
US 20030030003A1 

(12) Patent Application Publication (10) Pub. No.: US 2003/0030003 A1 
(19) United States 

Maekawa et al. (43) Pub. Date: Feb. 13, 2003 

(54) RADIATION DETECTING APPARATUS (30) Foreign Application Priority Data 

(75) Inventors: Tatsuyuki Maekawa, ShinagaWa-ku Dec. 28, 1998 (JP) ..... .. P.10-374060 
(JP); Akio Sumita, Yokohama-shi (JP); Mar. 12, 1999 (JP) ........................................ .. P.11-66348 
Kazumi Watanabe, Ohta-ku (JP); 
Soichiro Morimoto, Yokohama-shi 
(JP); Yoshiaki Ohara, Fuchu-shi (JP) 

Correspondence Address: 
OBLON SPIVAK MCCLELLAND MAIER & 
NEUSTADT PC 
FOURTH FLOOR 
1755 JEFFERSON DAVIS HIGHWAY 
ARLINGTON, VA 22202 (US) 

(73) Assignee: KABUSHHIKI KAISHA TOSHIBA, 
Minato-ku, Tokyo (JP) 

(21) Appl. No.: 10/242,630 

(22) Filed: Sep. 13, 2002 

Related US. Application Data 

(63) Continuation of application No. 09/472,210, ?led on 
Dec. 27, 1999. 

H 

“a 14 

Publication Classi?cation 

(51) Int. Cl? ..................................................... .. G01T 1/20 

(52) Us. 01. ......................... ..250/367; 250/366; 250/368 

(57) ABSTRACT 

In a radiation detecting apparatus, an 0t ray and a [3 ray are 
transmitted through a light shielding ?lm but an incident 
light is shielded. A ?rst light is emitted from a ?rst scintil 
lator by the ot ray transmitted through the light shielding 
?lm. The ?rst scintillator has an emission center Wavelength 
based on the ot ray. A second light is emitted in a second 
scintillator by the [3 ray transmitted through the light shield 
ing ?lm. The second scintillator has an emission center 
Wavelength based on the [3 ray. The ?rst and second lights 
are detected by tWo photo-detectors, respectively. The ?rst 
emission center Wavelength and the second emission center 
Wavelength are different from each other. 
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RADIATION DETECTING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a radiation mea 
surement technique used in a facility for handling radioac 
tive material, such as a nuclear poWer plant or the like, and 
more particularly, to a radiation detecting apparatus Which is 
capable of simultaneously and independently measuring 
radiations such as a and [3 rays at a same position, and is 
suitable to a practical use as a radiation monitor. 

[0003] 2. Description of the Prior Art 

[0004] FIG. 26 shoWs a phosWich detecting apparatus 
(phosphor sandWich detecting apparatus) as a conventional 
example of a radiation detecting apparatus for simulta 
neously detecting an 0t ray and a [3 ray. 

[0005] This radiation detecting apparatus is provided With 
a light shielding ?lm 1 through Which the 0t and [3 rays are 
transmitted and for shielding light from the outside of the 
apparatus. The radiation detecting apparatus is also provided 
With a ?rst scintillator 2 and a second scintillator 3 Which are 
piled up beloW the light shielding ?lm 1 shoWn in FIG. 26. 

[0006] There are many cases Where ZnS (Ag) detecting an 
0t ray is used as the ?rst scintillator 2, and plastic detecting 
0t and [3 rays is used as the second scintillator 3. The ?rst and 
second scintillators 2 and 3 piled into tWo layers are directly 
mounted to a photo detector 5 so as to be received in a case 
6. In general, a photo-multiplier tube having a high speed 
response and a high sensitivity is used as the photo-detector 
5. 

[0007] A decay time constant of emission of ZnS (Ag) 
constituting the ?rst scintillator 2 is ysec order, but that of 
emission of plastic constituting the second scintillator 3 is 
several tens of n sec order. Therefore, the decay time 
constant of emission of the plastic scintillator 3 is consid 
erably shorter as compared With that emission of the ZnS 
(Ag) ?rst scintillator 2. When an output current signal of the 
photo-detector 5 is converted into a voltage signal by means 
of an RC integrating circuit having a suf?ciently long time 
constant as compared With each decay time constant of 
emission of the scintillators 2 and 3, a pulse rise time is 
substantially equal to a decay time of emission, and shoWs 
an index decay Waveform of a time constant determined by 
a resistor R and a capacity C. This signal converting process 
can be carried out in a pre-ampli?er unit connected to the 
photo-multiplier tube and included in the photo-detector 5. 

[0008] The converted voltage signal is ampli?ed up to a 
voltage level Which is capable of being analyZed by means 
of a Waveform discrimination processing unit 7, as the 
necessity arises. When the voltage signal is inputted in the 
Waveform discrimination processing unit 7, an analog-digi 
tal converter of the processing unit 7, in order to output a 
pulse signal having a pulse height proportional to the rise 
time of the inputted signal, converts the pulse height of the 
inputted signal into a digital value so that a general analyZer 
of the processing unit 7 measures a pulse height distribution 
(a spectrum data) on the basis of the converted digital value. 

