc. was able almost to be eliminated by adopting this predetermined threshold. Moreover,
the neutron signal is confirmed based on the condition that the difference at the sampling collection time of maximum
digital peak value of the signals output from two photo multipliers is within the predetermined coincidence measurement
duration, and is output as a neutron confirmation signal from FPGA. The coincidence measurement time was assumed
to be 300 ns in consideration of the short-lived component of ZnS:Ag, Cl fluorescent substance being 300 ns.

[0086] The detection efficiency of this detector was measured by using Am-Li radiation source of 7.4GBq as a neutron
source and making the thermal neutron with paraffin block of 5 cm in thickness. The comparative measurement was
performed between the standard 3He proportional counter having the outside diameter of 1 inch and 3He of 4 atmospheric
pressures and the detector of the present invention to obtain the relative detection efficiency.

[0087] The counting rate measurement result of this detector was 285 cps while the counting rate measurement result
of 3He proportional counter was 272.5 cps. The relative detection efficiency of this detector was obtained by matching
the neutron felt area to the 3He proportional counter. As a result, it was able to be confirmed that the relative detection
efficiency is 81.1%. In addition, it was able to confirm that it was efficiency of 73% to the standard 3He proportional
counter of which 3He pressure is 4 atmospheric pressures. And, it was able to be confirmed to obtain almost the same
relative detection efficiency as the embodiment 8.

<Embodiment 9>

[0088] The neutron detector according to embodiment 9 is explained referring to FIG.18. This neutron detector has
the following structure. The neutron/gamma discrimination is performed by using the fact that the emission characteristics
of the fluorescence detected by a translucent type plate neutron scintillator having the structure capable to emit the
fluorescence from double-sides, composed of ZnS fluorescent substance which is the polycrystalline powder and a
neutron converter which contains €Li or 1°B when the neutron is detected are different from those of the gamma rays
which forms background.A detector having a square section is used in the structure shown in embodiment 1.

[0089] The time series emission characteristics of the fluorescence emitted when the neutron enters into translucent
type neutron scintillator and the time series emission characteristics of the fluorescence when the gamma ray enters
thereto are shown in FIG.19.

[0090] The cross-sectional shape of the detector housing was assumed to be a square, the aluminum board of 0.8mm
in thickness is used for manufacturing, and inside diameter and length were assumed to be 30 mm x 30 mm and 300
mm, respectively. Next, the reflecting plate made of aluminum of 30 mm x 30 mm in outside diameter and 250 mm in
length was arranged at the center location of the detector. The thickness of the reflecting plate is 0.3 mm. High reflectance
aluminum sheet "MIRO" made by Material House Co., Ltd. was used as a substance of the reflecting plate made of
aluminum. The total reflectivity of this aluminum sheet is 95 % or more and the diffuse reflectance is less than 5%.
[0091] Atthe position of the reflecting plate made of aluminum inside the detector housing, the translucent type neutron
scintillator described in embodiment 1 is arranged at an angle of 45 degrees from the neutrons which are incident in
parallel all together.

[0092] Two photomultipliers which detect the fluorescence emitted when the neutron enters the scintillator are arranged
on both sides of the detector housing. The product R11265-100 made by Hamamatsu Photonics K K. (Japan) of 30 mm
x 30 mm in size and 30 mm in length was used in this embodiment.

[0093] When coincidence-measuring the signals output from two photo multipliers by using the predetermined duration
in this embodiment, the signals are synthesized by a summing circuit after the neutron signals output from two photo
multipliers are amplified by high-speed amplifiers. The synthesized signal is input to a pulse height discrimination circuit,
and the trigger signal larger than the predetermined level is output. The FPGA (Field-Programmable Gate Array) circuit
is used for the digital signal processing which will be described hereafter in this embodiment. The product
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HD64F30488VTE25V made by Altera Corporation (The United States) was used as FPGA. And, the op-amp made by
Analog Devices, Inc. (The United States) was used as the high-speed ampilifier, in which the gain is set to twice. This
trigger signal is made as a starting point, the pulse height of the neutron signals output from two photo multipliers is
sampled and measured by operating the analog/digital converter (ADC) using the sampling frequency of 200MHz. The
product AD9626 made by Analog Devices, Inc. is used as analog/digital converter (ADC). Time series data converted
from analog data to digital data is recorded in a memory of FPGA. Because the conversion number of bits of ADC is 11
bits, the electrode bias of the photo multiplier was set to -800V so that the neutron waveform signal emitted from
translucent type neutron scintillator can be defined by 11 bits (2048). Moreover, the recording time to the memory was
assumed to be 1 ps or less.

[0094] 500ns part, thatis, 100 data from the beginning of time series data recorded is integrated after the sampling-
measurement of the time series data in connection with the waveform signals output from two photo multipliers, and the
integral value is set as a first half integrated value A. Moreover, 100 data from 500 ns to 1000ns of time series data
recorded is integrated, and the integral value is set as a second half integrated value B. Afterwards, first half integrated
value A is divided by second half integrated value B and its result is set as heutron/gamma discrimination value C. The
neutron signal is taken out by adding the condition that this neutron/gamma discrimination value C is equal to or more
than the predetermined gamma discrimination threshold D to the function of embodiment 8 or embodiment 9.