[0009] It is possible to distinguish an emission of the ?rst 
scintillator 2 and that of the second scintillator 3 on the basis 
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of the spectrum data shoWing the rise time and obtained 
from the Waveform discrimination processing unit 7. 

[0010] FIG. 27 shoWs, as another conventional example, 
an ot-[3 rays detecting apparatus using a sensor 8 for mea 
suring energy spectrum. 

[0011] For example, an Si semiconductor sensor is used as 
the sensor 8 for measuring energy spectrum of the above 
apparatus. HoWever, the sensor 8 has a sensitivity to a room 
light and the like other than a radiation; for this reason, 
similarly to the above described radiation detecting appara 
tus, a light shielding ?lm 1 is mounted on the sensor 8 so that 
the sensor 8 is housed in a case 6. 

[0012] An output signal of the sensor 8 is analyZed by 
means of a pulse height analysis system 9, so as to be 
measured as an energy spectrum. In general, the analysis 
system 9 includes: a charge sensitive pre-ampli?er for 
processing the sensor output signal; a linear ampli?er, an 
analog-digital converter, a pulse height analyZer for analyZ 
ing multiple pulse heights and the like. In the energy 
spectrum data obtained by the analysis system 9, the ot-ray 
data and the [3-ray data shoW different distributions and peak 
shapes, respectively, and therefore, it is possible to distin 
guish the ot ray and the [3 ray by processing these spectrum 
data corresponding to the 0t and [3 rays. 

[0013] HoWever, the pulse height discrimination process 
ing unit 7 necessary for the conventional phosWich detecting 
apparatus shoWn in FIG. 16 is a processing unit for ana 
lyZing a pulse rise, and is very expensive. Therefore, this 
conventional detecting apparatus is useful to a study in an 
experimental level. 

[0014] HoWever, as a detecting apparatus Which is 
mounted in a monitoring device used in an actual nuclear 
facility or the like, there is a problem relating to a cost. 
Moreover, the Waveform discrimination processing unit 
analyZes a rise time itself, and is an over speci?cation in the 
case of discriminating signals having different rise times, 
respectively. 

[0015] Furthermore, in vieW of the principle, in order to 
obtain a rise time, for example, there is a need of carrying 
out a signal detection at a 10% level and a 90% level of an 
inputted pulse height value, so that there is a problem that it 
is impossible to analyZe and measure a signal having a loW 
pulse height value. This problem relates to a dynamic range 
of the pulse height value of the signal. For example, an 
emission of ZnS (Ag) scintillator generated by an 0t ray is 
considerably larger than that of the plastic scintillator gen 
erated by a [3 ray, and actually, the output signal of the 
photo-multiplier tube corresponding to the emission of ZnS 
(Ag) is larger 10 times or more as much as that of the 
photo-multiplier tube corresponding to the emission of [3 ray 
of the plastic scintillator at the point of time of being 
converted into the voltage signals. 

[0016] Therefore, since the [3 ray signal has a loW pulse 
height value and is continuously distributed on a loW energy 
side, the measurement of the [3 ray is disadvantageous as 
compared With that of the ot ray. In particular, a component 
of the [3 ray having a loW pulse height value is not analyZed 
and measured so that there is a problem that an effective 
[3-ray sensitivity gets to be loW. Especially, in the case Where 
a thickness of the plastic scintillator is made thin in order to 
suppress a y-ray sensitivity, the emission of the plastic 



US 2003/0030003 A1 

scintillator is further lowered so that the aforesaid phenom 
enon of lowering the effective [3-ray sensitivity is further 
accelerated. 

[0017] In addition, in the case of the radiation detecting 
apparatus using the energy spectrum measuring sensor 8 as 
shoWn in FIG. 27, the pulse height analyZer Which is 
substantially equal to the above Waveform discrimination 
processing unit must be required; as a result, there is a 
problem that the cost of the radiation detecting apparatus 
gets to be high. Furthermore, since an effective atomic 
Weight of a base material of the energy spectrum measuring 
sensor 8 is larger than the plastic scintillator, a y-ray sensi 
tivity is high so that there is a problem that a y-ray signal is 
mixed into a [3-ray signal. 

[0018] Still furthermore, in the case Where measurement is 
not carried out in a vacuum state, or in the case of measuring 
an 0t ray from an ot-ray emission nuclide absorbed to a ?lter 

paper, an energy loss of the ot-ray is high and a ?uctuation 
of range is large. For this reason, a Gaussian peak as 
obtained in vacuum is not obtained so that there is the case 
Where the energy spectrum of the ot-ray overlaps With that of 
the [3-ray, Whereby, in spite of measuring the energy spec 
trums of the 0t and [3 rays, it is hard to clearly distinguish the 
ot ray and the [3 ray. 