[0095] The evaluation test of a neutron/gamma discrimination function of this embodiment was carried out by using
Am-Li radiation source of 7.4GBq as a neutron source and making the thermal neutron with paraffin block of 5 ¢m in
thickness.

[0096] The ratio of integral time of first half integrated value A and second half integrated value B between 1 ps was
changed first to evaluate the neutron/gamma discrimination function, and measured. The measurement was performed
in three kinds of ratios of the first half integral time : second half integral time, 300ns : 700ns, 500ns : 500ns and 700ns :
300ns. The frequency distribution of neutron/gamma discrimination value C on 10,000 samples of neutron signal wave
is shown in FIG. 20 to FIG. 22. Moreover, a similar measurement was performed by using 89Co radiation source for
gamma rays, and neutron/gamma discrimination value C was obtained. The results are plotted in FIG. 20 to FIG. 22.
As a result, the result in which 500ns:500ns is the best in heutron/gamma discrimination was obtained, although there
were not so many differences from 300ns:700ns to 700ns:300ns. Moreover, neutron/gamma discrimination value C is
setto 4.2 in this embodiment.

[0097] Although a translucent type plate neutron scintillator having the structure capable to emit the fluorescence from
double-sides, composed of ZnS fluorescent substance and a neutron converter which contains 0B was used in this
embodiment, it was confirmed that the separation is considerably bad as shown in FIG.23 when the ZnS/6LiF translucent
type neutron scintillator was used. Therefore, it is desirable to use the ZnS/19B,04 translucent type neutron scintillator
to execute the present invention.

<Embodiment 10>

[0098] Next, the neutron detector or the neutron image detector according to embodiment 10 will be explained with
reference to FIG.24, in which a neutron incidence timing signal having constant delay time is output. Embodiment 8 is
referred as an example of the detector.

[0099] The cross-sectional shape of the detector housing was assumed to be a square, the aluminum board of 0.8mm
in thickness is used for manufacturing, and inside diameter and length were assumed to be 30 mm x 30 mm and 300
mm, respectively. Next, the reflecting plate made of aluminum of 30 mm x 30 mm in outside diameter and 250 mm in
length was arranged at the center location of the detector. The thickness of the reflecting plate is 0.3 mm. High reflectance
aluminum sheet "MIRO" made by Material House Co., Ltd. was used as a substance of the reflecting plate made of
aluminum. The total reflectivity of this aluminum sheet is 95 % or more and the diffuse reflectance is less than 5%.
[0100] Atthe position of the reflecting plate made of aluminum inside the detector housing, the translucent type neutron
scintillator described in embodiment 1 is arranged at an angle of 45 degrees from the neutrons which are incident in
parallel all together.

[0101] Two photo multipliers which detect the fluorescence emitted when the neutron enters the scintillator are arranged
on both sides of the detector housing. The product R11265-100 made by Hamamatsu Photonics K.K. (Japan) of 30mm
x 30mm in size and 30 mm in length in this embodiment. And, the voltage of -800 V was applied as an electrode bias.
[0102] When sampling and measuring the signals output from two photo multipliers in this embodiment, the signals
are synthesized by a summing circuit after the neutron signals output from two photo multipliers are amplified by high-
speed amplifiers. The synthesized signal is input to a pulse height discrimination circuit, and the trigger signal larger
than the predetermined level is output.

[0103] The obtained trigger signal is made a starting point, the sampling measurement is performed, and the result is
recorded. Then, the coincidence measurement processing, the neutron/gamma discrimination processing, and the neu-
tron incidence position determining processing are executed based on the time series data recorded in the memory.
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And, the constant delay time more than the maximum processing time which will take by outputting as the neutron
confirmation signal or the neutron incidence position signal is produced based on the clock of FPGA.

[0104] First of all, it takes the time of 1 ps as sampling-measurement time. Moreover, the distinction processing of
neutron/gamma rays takes the longest signal processing time, and the multiplication of data and the last division process
take the time of 1u.s. Therefore, the delay time is set to 2 ps in this embodiment.

[0105] In this embodiment, the internal clock of FPGA used for the digital processing uses 200 MHz to record the data
A/D-converted by using ADC of 200 MHz in an internal memory of FPGA.

[0106] Therefore, the time accuracy of delay time becomes 5 ns. Moreover, because it has been confirmed that the
time jitter when trigger signal is taken outis 5ns orless as shown in FIG. 25 by the experiment by a high-speed oscilloscope
which uses the same photo multiplier as this embodiment, the time accuracy of the neutron incidence time is 10 ns in all.
[0107] Any neutron signal is always delayed during this delay time 2 ps after the trigger signal, and the neutron
incidence timing signal is output, which is a purpose of this embodiment. As a result, the jitter of timing signal caused
by the variation of the signal processing time can be evaded.