SUMMARY OF THE INVENTION 

[0019] The present invention is directed to overcome the 
foregoing problems. 
[0020] Accordingly, it is an object of the present invention 
to provide a radiation detecting apparatus Which is capable 
of practically being used as a detector for radiation monitor, 
and being manufactured at a loW cost, and further is able to 
independently and simultaneously detect an 0t ray and a [3 
ray While maintaining sensitivities of these rays at the 
utmost limit and sufficiently preventing a y ray sensitivity. 

[0021] In addition, it is another object of the present 
invention to provide a radiation detecting apparatus having 
a rationally arrangement of ?rst and second photo-detectors 
so as to make high an ef?ciency of detecting emissions of the 
?rst and second scintillators. 

[0022] That is, in the radiation detecting apparatus, as 
described above, a light emitted in the ?rst scintillator for 0t 
ray transmits through the second scintillator for [3 ray, and 
then, is guided to at least one photo-detector by means of 
condensing means. In this case, conventionally, the Wave 
form discrimination processing unit for analyZing a rise of 
pulse has been applied in vieW of a pulse rise time of a signal 
converted by an RC integrating circuit, Wherein the pulse 
rise time is substantially equal to a decay time of emission 
of each scintillator. 

[0023] In vieW of this point of using the Waveform dis 
crimination processing unit, the inventors have a concept 
that it is possible to dispense With the Waveform discrimi 
nation processing unit for analyZing a pulse rise, Which is 
required for the conventional radiation detecting apparatus, 
by adjusting and optimiZing the used scintillators, emission 
Wavelengths of the scintillators and quantities of emission 
thereof. 

[0024] More speci?cally, it is preferable that a photo 
multiplier tube is used as a photo-detector in vieW of a 
response speed and sensitivity. 
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[0025] In other Words, since the emission Wavelength of 
the ?rst scintillator is set to be different from that of the 
second scintillator, it is possible to adjust and optimiZe the 
scintillators, emission Wavelengths of these scintillators and 
quantities of emission thereof in accordance With those. 
Furthermore, a detecting apparatus is constituted by inten 
tionally varying the emission decay times of these scintil 
lators and emission Wavelengths thereof, Whereby it is 
possible to provide means for optically discriminating 
betWeen the emission Wavelengths of these scintillators. 

[0026] Moreover, as means for independently and simul 
taneously detecting an 0t ray and a [3 ray While securing the 
maXimum sensitivity of them, the inventors have a concept 
that a light is easy to be con?ned in the ?rst and second 
scintillators so as to improve each condensing density of 
each of the ?rst and second scintillators by an arrangement 
thereof. More speci?cally, the ?rst scintillator emitting a 
light by an 0t ray is formed very thin so as to restrict [3-ray 
and y-ray sensitivities, and for eXample, there are many 
cases Where the ?rst scintillator is composed of a poWder, a 
sintering body and other similar materials. Therefore, in the 
?rst scintillator, a diffuse re?ection is made therein so that a 
light is emitted thereto. The emitted light transmits through 
the second scintillator for a [3 ray so as to be guided to the 
photo-detector by the condensing means. 

[0027] In this structure, in the case Where an air is inter 
posed betWeen the ?rst and second scintillators, When the 
light emitted from the ?rst scintillator is transmitted through 
the second scintillator, though a probability of an occurrence 
of Fresnel re?ection increases, since the second scintillator 
is surrounded by the air having a refractive indeX value 
loWer than that of the second scintillator, it is easy to con?rm 
the light emitted in the second scintillator. For this reason, as 
the condensing means for the second scintillator, it is easy to 
employ a method of using the emitted light condensed on the 
edge side of the second scintillator With a high density. 

[0028] In accordance With the above described concep 
tion, in order to achieve such objects, according to one 
aspect of the present invention, there is provided a radiation 
detecting apparatus comprising: a light shielding ?lm for 
transmitting therethrough ?rst and second radiations While 
shielding an incidence of light; a ?rst scintillator for emitting 
a ?rst light by the ?rst radiation transmitted through the light 
shielding ?lm, the ?rst scintillator having an emission center 
Wavelength based on the ?rst radiation; a second scintillator 
for emitting a second light by the second radiation trans 
mitted through the light shielding ?lm, the second scintil 
lator having an emission center Wavelength based on the 
second radiation; and detection means having at least one 
photo-detector for detecting the ?rst light emitted from the 
?rst scintillator and the second light emitted in the second 
scintillator, the ?rst emission center Wavelength and the 
second emission center Wavelength being different from 
each other. 

[0029] In preferred embodiment of this one aspect, the 
?rst emission center Wavelength is a Wavelength of the ?rst 
light emitted in the ?rst scintillator and having a peak 
emission intensity in an emission Wavelength band of the 
?rst scintillator, and the second emission center Wavelength 
is a Wavelength of the second light emitted in the second 
scintillator and having a peak emission intensity in an 
emission Wavelength band of the second scintillator. 
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[0030] In preferred embodiment of this one aspect, the 
?rst scintillator and second scintillator are arranged in 
parallel to each other so that the second scintillator is located 
aWay from the ?rst scintillator at a predetermined distance, 
further comprising means for condensing the ?rst light 
emitted from the ?rst scintillator and the second light 
emitted in the second scintillator on the detection means; 
and an air layer interposed betWeen the ?rst and second 
scintillators, the ?rst emission center Wavelength of the ?rst 
scintillator being set shorter than the second emission center 
Wavelength of the second scintillator. 

[0031] According to the one aspect of the present inven 
tion described above, the air layer is interposed betWeen the 
?rst and second scintillators, and thereby, the second scin 
tillator is surrounded by the air layer having a refractive 
indeX value loWer than itself, so that the second light is 
con?ned in the second scintillator. Therefore, it is easy to 
employ a method of using a light condensed on the edge side 
of the second scintillator With a high density. Furthermore, 
there is no need of providing an intermediate material 
required for bonding of these ?rst and second scintillators 
and optically closely connecting them. In addition, the 
present invention is suitable for the case Where there is an 
anxiety of alteration due to a chemical interaction of these 
intermediate materials and the ?rst and second scintillators. 
Still furthermore, an independence of each scintillator is 
secured, making it possible to carry out maintenance, 
inspection and replacement With respect to only one of these 
scintillators. 

[0032] Moreover, the emission center Wavelength of the 
?rst scintillator is set shorter than the emission center 
Wavelength of the second scintillator, making it possible to 
also use means for optically identifying Wavelengths of the 
?rst and second lights so as to dispense a Waveform dis 
crimination processing unit for analyZing pulse rise times. 

[0033] This one aspect of the present invention further has 
means for condensing the ?rst light emitted from the ?rst 
scintillator and the second light emitted in the second 
scintillator on the detection means, Wherein the ?rst scintil 
lator and second scintillator are closely optically adhered 
With each other, the ?rst emission center Wavelength of the 
?rst scintillator being set shorter than the second emission 
center Wavelength of the second scintillator. 

[0034] According to the one aspect of the present inven 
tion, the ?rst and second scintillators are arranged so as to 
optically closely be adhered With each other, making it 
possible to reduce an internal capture by a Fresnel re?ection 
based on a difference in refractive indeXes due to the air 
layer and by a total internal re?ection in the second scintil 
lator, and thus improving a transmission probability of the 
?rst light of the ?rst scintillator through the second scintil 
lator. Therefore, it is easy to employ of using the second 
light from the back surface of the second scintillator Which 
is not adhered With the ?rst scintillator. 

[0035] This one aspect of the present invention further has 
means for condensing the ?rst light emitted from the ?rst 
scintillator and the second light emitted in the second 
scintillator on the detection means, Wherein the ?rst scintil 
lator and second scintillator are closely optically adhered 
With each other, the ?rst emission center Wavelength of the 
?rst scintillator being set longer than the second emission 
center Wavelength of the second scintillator. 
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[0036] According to the one aspect of the present inven 
tion, the ?rst and second scintillators are arranged so as to 
optically and closely be adhered With each other, making it 
possible to improve a transmission probability of the ?rst 
light of the ?rst scintillator through the second scintillator. 
Therefore, it is easy to employ a method of condensing the 
?rst light of the ?rst scintillator from the back surface of the 
second scintillator, as the condensing means. 

[0037] One aspect of the present invention further has a 
condensing boX for condensing the ?rst and second lights on 
the detection means, the condensing boX having an inner 
surface for diffusely re?ecting the ?rst and second lights and 
a side surface, the light shielding ?lm being mounted on the 
side surface on Which the ?rst and second radiations inci 
dent, the ?rst and second scintillators being arranged inside 
the light shielding ?lm, and Wherein the detection means 
comprises ?rst and second photo-detectors each having a 
sensitive surface sensitive to each of the ?rst and second 
lights; a ?rst ?lter mounted on the sensitive surface of the 
?rst photo-detector; and a second ?lter mounted on the 
sensitive surface of the second photo-detector, the ?rst ?lter 
being adapted to transmit therethrough only the ?rst light 
emitted from the ?rst scintillator, the second ?lter being 
adapted to transmit therethrough only the second light 
emitted in the second scintillator. 

[0038] In the case of the one aspect of the present inven 
tion, the ?rst and second lights having different emission 
Wavelength bands are miXed to be ?lled in the condensing 
boX While diffusely being re?ected. The ?rst ?lter is 
mounted on the sensitive surface of the ?rst photo-detector, 
and the second ?lter is mounted on the sensitive surface of 
the second photo-detector. Because the ?rst ?lter is adapted 
to transmit therethrough only the ?rst light emitted from the 
?rst scintillator, and the second ?lter is adapted to transmit 
therethrough only the second light emitted in the second 
scintillator, it is possible to independently detect the ?rst and 
second lights corresponding to the ?rst and second radia 
tions Without using a speci?c electronic equipment for 
discrimination and identi?cation. Furthermore, the condens 
ing boX is used so that it is easy to apply a large-area 
scintillator to the radiation detecting apparatus. 