<Embodiment 11>

[0108] The neutron detector and the neutron image detector according to embodiment 11 are explained with reference
to FIG. 26. This neutron detector and the neutron image detector have the following structures. In these detectors, the
influence of the dead time due to the gamma ray incidence is reduced based on the fact that the waveform life time of
the signal emitted by the reaction of the gamma ray entered and the photoelectric surface is 30 ns or less. The structure
shown in embodiment 1 is used as a detector.

[0109] The product R11265-100 made by Hamamatsu Photonics K.K. (Japan) was used as a photo multiplier. The
voltage 800V was applied to this photo multiplier as an electrode bias, and 80Co of 1 M Bq in strength was made to stick
in the front side of the photo multiplier as a gamma source. When the gamma source was made to stick, the radiation
monitor showed about 25 pSv as radiation dose. The output signal waveform is shown in FIG.27. The half breadth of
the signal is 15ns and it is understood that they as many as 1/10 width are 30ns and are extremely shorter. Moreover,
the frequency distribution of the output voltage is shown in F1G.28. It has been understood that the center of the output
voltage is 0.1 V and an almost constant voltage is output thereat. The counting rate was about 0.01 cps because of 70
counts for the measurement of 2 hours.

[0110] This embodiment uses the fact that gamma rays rarely enter two photo multipliers at the same time to output
signals. Moreover, this embodiment uses the fact that the characteristic is different from the time series emission char-
acteristic of fluorescence from a translucent type plate neutron scintillator having the structure capable to emit the
fluorescence from double-sides, composed of ZnS fluorescent substance which is the polycrystalline powder and a
neutron converter which contains Li or 10B. The situation that the signal more than the predetermined threshold value
of the photo multiplier incidence gamma ray enters during 30 ns after the record is started, and the signal more than the
predetermined low limit value does not enter during 50ns - 100ns after the record is started in connection with the
recorded time series data 100 ns is determined as the gamma ray photoelectric surface signal. The influence of dead
time due to the gamma rays incidence can be reduced by adding the circuit having functions to cancel the sampling
measurement and wait for the neutron incidence after confirming that there is no signal more than the predetermined
low limit value in time series data of the photo multiplier which reacted by the incidence of gamma rays and the photo
multiplier on the other side, when this signal is detected.

Claims

1. A neutron detector, having a cylindrical detector housing with a circular or square section containing a translucent
type plate neutron scintillator having a structure capable of emitting fluorescence from both faces, and two photo
multipliers, one arranged on each end of the detector housing; whe
rein

said neutron scintillator is composed of a ZnS fluorescent substance and a neutron converter substance which
contains 6Li or 198, and is arranged at an angle of 45 degrees from the neutrons which are incident in parallel
all together,

within the detector housing a specular reflector with a reflectance of 90% or more is arranged, and

wherein

the two photo multipliers are configured to detect the fluorescence emitted when a heutron enters the scintillator,
and to generate signals output capable of being processed to be taken out as a neutron signal.
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A neutron detector according to claim 1,

comprising two neutron scintillators, arranged in a criss-cross structure, one of said scintillators arranged in a criss-
cross structure is arranged at an angle of 45 degrees from the neutrons which are incident in parallel all together,
and the other is arranged at an angle of 135 degrees from the neutrons which are incident in parallel all together,
wherein the ZnS fluorescent substance of the neutron scintillators is a polycrystalline powder.

The neutron detector according to claim 1 or claim 2, wherein
the neutron detector further comprises:

glass light guides with gamma ray shielding properties, arranged in front of the photomultipliers, and
mirrors or prisms, which have a reflection angle of 45 degrees from their center axis, arranged on both ends of
the detector housing;

the mirrors or prisms being arranged such that fluorescence reflected by the specular reflector is guided to the glass
light guides by the mirrors or prisms and the guided fluorescence is detected by the photo multiplier provided behind
each light guide, and wherein the light guides are shielded with gamma ray shielding members.

Use of a one-dimensional neutron image detector, the detector comprising the neutron detector according to claim
1 or claim 2, a summing circuit, a pulse height discrimination circuit, and an analog/digital converter (ADC) having
a sampling frequency of 100MHz or more, the use comprising a method wherein

when two neutron signals output from the two photo multipliers of the neutron detector are coincidence-measured
at a predetermined duration, these neutron signals are synthesized by the summing circuit, the synthesized signal
is input to the pulse height discrimination circuit, and the trigger signal more than the predetermined level is taken
out, and

the pulse height of the neutron signals output from the two photo multipliers making this trigger signal a starting
point are sampled and measured using the analog/digital converter (ADC) having a sampling frequency of 100MHz
or more, the signal that the sampling measurement is carried out is digitalized, and recorded in a memory as time
series data,

after that, the maximum digital peak value of the recorded time series data is obtained, and the maximum digital
peak value of the right photo multiplier is set as A, and the maximum digital peak value of the left photo multiplier
is set as B; and either

(i) when the right edge of the scintillator is made a starting point at the neutron incidence position, the neutron
incidence position is assumed to be X, the length of the scintillator is assumed to be L, the position correction
term is assumed to be C, and the position offset term is assumed to be D, Neutron incidence position X is
obtained from two maximum digital peak value based on the following expression:

X = (L+C) x AV2/(A124B12) — D

or
(i) the incidence position is input to the nonvolatile memory beforehand as a memory array of the maximum
digital peak value of the left photo multiplier and the maximum digital peak value of the right photo multiplier, A
and B obtained by the measurement are input to this memory array, and the right edge of said scintillator is
made a starting point at the neutron incidence position, and neutron incidence position X is obtained.

Use of the neutron detector according to claim 1 or 2, the use comprising a method wherein

when two neutron signals output from the two photo multipliers of the neutron detector are coincidence-measured
at a predetermined duration, these neutron signals are synthesized by using a summing circuit, the synthesized
signal is input to a pulse height discrimination circuit, and the trigger signal more than the predetermined level is
taken out, and

the pulse height of the neutron signals output from the two photo multipliers making this trigger signal a starting
point are sampled and measured using an analog/digital converter having a sampling frequency of 100MHz or more,
the signal sampled and measured is digitalized, and recorded in a memory as time series data, and either

(i) the maximum digital peak value of the time series data recorded is obtained, and the neutron signal is output

based on the condition that both peak values are more than the predetermined digital pulse height threshold
and the difference at the sampling collection time is within the coincidence measurement duration;
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or
(ii) after that, the time series data during the integration time pre-set to 1u.s or less from the beginning of sampling
is integrated based on the time series data recorded, and the neutron signal is output based on the condition
that both integrated values are more than the predetermined integral threshold and the difference at the sampling
collection time is within the coincidence measurement duration.

The use according to claim 5, wherein

by using the fact that the emission characteristics of the fluorescence detected by the translucent type plate neutron
scintillator are different from those of the gamma rays which forms a background, the integral value integrated during
the predetermined interval of time in connection with a first half of each time series data is set as a first half integrated
value A, and the integral value in connection with a second half is set as a second half integrated value B based on
the time series data in two memories in which the waveform signals of two photo multipliers are stored, and
afterwards, first half integrated value A is divided by second half integrated value B and its result is set as neu-
tron/gamma discrimination value C, and the neutron signal is taken out by adding the condition that this neutron/gam-
ma discrimination value C is equal to or more than the predetermined gamma discrimination threshold D.

The use according to claim 5, wherein

the synthesized signal is input to the pulse height discrimination circuit and the trigger signal larger than the prede-
termined level is output,

the obtained trigger signal is made a starting point, the sampling measurement is performed, and the result is
recorded, after that, a coincidence measurement processing, a neutron/gamma discrimination processing and a
neutron incidence position determining processing are executed based on the time series data recorded in the
memory, and

a constant delay time more than the maximum processing time which will take by outputting as the neutron confir-
mation signal or the neutron incidence position signal is produced.

The use according to claim 5, wherein

the facts that the waveform life time of the signal emitted by the reaction of the gamma ray entered and the photo-
electric surface is 30 ns or less, and it is different remarkably from that of the time series emission characteristic of
fluorescence from the translucent type plate neutron scintillator, are used, and

the influence of dead time due to the gamma rays incidence is reduced by adding a circuit having functions to cancel
the sampling measurement and wait for the neutron incidence when it is confirmed that the signal more than the
predetermined threshold value does not enter after the elapse of 30 ns from the signal incidence based on the time
series data recorded in a memory, and that the signal more than the predetermined incidence gamma ray threshold
does not enter during time series data 0 ns - 50 ns recorded in the memory in connection with the opposing photo
multiplier of the photo multiplier which reacted by the incidence of gamma rays.

Patentanspriiche

1.

Neutronendetektor, der ein zylindrisches Detektorgehause mit einem kreisférmigen oder quadratischen Querschnitt
aufweist, das einen Neutronenplattenszintillator vom durchsichtigen Typ, der eine Struktur aufweist, die dazu in der
Lage ist, von beiden Flachen Fluoreszenz auszustrahlen, und zwei Photomultiplikatoren enthélt, wobei an jedem
Ende des Detektorgehauses einer davon angeordnet ist;

wobei

der Neutronenszintillator aus einer fluoreszierenden ZnS-Substanz und einer Neutronenwandlersubstanz besteht,
die 6Li oder 198 enthalt, und in einem Winkel von 45° zu den Neutronen angeordnet ist, die alle zusammen parallel
darauf auftreffen,

ein Spiegelreflektor mit einem Reflexionsgrad von 90 % oder mehr innerhalb des Detektorgehauses angeordnet ist
und

wobei

die zwei Photomultiplikatoren ausgelegt sind, um die ausgestrahlte Fluoreszenz zu detektieren, wenn ein Neutron
in den Szintillator eintritt, und um Signalausgaben zu erzeugen, die dazu in der Lage sind, verarbeitet zu werden,
um als Neutronensignal erhalten zu werden.