[0039] In preferred embodiment of this one aspect, the 
second scintillator has an incident surface on Which the ?rst 
and second radiations are incident and a back surface 
opposite to the incident surface, the detection means com 
prises ?rst and second photo-detectors each having a sensi 
tive surface sensitive to each of the ?rst and second lights; 
a ?rst ?lter mounted on the sensitive surface of the ?rst 
photo-detector; and a second ?lter mounted on the sensitive 
surface of the second photo-detector, the ?rst ?lter being 
adapted to transmit therethrough only the ?rst light emitted 
from the ?rst scintillator, the second ?lter being adapted to 
transmit therethrough only the second light emitted in the 
second scintillator, and Wherein the ?rst ?lter and the second 
?lter are closely optically adhered on the back surface of the 
second scintillator. 

[0040] In preferred embodiment of this one aspect, the 
second scintillator has a substantially rectangular shape, and 
Wherein the ?rst photo-detector and the second photo 
detector are adj acently arranged so that a line is crossed to 
a longitudinal direction of the second scintillator, the line 
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connecting a center point of the sensitive surface of the ?rst 
photo-detector and that of the sensitive surface of the second 
photo-detector. 

[0041] According to the one aspect of the present inven 
tion, it is possible to extremely decrease a probability that, 
When the second light emitted in the second scintillator aWay 
from the second ?lter is propagated therein, the second light 
passes on the ?rst ?lter so as to be absorbed therein. 

[0042] In preferred embodiment of this one aspect, the 
second scintillator has a substantially rectangular shape, and 
Wherein the ?rst photo-detector and the second photo 
detector are arranged on both lateral sides of the second 
scintillator so that the ?rst photo-detector is the most distant 
from the second photo-detector. 

[0043] According to the one aspect of the present inven 
tion, it is possible to extremely decrease a probability that, 
When the second light emitted in the second scintillator aWay 
from the second ?lter is propagated therein, the second light 
passes on the ?rst ?lter so as to be absorbed therein. 

[0044] This one aspect of the present invention has an 
arrangement that the second scintillator has an incident 
surface on Which the ?rst and second radiations are incident 
and a back surface opposite to the incident surface, the 
detection means comprises ?rst and second photo-detectors 
each having a sensitive surface sensitive to each of the ?rst 
and second lights; a ?rst ?lter mounted on the sensitive 
surface of the ?rst photo-detector; and a second ?lter 
mounted on the sensitive surface of the second photo 
detector, the ?rst ?lter being adapted to transmit there 
through only the ?rst light emitted from the ?rst scintillator, 
the second ?lter being adapted to transmit therethrough only 
the second light emitted in the second scintillator, and 
Wherein the ?rst ?lter is arranged to be aWay from the back 
surface of the second scintillator at a predetermined interval 
so that an air layer is interposed betWeen the back surface of 
the second scintillator and the ?rst ?lter, and the second ?lter 
is closely optically adhered on the back surface of the second 
scintillator. 

[0045] According to the one aspect of the present inven 
tion, it is possible to, When the second light emitted in the 
second scintillator aWay from the second ?lter is propagated 
therein, prevent the second light from passing on the ?rst 
?lter so as to get rid of the absorbing function of the second 
light by the ?rst ?lter. 

[0046] In preferred embodiment of this one aspect, the 
second scintillator has an incident surface on Which the ?rst 
and second radiations are incident and a back surface 
opposite to the incident surface, the detection means com 
prises ?rst and second photo-detectors each having a sensi 
tive surface sensitive to each of the ?rst and second lights; 
a ?rst ?lter mounted on the sensitive surface of the ?rst 
photo-detector; and a second ?lter mounted on the sensitive 
surface of the second photo-detector, the ?rst ?lter being 
adapted to transmit therethrough only the ?rst light emitted 
from the ?rst scintillator, the second ?lter being adapted to 
transmit therethrough only the second light emitted in the 
second scintillator, and Wherein the ?rst ?lter is arranged to 
be aWay from the back surface of the second scintillator at 
a predetermined interval, and the second ?lter is closely 
optically adhered on the back surface of the second scintil 
lator, further comprising a surrounding boX having an inner 
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surface portion for surrounding a back surface side of the 
second scintillator so as to form a closed space therein, the 
back surface of the second scintillator and the ?rst ?lter 
forming parts of the inner surface portion of the surrounding 
boX, the inner surface portion of the surrounding boX eXcept 
for the back surface of the second scintillator and the ?rst 
?lter being processed to totally internally re?ect diffusely 
the ?rst light emitted from the ?rst scintillator. 

[0047] According to the one aspect of the present inven 
tion, it is possible to get rid of a bad in?uence of the ?rst 
?lter With respect to the second light incident through the 
second ?lter into the second photo-detector and to increase 
a probability that the ?rst light emitted from the ?rst 
scintillator and transmitted through the second scintillator is 
diffusely re?ected to be detected through the ?rst ?lter by the 
?rst photo-detector. 