Neutronendetektor nach Anspruch 1,

der zwei Neutronenszintillatoren umfasst, die in einer Uberkreuzten Struktur angeordnet sind, wobei einer der Szin-
tillatoren, die in einer Uberkreuzten Struktur angeordnet sind, in einem Winkel von 45° zu den Neutronen angeordnet
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ist, die alle zusammen parallel darauf auftreffen, und der andere in einem Winkel von 135° zu den Neutronen
angeordnet ist, die alle zusammen parallel darauf auftreffen,
wobei die fluoreszierende ZnS-Substanz der Neutronenszintillatoren ein polykristallines Pulver ist.

3. Neutronendetektor nach Anspruch 1 oder Anspruch 2, wobei

der Neutronendetektor ferner Folgendes umfasst:

Claslichtlenkelemente mit Gammastrahlen-abschirmenden Eigenschaften, die vor den Photomultiplikatoren
angeordnet sind, und

Spiegel oder Prismen, die einen Reflexionswinkel von 45° zu ihrer Mittelachse aufweisen, die an beiden Enden
des Detektorgehéuses angeordnet sind;

wobei die Spiegel oder Prismen so angeordnet sind, dass Fluoreszenz, die durch den Spiegelreflektor reflektiert
wird, durch die Spiegel oder Prismen zu den Glaslichtlenkelementen gelenkt wird, und die gelenkte Fluoreszenz
durch den Photomultiplikator detektiert wird, der hinter jedem Lichtlenkelement bereitgestelltist, und wobei die
Lichtlenkelemente mit Gammastrahlen-abschirmenden Elementen abgeschirmt sind.

4. Verwendung eines eindimensionalen Neutronenbildgebungsdetektors, wobei der Detektor einen Neutronendetektor

nach Anspruch 1 oder Anspruch 2, eine Summierungsschaltung, eine Pulshéhendiskriminierungseinheit und einen
Analog-DigitalWandler (ADC) umfasst, der eine Abtastfrequenz von 100 MHz oder mehr aufweist, wobei die Ver-
wendung ein Verfahren umfasst, wobei:

wenn zwei Neutronensignale, die aus den zwei Photomultiplikatoren des Neutronendetektors ausgegeben wer-
den, nach einervorbestimmten Zeitdauer koinzidenzgemessen werden, diese Neutronensignale durch die Sum-
mierungsschaltung synthetisiert werden, das synthetisierte Signal in die Impulshéhendiskriminierungseinheit
eingegeben wird und das Auslésungssignal mit einem héheren Pegel als dem vorgegebenen ausgegeben wird,
und

die Impulshéhe der Neutronensignale, die von den zwei Photomultiplikatoren ausgegeben werden, die dieses
Auslésungssignal zu einem Startpunkt machen, unter Verwendung des Analog-Digital-Wandlers (ADC), der
eine Abtastfrequenz von 100 MHz oder mehr aufweist, abgetastet und gemessen wird, das Signal, auf dem die
Abtastmessung durchgefiihrt wurde, digitalisiert und als Zeitseriendaten in einem Arbeitsspeicher gespeichert
wird,

danach der maximale digitale Peakwert der aufgezeichneten Zeitseriendaten erhalten wird und der maximale
digitale Peakwert des rechten Photomultiplikators als A festgelegt wird und der maximale digitale Peakwert des
linken Photomultiplikators als B festgelegt wird; und entweder:

(i) wenn die rechte Kante des Szintillators als Ausgangspunkt an der Neutroneneinfallsposition festgelegt
wird, die Neutroneneinfallsposition als X angenommen wird, die Ladnge des Szintillators als L angenommen
wird, der Positionskorrekturterm als C angenommen wird und der Positionsversatzterm als D angenommen
wird, die Neutroneneinfallsposition X basierend auf dem folgenden Ausdruck ausgehend von den zwei
maximalen digitalen Peakwerten erhalten wird:

X = (L+C) x A"2/(A2+B""2) - D;

oder

(i) die Einfallsposition vorher als eine Arbeitsspeicheranordnung des maximalen digitalen Peakwerts des
linken Photomultiplikators und des maximalen digitalen Peakwerts des rechten Photomultiplikators in den
nichtfliichtigen Arbeitsspeicher eingegeben wird, A und B, die durch die Messung erhalten wurden, in diese
Arbeitsspeicheranordnung eingegeben werden, und die rechte Kante des Szintillators als Ausgangspunkt
der Neutroneneinfallsposition festgelegt wird und die Neutroneneinfallsposition X erhalten wird.

5. Verwendung des Neutronendetektors nach Anspruch 1 oder 2, wobei die Verwendung ein Verfahren umfasst, wobei:

wenn zwei Neutronensignale, die aus den zwei Photomultiplikatoren des Neutronendetektors ausgegeben wer-
den, nach einer vorbestimmten Zeitdauer koinzidenzgemessen werden, diese Neutronensignale unter Verwen-
dung einer Summierungsschaltung synthetisiert werden, das synthetisierte Signal in eine Impulshoéhendiskri-
minierungsschaltung eingegeben wird und das Auslésungssignal mit einem héheren Pegel als dem vorgege-
benen ausgegeben wird, und
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die Impulshéhe der Neutronensignale, die von den zwei Photomultiplikatoren ausgegeben werden, die dieses
Auslésungssignal zu einem Startpunkt machen, unter Verwendung des Analog-Digital-Wandlers (ADC), der
eine Abtastfrequenz von 100 MHz oder mehr aufweist, abgetastet und gemessen wird, das Signal, das abge-
tastet und gemessen wurde, digitalisiert und als Zeitseriendaten in einem Arbeitsspeicher gespeichert wird,
und entweder

(i) der maximale digitale Peakwert der aufgezeichneten Zeitseriendaten erhalten wird und das Neutronen-
signal basierend auf der Bedingung ausgegeben wird, dass beide Peakwerte hdher sind als der vorgege-
bene digitale Impulshéhenschwellenwert und dass die Differenz zum Zeitpunkt der Abtasterfassung inner-
halb der Koinzidenzmessdauer liegt;

oder

(i) danach die Zeitseriendaten wahrend der Integrationszeit, die auf 1 ps oder weniger ab Beginn des
Abtastens voreingestellt ist, basierend auf den aufgezeichneten Zeitseriendaten integriert werden und das
Neutronensignal basierend auf der Bedingung ausgegeben wird, dass beide integrierten Werte héher sind
als der vorbestimmte Integralschwellenwert und dass die Differenz zum Zeitpunkt der Abtasterfassung
innerhalb der Koinzidenzmessdauer liegt.

Verwendung nach Anspruch 5, wobei

durch Nutzung der Tatsache, dass die Emissionseigenschaften der Fluoreszenz, die durch den Neutronenplattens-
zintillator vom durchsichtigen Typ detektiert wird, anders sind als jene der Gammastrahlen, die einen Hintergrund
bilden, der Integralwert, der wahrend der vorbestimmten Zeitdauer in Verbindung mit einer ersten Halfte der Zeits-
eriendaten integriert wurde, als ein integrierter Wert A der ersten Halfte und der Integralwert in Verbindung mit einer
zweiten Halfte als ein integrierter Wert B der zweiten Halfte basierend auf den Zeitseriendaten in zwei Arbeitsspei-
chern festgelegt werden, in denen die Wellenformsignale der zwei Photomultiplikatoren gespeichert sind, und
danach der integrierte Wert A der ersten Halfte durch den integrierten Wert B der zweiten Halfte dividiert wird und
dieses Ergebnis als Neutron/Gamma-Diskriminierungswert C festgelegt wird und das Neutronensignal durch Hin-
zufligen der Bedingung erhalten wird, dass dieser Neutron/Gamma-Diskriminierungswert C gréRer oder gleich dem
vorbestimmten Gammadiskriminierungsschwellenwert D ist.

Verwendung nach Anspruch 5, wobei

das synthetisierte Signal in die Impulshéhendiskriminierungsschaltung eingegeben wird und das Auslésungssignal,
dessen Pegel héher ist als der vorbestimmte Pegel, ausgegeben wird,

das erhaltene Auslésungssignal als Ausgangspunkt festgelegt wird, die Abtastmessung durchgefiihrt wird und das
Ergebnis aufgezeichnet wird, danach eine Koinzidenzmessungsverarbeitung, eine Neutron/Gammadiskriminie-
rungsverarbeitung und eine Neutroneneinfallspostionsbestimmungsverarbeitung basierend auf den in dem Arbeits-
speicher aufgezeichneten Zeitseriendaten ausgefiihrt werden und

eine konstante Verzégerungszeit, die langer ist als die maximale Verarbeitungszeit, die durch Ausgeben als das
Neutronenbestatigungssignal oder das Neutroneneinfallspositionssignal erhalten wird, erzeugt wird.

Verwendung nach Anspruch 5, wobei

die Tatsachen, dass die Wellenformlebenszeit des Signals, das durch die Reaktion der eingetretenen Gammastrah-
lung und der photoelektrischen Oberflache ausgesendet wurde, 30 ns oder weniger betragt und dass sich diese
deutlich von jener der Zeitserienemissionseigenschaften der Fluoreszenz aus dem Neutronenplattenszintillator vom
durchsichtigen Typ unterscheidet, genutzt werden und

der Einfluss von Totzeiten aufgrund des Einfallens von Gammastrahlung durch Hinzufigen einer Schaltung reduziert
wird, die Funktionen aufweist, um die Abtastmessung abzubrechen und auf das Einfallen der Neutronen zu warten,
wenn bestétigt wird, dass das Signal, das starker ist als der vorbestimmte Schwellenwert, nach Ablauf von 30 ns
ab dem Einfallen des Signals basierend auf den in einem Arbeitsspeicher aufgezeichneten Zeitseriendaten nicht
eintrittund dass das Signal, das starkeristals der vorbestimmte Gammastrahleneinfallsschwellenwert, nichtwéahrend
der Zeitseriendaten 0 ns bis 50 ns, die in dem Arbeitsspeicher aufgezeichnet sind, in Verbindung mit dem gegen-
Uberliegenden Photomultiplikator des Photomultiplikators, der auf das Einfallen von Gammastrahlen reagiert hat,
eintritt.