[0048] In preferred embodiment of this one aspect, the 
inner surface portion comprises a plurality of inner surfaces, 
each of the inner surfaces is inclined so that the diffusely 
re?ecting directions on average of the ?rst light on the inner 
surfaces of the surrounding boX are substantially directed to 
a position of the second scintillator at Which a center aXis of 
the sensitive surface of the ?rst photo-detector is crossed. 

[0049] According to the one aspect of the present inven 
tion, it is possible to get rid of a bad in?uence of the ?rst 
?lter With respect to the second light incident through the 
second ?lter into the second photo-detector, and to re?ect on 
average the ?rst light emitted from the ?rst scintillator and 
transmitted through the second scintillator toWard a position 
of the second scintillator at Which a center aXis of the 
sensitive surface (?rst ?lter) of the ?rst photo-detector is 
crossed, thereby increasing the probability that the ?rst light 
is detected by the ?rst photo-detector as compared With the 
?rst light Which is uniformly distributed in the closed space. 

[0050] This one aspect of the present invention further has 
a light guide in Which the ?rst light emitted from the ?rst 
scintillator and the second light emitted in the second 
scintillator are incident, the light guide being adapted to 
condense the ?rst and second lights on the detection means, 
and Wherein the detection means comprises ?rst and second 
photo-detectors each having a sensitive surface sensitive to 
each of the ?rst and second lights; a ?rst ?lter mounted on 
the sensitive surface of the ?rst photo-detector; and a second 
?lter mounted on the sensitive surface of the second photo 
detector, the ?rst ?lter being adapted to transmit there 
through only the ?rst light emitted from the ?rst scintillator, 
the second ?lter being adapted to transmit therethrough only 
the second light emitted in the second scintillator. 

[0051] According to the one aspect of the present inven 
tion, the ?rst and second lights having different Wavelength 
bands are ?lled to be diffused in the light guide in a state of 
being miXed, and then, is propagated to the ?rst and second 
photo-detectors. The ?rst ?lter is mounted on the sensitive 
surface of the ?rst photo-detector and the second ?lter is 
mounted on the sensitive surface of the second photo 
detector. Because the ?rst ?lter is adapted to transmit 
therethrough only the ?rst light emitted from the ?rst 
scintillator and the second ?lter is adapted to transmit 
therethrough only the second light emitted in the second 
scintillator, it is possible to independently detect the ?rst and 
second lights corresponding to the ?rst and second radia 
tions Without using a speci?c electronic equipment for 
discrimination and identi?cation. 
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[0052] In preferred embodiment of this one aspect, the 
?rst ?lter is arranged to be aWay from the back surface of the 
second scintillator at a predetermined interval, and the 
second ?lter is closely optically adhered on the back surface 
of the second scintillator, and Wherein the light guide has an 
opening surface opposite to the back surface of the second 
scintillator, the light guide being arranged so that the open 
ing surface thereof being aWay from the back surface of the 
second scintillator at a predetermined interval so as to 
interpose an air layer betWeen the opening surface of the 
light guide and the back surface of the second scintillator, 
the opening surface thereof having an area Which is larger 
than that of the ?rst ?lter. 

[0053] According to the one aspect of the present inven 
tion, it is possible to get rid of a bad in?uence of the ?rst 
?lter With respect to the second light incident through the 
second ?lter into the second photo-detector. Moreover, since 
the ?rst light emitted from the ?rst scintillator and trans 
mitted through the second scintillator is incident in the light 
guide so as to be guided through the ?rst ?lter into the ?rst 
photo-detector, it is possible to increase a probability that the 
?rst light is detected by the ?rst photo-detector. 

[0054] This one aspect of the present invention further has 
a light guide connecting the at least one photo-detector to an 
edge portion of the second scintillator, the light guide being 
adapted to convert the second light to a ?uorescent light. 

[0055] In the case of the one aspect of the present inven 
tion, an air is interposed betWeen the ?rst and second 
scintillators. Since the ?rst scintillator is composed of, for 
eXample, a poWder and a sintering substance or the like, a 
diffuse re?ection is made in the ?rst scintillator so that the 
diffusely re?ected ?rst light is emitted outside, thereby being 
once transmitted through the second scintillator, and there 
after, is ?lled in the condensing boX. The ?rst light ?lled in 
the condensing boX is detected by means of, for eXample, a 
?rst photo-detector arranged in the condensing boX. A com 
ponent of the second light from the second scintillator is 
incident upon the condensing boX; hoWever, the second light 
is eliminated by, a ?lter provided on the ?rst photo-detector. 