Revendications

Détecteurde neutrons, présentant un boitier de détecteur cylindrigue avec une section circulaire ou carrée, contenant
un scintillateur neutronique a plaque de type translucide présentant une structure apte a une émission de fluores-
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cence a partir des deux faces, et deux photomultiplicateurs, a savoir un photomultiplicateur agencé a chaque
extrémité du boitier de détecteur ;
dans lequel

ledit scintillateur neutronique est composé d’une substance fluorescente ZnS et d’'une substance de conversion
de neutrons qui contient des scintillateurs 6Li ou 10B, et est agencé a un angle de 45 degrés par rapport aux
neutrons qui sont incidents en paralléle tous ensemble ;

au sein du boitier de détecteur, est agencé un réflecteur spéculaire avec une réflectance de 90 % ou plus ; et
dans lequel

les deux photomultiplicateurs sont configurés de maniére a détecter la fluorescence émise lorsqu’un neutron
entre dans le scintillateur, et & générer une sortie de signaux aptes a étre traités pour étre extraits en tant qu’un
signal de neutron.

Détecteur de neutrons selon la revendication 1,

comprenant deux scintillateurs neutroniques, agencés en une structure croisée, dans lequel I'un desdits scintillateurs
agenceés en une structure croisée est agencé a un angle de 45 degrés par rapport aux neutrons qui sont incidents
en paralléle tous ensemble, et l'autre est agencé a un angle de 135 degrés par rapport aux neutrons qui sont
incidents en paralléle tous ensemble ;

dans lequel la substance fluorescente ZnS des scintillateurs neutroniques est une poudre polycristalline.

Détecteur de neutrons selon la revendication 1 ou 2, dans lequel :
le détecteur de neutrons comprend en outre :

des guides de lumiére en verre avec des propriétés de protection contre les rayons gamma, agencés face
aux photomultiplicateurs ; et

des miroirs ou des prismes, qui présentent un angle de réflexion de 45 degrés par rapport a leur axe central,
agenceés sur les deux extrémités du boitier de détecteur ;

les miroirs ou prismes étant agencés de sorte que la fluorescence réfléchie par le réflecteur spéculaire est
guidée vers les guides de lumiére en verre par les miroirs ou les prismes, et la fluorescence guidée est détectée
par le photomultiplicateur fourni derriére chaque guide de lumiére, et dans lequel les guides de lumiére sont
protégés par des éléments de protection contre les rayons gamma.

Utilisation d’un détecteur d'image de neutrons a une dimension, le détecteur comprenant le détecteur de neutrons
selon la revendication 1 ou 2, un circuit sommateur, un circuit de discrimination de hauteur d’impulsion et un con-
vertisseur analogique-numérique (ADC) présentant une fréquence d’échantillonnage de 100 MHz ou plus, I'utilisation
comprenant un procédé dans lequel :

lorsque deux signaux neutroniques fournis en sortie a partir des deux photomultiplicateurs du détecteur de
neutrons sont mesurés par coincidence au cours d’'une durée prédéterminée, ces signaux neutroniques sont
synthétisés par le circuit sommateur, le signal synthétisé est appliqué en entrée dans le circuit de discrimination
de hauteur d’'impulsion, et le signal de déclenchement supérieur au niveau prédéterminé est extrait ; et

les hauteurs d’impulsion respectives des signaux neutroniques fournis en sortie a partir des deux photomulti-
plicateurs faisant de ce signal de déclenchement un point de départ sont échantillonnées et mesurées en
utilisant le convertisseur analogique-numeérique (ADC) présentant une fréquence d’échantillonnage de 100 MHz
ou plus, le signal pour lequel la mesure d’échantillonnage est mise en ceuvre est numérisé, et enregistré dans
une mémoire sous la forme de données de séries chronologiques ;

ensuite, la valeur de créte numérigue maximale des données de séries chronologiques enregistrées est obtenue,
et la valeur de créte numérigue maximale du photomultiplicateur de droite est définie sur A, etla valeur de créte
numérique maximale du photomultiplicateur de gauche est définie sur B ; et soit

(i) lorsque le bord droit du scintillateur devient un point de départ a la position d’incidence de neutrons, la
position d’'incidence de neutrons est supposée étre X, la longueur du scintillateur est supposée étre L, le
terme de correction de position est supposé étre C, et le terme de décalage de position est supposé étre
D, la position d’incidence de neutrons X est obtenue a partir de deux valeurs de créte numérigues maximales
sur la base de I'expression suivante :
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X = (L+C) x Al/2/(AY/2+B-/2) - D ;

soit

(i) la position d’incidence est appliquée en entrée dans la mémoire non volatile, au préalable, sous la forme
d’'une matrice de mémoire de la valeur de créte numérigue maximale du photomultiplicateur de gauche et
de la valeur de créte humérique maximale du photomultiplicateur de droite, les valeurs A et B, obtenues
par la mesure, sont appliquées en entrée dans cette matrice de mémoire, et le bord droit dudit scintillateur
devient un point de départ a la position d’incidence de neutrons, et la position d’'incidence de neutrons X
est obtenue.

Utilisation du détecteur de neutrons selon la revendication 1 ou 2, I'utilisation comprenant un procédé dans lequel :

lorsque deux signaux neutronigues fournis en sortie a partir des deux photomultiplicateurs du détecteur de
neutrons sont mesurés par coincidence au cours d’'une durée prédéterminée, ces signaux neutroniques sont
synthétisés en utilisant un circuit sommateur, le signal synthétisé est appliqué en entrée dans un circuit de
discrimination de hauteur d'impulsion, et le signal de déclenchement supérieur au niveau prédéterminé est
extrait ; et

les hauteurs d’impulsion respectives des signaux neutroniques fournis en sortie a partir des deux photomulti-
plicateurs faisant de ce signal de déclenchement un point de départ sont échantillonnées et mesurées en faisant
appel & un convertisseur analogique-numérique présentant une fréquence d’échantillonnage de 100 MHz ou
plus, le signal échantillonné et mesuré est numérisé et enregistré dans une mémoire sous la forme de données
de séries chronologiques, et soit

(i) la valeur de créte numérigue maximale des données de séries chronologigues enregistrées est obtenue,
et le signal neutronique est fourni en sortie sur la base d’'une condition selon laguelle les deux valeurs de
créte doivent étre supérieures au seuil de hauteur d’'impulsion numérique prédéterminé et selon laguelle
la différence, a linstant de collecte d’échantillonnage doit étre comprise dans la durée de mesure par
coincidence ; ou

(i) ensuite, les données de séries chronologiques au cours du temps d’intégration prédéfini sur 1 ps ou
moins a partir du début d’échantillonnage sont intégrées sur la base des données de séries chronologiques
enregistrées, et le signal neutronique est fourni en sortie sur la base d’une condition selon laquelle les deux
valeurs intégrées doivent étre supérieures au seuil intégral prédéterminé et selon laquelle la différence a
linstant de collecte d’échantillonnage doit étre comprise dans la durée de mesure par coincidence.

Utilisation selon la revendication 5, dans laquelle,

en utilisant le fait que les caractéristiques d'émission de la fluorescence détectée par le scintillateur neutronique a
plaque de type translucide sont différentes de celles des rayons gamma qui forment un arriére-plan, la valeur
intégrale intégrée pendant I'intervalle de temps prédéterminé en relation avec une premiére moitié de chacune des
données de séries chronologiques est définie comme une premiére moitié de valeurintégrée A, etla valeur intégrale
en relation avec une seconde moitié est définie comme une seconde moitié de valeur intégrée B sur la base des
données de séries chronoclogiques dans deux mémoires dans lesquelles les signaux de forme d’'onde de deux
photomultiplicateurs sont stockés ; et

ensuite, la premiére moitié de valeur intégrée A est divisée par la seconde moitié de valeur intégrée B et le résultat
connexe est défini en tant gu’une valeur de discrimination neutron/gamma C, et le signal neutronigue est extrait en
ajoutant la condition que cette valeur de discrimination neutron/gamma C soit égale ou supérieure au seuil de
discrimination gamma prédéterminé D.

Utilisation selon la revendication 5, dans laquelle :

le signal synthétisé est appliqué en entrée dans le circuit de discrimination de hauteur d’impulsion et le signal
de déclenchement supérieur au niveau prédéterminé est fourni en sortie ;

le signal de déclenchement obtenu devient un point de départ, la mesure d'échantillonnage est mise en ceuvre,
etle résultat est enregistré, aprés quoi un traitement de mesure par coincidence, un traitement de discrimination
neutron/gamma et un traitement de détermination de position d’incidence de neutrons sont exécutés sur la
base des données de séries chronologigues enregistrées dans la mémoire ; et

un temps de retard constant supérieur au temps de traitement maximal requis pour fournir en sortie le signal
de confirmation de neutrons ou le signal de position d’incidence de neutron est produit.
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Utilisation selon la revendication 5, dans laquelle :

est utilisé le fait que la durée de vie de la forme d’onde du signal émis par la réaction du rayon gamma appliqué
en entrée et de la surface photoélectrique est de 30 ns ou moins, et gu’elle est remarquablement différente de
celle de I'émission de données de séries chronologiques caractéristiques de la fluorescence, & partir du scin-
tillateur neutronique a plague de type translucide ; et

linfluence du temps mort dil & incidence de rayons gamma est réduite par I'ajout d’un circuit disposant de
fonctions d’annulation de la mesure d'échantillonnage, et d’attente de l'incidence de neutrons, lorsqu’il est
confirmé que le signal supérieur a la valeur de seuil prédéterminée n’entre pas aprés I'écoulement de 30 ns a
partirde l'incidence de signal, surla base des données de séries chronologiques enregistrées dans une mémoire,
etque le signal supérieur au seuilde rayons gamma d’incidence prédéterminée n’entre pas pendantdes données
de séries chronologiques d’une durée de 0 ns a 50 ns enregistrées dans la mémoire en relation avec le pho-
tomultiplicateur opposé au photomultiplicateur qui a réagi par l'incidence de rayons gamma.
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FIG. 27
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