[0056] The second scintillator is surrounded by an air; for 
this reason, the second light is con?ned in the second 
scintillator by a total internal re?ection effect. As a result, a 
scintillation light is condensed on the edge portion of the 
second scintillator With a high density. The second scintil 
lator is provided at the edge portion side of the second 
scintillator With the light guide containing a ?uorescent 
substance of absorbing a scintillation photon and emitting a 
?uorescent light having a longer Wavelength as compared 
With the second light, and thereby, a re-emission light occurs 
by a ?uorescence conversion in the second scintillator. Since 
the re-emitted light is propagated While being totally inter 
nally re?ected in the light guide, it is possible to detect a 
?uorescence light induced by re-emitted scintillation light 
by means of the photo-detector arranged on the end side of 
the light guide. Incidentally, the light guide may includes an 
optical ?ber having a clad (referred to a ?uorescence ?ber, 
a Wavelength shift ?ber or the like). 

[0057] In the condensing system on the edge side of the 
second scintillator, it is possible to condense the second light 
Without depending upon an area of the second scintillator; 
and therefore, it is easy to apply the invention to a large-area 
scintillator together With the condensing boX. 
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[0058] In preferred embodiment of this one aspect, the 
second scintillator has an incident surface on Which the ?rst 
and second radiations are incident and a back surface 
opposite to the incident surface, further comprising a ?uo 
rescent screen arranged on a back surface side of the second 
scintillator and opposite through an air layer to the back 
surface thereof, the ?uorescent screen being adapted to 
convert the ?rst light emitted from the ?rst scintillator to a 
?uorescent light; and a light guide adapted to condense the 
converted ?uorescent light on the at least one photo-detec 
tor, the converted ?uorescent light being emitted from a 
surface of the ?uorescent screen, the at least one photo 
detector detecting the condensed ?uorescent light. 

[0059] According to the one aspect of the present inven 
tion, the ?rst light from the ?rst scintillator is transmitted 
through the second scintillator so as to be absorbed in the 
?uorescent screen, so that a re-emission of the ?uorescence 
having a longer Wavelength as compared With the second 
light is generated in the ?uorescent screen. The re-emitted 
light is guided to the photo-detector via the light guide. 
Whereby it is possible to detect the ?uorescence light 
induced by the ?rst light. 

[0060] In preferred embodiment of this one aspect, the 
second scintillator has an incident surface on Which the ?rst 
and second radiations are incident and a back surface 
opposite to the incident surface, further comprising a ?uo 
rescent screen arranged on a back surface side of the second 
scintillator and opposite through an air layer to the back 
surface thereof, the ?uorescent screen being adapted to 
convert the ?rst light emitted from the ?rst scintillator to a 
?uorescent light; and a second light guide having a ?uores 
cent substance adapted to absorb the converted ?uorescent 
light so as to emit a ?uorescent light, the converted ?uo 
rescent light by the ?uorescent screen being emitted from an 
edge portion of the ?uorescent screen, the ?uorescent light 
emitted from the light guide having a Wavelength Which is 
longer than that of the converted ?uorescent light by the 
?uorescent screen, the at least one photo-detector detecting 
the ?uorescent light emitted from the second light guide. 

[0061] According to the one aspect of the present inven 
tion, the ?rst light from the ?rst scintillator is transmitted 
through the second scintillator so as to be absorbed in the 
?uorescent screen so that a re-emission of the ?uorescence 
having a longer Wavelength is generated in the ?uorescent 
screen. In this case, since the ?uorescent screen is sur 
rounded by an air, the ?rst light is captured by the total 
internal re?ection similarly to the second scintillator, and 
then, a ?uorescence light is collected on the edge portion 
side of the ?uorescent screen With a high density. Further 
more, since the ?uorescent screen is provided With the 
second light guide for absorbing the ?uorescent light gen 
erated in the ?uorescent screen so as to emit a ?uorescence 
light having a longer Wavelength as compared With the 
?uorescent light generated in the ?orescence screen, it is 
possible to condense the emitted ?uorescent light by a 
?uorescence conversion from the edge portion side of the 
?uorescent screen similarly to the second scintillator. Since 
the second light guide is provided at the edge portion of the 
second light guide With the photo-detector, it is possible to 
detect the ?rst light of the ?rst scintillator as a light Which 
is double converted into a ?uorescent light. 

[0062] The one aspect of the present invention further has 
means for capturing a signal outputted from the detection 
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means so as to recognize a signal having a predetermined 
pulse height value and over as an optical signal thereby 
eliminating a signal less than the predetermined pulse height 
value as a noise, the optical signal corresponding to at least 
one of the ?rst and second lights emitted from the ?rst and 
second scintillators. 

[0063] According to the one aspect of the present inven 
tion, a signal outputted from the detection means is captured 
so that a signal having a predetermined pulse height value 
and over is recogniZed as an optical signal. On the other 
hand, a signal less than the predetermined pulse height value 
is eliminated as a noise. 

[0064] In preferred embodiment of this one aspect, the 
detection means comprises a plurality of photo-detectors, a 
?rst group of the photo-detectors being adapted to detect the 
?rst light emitted from the ?rst scintillator, a second group 
thereof being adapted to detect the second light emitted from 
the second scintillators, further comprising means for cap 
turing signals outputted each of the ?rst and second groups 
of the photo-detectors and, in a case of detecting signals 
outputted from at least one of the ?rst and second groups of 
the photo-detectors, for recogniZing detected signals corre 
sponding to at least one of the ?rst and second lights emitted 
from the ?rst and second scintillators and, in a case Where 
only one signal is outputted from at least one of the ?rst and 
second groups of the photo-detectors, for eliminating the 
only one signal as a noise. 

[0065] According to the one aspect of the present inven 
tion, the ?rst lights are detected by the ?rst group of the 
photo-detectors and the second lights are detected by the 
second group thereof. Each signal of each of the ?rst and 
second groups of the photo-detectors is captured by the 
capturing means so that, in the case Where signals outputted 
from at least one of the ?rst and second groups of the 
photo-detectors are detected, it is recogniZed that the 
detected signals correspond to the ?rst and second lights 
emitted from the ?rst and second scintillators and, in a case 
Where only one signal is outputted from at least one of the 
?rst and second groups of the photo-detectors, the signal is 
eliminated as a noise. 

[0066] This one aspect of the present invention further has 
an optical attenuation ?lter for transmitting therethrough the 
?rst and second radiations and attenuating an intensity of the 
?rst light emitted from the ?rst scintillator, the optical 
attenuation ?lter being interposed betWeen the ?rst and 
second scintillators; a condensing boX for condensing the 
?rst and second lights on the detection means, the condens 
ing boX having an inner surface for diffusely re?ecting the 
?rst and second lights; and means for inputting signals 
detected by the detection means so as to discriminate, 
according to a difference of Waveforms of the inputted 
signals, betWeen an optical signal corresponding to the ?rst 
light emitted from the ?rst scintillator and an optical signal 
corresponding to the second light emitted from the second 
scintillator. 

[0067] The one aspect of the present invention further has 
an optical attenuation ?lter for transmitting therethrough the 
?rst and second radiations and attenuating an intensity of the 
?rst light emitted from the ?rst scintillator, the optical 
attenuation ?lter being interposed betWeen the ?rst and 
second scintillators; a light guide in Which the ?rst light 
emitted from the ?rst scintillator and the second light 
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emitted in the second scintillator are incident, the light guide 
being adapted to condense the ?rst and second lights on the 
detection means; and means for inputting signals outputted 
from the detection means so as to discriminate, according to 
a difference of Waveforms of the inputted signals, betWeen 
an optical signal corresponding to the ?rst light emitted from 
the ?rst scintillator and an optical signal corresponding to 
the second light emitted from the second scintillator. 

[0068] In accordance With the one aspect of the present 
invention, the ?rst and second radiations are transmitted 
through the optical attenuation so that the intensity of the 
?rst light is attenuated. The signals detected by the detection 
means are inputted to the discriminating means so that the 
detected signals are discriminated, according to a difference 
of Waveforms of the inputted signals, betWeen the optical 
signal corresponding to the ?rst light emitted from the ?rst 
scintillator and the optical signal corresponding to the sec 
ond light emitted from the second scintillator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0069] Other objects and aspects of the present invention 
Will become apparent from the folloWing description of 
embodiments With reference to the accompanying draWings 
in Which: 

[0070] FIG. 1 is an elevational vieW partially in section 
shoWing a radiation detecting apparatus according to a ?rst 
embodiment of the present invention; 

[0071] FIG. 2 is an elevational vieW partially in section 
shoWing a radiation detecting apparatus according to a 
second embodiment of the present invention; 

[0072] FIG. 3 is an elevational vieW partially in section 
shoWing a radiation detecting apparatus according to a third 
embodiment of the present invention; 

[0073] FIG. 4A is an elevational vieW partially in section 
shoWing a radiation detecting apparatus according to a 
fourth embodiment of the present invention; 

[0074] FIG. 4B is a plan vieW of the radiation detecting 
apparatus shoWn in FIG. 4A in the case of vieWing the 
radiation detecting apparatus from an incident side of radia 
tions; 
[0075] FIG. 5A is an elevational vieW partially in section 
shoWing a radiation detecting apparatus according to a ?fth 
embodiment of the present invention; 

[0076] FIG. 5B is a plan vieW of the radiation detecting 
apparatus shoWn in FIG. 5A in the case of vieWing the 
radiation detecting apparatus from an incident side of radia 
tions. 

[0077] FIG. 6A is an elevational vieW partially in section 
shoWing a radiation detecting apparatus according to a siXth 
embodiment of the present invention; 

[0078] FIG. 6B is a plan vieW of the radiation detecting 
apparatus shoWn in FIG. 6A in the case of vieWing the 
radiation detecting apparatus from an incident side of radia 
tions; 
[0079] FIG. 6C is a plan vieW of the radiation detecting 
apparatus shoWn in FIG. 6A in the case of vieWing the 
radiation detecting apparatus from an incident side of radia 
tions according to a modi?cation of the siXth embodiment; 
































